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Scilab numbering policy used in this document and the relation to the
above book.

Exa Example (Solved example)

Eqn Equation (Particular equation of the above book)

AP Appendix to Example(Scilab Code that is an Appednix to a particular
Example of the above book)

For example, Exa 3.51 means solved example 3.51 of this book. Sec 2.3 means
a scilab code whose theory is explained in Section 2.3 of the book.
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Chapter 1

Fundamental Concepts And
Definitions

Scilab code Exa 1.1 Engineering Thermodynamics by Onkar Singh Chap-
ter 1 Example 1

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar Singh ,
Chapter 1 , Example 1”)

8 h=30*10^ -2; //manometer d e f l e c t i o n o f mercury i n m
9 g=9.78; // a c c e l e r a t i o n due to g r a v i t y i n m/ s ˆ2

10 rho =13550; // d e n s i t y o f mercury at room tempera tu re
i n kg/mˆ3

11 disp(” p r e s s u r e d i f f e r e n c e ( p ) i n pa”)
12 disp(”p=rho ∗g∗h”)
13 p=rho*g*h
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Scilab code Exa 1.2 Engineering Thermodynamics by Onkar Singh Chap-
ter 1 Example 2

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar Singh ,
Chapter 1 , Example 2”)

8 d=30*10^ -2; // d iamete r o f c y l i n d r i c a l v e s s e l i n m
9 h=76*10^ -2; // a tmosphe r i c p r e s s u r e i n m o f mercury

10 g=9.78; // a c c e l e r a t i o n due to g r a v i t y i n m/ s ˆ2
11 rho =13550; // d e n s i t y o f mercury at room tempera tu re

i n kg/mˆ3
12 disp(” e f f o r t r e q u i r e d f o r l i f t i n g the l i d (E) i n N”)
13 disp(”E=( rho ∗g∗h ) ∗ ( 3 . 1 4 ∗ d ˆ2) /4 ”)
14 E=(rho*g*h)*(3.14*d^2)/4

Scilab code Exa 1.3 Engineering Thermodynamics by Onkar Singh Chap-
ter 1 Example 3

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar Singh ,
Chapter 1 , Example 3”)

8 h=30*10^ -2; // p r e s s u r e o f compressed a i r i n m o f
mercury

9 Patm =101*10^3; // a tmosphe r i c p r e s s u r e i n pa
10 g=9.78; // a c c e l e r a t i o n due to g r a v i t y i n m/ s ˆ2
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11 rho =13550; // d e n s i t y o f mercury at room tempera tu re
i n kg/mˆ3

12 disp(” p r e s s u r e measured by manometer i s gauge
p r e s s u r e (Pg ) i n kpa”)

13 disp(”Pg=rho ∗g∗h/10ˆ3 ”)
14 Pg=rho*g*h/10^3

15 disp(” a c t u a l p r e s s u r e o f the a i r (P) i n kpa”)
16 disp(”P=Pg+Patm/10ˆ3 ”)
17 P=Pg+Patm /10^3

Scilab code Exa 1.4 Engineering Thermodynamics by Onkar Singh Chap-
ter 1 Example 4

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar Singh ,
Chapter 1 , Example 4”)

8 h=1; // depth o f o i l tank in m
9 sg=0.8; // s p e c i f i c g r a v i t y o f o i l

10 RHOw =1000; // d e n s i t y o f water i n kg/mˆ3
11 g=9.81; // a c c e l e r a t i o n due to g r a v i t y i n m/ s ˆ2
12 disp(” d e n s i t y o f o i l ( RHOoil ) i n kg/mˆ3”)
13 disp(”RHOoil=sg ∗RHOw”)
14 RHOoil=sg*RHOw

15 disp(” gauge p r e s s u r e (Pg ) i n kpa”)
16 disp(”Pg=RHOoil∗g∗h/10ˆ3 ”)
17 Pg=RHOoil*g*h/10^3
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Figure 1.1: Engineering Thermodynamics by Onkar Singh Chapter 1 Ex-
ample 5
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Scilab code Exa 1.5 Engineering Thermodynamics by Onkar Singh Chap-
ter 1 Example 5

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar Singh ,
Chapter 1 , Example 5”)

8 rho =13.6*10^3; // d e n s i t y o f mercury i n kg/mˆ3
9 g=9.81; // a c c e l e r a t i o n due to g r a v i t y i n m/ s ˆ2

10 h1=40*10^ -2; // d i f f e r e n c e o f h e i g h t i n mercury column
in m as shown in f i g u r e

11 h2=76*10^ -2; // barometer r e ad i n g o f mercury i n m
12 disp(” a tmosphe r i c p r e s s u r e (Patm) in kpa”)
13 disp(”Patm=rho ∗g∗h2 /10ˆ3 ”)
14 Patm=rho*g*h2/10^3

15 disp(” p r e s s u r e due to mercury column at AB(Pab ) i n
kpa”)

16 disp(”Pab=rho ∗g∗h1 /10ˆ3 ”)
17 Pab=rho*g*h1/10^3

18 disp(” p r e s s u r e e x e r t e d by gas ( Pgas ) i n kpa”)
19 disp(”Pgas=Patm+Pab”)
20 Pgas=Patm+Pab

Scilab code Exa 1.6 Engineering Thermodynamics by Onkar Singh Chap-
ter 1 Example 6

1 // D i sp l ay mode
2 mode (0);
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3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar Singh ,
Chapter 1 , Example 6”)

8 m=1; //mass o f water i n kg
9 h=1000; // h e i g h t from which water f a l l i n m

10 Cp=1; // s p e c i f i c heat o f water i n k c a l /kg k
11 g=9.81; // a c c e l e r a t i o n due to g r a v i t y i n m/ s ˆ2
12 disp(”by law o f c o n s e r v a t i o n o f ene rgy ”)
13 disp(” p o t e n t i a l ene rgy (m∗g∗h ) i n j o u l e = heat

r e q u i r e d f o r h e a t i n g water (m∗Cp∗ de l taT ∗1000∗4 . 1 8 )
i n j o u l e ”)

14 disp(” so m∗g∗h = m∗Cp∗ de l taT ∗4 . 18∗1000 ”)
15 disp(” change i n t empera tu r e o f water ( de l taT ) i n

d eg r e e c e l c i u s ”)
16 disp(” de l taT=(g∗h ) / ( 4 . 1 8∗1000∗Cp) ”)
17 deltaT =(g*h)/(4.18*1000* Cp)

Scilab code Exa 1.7 Engineering Thermodynamics by Onkar Singh Chap-
ter 1 Example 7

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar Singh ,
Chapter 1 , Example 7”)

8 w1=100; // we ight o f o b j e c t at s tandard g r a v i t a t i o n a l
a c c e l e r a t i o n i n N

9 g1 =9.81; // a c c e l e r a t i o n due to g r a v i t y i n m/ s ˆ2
10 g2=8.5; // g r a v i t a t i o n a l a c c e l e r a t i o n at some l o c a t i o n
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11 disp(”mass o f o b j e c t (m) i n kg”)
12 disp(”m=w1/g1 ”)
13 m=w1/g1

14 disp(” s p r i n g ba l an c e r e ad i n g=g r a v i t a t i o n a l f o r c e i n
mass (F) i n N”)

15 disp(”F=m∗g2 ”)
16 F=m*g2

Scilab code Exa 1.8 Engineering Thermodynamics by Onkar Singh Chap-
ter 1 Example 8

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar Singh ,
Chapter 1 , Example 8”)

8 d=15*10^ -2; // d iamete r o f c y l i n d e r i n m
9 h=12*10^ -2; //manometer h e i g h t d i f f e r e n c e i n m o f

mercury
10 rho =13.6*10^3; // d e n s i t y o f mercury i n kg/mˆ3
11 g=9.81; // a c c e l e r a t i o n due to g r a v i t y i n m/ s ˆ2
12 disp(” p r e s s u r e measured by manometer (P) i n pa”)
13 disp(”p=rho ∗g∗h”)
14 p=rho*g*h

15 disp(”now we ight o f p i s t o n (m∗g ) = upward t h r u s t by
gas ( p∗%pi∗d ˆ2/4) ”)

16 disp(”mass o f p i s t o n (m) i n kg”)
17 disp(” so m=(p∗%pi∗d ˆ2) /(4∗ g ) ”)
18 m=(p*%pi*d^2) /(4*g)
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Figure 1.2: Engineering Thermodynamics by Onkar Singh Chapter 1 Ex-
ample 8
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Scilab code Exa 1.9 Engineering Thermodynamics by Onkar Singh Chap-
ter 1 Example 9

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar Singh ,
Chapter 1 , Example 9”)

8 RHOm =13.6*10^3; // d e n s i t y o f mercury i n kg/mˆ3
9 RHOw =1000; // d e n s i t y o f water i n kg/mˆ3
10 h1=76*10^ -2; // barometer r e ad i n g i n m o f mercury
11 h2=2*10^ -2; // h e i g h t r a i s e d by water i n manometer

tube i n m
12 h3=10*10^ -2; // h e i g h t r a i s e d by mercury i n manometer

tube i n m
13 g=9.81; // a c c e l e r a t i o n due to g r a v i t y i n m/ s ˆ2
14 disp(” ba l a n c i n g p r e s s u r e at p l ane BC in f i g u r e we

ge t ”)
15 disp(”Psteam+Pwater=Patm+Pmercury ”)
16 disp(”now 1 . a tmosphe r i c p r e s s u r e (Patm) i n pa”)
17 disp(”Patm=RHOm∗g∗h1”)
18 Patm=RHOm*g*h1

19 disp(” 2 . p r e s s u r e due to water ( Pwater ) i n pa”)
20 disp(”Pwater=RHOw∗g∗h2”)
21 Pwater=RHOw*g*h2

22 disp(” 3 . p r e s s u r e due to mercury ( Pmercury ) i n pa”)
23 disp(”Pmercury=RHOm∗g∗h3”)
24 Pmercury=RHOm*g*h3

25 disp(” u s i n g ba l a n c i n g equa t i on ”)
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Figure 1.3: Engineering Thermodynamics by Onkar Singh Chapter 1 Ex-
ample 9
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Figure 1.4: Engineering Thermodynamics by Onkar Singh Chapter 1 Ex-
ample 10

26 disp(”Psteam=Patm+Pmercury−Pwater ”)
27 disp(” so p r e s s u r e o f steam ( Psteam ) in kpa”)
28 disp(”Psteam=(Patm+Pmercury−Pwater ) /1000 ”)
29 Psteam =(Patm+Pmercury -Pwater)/1000

Scilab code Exa 1.10 Engineering Thermodynamics by Onkar Singh Chap-
ter 1 Example 10

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
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4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar Singh ,
Chapter 1 , Example 10 ”)

8 h=720*10^ -3; // barometer r e ad i n g i n m o f Hg
9 Pga =400; // gauge p r e s s u r e i n compartment A in kpa
10 Pgb =150; // gauge p r e s s u r e i n compartment B in kpa
11 rho =13.6*10^3; // d e n s i t y o f mercury i n kg/mˆ3
12 g=9.81; // a c c e l e r a t i o n due to g r a v i t y i n m/ s ˆ2
13 disp(” a tmosphe r i c p r e s s u r e (Patm) in kpa”)
14 Patm=(rho*g*h)/1000

15 disp(” a b s o l u t e t empera tu re i n compartment A(Pa ) i n
kpa”)

16 disp(”Paa=Pga+Patm”)
17 Pa=Pga+Patm

18 disp(” a b s o l u t e t empera tu re i n compartment B(Pb) i n
kpa”)

19 disp(”Pb=Pgb+Patm”)
20 Pb=Pgb+Patm

21 disp(” a b s o l u t e p r e s s u r e i n compartments i n A & B
=496.06 kpa & 246 . 0 6 kpa”)

Scilab code Exa 1.11 Engineering Thermodynamics by Onkar Singh Chap-
ter 1 Example 11

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar Singh ,
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Figure 1.5: Engineering Thermodynamics by Onkar Singh Chapter 1 Ex-
ample 11

Chapter 1 , Example 11 ”)
8 Patm =90*10^3; // a tmosphe r i c p r e s s u r e i n pa
9 RHOw =1000; // d e n s i t y o f water i n kg/mˆ3
10 RHOm =13600; // d e n s i t y o f mercury i n kg/mˆ3
11 RHOo =850; // d e n s i t y o f o i l i n kg/mˆ3
12 g=9.81; // a c c e l e r a t i o n due to g g r a v i t y i n m/ s ˆ2
13 h1=.15; // h e i g h t d i f f e r e n c e between water column in m
14 h2=.25; // h e i g h t d i f f e r e n c e between o i l column in m
15 h3=.4; // h e i g h t d i f f e r e n c e between mercury column in

m
16 disp(” the p r e s s u r e o f a i r i n a i r tank can be

ob ta i n ed by e q u a l i s i n g p r e s s u r e s at some
r e f e r e n c e l i n e ”)

17 disp(”P1+RHOw∗g∗h1+RHOo∗g∗h2 = Patm+RHOm∗g∗h3”)
18 disp(” so P1 = Patm+RHOm∗g∗h3−RHOw∗g∗h1−RHOo∗g∗h2”)
19 disp(” a i r p r e s s u r e (P1 ) i n kpa”)
20 P1=(Patm+RHOm*g*h3-RHOw*g*h1-RHOo*g*h2)/1000
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Scilab code Exa 1.12 Engineering Thermodynamics by Onkar Singh Chap-
ter 1 Example 12

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar Singh ,
Chapter 1 , Example 12 ”)

8 v=750; // r e l a t i v e v e l o c i t y o f o b j e c t with r e s p e c t to
e a r t h i n m/ s e c

9 F=4000; // g r a v i t a t i o n a l f o r c e i n N
10 g=8; // a c c e l e r a t i o n due to g r a v i t y i n m/ s ˆ2
11 disp(”mass o f o b j e c t (m) i n kg”)
12 disp(”m=F/g”)
13 m=F/g

14 disp(” k i n e t i c ene rgy (E) i n J i s g i v en by”)
15 disp(”E=m∗v ˆ2/2 ”)
16 E=m*v^2/2

Scilab code Exa 1.13 Engineering Thermodynamics by Onkar Singh Chap-
ter 1 Example 13

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;
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7 disp(” Eng i n e e r i n g Thermodynamics by Onkar Singh ,
Chapter 1 , Example 13 ”)

8 Cp =2.286; // s p e c i f i c heat at c on s t an t p r e s s u r e i n kJ/
kg k

9 Cv =1.786; // s p e c i f i c heat at c on s t an t volume in kJ/kg
k

10 R1 =8.3143; // u n i v e r s a l gas c on s t an t i n kJ/kg k
11 disp(” c h a r a c t e r i s t i c s gas c on s t an t (R2) i n kJ/kg k”)
12 R2=Cp-Cv

13 disp(” mo l e cu l a r we ight o f gas (m) in kg/kg mol”)
14 m=R1/R2

15 disp(”NOTE=>The i r i s some c a l c u l a t i o n mi s take wh i l e
c a l a u l a t i n g gas c on s t an t i n book , which i s
c o r r e c t e d above hence answer may vary . ”)

Scilab code Exa 1.14 Engineering Thermodynamics by Onkar Singh Chap-
ter 1 Example 14

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar Singh ,
Chapter 1 , Example 14 ”)

8 P1 =750*10^3; // i n i t i a l p r e s s u r e o f gas i n pa
9 V1=0.2; // i n i t i a l volume o f gas i n mˆ3
10 T1=600; // i n i t i a l t empera tu re o f gas i n k
11 P2 =2*10^5; // f i n a l p r e s s u r e o f gas i pa
12 V2=0.5; // f i n a l volume o f gas i n mˆ3
13 disp(” u s i n g p e r f e c t gas equa t i on ”)
14 disp(”P1∗V1/T1 = P2∗V2/T2”)
15 disp(”=>T2=(P2∗V2∗T1) /(P1∗V1) ”)
16 disp(” so f i n a l t empera tu r e o f gas (T2) i n k”)
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17 T2=(P2*V2*T1)/(P1*V1)

18 disp(” or f i n a l t empera tu r e o f gas (T2) i n deg r e e
c e l c i u s ”)

19 T2=T2 -273

Scilab code Exa 1.15 Engineering Thermodynamics by Onkar Singh Chap-
ter 1 Example 15

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar Singh ,
Chapter 1 , Example 15 ”)

8 P1 =100*10^3; // i n i t i a l p r e s s u r e o f a i r i n pa
9 V1=5; // i n i t i a l volume o f a i r i n mˆ3
10 T1=300; // i n i t i a l t empera tu re o f gas i n k
11 P2 =50*10^3; // f i n a l p r e s s u r e o f a i r i n pa
12 V2=5; // f i n a l volume o f a i r i n mˆ3
13 T2 =(7+273);// f i n a l t empera tu r e o f a i r i n K
14 R=287; // gas c on s t an t on J/kg k
15 disp(” from p e r f e c t gas equa t i on we ge t ”)
16 disp(” i n i t i a l mass o f a i r (m1 in kg )=(P1∗V1) /(R∗T1) ”)
17 m1=(P1*V1)/(R*T1)

18 disp(” f i n a l mass o f a i r (m2 in kg )=(P2∗V2) /(R∗T2) ”)
19 m2=(P2*V2)/(R*T2)

20 disp(”mass o f a i r removed (m) i n kg”)
21 m=m1 -m2

22 disp(” volume o f t h i s mass o f a i r (V) at i n i t i a l
s t a t e s i n mˆ3”)

23 V=m*R*T1/P1

39



Scilab code Exa 1.16 Engineering Thermodynamics by Onkar Singh Chap-
ter 1 Example 16

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar Singh ,
Chapter 1 , Example 16 ”)

8 d=1; // d iamete r o f c y l i n d e r i n m
9 l=4; // l e n g t h o f c y l i n d e r i n m

10 P1 =100*10^3; // i n i t i a l p r e s s u r e o f hydrogen gas i n pa
11 T1 =(27+273);// i n i t i a l t empera tu re o f hydrogen gas i n

k
12 P2 =125*10^3; // f i n a l p r e s s u r e o f hydrogen gas i n pa
13 Cp =14.307; // s p e c i f i c heat at c on s t an t p r e s s u r e i n KJ

/kg k
14 Cv =10.183; // s p e c i f i c heat at c on s t an t volume in KJ/

kg k
15 disp(” he r e V1=V2”)
16 disp(” so P1/T1=P2/T2”)
17 disp(” f i n a l t empera tu re o f hydrogen gas (T2) i n k”)
18 disp(”=>T2=P2∗T1/P1”)
19 T2=P2*T1/P1

20 disp(”now R=(Cp−Cv) i n KJ/kg k”)
21 R=Cp -Cv

22 disp(”And volume o f c y l i n d e r (V1) i n mˆ3”)
23 disp(”V1=(%pi∗dˆ2∗ l ) /4 ”)
24 V1=(%pi*d^2*l)/4

25 disp(”mass o f hydrogen gas (m) i n kg”)
26 disp(”m=(P1∗V1) /(1000∗R∗T1) ”)
27 m=(P1*V1)/(1000*R*T1)

40



28 disp(”now heat s u pp l i e d (Q) i n KJ”)
29 disp(”Q=m∗Cv∗ (T2−T1) ”)
30 Q=m*Cv*(T2-T1)

Scilab code Exa 1.17 Engineering Thermodynamics by Onkar Singh Chap-
ter 1 Example 17

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar Singh ,
Chapter 1 , Example 17 ”)

8 V1=2; // volume o f f i r s t c y l i n d e r i n mˆ3
9 V2=2; // volume o f second c y l i n d e r i n mˆ3
10 T=(27+273);// t empera tu r e o f system in k
11 m1=20; //mass o f a i r i n f i r s t v e s s e l i n kg
12 m2=4; //mass o f a i r i n second v e s s e l i n kg
13 R=287; // gas c on s t an t J/kg k
14 disp(” f i n a l t o t a l volume (V) i n mˆ3”)
15 disp(”V=V1∗V2”)
16 V=V1*V2

17 disp(” t o t a l mass o f a i r (m) i n kg”)
18 disp(”m=m1+m2”)
19 m=m1+m2

20 disp(” f i n a l p r e s s u r e o f a i r (P) i n kpa”)
21 disp(” u s i n g p e r f e c t gas equa t i on ”)
22 disp(”P=(m∗R∗T) /(1000∗V) ”)
23 P=(m*R*T)/(1000*V)
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Scilab code Exa 1.18 Engineering Thermodynamics by Onkar Singh Chap-
ter 1 Example 18

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar Singh ,
Chapter 1 , Example 18 ”)

8 m=5; //mass o f CO2 in kg
9 V=2; // volume o f v e s s s e l i n mˆ3

10 T=(27+273);// t empera tu r e o f v e s s e l i n k
11 R=8.314*10^3; // u n i v e r s a l gas c on s t an t i n J/kg k
12 M=44.01; // mo l e cu l a r we ight o f CO2
13 disp(” 1 . By c o n s i d e r i n g i t as a PERFECT GAS”)
14 disp(” gas c on s t an t f o r CO2( Rco2 ) ”)
15 disp(”Rco2=R/M”)
16 Rco2=R/M

17 disp(”Also P∗V=M∗Rco2∗T”)
18 disp(” p r e s s u r e o f CO2 as p e r f e c t ga (P) i n N/mˆ2”)
19 disp(”P=(m∗Rco2∗T) /V ”)
20 P=(m*Rco2*T)/V

21 disp(” 2 . By c o n s i d e r i n g as a REAL GAS”)
22 disp(” v a l u e s o f vanderwaa l c o n s t a n t s a , b can be s e en

from the t a b l e which a r e ”)
23 disp(”a=3628.5∗10ˆ2 N mˆ4/( kg mol ) ˆ2 ”)
24 disp(”b=3.14∗10ˆ−2 mˆ3/ kg mol”)
25 a=3628.5*10^2; // vande rwa l l c on s t an t i n N mˆ4/( kg mol

) ˆ2
26 b=3.14*10^ -2; // vande rwa l l c on s t an t i n mˆ3/ kg mol
27 disp(”now s p e c i f i c volume ( v ) i n mˆ3/ kg mol”)
28 disp(”v=V∗M/m”)
29 v=V*M/m

30 disp(”now s u b s t i t u t i n g the va l u e o f a l l v a r i a b l e s i n
vanderwaa l e qua t i on ”)

31 disp(” (P+(a/v ˆ2) ) ∗ ( v−b )=R∗T”)
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32 disp(” p r e s s u r e o f CO2 as r e a l gas (P) i n N/mˆ2”)
33 disp(”P=((R∗T) /( v−b ) )−(a/v ˆ2) ”)
34 P=((R*T)/(v-b))-(a/v^2)

Scilab code Exa 1.19 Engineering Thermodynamics by Onkar Singh Chap-
ter 1 Example 19

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar Singh ,
Chapter 1 , Example 19 ”)

8 P=17672; // p r e s s u r e o f steam on kpa
9 T=712; // t empera tu r e o f steam in k

10 Pc =22.09; // c r i t i c a l p r e s s u r e o f steam in Mpa
11 Tc =647.3; // c r i t i c a l t empera tu r e o f steam in k
12 R=0.4615; // gas c on s t an t f o r steam in KJ/kg k
13 disp(” 1 . c o n s i d e r i n g as p e r f e c t gas ”)
14 disp(” s p e c i f i c volume (V) i n mˆ3/ kg”)
15 disp(”V=R∗T/P”)
16 V=R*T/P

17 disp(” 2 . c o n s i d e r i n g c om p r e s s i b i l i t y e f f e c t s ”)
18 disp(” reduced p r e s s u r e (P) i n pa”)
19 disp(”p=P/(Pc ∗1000) ”)
20 p=P/(Pc *1000)

21 disp(” reduced tempera tu r e ( t ) i n k”)
22 disp(” t=T/Tc”)
23 t=T/Tc

24 disp(” from g e n e r a l i s e d c om p r e s s i b i l i t y char t ,
c om p r e s s i b i l i t y f a c t o r (Z) can be s e en f o r r educed
p r e s s u r e and reduced t empe ra tu r e s o f 0 . 8 and 1 . 1 ”
)
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25 disp(”we ge t Z=0.785 ”)
26 Z=0.785; // c omp r e s s i b i l i t y f a c t o r
27 disp(”now a c t u a l s p e c i f i c volume ( v ) i n mˆ3/ kg”)
28 disp(”v=Z∗V”)
29 v=Z*V

Scilab code Exa 1.20 Engineering Thermodynamics by Onkar Singh Chap-
ter 1 Example 20

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar Singh ,
Chapter 1 , Example 20 ”)

8 d=5; // d iamete r o f b a l l o n i n m
9 T1 =(27+273);// t empera tu r e o f hydrogen i n k

10 P=1.013*10^5; // a tmosphe r i c p r e s s u r e i n pa
11 T2 =(17+273);// t empera tu r e o f s u r r ound ing a i r i n k
12 R=8.314*10^3; // gas c on s t an t i n J/kg k
13 disp(” volume o f b a l l o n (V1) i n mˆ3”)
14 disp(”V1=(4/3) ∗%pi ∗ ( d /2) ˆ3 ”)
15 V1 =(4/3)*%pi*(d/2)^3

16 disp(” mo l e cu l a r mass o f hydrogen (M) ”)
17 disp(”M=2”)
18 M=2; // mo l e cu l a r mass o f hydrogen
19 disp(” gas c on s t an t f o r H2(R1) i n J/kg k”)
20 disp(”R1=R/M”)
21 R1=R/M

22 disp(”mass o f H2 in b a l l o n (m1) i n kg”)
23 disp(”m1=(P∗V1) /(R1∗T1) ”)
24 m1=(P*V1)/(R1*T1)

25 disp(” volume o f a i r d i s p l a c e d (V2)=volume o f b a l l o n (
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V1) ”)
26 disp(”mass o f a i r d i s p l a c e d (m2) i n kg”)
27 disp(”m2=(P∗V1) /(R2∗T2) ”)
28 disp(” gas c on s t an t f o r a i r (R2) =0.287 KJ/kg k”)
29 R2 =0.287*1000; // gas c on s t an t f o r a i r i n J/kg k
30 m2=(P*V1)/(R2*T2)

31 disp(” l oad l i f t i n g c a p a c i t y due to buoyant f o r c e (m)
i n kg”)

32 disp(”m=m2−m1”)
33 m=m2 -m1

Scilab code Exa 1.21 Engineering Thermodynamics by Onkar Singh Chap-
ter 1 Example 21

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar Singh ,
Chapter 1 , Example 21 ”)

8 v=0.25; // volume su ck i ng r a t e o f pump in mˆ3/min
9 V=20; // volume o f a i r v e s s e l i n mˆ3

10 disp(” l e t i n i t i a l r e c e i v e r p r e s s u r e ( p1 )=1 in pa”)
11 p1=1; // i n i t i a l r e c e i v e r p r e s s u r e i n pa
12 disp(” so f i n a l r e c e i v e r p r e s s u r e ( p2 )=p1/4 i n pa”)
13 p2=p1/4

14 disp(” p e r f e c t gas equat i on , p∗V∗m=m∗R∗T”)
15 disp(” d i f f e r e n t i a t i n g and then i n t e g r a t i n g equa t i on

w. r . t to t ime ( t ) ”)
16 disp(”we ge t t=−(V/v ) ∗ l o g ( p2/p1 ) ”)
17 disp(” so t ime ( t ) i n min”)
18 t=-(V/v)*log(p2/p1)
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Scilab code Exa 1.22 Engineering Thermodynamics by Onkar Singh Chap-
ter 1 Example 22

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar Singh ,
Chapter 1 , Example 22 ”)

8 m=5; //mass o f mixture o f gas i n kg
9 P=1.013*10^5; // p r e s s u r e o f mixture i n pa

10 T=300; // t empera tu r e o f mixture i n k
11 M1=28; // mo l e cu l a r we ight o f n i t r o g e n (N2)
12 M2=32; // mo l e cu l a r we ight o f oxygen (O2)
13 M3=44; // mo l e cu l a r we ight o f carbon d i o x i d e (CO2)
14 f1=0.8; // f r a c t i o n o f N2 in mixture
15 f2 =0.18; // f r a c t i o n o f O2 in mixture
16 f3 =0.02; // f r a c t i o n o f CO2 in mixture
17 k1=1.4; // r a t i o o f s p e c i f i c heat c a p a c i t i e s f o r N2
18 k2=1.4; // r a t i o o f s p e c i f i c heat c a p a c i t i e s f o r O2
19 k3=1.3; // r a t i o o f s p e c i f i c heat c a p a c i t i e s f o r CO2
20 R=8314; // u n i v e r s a l gas c on s t an t i n J/kg k
21 disp(” f i r s t c a l c u l a t e gas c o n s t a n t s f o r d i f f e r e n t

g a s e s i n j /kg k”)
22 disp(” f o r n i t r o g en , R1=R/M1”)
23 R1=R/M1

24 disp(” f o r oxygen , R2=R/M2”)
25 R2=R/M2

26 disp(” f o r carbon d i ox id e , R3=R/M3”)
27 R3=R/M3

28 disp(” so the gas c on s t an t f o r mixture (Rm) in j /kg k”)
29 disp(”Rm=f1 ∗R1+f 2 ∗R2+f 3 ∗R3”)
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30 Rm=f1*R1+f2*R2+f3*R3

31 disp(”now the s p e c i f i c heat at c on s t an t p r e s s u r e f o r
c o n s t i t u e n t g a s e s i n KJ/kg k”)

32 disp(” f o r n i t r o g en , Cp1=(( k1 /( k1−1) ) ∗R1) /1000 ”)
33 Cp1 =((k1/(k1 -1))*R1)/1000

34 disp(” f o r oxygen , Cp2=(( k2 /( k2−1) ) ∗R2) /1000 ”)
35 Cp2 =((k2/(k2 -1))*R2)/1000

36 disp(” f o r carbon d i ox id e , Cp3=(( k3 /( k3−1) ) ∗R3) /1000 ”)
37 Cp3 =((k3/(k3 -1))*R3)/1000

38 disp(” so the s p e c i f i c heat at c on s t an t p r e s s u r e f o r
mixture (Cpm) in KJ/kg k”)

39 disp(”Cpm=f1 ∗Cp1+f 2 ∗Cp2+f 3 ∗Cp3”)
40 Cpm=f1*Cp1+f2*Cp2+f3*Cp3

41 disp(”now no . o f moles o f c o n s t i t u e n t s g a s e s ”)
42 disp(” f o r n i t r o g en , n1=m1/M1 in mol , where m1=f 1 ∗m in

kg”)
43 m1=f1*m

44 n1=m1/M1

45 disp(” f o r oxygen , n2=m2/M2 in mol , where m2=f 2 ∗m in kg
”)

46 m2=f2*m

47 n2=m2/M2

48 disp(” f o r carbon d i ox id e , n=m3/M3 in mol , where m3=f 3 ∗
m in kg”)

49 m3=f3*m

50 n3=m3/M3

51 disp(” t o t a l no . o f moles i n mixture i n mol”)
52 disp(”n=n1+n2+n3”)
53 n=n1+n2+n3

54 disp(”now mole f r a c t i o n o f c o n s t i t u e n t g a s e s ”)
55 disp(” f o r n i t r o g en , x1=n1/n”)
56 x1=n1/n

57 disp(” f o r oxygen , x2=n2/n”)
58 x2=n2/n

59 disp(” f o r carbon d i ox id e , x3=n3/n”)
60 x3=n3/n

61 disp(”now the mo l e cu l a r we ight o f mixture (Mm) in kg/
kmol ”)
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62 disp(”Mm=M1∗x1+M2∗x2+M3∗x3”)
63 Mm=M1*x1+M2*x2+M3*x3

Scilab code Exa 1.23 Engineering Thermodynamics by Onkar Singh Chap-
ter 1 Example 23

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar Singh ,
Chapter 1 , Example 23 ”)

8 V1 =0.18; // volume f r a c t i o n o f O2 in mˆ3
9 V2 =0.75; // volume f r a c t i o n o f N2 in mˆ3
10 V3 =0.07; // volume f r a c t i o n o f CO2 in mˆ3
11 P=0.5; // p r e s s u r e o f mixture i n Mpa
12 T=(107+273);// t empera tu r e o f mixture i n k
13 M1=32; //molar mass o f O2
14 M2=28; //molar mass o f N2
15 M3=44; //molar mass o f CO2
16 disp(”mole f r a c t i o n o f c o n s t i t u e n t g a s e s ”)
17 disp(”x=( n i /n )=(Vi /V) ”)
18 disp(” take volume o f mixture (V)=1 mˆ3”)
19 V=1; // volume o f mixture i n mˆ3
20 disp(”mole f r a c t i o n o f O2( x1 ) ”)
21 disp(”x1=V1/V”)
22 x1=V1/V

23 disp(”mole f r a c t i o n o f N2( x2 ) ”)
24 disp(”x2=V2/V”)
25 x2=V2/V

26 disp(”mole f r a c t i o n o f CO2( x3 ) ”)
27 disp(”x3=V3/V”)
28 x3=V3/V
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29 disp(”now mo l e cu l a r we ight o f mixture = molar mass (m
) ”)

30 disp(”m=x1∗M1+x2∗M2+x3∗M3”)
31 m=x1*M1+x2*M2+x3*M3

32 disp(”now g r a v im e t r i c a n a l y s i s r e f e r s to the mass
f r a c t i o n a n a l y s i s ”)

33 disp(”mass f r a c t i o n o f c o n s t i t u e n t s ”)
34 disp(”y=x i ∗Mi/m”)
35 disp(”mole f r a c t i o n o f O2”)
36 disp(”y1=x1∗M1/m”)
37 y1=x1*M1/m

38 disp(”mole f r a c t i o n o f N2”)
39 disp(”y2=x2∗M2/m”)
40 y2=x2*M2/m

41 disp(”mole f r a c t i o n o f CO2”)
42 disp(”y3=x3∗M3/m”)
43 y3=x3*M3/m

44 disp(”now p a r t i a l p r e s s u r e o f c o n s t i t u e n t s = volume
f r a c t i o n ∗ p r e s s u r e o f mixture ”)

45 disp(”Pi=x i ∗P”)
46 disp(” p a r t i a l p r e s s u r e o f O2(P1 ) i n Mpa”)
47 disp(”P1=x1∗P”)
48 p1=x1*P

49 disp(” p a r t i a l p r e s s u r e o f N2(P2 ) i n Mpa”)
50 disp(”P2=x2∗P”)
51 P2=x2*P

52 disp(” p a r t i a l p r e s s u r e o f CO2(P3 ) i n Mpa”)
53 disp(”P3=x3∗P”)
54 P3=x3*P

55 disp(”NOTE=>The i r i s some c a l c u l a t i o n mi s take f o r
p a r t i a l p r e s s u r e o f CO2( i . e 0 . 3 5Mpa) which i s
g i v en wrong in book so i t i s c o r r e c t e d above
hence answers may vary . ”)
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Scilab code Exa 1.24 Engineering Thermodynamics by Onkar Singh Chap-
ter 1 Example 24

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar Singh ,
Chapter 1 , Example 24 ”)

8 V=6; // volume o f tank i n mˆ3
9 P1 =800*10^3; // p r e s s u r e o f N2 gas tank in pa

10 T1=480; // t empera tu r e o f N2 gas tank in k
11 P2 =400*10^3; // p r e s s u r e o f CO2 gas tank in pa
12 T2=390; // t empera tu r e o f CO2 gas tank in k
13 k1=1.4; // r a t i o o f s p e c i f i c heat c a p a c i t y f o r N2
14 k2=1.3; // r a t i o o f s p e c i f i c heat c a p a c i t y f o r CO2
15 R=8314; // u n i v e r s a l gas c on s t an t i n J/kg k
16 M1=28; // mo l e cu l a r we ight o f N2
17 M2=44; // mo l e cu l a r we ight o f CO2
18 disp(” volume o f tank o f N2(V1) i n mˆ3”)
19 V1=V/2

20 disp(” volume o f tank o f CO2(V2) i n mˆ3”)
21 V2=V/2

22 disp(” t ak i n g the a d i a b a t i c c o n d i t i o n ”)
23 disp(”no . o f moles o f N2( n1 ) ”)
24 disp(”n1=(P1∗V1) /(R∗T1) ”)
25 n1=(P1*V1)/(R*T1)

26 disp(”no . o f moles o f CO2( n2 ) ”)
27 disp(”n2=(P2∗V2) /(R∗T2) ”)
28 n2=(P2*V2)/(R*T2)

29 disp(” t o t a l no . o f moles o f mixture ( n ) i n mol”)
30 disp(”n=n1+n2”)
31 n=n1+n2

32 disp(” gas c on s t an t f o r N2(R1) i n J/kg k”)
33 disp(”R1=R/M1”)
34 R1=R/M1
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35 disp(” gas c on s t an t f o r CO2(R2) i n J/kg k”)
36 disp(”R2=R/M2”)
37 R2=R/M2

38 disp(” s p e c i f i c heat o f N2 at c on s t an t volume (Cv1 )
i n J/kg k”)

39 disp(”Cv1=R1/( k1−1)”)
40 Cv1=R1/(k1 -1)

41 disp(” s p e c i f i c heat o f CO2 at c on s t an t volume (Cv2 )
i n J/kg k”)

42 disp(”Cv2=R2/( k2−1)”)
43 Cv2=R2/(k2 -1)

44 disp(”mass o f N2(m1) i n kg”)
45 disp(”m1=n1∗M1”)
46 m1=n1*M1

47 disp(”mass o f CO2(m2) i n kg”)
48 disp(”m2=n2∗M2”)
49 m2=n2*M2

50 disp(” l e t us c o n s i d e r the e q u i l i b r i um tempera tu re o f
mixture a f t e r a d i a b a t i c mix ing at T”)

51 disp(” app l y i ng ene rgy c o n s e r v a t i o n p r i n c i p l e ”)
52 disp(”m1∗Cv1 ∗ (T−T1) = m2∗Cv2 ∗ (T−T2) ”)
53 disp(” equ l i b r i um tempera tu r e (T) i n k”)
54 disp(”=>T=((m1∗Cv1∗T1)+(m2∗Cv2∗T2) ) / ( (m1∗Cv1 )+(m2∗

Cv2 ) ) ”)
55 T=((m1*Cv1*T1)+(m2*Cv2*T2))/((m1*Cv1)+(m2*Cv2))

56 disp(” so the equ l i b r i um p r e s s u r e (P) i n kpa”)
57 disp(”P=(n∗R∗T) /(1000∗V) ”)
58 P=(n*R*T)/(1000*V)

Scilab code Exa 1.25 Engineering Thermodynamics by Onkar Singh Chap-
ter 1 Example 25

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
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4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar Singh ,
Chapter 1 , Example 25 ”)

8 m1=2; //mass o f H2 in kg
9 m2=3; //mass o f He in kg
10 T=100; // t empera tu r e o f c o n t a i n e r i n k
11 Cp1 =11.23; // s p e c i f i c heat at c on s t an t p r e s s u r e f o r

H2 in KJ/kg k
12 Cp2 =5.193; // s p e c i f i c heat at c on s t an t p r e s s u r e f o r

He i n KJ/kg k
13 disp(” s i n c e two g a s e s a r e non r e a c t i n g t h e r e f o r e

s p e c i f i c heat o f f i n a l mixture (Cp) i n KJ/kg k can
be ob ta i n ed by f o l l o w i n g f o r a d i a b a t i c mix ing ”)

14 disp(” so the s p e c i f i c heat at c on s t an t p r e s s u r e (Cp)
i n KJ/kg k”)

15 disp(”Cp=((Cp1∗m1)+Cp2∗m2) /(m1+m2) ”)
16 Cp=((Cp1*m1)+Cp2*m2)/(m1+m2)

Scilab code Exa 1.26 Engineering Thermodynamics by Onkar Singh Chap-
ter 1 Example 26

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar Singh ,
Chapter 1 , Example 26 ”)

8 m1=18; //mass o f hydrogen (H2) i n kg
9 m2=10; //mass o f n i t r o g e n (N2) i n kg
10 m3=2; //mass o f carbon d i o x i d e (CO2) i n kg
11 R=8.314; // u n i v e r s a l gas c on s t an t i n KJ/kg k
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12 Pi =101.325; // a tmosphe r i c p r e s s u r e i n kpa
13 T=(27+273.15);// ambient t empera tu r e i n k
14 M1=2; //molar mass o f H2
15 M2=28; //molar mass o f N2
16 M3=44; //molar mass o f CO2
17 disp(” gas c on s t an t f o r H2(R1) i n KJ/kg k”)
18 disp(”R1=R/M1”)
19 R1=R/M1

20 disp(” gas c on s t an t f o r N2(R2) i n KJ/kg k”)
21 disp(”R2=R/M2”)
22 R2=R/M2

23 disp(” gas c on s t an t f o r CO2(R3) i n KJ/kg k”)
24 disp(”R3=R/M3”)
25 R3=R/M3

26 disp(” so now gas c on s t an t f o r mixture (Rm) in KJ/kg k”
)

27 disp(”Rm=(m1∗R1+m2∗R2+m3∗R3) /(m1+m2+m3) ”)
28 Rm=(m1*R1+m2*R2+m3*R3)/(m1+m2+m3)

29 disp(” c o n s i d e r i n g gas to be p e r f e c t gas ”)
30 disp(” t o t a l mass o f mixture (m) i n kg”)
31 disp(”m=m1+m2+m3”)
32 m=m1+m2+m3

33 disp(” c ap a c i t y o f v e s s e l (V) i n mˆ3”)
34 disp(”V=(m∗Rm∗T) /Pi ”)
35 V=(m*Rm*T)/Pi

36 disp(”now f i n a l t empera tu r e ( Tf ) i s tw i c e o f i n i t i a l
t empera tu re ( Ti ) ”)

37 disp(” so take k=Tf/Ti=2”)
38 k=2; // r a t i o o f i n i t i a l to f i n a l t empera tu r e
39 disp(” f o r c on s t an t volume heat ing , f i n a l p r e s s u r e ( Pf )

i n kpa s h a l l be ”)
40 disp(”Pf=Pi ∗k”)
41 Pf=Pi*k
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Scilab code Exa 1.27 Engineering Thermodynamics by Onkar Singh Chap-
ter 1 Example 27

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar Singh ,
Chapter 1 , Example 27 ”)

8 T1 =(27+273);// i n i t i a l t empera tu re o f a i r i n k
9 T2=500; // f i n a l t empera tu r e o f a i r i n k
10 disp(” l e t i n l e t s t a t e be 1 and e x i t s t a t e be 2”)
11 disp(”by c h a r l e s law volume and tempera tu r e can be

r e l a t e d as ”)
12 disp(” (V1/T1)=(V2/T2) ”)
13 disp(” (V2/V1)=(T2/T1) ”)
14 disp(” or ( ( ( %pi∗D2ˆ2) /4) ∗V2) / ( ( ( %pi∗D1ˆ2) /4) ∗V1)=T2/

T1”)
15 disp(” s i n c e K.E=0”)
16 disp(” so (D2ˆ2/D1ˆ2)=T2/T1”)
17 disp(”D2/D1=s q r t (T2/T1) ”)
18 disp(” say (D2/D1)=k”)
19 disp(” so e x i t to i n l e t d i amete r r a t i o ( k ) ”)
20 k=sqrt(T2/T1)

Scilab code Exa 1.28 Engineering Thermodynamics by Onkar Singh Chap-
ter 1 Example 28

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;
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6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar Singh ,
Chapter 1 , Example 29 ”)

8 V=2; // volume o f v e s s e l i n mˆ3
9 P1=76; // i n i t i a l p r e s s u r e or a tmosphe r i c p r e s s u r e i n

cm o f Hg
10 T=(27+273.15);// t empera tu r e o f v e s s e l i n k
11 p=70; // f i n a l p r e s s u r e i n cm o f Hg vaccum
12 R=8.314; // u n i v e r s a l gas c on s t an t i n KJ/kg k
13 M=2; // mo l e cu l a r we ight o f H2
14 disp(” gas c on s t an t f o r H2(R1) i n KJ/kg k”)
15 disp(”R1=R/M”)
16 R1=R/M

17 disp(” say i n i t i a l and f i n a l s t s t e s a r e g i v en by 1
and 2”)

18 disp(”mass o f hydrogen pumped out s h a l l be
d i f f e r e n c e o f i n i t i a l and f i n a l mass i n s i d e
v e s s e l ”)

19 disp(” f i n a l p r e s s u r e o f hydrogen (P2 ) i n cm o f Hg”)
20 disp(”P2=P1−p”)
21 P2=P1-p

22 disp(” t h e r e f o r e p r e s s u r e d i f f e r e n c e (P) i n kpa”)
23 disp(”P=((P1−P2 ) ∗1 01 . 3 2 5 ) /76 ”)
24 P=((P1-P2)*101.325) /76

25 disp(”mass pumped out (m) i n kg”)
26 disp(”m=((P1∗V1) /(R1∗T1) ) −((P2∗V2) /(R1∗T2) ) ”)
27 disp(” he r e V1=V2=V and T1=T2=T”)
28 disp(” so m=(V∗ (P1−P2 ) ) /(R1∗T) ”)
29 m=(V*P)/(R1*T)

30 disp(”now dur ing c o o l i n g upto 10 deg r e e c e l c i u s , the
p r o c e s s may be c o n s i d e r as c on s t an t volume
p r o c e s s ”)

31 disp(” say s t a t e b e f o r e and a f t e r c o o l i n g a r e denoted
by s u f f i x 2 and 3”)

32 T3 =(10+273.15);// f i n a l t empera tu r e a f t e r c o o l i n g i n
k

33 disp(” f i n a l p r e s s u r e a f t e r c o o l i n g (P3 ) i n kpa”)
34 disp(”P3=(T3/T) ∗P2 ∗ ( 1 0 1 . 3 2 5 / 7 6 ) ”)
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35 P3=(T3/T)*P2 *(101.325/76)

56



Chapter 2

Zeroth Law Of
Thermodynamics

Scilab code Exa 2.1 Engineering Thermodynamics by Onkar Singh Chap-
ter 2 Example 1

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar Singh ,
Chapter 2 , Example 1”)

8 Tf =98.6; // t empera tu r e o f body in f a r e n h e i t
9 disp(” deg r e e c e l c i u s and f a r e n h e i t a r e r e l a t e d as

f o l l o w s ”)
10 disp(”Tc=(Tf−32) / 1 . 8 ”)
11 disp(” so t empera tu r e o f body in deg r e e c e l c i u s ”)
12 Tc=(Tf -32) /1.8
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Scilab code Exa 2.2 Engineering Thermodynamics by Onkar Singh Chap-
ter 2 Example 2

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar Singh ,
Chapter 2 , Example 2”)

8 t1=0; // i c e po i n t t empera tu r e i n d eg r e e c e l c i u s
9 p1=3; // thermometr i c p r op e r t y f o r i c e po i n t
10 t2=100; // steam po i n t t empera tu r e i n d eg r e e c e l c i u s
11 p2=8; // thermometr i c p r op e r t y f o r steam po i n t
12 p3=6.5; // thermometr i c p r op e r t y f o r any tempera tu r e
13 disp(” u s i n g the rmometr i c r e l a t i o n ”)
14 disp(” t=a∗ l o g ( p )+(b /2) ”)
15 disp(” f o r i c e po int , b/a=”)
16 b=2*log(p1)

17 disp(” so b=2.1972∗ a”)
18 disp(” f o r steam po i n t ”)
19 a=t2/(log(p2) -(2.1972/2))

20 disp(”and b=”)
21 b=2.1972*a

22 disp(” thus , t=a∗ l o g ( p3 )+(b /2) i n d eg r e e c e l c i u s ”)
23 t=a*log(p3)+(b/2)

24 disp(” so f o r thermodynamic p r op e r t y o f 6 . 5 , t =302.83
d eg r e e c e l c i u s ”)

Scilab code Exa 2.3 Engineering Thermodynamics by Onkar Singh Chap-
ter 2 Example 3

1 // D i sp l ay mode
2 mode (0);
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3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar Singh ,
Chapter 2 , Example 3”)

8 disp(” emf equa t i on ”)
9 disp(”E=(0 .003∗ t ) −((5∗10ˆ−7)∗ t ˆ2) ) +(0.5∗10ˆ−3) ”)

10 disp(” u s i n g emf equa t i on at i c e po int , E 0 i n v o l t s ”)
11 t=0; // i c e po i n t t empera tu r e i n d eg r e e c e l c i u s
12 disp(”E 0 =(0 .003∗ t ) −((5∗10ˆ−7)∗ t ˆ2) +(0.5∗10ˆ−3) ”)
13 E_0 =(0.003*t) -((5*10^ -7)*t^2) +(0.5*10^ -3)

14 disp(” u s i n g emf equa t i on at steam po int , E 100 i n
v o l t s ”)

15 t=100; // steam po i n t t empera tu r e i n d eg r e e c e l c i u s
16 disp(”E 100 =(0 .003∗ t ) −((5∗10ˆ−7)∗ t ˆ2) +(0.5∗10ˆ−3) ”)
17 E_100 =(0.003*t) -((5*10^ -7)*t^2) +(0.5*10^ -3)

18 disp(”now emf at 30 deg r e e c e l c i u s u s i n g emf
equa t i on ( E 30 ) i n v o l t s ”)

19 t=30; // t empera tu r e o f s ub s t an c e i n d eg r e e c e l c i u s
20 E_30 =(0.003*t) -((5*10^ -7)*t^2) +(0.5*10^ -3)

21 disp(”now the t empera tu re (T) shown by t h i s
thermometer ”)

22 disp(”T=((E 30−E 0 ) /( E 100−E 0 ) ) ∗ ( T 100−T 0 ) i n
d eg r e e c e l c i u s ”)

23 T_100 =100; // steam po i n t t empera tu r e i n d eg r e e
c e l c i u s

24 T_0 =0; // i c e po i n t t empera tu r e i n d eg r e e c e l c i u s
25 T=((E_30 -E_0)/(E_100 -E_0))*(T_100 -T_0)

26 disp(”NOTE=>In t h i s que s t i on , v a l u e s o f emf at 100
and 30 deg r e e c e l c i u s i s c a l c u l a t e d wrong in book
so i t i s c o r r e c t e d above so the answers may vary

. ”)
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Scilab code Exa 2.4 Engineering Thermodynamics by Onkar Singh Chap-
ter 2 Example 4

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar Singh ,
Chapter 2 , Example 4”)

8 t1=0; // t empera tu r e at i c e po i n t
9 t2=100; // t empera tu r e at steam po i n t
10 t3=50; // t empera tu r e o f gas
11 disp(” emf equat i on , e =0.18∗ t −5.2∗10ˆ−4∗ t ˆ2 i n

m i l l i v o l t s ”)
12 disp(” as i c e po i n t and steam po i n t s a r e two

r e f e r e n c e po in t s , so ”)
13 disp(” at i c e po int , emf ( e1 ) i n mV”)
14 e1 =0.18*t1 -5.2*10^ -4* t1^2

15 disp(” at steam po int , emf ( e2 ) i n mV”)
16 e2 =0.18*t2 -5.2*10^ -4* t2^2

17 disp(” at gas temperature , emf ( e3 ) i n mV”)
18 e3 =0.18*t3 -5.2*10^ -4* t3^2

19 disp(” s i n c e emf v a r i a t i o n i s l i n e a r so , t empera tu r e ( t
) i n d eg r e e c e l c i u s at emf o f 7 . 7 mV”)

20 t=((t2-t1)/(e2 -e1))*e3

21 disp(” t empera tu r e o f gas u s i n g the rmocoup l e =60.16
d eg r e e c e l c i u s ”)

22 disp(”% v a r i a t i o n i n t empera tu r e r e ad i n g with
r e s p e c t to gas thermometer r e ad i n g o f 50 d eg r e e
c e l c i u s ”)

23 variation =((t-t3)/t3)*100

60



Scilab code Exa 2.5 Engineering Thermodynamics by Onkar Singh Chap-
ter 2 Example 5

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar Singh ,
Chapter 2 , Example 5”)

8 disp(” l e t the c o nv e r s i o n r e l a t i o n be X=aC+b”)
9 disp(”where C i s t empera tu r e i n d eg r e e c e l c i u s , a&b

a r e c o n s t a n t s and X i s t empera tu re i n X deg r e e ”)
10 disp(” at f r e e z i n g po int , t empera tu r e=0 deg r e e c e l c i u s

, 0 d eg r e e X”)
11 disp(” so by equa t i on X=aC+b”)
12 X=0; // t empera tu r e i n d eg r e e X
13 C=0; // t empera tu r e i n d eg r e e c e l c i u s
14 disp(”we ge t b=0”)
15 b=0;

16 disp(” at b o i l i n g po int , t empera tu r e=100 deg r e e
c e l c i u s , 1 0 00 deg r e e X”)

17 X=1000; // t empera tu r e i n d eg r e e X
18 C=100; // t empera tu r e i n d eg r e e c e l c i u s
19 a=(X-b)/C

20 disp(” c onv e r s i o n r e l a t i o n ”)
21 disp(”X=10∗C”)
22 disp(” a b s o l u t e z e r o t empera tu r e i n d eg r e e c e l c i u s

=−273.15”)
23 disp(” a b s o l u t e z e r o t empera tu r e i n d eg r e e X=”)
24 10* -273.15
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Chapter 3

First Law Of Thermodynamics

Scilab code Exa 3.1 Engineering Thermodynamics by Onkar Singh Chap-
ter 3 Example 1

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar S ingh
Chapter 3 Example 1”)

8 p=689; // p r e s s u r e o f gas i n c y l i n d e r i n kpa
9 v1 =0.04; // i n i t i a l volume o f f l u i d i n mˆ3
10 v2 =0.045; // f i n a l volume o f f l u i d i n mˆ3
11 W_paddle = -4.88; // padd l e work done on the system in

KJ
12 disp(”a> work done on p i s t o n ( W piston ) i n KJ can be

ob ta i n ed as ”)
13 disp(”W piston=pdv”)
14 function y = f(v), y=p, endfunction

15 W_piston=intg(v1,v2,f)
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Figure 3.1: Engineering Thermodynamics by Onkar Singh Chapter 3 Exam-
ple 1
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16 disp(”b> padd le work done on the system (W paddle )
=−4.88 KJ”)

17 disp(” net work done o f system (W net ) i n KJ”)
18 disp(”W net=W piston+W paddle ”)
19 W_net=W_piston+W_paddle

20 disp(” so work done on system (W net ) =1.435 KJ”)

Scilab code Exa 3.2 Engineering Thermodynamics by Onkar Singh Chap-
ter 3 Example 2

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar S ingh
Chapter 3 Example 2”)

8 m=0.5; //mass o f gas i n kg
9 u1 =26.6; // i n t e r n a l ene rgy o f gas at 200 deg r e e

c e l c i u s
10 u2 =37.8; // i n t e r n a l ene rgy o f gas at 400 deg r e e

c e l c i u s
11 W=0; //work done by v e s s e l i n KJ
12 disp(” as the v e s s e l i s r i g i d t h e r e f o r e work done

s h a l l be z e r o ”)
13 disp(”W=0”)
14 disp(” from f i r s t law o f thermodynamics , heat r e q u i r e d

(Q) i n KJ”)
15 disp(”Q=U2−U1+W=Q=m(u2−u1 )+W”)
16 Q=m*(u2-u1)+W

17 disp(” so heat r e q u i r e d =5.6 KJ”)
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Figure 3.2: Engineering Thermodynamics by Onkar Singh Chapter 3 Exam-
ple 2
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Figure 3.3: Engineering Thermodynamics by Onkar Singh Chapter 3 Exam-
ple 3

Scilab code Exa 3.3 Engineering Thermodynamics by Onkar Singh Chap-
ter 3 Example 3

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar S ingh
Chapter 3 Example 3”)

8 m=50; // r a t e at which carbon d i o x i d e p a s s i n g through
heat exchange r i n kg/ hr
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9 T2=800; // i n i t i a l t empera tu re o f carbon d i o x i d e i n
d eg r e e c e l c i u s

10 T1=50; // f i n a l t empera tu r e o f carbon d i o x i d e i n
d eg r e e c e l c i u s

11 Cp =1.08; // s p e c i f i c heat at c on s t an t p r e s s u r e i n KJ/
kg K

12 disp(”by s t eady f l ow ene rgy equa t i on ”)
13 disp(”q+h1+C1ˆ2/2+g∗ z1=h2+C2ˆ2/2+g∗ z2+w”)
14 disp(” l e t us assume changes i n k i n e t i c and p o t e n t i a l

ene rgy i s n e g l i g i b l e , du r ing f l ow the work
i n t e r a c t i o n s h a l l be z e r o ”)

15 disp(”q=h2−h1”)
16 disp(” r a t e o f heat removal (Q) i n KJ/ hr ”)
17 disp(”Q=m( h2−h1 )=m∗Cp∗ (T2−T1) ”)
18 Q=m*Cp*(T2-T1)

19 disp(” heat shou ld be removed at the r a t e o f 40500 KJ
/ hr ”)

Scilab code Exa 3.4 Engineering Thermodynamics by Onkar Singh Chap-
ter 3 Example 4

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar S ingh
Chapter 3 Example 4”)

8 v=0.78; // volume o f c y l i n d e r i n mˆ3
9 p=101.325; // a tmosphe r i c p r e s s u r e i n kPa

10 disp(” t o t a l work done by the a i r at a tmosphe r i c
p r e s s u r e o f 1 01 . 3 25 kPa”)

11 disp(”W=(pdv ) c y l i n d e r +(pdv ) a i r ”)
12 disp(”0+p ∗ ( d e l t a v ) ”)
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13 disp(”work done by a i r (W)=−p∗v in KJ”)
14 W=-p*v

15 disp(” so work done by su r r ound ing on system =79.03
KJ”)

Scilab code Exa 3.5 Engineering Thermodynamics by Onkar Singh Chap-
ter 3 Example 5

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar S ingh
Chapter 3 Example 5”)

8 m=5; //mass o f gas i n kg
9 p1 =1*10^3; // i n i t i a l p r e s s u r e o f gas i n KPa

10 V1=0.5; // i n i t i a l volume o f gas i n mˆ3
11 p2 =0.5*10^3; // f i n a l p r e s s u r e o f gas i n KPa
12 n=1.3; // expans i on c on s t an t
13 disp(” g i v en p∗vˆ1.3= con s t an t ”)
14 disp(” assuming expans i on to be quas i−s t a t i c , the work

may be g i v en as ”)
15 disp(”W=m(p∗dv )=(p2∗V2−p1∗V1) /(1−n ) ”)
16 disp(” from i n t e r n a l ene rgy r e l a t i o n , change i n

s p e c i f i c i n t e r n a l ene rgy ”)
17 disp(” d e l t a u=u2−u1=1.8∗ ( p2∗v2−p1∗v1 ) i n KJ/kg”)
18 disp(” t o t a l change , de l taU =1.8∗m∗ ( p2∗v2−p1∗v1 ) =1.8∗ (

p2∗V2−p1∗V1) i n KJ”)
19 disp(” u s i n g p1∗V1ˆ1.3=p2∗V2ˆ1 . 3 ”)
20 disp(”V2=V1∗ ( p1/p2 ) ˆ ( 1 / 1 . 3 ) i n mˆ3”)
21 V2=V1*(p1/p2)^(1/1.3)

22 disp(” take V2=.852 mˆ3”)
23 V2 =0.852; // f i n a l volume o f gas i n mˆ3
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24 disp(” so de l taU in KJ”)
25 deltaU =1.8*( p2*V2 -p1*V1)

26 disp(”and W in KJ”)
27 W=(p2*V2-p1*V1)/(1-n)

28 disp(” from f i r s t law ”)
29 disp(” de l taQ=de l taU+W in KJ”)
30 deltaQ=deltaU+W

31 disp(” heat i n t e r a c t i o n =113.5 KJ”)
32 disp(”work i n t e r a c t i o n =246.7 KJ”)
33 disp(” change i n i n t e r n a l ene rgy =−113.2 KJ”)

Scilab code Exa 3.6 Engineering Thermodynamics by Onkar Singh Chap-
ter 3 Example 6

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar S ingh
Chapter 3 Example 6”)

8 p1=1; // i n i t i a l p r e s s u r e o f gas i n MPa
9 v1 =0.05; // i n i t i a l volume o f gas i n mˆ3
10 p2=2; // f i n a l p r e s s u r e o f gas i n MPa
11 n=1.4; // expans i on c on s t an t
12 disp(” f i n a l s t a t e volume ( v2 ) i n mˆ3”)
13 disp(”v2=(( p1/p2 ) ˆ ( 1 / 1 . 4 ) ) ∗v1”)
14 v2=((p1/p2)^(1/1.4))*v1

15 disp(” take v2=0.03 mˆ3”)
16 v2 =0.03; // f i n a l volume o f gas i n mˆ3
17 disp(”now i n t e r n a l ene rgy o f gas i s g i v en by U=7.5∗p

∗v−425”)
18 disp(” change i n i n t e r n a l ene rgy ( de l taU ) i n KJ”)
19 disp(” de l taU=U2−U1=7.5∗p2∗v2−7.5∗p1∗v1”)
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20 disp(” de l taU =7.5∗10ˆ3∗ ( p2∗v2−p1∗v1 ) ”)
21 deltaU =7.5*10^3*( p2*v2-p1*v1)

22 disp(” f o r quas i−s t a t i c p r o c e s s ”)
23 disp(”work (W) in KJ ,W=p∗dv”)
24 disp(”W=(p2∗v2−p1∗v1 ) /(1−n ) ”)
25 W=((p2*v2-p1*v1)/(1-n))*10^3

26 disp(” from f i r s t law o f thermodynamics , ”)
27 disp(” heat i n t e r a c t i o n ( de l taQ )=de l taU+W”)
28 deltaQ=deltaU+W

29 disp(” heat=50 KJ”)
30 disp(”work=25 KJ(−ve ) ”)
31 disp(” i n t e r n a l ene rgy change=75 KJ”)
32 disp(” i f 180 KJ heat t r a n s f e r t a k e s p l ace , then from

1 s t law , ”)
33 disp(” de l taQ=de l taU+W”)
34 disp(” s i n c e end s t a t e s remain same , t h e r e f o r e de l taU

i . e change i n i n t e r n a l ene rgy rema ins un a l t e r e d . ”
)

35 disp(”W=180−75”)
36 W=180 -75

37 disp(”W=105 KJ”)

Scilab code Exa 3.7 Engineering Thermodynamics by Onkar Singh Chap-
ter 3 Example 7

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar S ingh
Chapter 3 Example 7”)

8 M=16; // mo l e cu l a r we ight o f gas
9 p1 =101.3; // i n i t i a l p r e s s u r e o f gas i n KPa

70



10 p2=600; // f i n a l p r e s s u r e o f gas i n KPa
11 T1 =(273+20);// i n i t i a l t empera tu re o f gas i n K
12 R1 =8.3143*10^3; // u n i v e r s a l gas c on s t an t i n J/kg K
13 Cp=1.7; // s p e c i f i c heat at c on s t an t p r e s s u r e i n KJ/kg

K
14 n=1.3; // expans i on c on s t an t
15 T2=((p2/p1)^(n-1/n))

16 disp(” c h a r a c t e r i s t i c s gas c on s t an t (R) i n J/kg K”)
17 disp(”R=R1/M”)
18 R=R1/M

19 disp(” take R=0.520 ,KJ/kg K”)
20 R=0.520; // c h a r a c t e r i s t i c s gas c on s t an t i n KJ/kg K
21 disp(”Cv=Cp−R, inKJ/kg K”)
22 Cv=Cp-R

23 disp(”y=Cp/Cv”)
24 y=Cp/Cv

25 y=1.44; // r a t i o o f s p e c i f i c heat at c on s t an t p r e s s u r e
to c on s t an t volume

26 disp(” f o r p o l y t r o p i c p r o c e s s , v2=(( p1/p2 ) ˆ(1/ n ) ) ∗v1
i n mˆ3”)

27 disp(”now , T2=T1 ∗ ( ( p2/p1 ) ˆ ( ( n−1)/n ) ) , i n K”)
28 T2=T1*((p2/p1)^((n-1)/n))

29 disp(”work (W) in KJ/kg”)
30 disp(”W=R∗ ( (T1−T2) /(n−1) ) ”)
31 W=R*((T1-T2)/(n-1))

32 W=257.78034; //work done i n KJ/kg
33 disp(” f o r p o l y t r o p i c p r o c e s s , heat (Q) i n KJ/K”)
34 disp(”Q=((y−n ) /( y−1) ) ∗W”)
35 Q=((y-n)/(y-1))*W

Scilab code Exa 3.8 Engineering Thermodynamics by Onkar Singh Chap-
ter 3 Example 8

1 // D i sp l ay mode
2 mode (0);
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3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar S ingh
Chapter 3 Example 8”)

8 T1 =(627+273);// i n i t i a l t empera tu re o f a i r i n n o z z l e
i n K

9 T2 =(27+273);// t empera tu r e at which a i r l e a v e s n o z z l e
i n K

10 Cp =1.005*10^3; // s p e c i f i c heat at c on s t an t p r e s s u r e
i n J/kg K

11 disp(” app l y i ng s t eady f l ow ene rgy equa t i on with
i n l e t and e x i t s t a t e s as 1 ,2 with no heat and
work i n t e r a c t i o n and no change i n p o t e n t i a l
ene rgy ”)

12 disp(”h1+C1ˆ2/2=h2+C2ˆ2/2 ”)
13 disp(” g i v en tha t C1=0 , n e g l i g i b l e i n l e t v e l o c i t y ”)
14 disp(” so C2=s q r t ( 2 ( h1−h2 ) )=s q r t (2∗Cp∗ (T1−T2) ) ”)
15 disp(” e x i t v e l o c i t y (C2) i n m/ s ”)
16 C2=sqrt (2*Cp*(T1-T2))

17 disp(” so e x i t v e l o c i t y =1098.2 m/ s ”)

Scilab code Exa 3.9 Engineering Thermodynamics by Onkar Singh Chap-
ter 3 Example 9

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar S ingh
Chapter 3 Example 9”)

8 W=-200; // s h a f t work i n KJ/kg o f a i r
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9 deltah =100; // i n c r e a s e i n en tha lpy i n KJ/kg o f a i r
10 Q1=-90; // heat t r a n s f e r r e d to water i n KJ/kg o f a i r
11 disp(”work i n t e r a c t i o n ,W=−200 KJ/kg o f a i r ”)
12 disp(” i n c r e a s e i n en tha lpy o f a i r =100 KJ/kg o f a i r ”)
13 disp(” t o t a l heat i n t e r a c t i o n ,Q=heat t r a n s f e r r e d to

water + heat t r a n s f e r r e d to atmosphere ”)
14 disp(” w r i t i n g s t eady f l ow ene rgy equa t i on on

compressor , f o r un i t mass o f a i r e n t e r i n g at 1 and
l e a v i n g at 2”)

15 disp(”h1+C1ˆ2/2+g∗ z1+Q=h2+C2ˆ2/2+g∗ z2+W”)
16 disp(” assuming no change i n p o t e n t i a l ene rgy and

k i n e t i c ene rgy ”)
17 disp(” de l taK .E=de l taP .=0”)
18 disp(” t o t a l heat i n t e r a c t i o n (Q) i n KJ/kg o f a i r ”)
19 disp(”Q=de l t a h+W”)
20 Q=deltah+W

21 disp(”Q=heat t r a n s f e r r e d to water + heat t r a n s f e r r e d
to atmosphere=Q1+Q2”)

22 disp(” so heat t r a n s f e r r e d to atmosphere (Q2) i n KJ/kg
o f a i r ”)

23 Q2=Q-Q1

Scilab code Exa 3.10 Engineering Thermodynamics by Onkar Singh Chap-
ter 3 Example 10

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar S ingh
Chapter 3 Example 10 ”)

8 n=500; // t o t a l number o f p e r s on s
9 q=50; // heat r equ i r emen t per pe r son i n k c a l / hr
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10 h1=80; // en tha lpy o f hot water e n t e r i n p ip e i n k c a l /
kg

11 h2=45; // en tha lpy o f hot water l e a v e s the p ip e i n
k c a l /kg

12 g=9.81; // a c c e l e a r t i o n due to g r a v i t y i n m/ s ˆ2
13 deltaz =10; // d i f f e r e n c e i n e l e v a t i o n o f i n l e t and

e x i t p ip e i n m
14 disp(” above problem can be s o l v e d u s i n g s t eady f l ow

ene rgy e qua t i o n s upon hot water f l ow ”)
15 disp(”Q+m1∗ ( h1+C1ˆ2/2+g∗ z1 )=W+m2∗ ( h2+C2ˆ2/2+g∗ z2 ) ”)
16 disp(” he r e t o t a l heat to be s u pp l i e d (Q) i n k c a l / hr ”)
17 Q=n*q

18 disp(” so heat l o s t by water (−ve ) ,Q=−25000 k c a l / hr ”)
19 Q= -25000 // heat l o s s by water i n k c a l / hr
20 disp(” t h e r e s h a l l be no work i n t e r a c t i o n and change

i n k i n e t i c energy , so , s t e ady f l ow ene rgy equa t i on
s h a l l be , ”)

21 disp(”Q+m∗ ( h1+g∗ z1 )=m∗ ( h2+g∗ z2 ) ”)
22 disp(” so water c i r c u l a t i o n r a t e (m) i n kg/ hr ”)
23 disp(” so m=Q∗10ˆ3∗4 . 1 8/ ( g∗ de l t a z −(h1−h2 ) ∗10ˆ3∗4 . 18 ”)
24 m=Q*10^3*4.18/(g*deltaz -(h1-h2)*10^3*4.18)

25 disp(” water c i r c u l a t i o n r a t e (m) i n kg/min”)
26 m=m/60

Scilab code Exa 3.11 Engineering Thermodynamics by Onkar Singh Chap-
ter 3 Example 11

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;
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Figure 3.4: Engineering Thermodynamics by Onkar Singh Chapter 3 Exam-
ple 11

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar S ingh
Chapter 3 Example 11 ”)

8 v1=50; // v e l o c i t y o f steam e n t e r i n g i n j e c t o r i n m/ s
9 v2=25; // v e l o c i t y o f mixture l e a v e i n j e c t o r i n m/ s
10 h1=720; // en tha lpy o f steam e n t e r i n g i n j e c t o r i n k c a l

/kg
11 h2 =24.6; // en tha lpy o f water e n t e r i n g i n j e c t o r i n

k c a l /kg
12 h3=100; // en tha lpy o f steam l e a v i n g i n j e c t o r i n k c a l /

kg
13 h4=100; // en tha lpy o f water l e a v i n g i n j e c t o r i n k c a l /

kg
14 deltaz =2; // depth from ax i s o f i n j e c t o r i n m
15 q=12; // heat l o s s from i n j e c t o r to su r r ound ing

through i n j e c t o r
16 g=9.81; // a c c e l e r a t i o n due to g r a v i t y i n m/ s ˆ2
17 disp(” l e t mass o f steam to be s u pp l i e d per kg o f

water l i f t e d be (m) kg . app l y i ng law o f ene rgy
c o n s e r v a t i o n upon steam i n j e c t o r , f o r un i t mass o f
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Figure 3.5: Engineering Thermodynamics by Onkar Singh Chapter 3 Exam-
ple 12

water l i f t e d ”)
18 disp(” ene rgy with steam e n t e r i n g + energy with water

e n t e r i n g = energy with mixture l e a v i n g + heat
l o s s to su r r ound ing ”)

19 disp(”m∗ ( v1ˆ2/2+h1 ∗10ˆ3∗4 . 1 8 )+h2 ∗10ˆ3∗4.18+ g∗ d e l t a z
=(1+m) ∗ ( h3 ∗10ˆ3∗4.18+ v2 ˆ2/2)+m∗q ∗10ˆ3∗4 . 18 ”)

20 disp(” so steam supp l i n g r a t e (m) in kg/ s per kg o f
water ”)

21 disp(”m=((h3 ∗10ˆ3∗4.18+ v2 ˆ2/2)−(h2 ∗10ˆ3∗4.18+ g∗
d e l t a z ) ) / ( ( v1ˆ2/2+h1 ∗10ˆ3∗4 . 1 8 )−(h3 ∗10ˆ3∗4.18+ v2
ˆ2/2)−(q ∗10ˆ3∗4 . 1 8 ) ) ”)

22 m=((h3 *10^3*4.18+ v2^2/2) -(h2 *10^3*4.18+g*deltaz))/((

v1^2/2+h1 *10^3*4.18) -(h3 *10^3*4.18+ v2 ^2/2) -(q

*10^3*4.18))

23 disp(”NOTE=>he r e en tha lpy o f steam e n t e r i n g i n j e c t o r
( h1 ) shou ld be taken 720 k c a l /kg i n s t e a d o f 72
k c a l /kg o t h e rw i s e the steam supp l y i n g r a t e comes
wrong . ”)
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Scilab code Exa 3.12 Engineering Thermodynamics by Onkar Singh Chap-
ter 3 Example 12

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar S ingh
Chapter 3 Example 12 ”)

8 p=1.013*10^5; // a tmosphe r i c p r e s s u r e i n pa
9 deltav =0.4; // change i n volume in mˆ3
10 disp(” he r e l e t us assume tha t the p r e s s u r e i s a lways

equa l to a tmosphe r i c p r e s u r e as b a l l o n i s
f l e x i b l e , i n e l a s t i c and un s t r e s s e d and no work i s
done f o r s t r e t c h i n g b a l l o n dur ing i t s f i l l i n g
f i g u r e shows the boundary o f system b e f o r e and
a f t e r f i l l i n g b a l l o n by f i rm l i n e and dot t ed l i n e
r e s p e c t i v e l y . ”)

11 disp(” d i s p l a c emen t work , W=(p . dv ) c y l i n d e r +(p . dv )
b a l l o n ”)

12 disp(” ( p . dv ) c y l i n d e r =0 , as c y l i n d e r i s r i g i d ”)
13 disp(” so work done by system upon atmosphere (W) in KJ

, W=(p∗ d e l t a v ) /1000 ”)
14 W=(p*deltav)/1000

15 disp(”and work done by atmosphere=−40.52 KJ”)

Scilab code Exa 3.13 Engineering Thermodynamics by Onkar Singh Chap-
ter 3 Example 13
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Figure 3.6: Engineering Thermodynamics by Onkar Singh Chapter 3 Exam-
ple 13
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1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar S ingh
Chapter 3 Example 13 ”)

8 Qadd =5000; // heat s u pp l i e d i n b o i l e r i n J/ s
9 disp(”work done by t u r b i n e (Wt) i n J/ s i s 25% o f heat

added i . e ”)
10 disp(”Wt=.25∗Qadd”)
11 Wt=.25* Qadd

12 disp(” heat r e j e c t e d by condenso r ( Q r e j e c t e d ) i n J/ s i s
75% o f head added i . e ”)

13 disp(” Qr e j e c t e d =.75∗Qadd”)
14 Qrejected =.75* Qadd

15 disp(”and f e e d water pump work (Wp) in J/ s i s 0 . 2% o f
heat added i . e ”)

16 disp(”Wp=(−) 0 . 0 02∗Qadd”)
17 Wp =0.002* Qadd

18 disp(” c ap a c i t y o f g e n e r a t o r (W)=(Wt−Wp) /1000 i n Kw”)
19 W=(Wt-Wp)/1000

Scilab code Exa 3.14 Engineering Thermodynamics by Onkar Singh Chap-
ter 3 Example 14

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;
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Figure 3.7: Engineering Thermodynamics by Onkar Singh Chapter 3 Exam-
ple 14

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar S ingh
Chapter 3 Example 14 ”)

8 T1 =(27+273);// ambient t empera tu r e i n K
9 T2 =(750+273);// t empera tu r e o f heated a i r i n s i d e heat

exchange r i n K
10 T3 =(600+273);// t empera tu r e o f hot a i r l e a v e s t u r b i n e

i n K
11 T4 =(500+273);// t empera tu r e at which a i r l e a v e s

n o z z l e i n K
12 Cp =1.005; // s p e c i f i c heat at c on s t an t p r e s s u r e i n KJ/

kg K
13 C2=50; // v e l o c i t y o f hot a i r e n t e r i n t o gas t u r b i n e

i n m/ s
14 C3=60; // v e l o c i t y o f a i r l e a v i n g t u r b i n e e n t e r s a

n o z z l e i n m/ s
15 disp(” i n heat exchange r upon app l y i ng S . F .E .E with

assumpt ion o f no change i n k i n e t i c energy , no work
i n t e r a c t i o n , no change i n p o t e n t i a l energy , f o r
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un i t mass f l ow r a t e o f a i r , ”)
16 disp(”h1+Q1 2=h2”)
17 disp(”Q1 2=h2−h1”)
18 disp(” so heat t r a n s f e r to a i r i n heat exchange r ( Q1 2

) i n KJ”)
19 disp(”Q1 2=Cp∗ (T2−T1) ”)
20 Q1_2=Cp*(T2-T1)

21 disp(” i n gas t u r b i n e l e t us use S . F .E .E , assuming no
change i n p o t e n t i a l energy , f o r un i t mass f l ow
r a t e o f a i r ”)

22 disp(”h2+C2ˆ2/2=h3+C3ˆ2/2+Wt”)
23 disp(”Wt=(h2−h3 )+(C2ˆ2−C3ˆ2) /2 ”)
24 disp(” so power output from tu r b i n e (Wt) i n KJ/ s ”)
25 disp(”Wt=Cp∗ (T2−T3)+(C2ˆ2−C3ˆ2) ∗10ˆ−3/2”)
26 Wt=Cp*(T2-T3)+(C2^2-C3^2) *10^ -3/2

27 disp(” app l y i ng S . F .E .E upon n o z z l e assuming no
change i n p o t e n t i a l energy , no work and heat
i n t e r a c t i o n s , f o r un i t mass f l ow ra t e , ”)

28 disp(”h3+C=h4+C4ˆ2/2 ”)
29 disp(”C4ˆ2/2=(h3−h4 )+C3ˆ2/2 ”)
30 disp(” v e l o c i t y at e x i t o f n o z z l e (C4) i n m/ s ”)
31 disp(”C4=s q r t ( 2∗ (Cp∗ (T3−T4)+C3ˆ2∗10ˆ−3/2) ) ”)
32 C4=sqrt (2*(Cp*(T3-T4)+C3 ^2*10^ -3/2))

Scilab code Exa 3.15 Engineering Thermodynamics by Onkar Singh Chap-
ter 3 Example 15

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar S ingh
Chapter 3 Example 15 ”)
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8 T1=400; // i n i t i a l t empera tu re o f gas i n K
9 R=8.314; // gas c on s t an t i n
10 disp(” f o r c on s t an t p r e s s u r e hea t ing , say s t a t e

changes from 1 to 2”)
11 disp(”Wa=p1∗dv”)
12 disp(”Wa=p1 ∗ ( v2−v1 ) ”)
13 disp(” i t i s g i v en tha t v2=2v1”)
14 disp(” so Wa=p1∗v1=R∗T1”)
15 disp(” f o r subsequent expans i on at c on s t an t

t empera tu re say s t a t e from 2 to 3”)
16 disp(” a l s o g i v en tha t v3/v1=6 , v3/v2=3”)
17 disp(” so work=Wb=p∗dv”)
18 disp(”on s o l v i n g above we ge t Wb=R∗T2∗ l n ( v3/v2 )=R∗T2

∗ l o g 3 ”)
19 disp(” t empera tu r e at 2 can be g i v en by p e r f e c t gas

c o n s i d e r a t i o n as , ”)
20 disp(”T2/T1=v2/v1”)
21 disp(” or T2=2∗T1”)
22 disp(”now t o t a l work done by a i r W=Wa+Wb=R∗T1+R∗T2∗

l o g 3=R∗T1+2∗R∗T1∗ l o g 3 i n KJ”)
23 disp(” so W=R∗T1+2∗R∗T1∗ l o g ( 3 ) i n KJ”)
24 W=R*T1+2*R*T1*log(3)

Scilab code Exa 3.16 Engineering Thermodynamics by Onkar Singh Chap-
ter 3 Example 16

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar S ingh
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Figure 3.8: Engineering Thermodynamics by Onkar Singh Chapter 3 Exam-
ple 16
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Figure 3.9: Engineering Thermodynamics by Onkar Singh Chapter 3 Exam-
ple 17

Chapter 3 Example 16 ”)
8 Pi =0.5*10^6; // i n i t i a l p r e s s u r e o f gas i n pa
9 Vi=0.5; // i n i t i a l volume o f gas i n mˆ3
10 Pf =1*10^6; // f i n a l p r e s s u r e o f gas i n pa
11 disp(”NOTE=>t h i s q u e s t i o n c on t a i n d e r i v a t i o n which

cannot be s o l v e u s i n g s c i l a b so we use the r e s u l t
o f d e r i v a t i o n to proce ed f u r t h e r ”)

12 disp(”we ge t W=(Vf−Vi ) ∗ ( ( Pi+Pf ) /2) ”)
13 disp(” a l s o f i n a l volume o f gas i n mˆ3 i s Vf=3∗Vi”)
14 Vf=3*Vi

15 disp(”now work done by gas (W) in J”)
16 W=(Vf -Vi)*((Pi+Pf)/2)
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Scilab code Exa 3.17 Engineering Thermodynamics by Onkar Singh Chap-
ter 3 Example 17

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar S ingh
Chapter 3 Example 17 ”)

8 Cp_H2 =14.307; // s p e c i f i c heat o f H2 at c on s t an t
p r e s s u r e i n KJ/kg K

9 R_H2 =4.1240; // gas c on s t an t f o r H2 in KJ/kg K
10 Cp_N2 =1.039; // s p e c i f i c heat o f N2 at c on s t an t

p r e s s u r e i n KJ/kg K
11 R_N2 =0.2968; // gas c on s t an t f o r N2 in KJ/kg K
12 T1 =(27+273);// ambient t empera tu r e i n K
13 v1=0.5; // i n i t i a l volume o f H2 in mˆ3
14 p1 =0.5*10^6; // i n i t i a l p r e s s u r e o f H2 in pa
15 v2 =0.25; // f i n a l volume o f H2 in mˆ3
16 p2 =1.324*10^6; // f i n a l p r e s s u r e o f H2 in pa
17 disp(”with the h e a t i n g o f N2 i t w i l l g e t expanded

wh i l e H2 g e t s compressed s imu l t a n e ou s l y .
c ompre s s i on o f H2 in i n s u l a t e d chamber may be
c o n s i d e r e d o f a d i a b a t i c type . ”)

18 disp(” a d i a b a t i c index o f compre s s i on o f H2 can be
ob ta i n ed as , ”)

19 disp(”Cp H2=R H2 ∗ ( y H2 /( y H2−1) ) ”)
20 disp(”y H2=Cp H2 /(Cp H2−R H2 ) ”)
21 y_H2=Cp_H2/(Cp_H2 -R_H2)

22 disp(” a d i a b a t i c index o f expans i on f o r N2 , Cp N2=R N2
∗ ( y N2 /( y N2−1) ) ”)

23 disp(”y N2=Cp N2 /(Cp N2−R N2 ) ”)
24 y_N2=Cp_N2/(Cp_N2 -R_N2)

25 disp(” i> f o r hydrogen , p1∗v1ˆy=p2∗v2ˆy”)
26 disp(” so f i n a l p r e s s u r e o f H2( p2 ) i n pa”)
27 disp(”p2=p1 ∗ ( v1/v2 ) ˆy H2”)
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28 p2=p1*(v1/v2)^y_H2

29 disp(” i i >s i n c e p a r t i t i o n rema ins i n equ l i b r i um
throughout hence no work i s done by p a r t i t i o n . i t
i s a c a s e s i m i l a r to f r e e expans i on ”)

30 disp(” p a r t i t i o n work=0”)
31 disp(” i i i >work done upon H2(W H2) in J , ”)
32 disp(”W H2=(p1∗v1−p2∗v2 ) /( y H2−1)”)
33 W_H2=(p1*v1-p2*v2)/(y_H2 -1)

34 disp(”work done upon H2(W H2)=−2∗10ˆ5 J”)
35 disp(” so work done by N2(W N2) =2∗10ˆ5 J ”)
36 W_N2 =2*10^5; //work done by N2 in J
37 disp(” iv>heat added to N2 can be ob ta i n ed u s i n g

f i r s t law o f thermodynamics as ”)
38 disp(”Q N2=deltaU N2+W N2=>Q N2=m∗Cv N2 ∗ (T2−T1)+W N2

”)
39 disp(” f i n a l t empera tu re o f N2 can be ob ta i n ed

c o n s i d e r i n g i t as p e r f e c t gas ”)
40 disp(” t h e r e f o r e , T2=(p2∗v2∗T1) /( p1∗v1 ) ”)
41 disp(” he r e p2=f i n a l p r e s s u r e o f N2 which w i l l be

equa l to tha t o f H2 as the p a r t i t i o n i s f r e e and
f r i c t i o n l e s s ”)

42 disp(”p2=1.324∗10ˆ6 pa , v2=0.75 mˆ3”)
43 v2 =0.75; // f i n a l volume o f N2 in mˆ3
44 disp(” so now f i n a l t empera tu re o f N2(T2) i n K”)
45 T2=(p2*v2*T1)/(p1*v1)

46 T2 =1191.6; //T2 approx . equa l to 1191 . 6 K
47 disp(”mass o f N2(m) in kg=(p1∗v1 ) /(R N2∗T1) ”)
48 m=(p1*v1)/(R_N2 *1000* T1)

49 m=2.8; //m approx equa l to 2 . 8 kg
50 disp(” s p e c i f i c heat at c on s t an t volume (Cv N2 ) i n KJ/

kg K, Cv N2=Cp N2−R N2”)
51 Cv_N2=Cp_N2 -R_N2

52 disp(” heat added to N2 , ( Q N2 ) i n KJ”)
53 disp(”Q N2=(m∗Cv N2 ∗1000∗ (T2−T1) )+W N2”)
54 Q_N2 =((m*Cv_N2 *1000*(T2-T1))+W_N2)/1000
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Scilab code Exa 3.18 Engineering Thermodynamics by Onkar Singh Chap-
ter 3 Example 18

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar S ingh
Chapter 3 Example 18 ”)

8 p1 =0.5*10^6; // i n i t i a l p r e s s u r e o f a i r i n pa
9 p2 =1.013*10^5; // a tmosphe r i c p r e s s u r e i n pa

10 v1=2; // i n i t i a l volume o f a i r i n mˆ3
11 v2=v1;// f i n a l volume o f a i r i n mˆ3
12 T1=375; // i n i t i a l t empera tu re o f a i r i n K
13 Cp_air =1.003; // s p e c i f i c heat at c on s a tn t p r e s s u r e i n

KJ/kg K
14 Cv_air =0.716; // s p e c i f i c heat at c on s a tn t volume in

KJ/kg K
15 R_air =0.287; // gas c on s t an t i n KJ/kg K
16 y=1.4; // expans i on c on s t an t f o r a i r
17 disp(” l e t i n i t i a l s t a t e s and f i n a l s t a t e s o f a i r

i n s i d e c y l i n d e r be g i v en by m1 , p1 , v1 , , T1 and m2 ,
p2 , v2 , T2 r e s p e c t i v e l y . i t i s c a s e o f emptying o f
c y l i n d e r ”)

18 disp(” i n i t i a l mass o f a i r (m1) i n kg”)
19 disp(”m1=(p1∗v1 ) /( R a i r ∗1000∗T1) ”)
20 m1=(p1*v1)/(R_air *1000* T1)

21 disp(” f o r a d i a b a t i c expans i on dur ing r e l e a s e o f a i r
through va l v e from 0 . 5 Mpa to a tmosphe r i c
p r e s s u r e ”)

22 disp(”T2=T1∗ ( p2/p1 ) ˆ ( ( y−1)/y ) i n K”)
23 T2=T1*(p2/p1)^((y-1)/y)
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24 disp(” f i n a l mass o f a i r l e f t i n tank (m2) i n kg”)
25 disp(”m2=(p2∗v2 ) /( R a i r ∗1000∗T2) ”)
26 m2=(p2*v2)/(R_air *1000* T2)

27 disp(” w r i t i n g down ene rgy equa t i on f o r unsteady f l ow
system ”)

28 disp(” (m1−m2) ∗ ( h2+Cˆ2/2)=(m1∗u1−m2∗u2 ) ”)
29 disp(” or (m1−m2) ∗Cˆ2/2=(m1∗u1−m2∗u2 )−(m1−m2) ∗h2”)
30 disp(” k i n e t i c ene rgy a v a i l a b l e f o r runn ing t u r b i n e (W

) in KJ”)
31 disp(”W=(m1∗u1−m2∗u2 )−(m1−m2) ∗h2=(m1∗Cv a i r ∗1000∗T1−

m2∗Cv a i r ∗1000∗T2)−(m1−m2) ∗Cp a i r ∗1000∗T2”)
32 disp(”W=(m1∗Cv a i r ∗1000∗T1−m2∗Cv a i r ∗1000∗T2)−(m1−m2

) ∗Cp a i r ∗1000∗T2”)
33 W=((m1*Cv_air *1000*T1-m2*Cv_air *1000* T2) -(m1 -m2)*

Cp_air *1000* T2)/1000

34 disp(”amount o f work a v a i l a b l e =482.66 KJ”)

Scilab code Exa 3.19 Engineering Thermodynamics by Onkar Singh Chap-
ter 3 Example 19

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar S ingh
Chapter 3 Example 19 ”)

8 p1 =0.5*10^6; // i n i t i a l p r e s s u r e o f a i r i n pa
9 v1=0.5; // i n i t i a l volume o f a i r i n mˆ3
10 T1 =(27+273);// i n i t i a l t empera tu re o f a i r i n K
11 p2 =1*10^6; // f i n a l p r e s s u r e o f a i r i n pa
12 v2=0.5; // f i n a l volume o f a i r i n mˆ3
13 T2=500; // f i n a l t empera tu r e o f a i r i n K
14 R=8314; // gas c on s t an t i n J/kg K
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15 Cv =0.716; // s p e c i f i c heat at c on s t an t volume in KJ/kg
K

16 disp(” u s i n g p e r f e c t gas equa t i on f o r the two
chambers hav ing i n i t i a l s t a t e s as 1 and 2 and
f i n a l s t a t e s as 3”)

17 disp(”n1=(p1∗v1 ) /(R∗T1) ”)
18 n1=(p1*v1)/(R*T1)

19 disp(”now n2=(p2∗v2 ) /(R∗T2) ”)
20 n2=(p2*v2)/(R*T2)

21 disp(” f o r tank be ing i n s u l a t e d and r i g i d we can
assume , de l taU=0 ,W=0,Q=0 , so w r i t i n g deltaU , ”)

22 deltaU =0; // change i n i n t e r n a l ene rgy
23 disp(” de l taU=n1∗Cv∗ (T3−T1)+n2∗Cv∗ (T3−T2) ”)
24 disp(” f i n a l t empera tu re o f gas (T3) i n K”)
25 disp(”T3=(de l taU+Cv∗ ( n1∗T1+n2∗T2) ) /(Cv∗ ( n1+n2 ) ) ”)
26 T3=( deltaU+Cv*(n1*T1+n2*T2))/(Cv*(n1+n2))

27 disp(” u s i n g p e r f e c t gas equa t i on f o r f i n a l mixture , ”
)

28 disp(” f i n a l p r e s s u r e o f gas ( p3 ) i n Mpa”)
29 disp(”p3=(( n1+n2 ) ∗R∗T3) /( v1+v2 ) ”)
30 p3=((n1+n2)*R*T3)/(v1+v2)

31 disp(” so f i n a l p r e s s u r e and tempera tu r e =0.75 Mpa
and 409 . 1 1 K”)

Scilab code Exa 3.20 Engineering Thermodynamics by Onkar Singh Chap-
ter 3 Example 20

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;
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Figure 3.10: Engineering Thermodynamics by Onkar Singh Chapter 3 Ex-
ample 20
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7 disp(” Eng i n e e r i n g Thermodynamics by Onkar S ingh
Chapter 3 Example 20 ”)

8 v1=0; // i n i t i a l volume o f a i r i n s i d e b o t t l e i n mˆ3
9 v2=0.5; // f i n a l volume o f a i r i n s i d e b o t t l e i n mˆ3
10 p=1.0135*10^5; // a tmosphe r i c p r e s s u r e i n pa
11 disp(” d i s p l a c emen t work ,W=p ∗ ( v1−v2 ) i n N.m”)
12 W=p*(v1-v2)

13 disp(” so heat t r a n s f e r (Q) i n N.m”)
14 disp(”Q=−W”)
15 Q=-W

Scilab code Exa 3.21 Engineering Thermodynamics by Onkar Singh Chap-
ter 3 Example 21

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar S ingh
Chapter 3 Example 21 ”)

8 p1 =35*10^5; // i n i t i a l p r e s s u r e o f a i r i n pa
9 v1=0.3; // i n i t i a l volume o f a i r i n mˆ3
10 T1 =(40+273);// i n i t i a l t empera tu re o f a i r i n K
11 p2 =1*10^5; // f i n a l p r e s s u r e o f a i r i n pa
12 v2=0.3; // f i n a l volume o f a i r i n mˆ3
13 y=1.4; // expans i on c on s t an t
14 R=0.287; // gas c on s t an t i n KJ/kg K
15 Cv =0.718; // s p e c i f i c heat at c on s t an t volume in KJ/kg

K
16 Cp =1.005; // s p e c i f i c heat at c on s t an t p r e s s u r e i n KJ/

kg K
17 disp(” he r e t u r b o g e n e r a t o r i s f e d with compressed a i r

from a compressed a i r b o t t l e . p r e s s u r e i n s i d e
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b o t t l e g r a du a l l y d e c r e a s e s from 35 bar to 1 bar .
expans i on from 35 bar to 1 bar o c c u r s
i s e n t r o p i c a l l y . thus , f o r the i n i t i a l and f i n a l
s t a t e s o f p r e s s u r e , volume , temperatureand mass
i n s i d e b o t t l e be ing g i v en as p1 , v1 , T1 & m1 and p2
, v2 , T2 & m2 r e s p e c t i v e l y . i t i s t r a n s i e n t f l ow
p r o c e s s s i m i l a r to emptying o f the b o t t l e . ”)

18 disp(” ( p2/p1 ) ˆ ( ( y−1)/y )=(T2/T1) ”)
19 disp(” f i n a l t empera tu re o f a i r (T2) i n K”)
20 disp(”T2=T1∗ ( p2/p1 ) ˆ ( ( y−1)/y ) ”)
21 T2=T1*(p2/p1)^((y-1)/y)

22 disp(”by p e r f e c t gas law , i n i t i a l mass i n b o t t l e (m1)
i n kg”)

23 disp(”m1=(p1∗v1 ) /(R∗1000∗T1) ”)
24 m1=(p1*v1)/(R*1000* T1)

25 disp(” f i n a l mass i n b o t t l e (m2) i n kg”)
26 disp(”m2=(p2∗v2 ) /(R∗1000∗T2) ”)
27 m2=(p2*v2)/(R*1000* T2)

28 disp(” ene rgy a v a i l a b l e f o r runn ing turbo g e n e r a t o r
or work (W) in KJ”)

29 disp(”W+(m1−m2) ∗h2=m1∗u1−m2∗u2”)
30 disp(”W=(m1∗Cv∗T1−m2∗Cv∗T2)−(m1−m2) ∗Cp∗T2”)
31 W=(m1*Cv*T1-m2*Cv*T2)-(m1 -m2)*Cp*T2

32 disp(” t h i s i s maximum work tha t can be had from the
emptying o f compre s s s ed a i r b o t t l e between g i v en
p r e s s u r e l i m i t s ”)

33 disp(” t u r b o g e n e r a t o r a c t u a l output (P1 )=5 KJ/ s ”)
34 P1=5; // t u r b o g e n e r a t o r a c t u a l output i n KJ/ s
35 disp(” input to t u r b o g e n e r a t o r (P2 ) i n KJ/ s ”)
36 P2=P1/0.6

37 disp(” t ime du r a t i on f o r which t u r b o g e n e r a t o r can be
run ( d e l t a t ) i n s e cond s ”)

38 disp(” d e l t a t=W/P2”)
39 deltat=W/P2

40 disp(” du r a t i on =160 s e cond s approx . ”)
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Scilab code Exa 3.22 Engineering Thermodynamics by Onkar Singh Chap-
ter 3 Example 22

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar S ingh
Chapter 3 Example 22 ”)

8 p1 =1.5*10^5; // i n i t i a l p r e s s u r e o f a i r i n pa
9 T1 =(77+273);// i n i t i a l t empera tu re o f a i r i n K

10 p2 =7.5*10^5; // f i n a l p r e s s u r e o f a i r i n pa
11 n=1.2; // expans i on c on s t an t f o r p r o c e s s 1−2
12 R=0.287; // gas c on s t an t i n KJ/kg K
13 m=3; //mass o f a i r i n kg
14 disp(” d i f f e r e n t s t a t e s as d e s c r i b e d i n the problem

ar e denoted as 1 ,2 and 3 and shown on p−V diagram”
)

15 disp(” p r o c e s s 1−2 i s p o l y t r o p i c p r o c e s s with index
1 . 2 ”)

16 disp(” (T2/T1)=(p2/p1 ) ˆ ( ( n−1)/n ) ”)
17 disp(” f i n a l t empera tu re o f a i r (T2) i n K”)
18 disp(”T2=T1∗ ( p2/p1 ) ˆ ( ( n−1)/n ) ”)
19 T2=T1*((p2/p1)^((n-1)/n))

20 disp(” at s t a t e 1 , p1∗v1=m∗R∗T1”)
21 disp(” i n i t i a l volume o f a i r ( v1 ) i n mˆ3”)
22 disp(”v1=(m∗R∗1000∗T1) /p1”)
23 v1=(m*R*1000* T1)/p1

24 disp(” f i n a l volume o f a i r ( v2 ) i n mˆ3”)
25 disp(” f o r p r o c e s s 1−2 , v2=(( p1∗v1ˆn ) /p2 ) ˆ(1/ n ) ”)
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Figure 3.11: Engineering Thermodynamics by Onkar Singh Chapter 3 Ex-
ample 22
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26 v2=((p1*v1^n)/p2)^(1/n)

27 disp(” f o r p r o c e s s 2−3 i s c on s t an t p r e s s u r e p r o c e s s
so p2∗v2/T2=p3∗v3/T3”)

28 disp(”v3=v2∗T3/T2 in mˆ3”)
29 disp(” he r e p r o c e s s 3−1 i s i s o t h e rma l p r o c e s s so T1=

T3”)
30 T3=T1;// p r o c e s s 3−1 i s i s o t h e rma l
31 v3=v2*T3/T2

32 disp(” dur ing p r o c e s s 1−2 the compre s s i on work (W1 2 )
i n KJ”)

33 disp(”W1 2=(m∗R∗ (T2−T1) /(1−n ) ) ”)
34 W1_2=(m*R*(T2 -T1)/(1-n))

35 disp(”work dur ing p r o c e s s 2−3(W2 3 ) i n KJ , ”)
36 disp(”W2 3=p2 ∗ ( v3−v2 ) /1000 ”)
37 W2_3=p2*(v3-v2)/1000

38 disp(”work dur ing p r o c e s s 3−1(W3 1 ) i n KJ”)
39 disp(”W3 1=p3∗v3∗ l o g ( v1/v3 ) /1000 ”)
40 p3=p2;// p r e s s u r e i s c on s t an t f o r p r o c e s s 2−3
41 W3_1=p3*v3*log(v1/v3)/1000

42 disp(” net work done (W net ) i n KJ”)
43 disp(”W net=W1 2+W2 3+W3 1”)
44 W_net=W1_2+W2_3+W3_1

45 disp(” net work=−71.27 KJ”)
46 disp(” he r e −ve workshows work done upon the system .

s i n c e i t i s c y c l e , so ”)
47 disp(”W net=Q net ”)
48 disp(” ph i dW=phi dQ=−71.27 KJ”)
49 disp(” heat t r a n s f e r r e d from system =71.27 KJ”)

Scilab code Exa 3.23 Engineering Thermodynamics by Onkar Singh Chap-
ter 3 Example 23

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
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4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar S ingh
Chapter 3 Example 23 ”)

8 Cp =1.005; // s p e c i f i c heat at c on s t an t p r e s s u r e i n KJ/
kg K

9 Cv =0.718; // s p e c i f i c heat at c on s t an t volume in KJ/kg
K

10 y=1.4; // expans i on c on s t an t
11 p1 =40*10^5; // i n i t i a l t empera tu re o f a i r i n pa
12 v1 =0.15; // i n i t i a l volume o f a i r i n mˆ3
13 T1 =(27+273);// i n i t i a l t empera tu re o f a i r i n K
14 p2 =2*10^5; // f i n a l t empera tu r e o f a i r i n pa
15 v2 =0.15; // f i n a l volume o f a i r i n mˆ3
16 R=0.287; // gas c on s t an t i n KJ/kg K
17 disp(” i n i t i a l mass o f a i r i n b o t t l e (m1) i n kg ”)
18 disp(”m1=(p1∗v1 ) /(R∗1000∗T1) ”)
19 m1=(p1*v1)/(R*1000* T1)

20 disp(”now f i n a l t empera tu r e (T2) i n K”)
21 disp(”T2=T1∗ ( p2/p1 ) ˆ ( ( y−1)/y ) ”)
22 T2=T1*(p2/p1)^((y-1)/y)

23 T2 =127.36; // take T2=127.36 approx .
24 disp(” f i n a l mass o f a i r i n b o t t l e (m2) i n kg”)
25 disp(”m2=(p2∗v2 ) /(R∗1000∗T2) ”)
26 m2=(p2*v2)/(R*1000* T2)

27 m2 =0.821; // take m2=0.821 approx .
28 disp(” ene rgy a v a i l a b l e f o r runn ing o f t u r b i n e due to

emptying o f b o t t l e (W) in KJ”)
29 disp(”W=(m1∗Cv∗T1−m2∗Cv∗T2)−(m1−m2) ∗Cp∗T2”)
30 W=(m1*Cv*T1-m2*Cv*T2)-(m1 -m2)*Cp*T2

31 disp(”work a v a i l a b l e from tu r b i n e =639.09 KJ”)
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Chapter 4

Second Law Of
Thermodynamics

Scilab code Exa 4.1 Engineering Thermodynamics by Onkar Singh Chap-
ter 4 Example 1

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar S ingh
Chapter 4 Example 1”)

8 disp(”NOTE=>This q u e s t i o n i s f u l l y t h e o r i t i c a l hence
cannot be s o l v e u s i n g s c i l a b . ”)

Scilab code Exa 4.2 Engineering Thermodynamics by Onkar Singh Chap-
ter 4 Example 2
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Figure 4.1: Engineering Thermodynamics by Onkar Singh Chapter 4 Exam-
ple 2
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1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar S ingh
Chapter 4 Example 2”)

8 T1 =(400+273);// t empera tu r e o f s o u r c e i n K
9 T2 =(15+273);// t empera tu r e o f s i n k i n K
10 W=200; //work done i n KJ
11 disp(” i n c a rno t eng i n e from thermodynamics

t empera tu re s c a l e ”)
12 disp(”Q1/Q2=T1/T2”)
13 disp(”W=Q1−Q2=200 KJ”)
14 disp(” from above e qua t i o n s Q1 in KJ i s g i v en by”)
15 disp(”Q1=(200∗T1) /(T1−T2) ”)
16 Q1 =(200* T1)/(T1-T2)

17 disp(”and Q2 in KJ”)
18 disp(”Q2=Q1−200”)
19 Q2=Q1 -200

20 disp(” so heat s u pp l i e d (Q1) i n KJ”)
21 Q1

Scilab code Exa 4.3 Engineering Thermodynamics by Onkar Singh Chap-
ter 4 Example 3

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;
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Figure 4.2: Engineering Thermodynamics by Onkar Singh Chapter 4 Exam-
ple 3
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7 disp(” Eng i n e e r i n g Thermodynamics by Onkar S ingh
Chapter 4 Example 3”)

8 T1=315; // t empera tu r e o f r e s e r v o i r 1 i n K
9 T2=277; // t empera tu r e o f r e s e r v o i r 2 i n K
10 Q2=2; // heat e x t r a c t e d i n KJ/ s
11 disp(” from thermodynamic t empera tu r e s c a l e ”)
12 disp(”Q1/Q2=T1/T2”)
13 disp(” so Q1=Q2∗ (T1/T2) i n KJ/ s ”)
14 Q1=Q2*(T1/T2)

15 disp(”power /work input r e q u i r e d (W)=Q1−Q2 in KJ/ s ”)
16 W=Q1 -Q2

17 disp(”power r e q u i r e d f o r d r i v i n g r e f r i g e r a t o r=W in
KW”)

18 W

Scilab code Exa 4.4 Engineering Thermodynamics by Onkar Singh Chap-
ter 4 Example 4

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar S ingh
Chapter 4 Example 4”)

8 T1 =(827+273);// t empera tu r e o f h igh t empera tu r e
r e s e r v o i r i n K

9 T2 =(27+273);// t empera tu r e o f low tempera tu re
r e s e r v o i r i n K

10 T3=( -13+273);// t empera tu r e o f r e s e r v o i r 3 i n K
11 Q1 =2000; // heat e j e c t e d by r e s e r v o i r 1 i n KJ
12 disp(”we can w r i t e f o r heat eng ine ,Q1/Q2=T1/T2”)
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Figure 4.3: Engineering Thermodynamics by Onkar Singh Chapter 4 Exam-
ple 4
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13 disp(” so Q2=Q1∗ (T2/T1) i n KJ”)
14 Q2=Q1*(T2/T1)

15 disp(” so We=Q1−Q2 in KJ”)
16 We=Q1-Q2

17 disp(” f o r r e f r i g e r a t o r , Q3/Q4=T3/T4 eq 1”)
18 T4=T2;// t empera tu r e o f low tempera tu re r e s e r v o i r i n

K
19 disp(”now We−Wr=300”)
20 disp(” so Wr=We−300 i n KJ”)
21 Wr=We -300

22 disp(”and Wr=Q4−Q3=1154.55 KJ eq 2 ”)
23 disp(” s o l v i n g eq1 and eq 2 we ge t ”)
24 disp(”Q4=(1154 .55∗T4) /(T4−T3) i n KJ”)
25 Q4 =(1154.55* T4)/(T4-T3)

26 disp(”and Q3=Q4−Wr in KJ”)
27 Q3=Q4-Wr

28 disp(” t o t a l heat t r a n s f e r r e d to low t e p e r a t u r e
r e s e r v o i r (Q) =Q2+Q4 in KJ”)

29 Q=Q2+Q4

30 disp(” hence heat t r a n s f e r r e d to r e f r i g e r a n t=Q3 in KJ
”)

31 Q3

32 disp(”and heat t r a n s f e r r e d to low tempera tu re
r e s e r v o i r=Q in KJ”)

33 Q

Scilab code Exa 4.5 Engineering Thermodynamics by Onkar Singh Chap-
ter 4 Example 5

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);
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Figure 4.4: Engineering Thermodynamics by Onkar Singh Chapter 4 Exam-
ple 5
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5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar S ingh
Chapter 4 Example 5”)

8 T1 =(25+273.15);// t empera tu r e o f i n s i d e o f house i n K
9 T2 =( -1+273.15);// o u t s i d e t empera tu r e i n K
10 Q1=125; // h e a t i n g l oad i n MJ/Hr
11 disp(”COP HP=Q1/W=Q1/(Q1−Q2)=1/(1−(Q2/Q1) ) ”)
12 disp(” a l s o we know K=Q1/Q2=T1/T2”)
13 disp(” so K=T1/T2”)
14 K=T1/T2

15 disp(” so COP HP=1/(1−(Q2/Q1) =1/(1−(1/K) ) ”)
16 COP_HP =1/(1 -(1/K))

17 disp(” a l s o COP HP=Q1/W”)
18 disp(”W=Q1/COP HP in MJ/Hr”)
19 W=Q1/COP_HP

20 disp(” or W=1000∗W/3600 i n KW”)
21 W=1000*W/3600

22 disp(” so minimum power r e q u i r e d (W) in KW ”)
23 W

Scilab code Exa 4.6 Engineering Thermodynamics by Onkar Singh Chap-
ter 4 Example 6

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar S ingh
Chapter 4 Example 6”)

8 T1 =( -15+273.15);// i n s i d e t empera tu r e i n K
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Figure 4.5: Engineering Thermodynamics by Onkar Singh Chapter 4 Exam-
ple 6
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9 T2 =(35+273);// a tmosphe r i c t empera tu r e i n K
10 Q2=40; // r e f r i g e r a t i o n c a p a c i t y o f s t o r a g e p l an t i n

tonne s
11 disp(” c o l d s t o r a g e p l an t can be c o n s i d e r e d as

r e f r i g e r a t o r o p e r a t i n g between g i v en t empe ra tu r e s
l i m i t s ”)

12 disp(” c ap a c i t y o f p l an t=heat to be e x t r a c t e d=Q2 in
KW”)

13 disp(”we know that , one ton o f r e f r i g e r a t i o n as 3 . 5 2
KW ”)

14 disp(” so Q2=Q2∗3 . 5 2 i n KW”)
15 Q2=Q2 *3.52

16 disp(” ca rno t COP o f p l an t ( COP carnot ) =1/((T2/T1)−1)”
)

17 COP_carnot =1/(( T2/T1) -1)

18 disp(” pe r f o rmance i s 1/4 o f i t s c a rno t COP”)
19 disp(”COP=COP carnot /4 ”)
20 COP=COP_carnot /4

21 disp(” a l s o a c t u a l COP=Q2/W”)
22 disp(”W=Q2/COP in KW”)
23 W=Q2/COP

24 disp(” hence power r e q u i r e d (W) in KW”)
25 W

Scilab code Exa 4.7 Engineering Thermodynamics by Onkar Singh Chap-
ter 4 Example 7

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar S ingh
Chapter 4 Example 7”)
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8 T1 =(1150+273);// t empera tu r e o f s o u r c e i n K
9 T2 =(27+273);// t empera tu r e o f s i n k i n K
10 disp(” h i g h e s t e f f i c i e n c y i s tha t o f c a rno t eng ine , so

l e t us f i n d the c a rno t c y c l e e f f i c i e n c y f o r
g i v en t empera tu re l i m i t s ”)

11 disp(”n=1−(T2/T1) ”)
12 n=1-(T2/T1)

13 disp(” or n=n∗100 %”)
14 n=n*100

Scilab code Exa 4.8 Engineering Thermodynamics by Onkar Singh Chap-
ter 4 Example 8

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar S ingh
Chapter 4 Example 8”)

8 T1 =(27+273);// t empera tu r e o f s o u r c e i n K
9 T2=( -8+273);// t empera tu r e o f s i n k i n K

10 Q=7.5; // heat l e a k a g e i n KJ/min
11 disp(” he r e heat to be removed c o n t i n u ou s l y from

r e f r i g e r a t e d space (Q) i n KJ/ s ”)
12 Q=Q/60

13 disp(” f o r r e f r i g e r a t e d ,COP s h a l l be Q/W=1/((T1/T2)
−1)”)

14 disp(”W=Q∗ ( (T1/T2)−1) i n KW”)
15 W=Q*((T1/T2) -1)

16 disp(” so power r e q u i r e d (W) in KW”)
17 W
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Figure 4.6: Engineering Thermodynamics by Onkar Singh Chapter 4 Exam-
ple 8
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Scilab code Exa 4.9 Engineering Thermodynamics by Onkar Singh Chap-
ter 4 Example 9

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar S ingh
Chapter 4 Example 9”)

8 T1 =1100; // t empera tu r e o f h igh t empera tu r e r e s e r v o i r
i n K

9 T4=300; // t empera tu r e o f low tempera tu re r e s e r v o i r i n
K

10 disp(” he r e W1:W2:W3=3 :2 : 1 ”)
11 disp(” e f f i c i e n c y o f eng ine , HE1 , ”)
12 disp(”W1/Q1=(1−(T2/1100) ) ”)
13 disp(” so Q1=(1100∗W1) /(1100−T2) ”)
14 disp(” f o r HE2 eng ine ,W2/Q2=(1−(T3/T2) ) ”)
15 disp(” f o r HE3 eng ine ,W3/Q3=(1−(300/T3) ) ”)
16 disp(” from energy ba l an c e on eng ine ,HE1”)
17 disp(”Q1=W1+Q2=>Q2=Q1−W1”)
18 disp(” above g i v e s , Q1=(((1100∗W1) /(1100−T2) )−W1)=W1∗ (

T2/(1100−T2) ) ”)
19 disp(” s u b s t i t u t i n g Q2 in e f f i c i e n c y o f HE2”)
20 disp(”W2/(W1∗ (T2/(1100−T2) ) )=1−(T3/T2) ”)
21 disp(”W2/W1=(T2/(1100−T2) ) ∗ (T2−T3) /T2=((T2−T3)

/(1100−T2) ) ”)
22 disp(”2/3=(T2−T3) /(1100−T2) ”)
23 disp(”2200−2∗T2=3∗T2−3∗T3”)
24 disp(”5∗T2−3∗T3=2200”)
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Figure 4.7: Engineering Thermodynamics by Onkar Singh Chapter 4 Exam-
ple 9
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25 disp(”now energy ba l an c e on eng i n e HE2 g i v e s , Q2=W2+
Q3”)

26 disp(” s u b s t i t u t i n g i n e f f i c i e n c y o f HE2 , ”)
27 disp(”W2/(W2+Q3)=(T2−T3) /T2”)
28 disp(”W2∗T2=(W2+Q3) ∗ (T2−T3) ”)
29 disp(”Q3=(W2∗T3) /(T2−T3) ”)
30 disp(” s u b s t i t u t i n g Q3 in e f f i c i e n c y o f HE3 , ”)
31 disp(”W3/ ( (W2∗T3) /(T2−T3) )=(T3−300) /T3”)
32 disp(”W3/W2=(T3/(T2−T3) ) ∗ (T3−300) /T3”)
33 disp(”1/2=(T3−300) /(T2−T3) ”)
34 disp(”3∗T3−T2=600”)
35 disp(” s o l v i n g e qua t i o n s o f T2 and T3 , ”)
36 disp(”we get , T3=(600+(2200/5) ) /(3−(3/5) ) i n K”)
37 T3 =(600+(2200/5))/(3 -(3/5))

38 disp(”and by eq 5 ,T2 in K”)
39 T2 =(2200+3* T3)/5

40 disp(” so i n t e rmed i a t e t empera tu r e a r e 700 K and
433 . 3 3 K”)

Scilab code Exa 4.10 Engineering Thermodynamics by Onkar Singh Chap-
ter 4 Example 10

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar S ingh
Chapter 4 Example 10 ”)

8 T1=800; // t empera tu r e o f s o u r c e i n K
9 T2=280; // t empera tu r e o f s i n k i n K
10 disp(” e f f i c i e n c y o f eng ine ,W/Q1=(800−T) /800 ”)
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Figure 4.8: Engineering Thermodynamics by Onkar Singh Chapter 4 Exam-
ple 10
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11 disp(” f o r r e f r i g e r a t o r ,COP=Q3/W=280/(T−280) ”)
12 disp(” i t i s g i v en tha t Q1=Q3=Q”)
13 disp(” so , from eng ine ,W/Q=(800−T) /800 ”)
14 disp(” from r e f r i g e r a t o r ,Q/W=280/(T−280) ”)
15 disp(” from above two (Q/W)may be equated , ”)
16 disp(” (T−280) /280=(800−T) /800 ”)
17 T=2*280*800/(800+280)

18 disp(” so t empera tu r e (T) i n K”)
19 T

20 disp(” e f f i c i e n c y o f eng i n e ( n ) i s g i v en as ”)
21 disp(”n=(800−T) /800 ”)
22 n=(800 -T)/800

23 disp(”COP o f r e f r i g e r a t o r i s g i v en as ”)
24 disp(”COP=280/(T−280) ”)
25 COP =280/(T -280)

Scilab code Exa 4.11 Engineering Thermodynamics by Onkar Singh Chap-
ter 4 Example 11

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar S ingh
Chapter 4 Example 11 ”)

8 n_carnot =0.5; // e f f i c i e n c y o f c a rno t power c y c l e
9 m=0.5; //mass o f a i r i n kg
10 p2 =7*10^5; // f i n a l p r e s s u r e i n pa
11 v2 =0.12; // volume in mˆ3
12 R=287; // gas c on s t an t i n J/kg K
13 Q_23 =40*1000; // heat t r a n s f e r to the a i r du r ing
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i s o t h e rma l expans i on i n J
14 Cp =1.008; // s p e c i f i c heat at c on s t an t p r e s s u r e i n KJ/

kg K
15 Cv =0.721; // s p e c i f i c heat at c on s t an t volume in KJ/kg

K
16 disp(” l e t thermodynamic p r o p e r t i e s be denoted with

r e s p e c t to s a l i e n t s t a t e s ; ”)
17 disp(” n c a r n o t=1−T1/T2”)
18 disp(” so T1/T2=1−0.5”)
19 1-0.5

20 disp(” so T1/T2=0.5 ”)
21 disp(” or T2=2∗T1”)
22 disp(” c o r r e s p ond i n g to s t a t e 2 , p2∗v2=m∗R∗T2”)
23 disp(” so t empera tu r e (T2)=p2∗v2 /(m∗R) in K”)
24 T2=p2*v2/(m*R)

25 disp(” heat t r a n s f e r r e d dur ing p r o c e s s 2−3( i s o t h e rma l
expans i on ) , Q 23=40 KJ”)

26 disp(”Q 23=W 23=p2∗v2∗ l o g ( v3/v2 ) ”)
27 disp(” so volume ( v3 )=v2∗ exp ( Q 23 /( p2∗v2 ) ) i n mˆ3”)
28 v3=v2*exp(Q_23/(p2*v2))

29 disp(” t empera tu r e at s t a t e 1 ,T1=T2/2 in K”)
30 T1=T2/2

31 disp(” dur ing p r o c e s s 1−2 ,T2/T1=(p2/p1 ) ˆ ( ( y−1)/y ) ”)
32 disp(” he r e expans i on c on s t an t ( y )=Cp/Cv”)
33 y=Cp/Cv

34 disp(” so p r e s s u r e ( p1 )=p2 /(T2/T1) ˆ( y /( y−1) ) i n pa”)
35 p1=p2/(T2/T1)^(y/(y-1))

36 disp(”p1 in bar ”)
37 p1=p1 /10^5

38 disp(” thus p1∗v1=m∗R∗T1”)
39 disp(” so volume ( v1 )=m∗R∗T1/( p1 ∗10ˆ5) i n mˆ3”)
40 v1=m*R*T1/(p1 *10^5)

41 disp(” heat t r a n s f e r r e d dur ing p r o c e s s 4−1( i s o t h e rma l
compre s s i on ) s h a l l be equa l to the heat

t r a n s f e r r e d dur ing p ro c e s s 2 −3( i s o t h e rma l
expans i on ) . ”)

42 disp(” f o r i s e n t r o p i c p r o c e s s , dQ=0 ,dW=dU”)
43 disp(” dur ing p r o c e s s 1−2 , i s e n t r o p i c p r o c e s s ,W 12=−m∗
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Cv∗ (T2−T1) i n KJ”)
44 disp(”Q 12=0 ,”)
45 W_12=-m*Cv*(T2 -T1)

46 disp(”W 12=−105.51 KJ(−ve work ) ”)
47 disp(” dur ing p r o c e s s 3−4 , i s e n t r o p i c p r o c e s s ,W 34=−m∗

Cv∗ (T4−T3) i n KJ”)
48 disp(”Q 31=0 ,”)
49 T4=T1;

50 T3=T2;

51 W_34=-m*Cv*(T4 -T3)

52 disp(”ANS : ”)
53 disp(”W 34=+105.51 KJ(+ve work ) ”)
54 disp(” so f o r p r o c e s s 1−2 , heat t r a n s f e r =0 ,work

i n t e r a c t i o n =−105.51 KJ”)
55 disp(” f o r p r o c e s s 2−3 , heat t r a n s f e r =40 KJ , work

i n t e r c a t i o n =40 KJ”)
56 disp(” f o r p r o c e s s 3−4 , heat t r a n s f e r =0 ,work

i n t e r a c t i o n =+105.51 KJ”)
57 disp(” f o r p r o c e s s 4−1 , heat t r a n s f e r =−40 KJ , work

i n t e r a c t i o n=−40 KJ”)
58 disp(”maximum tempera tu r e o f c y c l e =585.36 KJ”)
59 disp(”minimum tempera tu r e o f c y c l e =292.68 KJ”)
60 disp(” volume at the end o f i s o t h e rma l expans i on

=0.1932 mˆ3”)

Scilab code Exa 4.12 Engineering Thermodynamics by Onkar Singh Chap-
ter 4 Example 12

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar S ingh
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Chapter 4 Example 12 ”)
8 W=840; //work done by r e s e r v o i r i n KJ
9 disp(” l e t us assume tha t heat eng i n e r e j e c t s Q2 and

Q3 heat to r e s e r v i o r at 300 K and 200 K
r e s p e c t i v e l y . l e t us assume tha t t h e r e a r e two
heat e n g i n e s o p e r a t i n g between 400 K and 300 K
tempera tu re r e s e r v o i r s and between 400 K and 200
K tempera tu r e r e s e r v o i r s . l e t each heat eng i n e
r e c e i v e Q1 a and Q1 b from r e s e r v o i r at 400 K as
shown below ”)

10 disp(” thus , Q1 a+Q1 b=Q1=5∗10ˆ3 KJ . . . . . . . . . . . . . . . eq1 ”
)

11 disp(”Also , Q1 a/Q2=400/300 , or Q1 a=4∗Q2
/ 3 . . . . . . . . . . . . . . . eq2 ”)

12 disp(”Q1 b/Q3=400/200 or Q1 b=2∗Q3 . . . . . . . . . . . . . . . eq3
”)

13 disp(” s u b s t i t u t i n g Q1 a and Q1 b in eq 1”)
14 disp(”4∗Q2/3+2∗Q3 = 5 0 0 0 . . . . . . . . . . . . . . . eq4 ”)
15 disp(” a l s o from t o t a l work output , Q1 a+Q1 b−Q2−Q3=W”

)

16 disp(”5000−Q2−Q3=840”)
17 disp(” so Q2+Q3=5000−840=4160”)
18 disp(”Q3=4160−Q2”)
19 disp(” s u n s t i t u t i n g Q3 in eq 4”)
20 disp(”4∗Q2/3+2∗(4160−Q2)=5000”)
21 disp(” so Q2=(5000−2∗4160) / ( ( 4 / 3 ) −2) i n KJ”)
22 Q2 =(5000 -2*4160) /((4/3) -2)

23 disp(”and Q3=4160−Q2 in KJ”)
24 Q3=4160-Q2

25 disp(” he r e n e g a t i v e s i g n with Q3 shows tha t the
assumed d i r e c t i o n o f heat i s not c o r r e c t and
a c t u a l l y Q3 heat w i l l f l ow from r e s e r v o i r to
eng i n e . a c t u a l s i g n o f heat t r a n s f e r s and
magnitudes a r e as under : ”)

26 disp(”Q2=4980 KJ , from heat eng i n e ”)
27 disp(”Q3=820 KJ , to heat eng i n e ”)
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Figure 4.10: Engineering Thermodynamics by Onkar Singh Chapter 4 Ex-
ample 12

Scilab code Exa 4.13 Engineering Thermodynamics by Onkar Singh Chap-
ter 4 Example 13

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);1

5 clear;

6 clc;
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Figure 4.11: Engineering Thermodynamics by Onkar Singh Chapter 4 Ex-
ample 12

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar S ingh
Chapter 4 Example 13 ”)

8 T2 =(77+273);// t empera tu r e o f r e s e r v o i r 2
9 T1 =(1077+273);// t empera tu r e o f r e s e r v o i r 1
10 T3 =(3+273);// t empera tu r e o f r e s e r v o i r 3
11 disp(” arrangement f o r heat pump and heat eng i n e

o p e r a t i n g t o g r t h e r i s shown he r e . eng i n e and pump
both r e j e c t heat to r e s e r v o i r at 77 deg r e e
c e l c i u s (350 K) ”)

12 disp(” f o r heat eng i n e ”)
13 disp(”ne=W/Q1=1−T2/T1”)
14 disp(” so (Q1−Q2) /Q1=”)
15 1-T2/T1

16 disp(”and Q2/Q1=”)
17 1 -0.7407

18 disp(”Q2=0.2593∗Q1”)
19 disp(” f o r heat pump , ”)
20 disp(”COP HP=Q4/(Q4−Q3)=T4/(T4−T3) ”)
21 T4=T2;

22 T4/(T4-T3)

23 disp(”Q4/Q3=”)
24 4.73/3.73

25 disp(”Q4=1.27∗Q3”)
26 disp(”work output from eng i n e =work input to pump”)
27 disp(”Q1−Q2=Q4−Q3=>Q1−0.2593∗Q1=Q4−Q4/1 . 2 7 ”)
28 disp(” so Q4/Q1=”)
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Figure 4.12: Engineering Thermodynamics by Onkar Singh Chapter 4 Ex-
ample 13
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29 (1 -0.2593) /(1 -(1/1.27))

30 disp(” so Q4=3.484∗Q1”)
31 disp(” a l s o i t i s g i v en tha t Q2+Q4=100”)
32 disp(” s u b t i t u t i n g Q2 and Q4 as f u n c t i o n o f Q1 in

f o l l o w i n g e xp r e s s i o n , ”)
33 disp(”Q2+Q4=100”)
34 disp(” so 0 . 2539∗Q1+3.484∗Q1=100”)
35 disp(” so ene rgy taken by eng i n e from r e s e r v o i r at

1077 deg r e e c e l c i u s (Q1) i n KJ”)
36 disp(”Q1=100/(0 .2539+3 .484) i n KJ”)
37 Q1 =100/(0.2539+3.484)

38 disp(”NOTE=>In t h i s q u e s t i o n e x p r e s s i o n f o r
c a l c u l a t i n g Q1 i s w r i t t e n wrong in book which i s
c o r r e c t e d above . ”)

Scilab code Exa 4.14 Engineering Thermodynamics by Onkar Singh Chap-
ter 4 Example 14

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar S ingh
Chapter 4 Example 14 ”)

8 Q_source =2000; // heat s u pp l i e d by heat eng i n e i n KJ/ s
9 T_source =1500; // t empera tu r e o f s o u r c e i n K
10 T_R =(15+273);// t empera tu r e o f r e s e r v o i r i n K
11 Q_sink =3000; // heat r e c e i v e d by s i n k i n KJ/ s
12 disp(” l e t t empera tu r e o f s i n k be T s ink K”)
13 disp(”Q sink HE+Q sink R=3000 . . . . . . . . eq 1”)
14 disp(” s i n c e comple te work output from eng i n e i s used

122



Figure 4.13: Engineering Thermodynamics by Onkar Singh Chapter 4 Ex-
ample 14
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to run r e f r i g e r a t o r so , ”)
15 disp(”2000−Q sink HE=Q sink R−Q R . . . . . . . . . eq 2”)
16 disp(”by eq 1 and eq 2 ,we ge t Q R in KJ/ s ”)
17 Q_R =3000 -2000

18 disp(” a l s o f o r heat eng ine ,2000/1500= Q sink HE/
T s ink ”)

19 disp(”=>Q sink HE=4∗T s ink /3 ”)
20 disp(” f o r r e f r i g e r a t o r , Q R/288=Q sink R / T s ink=>

Q sink R=1000∗T s ink /288 ”)
21 disp(” s u b s t i t u t i n g Q sink HE and Q sink R va l u e s ”)
22 disp(”4∗ T s ink /3+1000∗ T s ink /288=3000 ”)
23 disp(” so t empera tu r e o f s i n k ( T s ink ) i n K”)
24 disp(” so T s ink =3000/((4/3) +(1000/288) ) ”)
25 T_sink =3000/((4/3) +(1000/288))

26 disp(” T s ink i n d eg r e e c e l c i u s ”)
27 T_sink=T_sink -273

Scilab code Exa 4.15 Engineering Thermodynamics by Onkar Singh Chap-
ter 4 Example 15

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar S ingh
Chapter 4 Example 15 ”)

8 T1 =(500+273);// t empera tu r e o f s o u r c e i n K
9 T2 =(200+273);// t empera tu r e o f s i n k i n K
10 T3 =(450+273);// t empera tu r e o f body in K
11 disp(” l e t the output o f heat eng i n e be W. so W/3 i s

consumed f o r d r i v i n g a u x i l i a r y and rema in ing 2∗W
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Figure 4.14: Engineering Thermodynamics by Onkar Singh Chapter 4 Ex-
ample 15
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/3 i s consumed f o r d r i v i n g heat pump f o r heat
eng ine , ”)

12 disp(”n=W/Q1=1−(T2/T1) ”)
13 n=1-(T2/T1)

14 disp(” so n=W/Q1=0.3881 ”)
15 disp(”COP o f heat pump=T3/(T3−T2)=Q3/(2∗W/3) ”)
16 COP=T3/(T3-T2)

17 disp(” so 2.892=3∗Q3/2∗W”)
18 disp(”Q3/Q1=”)
19 2*COP*n/3

20 disp(” so r a t i o o f heat r e j e c t e d to body at 450
deg r e e c e l c i u s to the heat s u pp l i e d by the
r e s e r v o i r =0.7482 ”)

Scilab code Exa 4.16 Engineering Thermodynamics by Onkar Singh Chap-
ter 4 Example 16

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar S ingh
Chapter 4 Example 16 ”)

8 disp(”NOTE=>In qu e s t i o n no . 16 , c o n d i t i o n f o r minimum
s u r f a c e a r ea f o r a g i v en work output i s

de t e rmine which cannot be s o l v e u s i n g s c i l a b
s o f twa r e . ”)

Scilab code Exa 4.17 Engineering Thermodynamics by Onkar Singh Chap-
ter 4 Example 17
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1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar S ingh
Chapter 4 Example 17 ”)

8 disp(”NOTE=>In qu e s t i o n no . 17 e x p r e s s i o n f o r (
minimum t h e o r e t i c a l r a t i o o f heat s u pp l i e d from
sou r c e to heat absorbed from co l d body ) i s
d e r i v e d which cannot be s o l v e u s i n g s c i l a b
s o f twa r e . ”)
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Chapter 5

Entropy

Scilab code Exa 5.1 Engineering Thermodynamics by Onkar Singh Chap-
ter 5 Example 1

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar S ingh
Chapter 5 Example 1”)

8 p1=5; // i n i t i a l p r e s s u r e o f a i r
9 T1 =(27+273);// t empera tu r e o f a i r i n K
10 p2=2; // f i n a l p r e s s u r e o f a i r i n K
11 R=0.287; // gas c on s t an t i n KJ/kg K
12 Cp_air =1.004; // s p e c i f i c heat o f a i r at c on s t an t

p r e s s u r e i n KJ/kg K
13 disp(” ent ropy change may be g i v en as , ”)
14 disp(” s2−s1 =(( Cp a i r ∗ l o g (T2/T1)−(R∗ l o g ( p2/p1 ) ) ”)
15 disp(” he r e f o r t h r o t t l i n g p r o c e s s h1=h2=>Cp a i r ∗T1=

Cp a i r ∗T2=>T1=T2”)
16 disp(” so change i n ent ropy ( d e l t a S ) i n KJ/kg K”)
17 disp(” d e l t a S=(Cp a i r ∗ l o g ( 1 ) )−(R∗ l o g ( p2/p1 ) ) ”)
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18 deltaS =( Cp_air*log(1)) -(R*log(p2/p1))

Scilab code Exa 5.2 Engineering Thermodynamics by Onkar Singh Chap-
ter 5 Example 2

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar S ingh
Chapter 5 Example 2”)

8 T1 =(27+273);// t empera tu r e o f water i n K
9 T2 =(100+273);// steam tempera tu r e o f water i n K
10 m=5; //mass o f water i n kg
11 q=2260; // heat o f v a p o r i s a t i o n at 100 deg r e e c e l c i u s

i n KJ/kg
12 Cp=4.2; // s p e c i f i c heat o f water at c on s t an t p r e s s u r e

i n KJ/kg K
13 M=18; //molar mass f o r water / steam
14 R1 =8.314; // gas c on s t an t i n KJ/kg K
15 disp(” t o t a l en t ropy change=ent ropy change dur ing

water t empera tu r e r i s e ( d e l t aS1 )+ent ropy change
dur ing water to steam change ( d e l t aS2 )+ent ropy
change dur ing steam tempera tu r e r i s e ( d e l t aS3 ) ”)

16 disp(” d e l t aS1=Q1/T1 , where Q1=m∗Cp∗ de l taT ”)
17 disp(” heat added f o r i n c r e a s i n g water t empera tu r e

from 27 to 100 deg r e e c e l c i u s (Q1) i n KJ”)
18 disp(”Q1=m∗Cp∗ (T2−T1) ”)
19 Q1=m*Cp*(T2 -T1)

20 disp(” d e l t aS1=Q1/T1 in KJ/K”)
21 deltaS1=Q1/T1

22 disp(”now heat o f v a p o r i s a t i o n (Q2)=m∗q in KJ”)
23 Q2=m*q

129



24 disp(” ent ropy change dur ing phase t r a n s f o rma t i o n (
d e l t aS2 ) i n KJ/K”)

25 disp(” d e l t aS2=Q2/T2”)
26 deltaS2=Q2/T2

27 disp(” ent ropy change dur ing steam tempera tu re r i s e (
d e l t aS3 ) i n KJ/K”)

28 disp(” d e l t aS3=m∗Cp steam ∗dT/T”)
29 disp(” he r e Cp steam=R∗ ( 3 . 5+1 . 2∗T+0.14∗Tˆ2) ∗10ˆ−3 i n

KJ/kg K”)
30 disp(”R=R1/M in KJ/kg K”)
31 R=R1/M

32 T2 =(100+273.15);// steam tempera tu r e o f water i n K
33 T3 =(400+273.15);// t empera tu r e o f steam in K
34 disp(”now de l t aS3=(m∗R∗ ( 3 . 5+1 . 2∗T+0.14∗Tˆ2) ∗10ˆ−3)∗

dT/T in KJ/K”)
35 function y = f(T), y =(m*R*(3.5+1.2*T+0.14*T^2)

*10^ -3)/T , endfunction

36 deltaS3 = intg(T2, T3, f)

37 disp(” t o t a l en t ropy change ( d e l t a S )=de l t aS1+de l t aS2+
de l t aS3 i n KJ/K”)

38 deltaS3 =51.84; // approx imate l y
39 deltaS=deltaS1+deltaS2+deltaS3

Scilab code Exa 5.3 Engineering Thermodynamics by Onkar Singh Chap-
ter 5 Example 3

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar S ingh
Chapter 5 Example 3”)

8 R1 =8.314; // gas c on s t an t i n KJ/kg K
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9 M=32; //molar mass f o r O2
10 T1 =(27+273);// i n i t i a l t empera tu re o f O2 in K
11 p1=125; // i n i t i a l p r e s s u r e o f O2 in Kpa
12 p2=375; // f i n a l p r e s s u r e o f O2 in Kpa
13 Cp =1.004; // s p e c i f i c heat o f a i r at c on s t an t p r e s s u r e

i n KJ/kg K
14 disp(” gas c on s t an t f o r oxygen (R) i n KJ/kg K”)
15 disp(”R=R1/M”)
16 R=R1/M

17 disp(” f o r r e v e r s i b l e p r o c e s s the change i n ent ropy
may be g i v en as ”)

18 disp(” d e l t a S=(Cp∗ l o g (T2/T1) )−(R∗ l o g ( p2/p1 ) ) i n KJ/kg
K”)

19 T2=T1;// i s o t h e rma l p r o c e s s
20 deltaS =(Cp*log(T2/T1)) -(R*log(p2/p1))

21 disp(” so ent ropy change=de l t a S i n KJ/kg K”)
22 deltaS

Scilab code Exa 5.4 Engineering Thermodynamics by Onkar Singh Chap-
ter 5 Example 4

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar S ingh
Chapter 5 Example 4”)

8 T1 =(150+273.15);// t empera tu r e o f copper b l o ck i n K
9 T2 =(25+273.15);// t empera tu r e o f s e a water i n K
10 m=1; //mass o f copper b l o ck i n kg
11 C=0.393; // heat c a p a c i t y o f copper i n KJ/kg K
12 disp(” ent ropy change i n u n i v e r s e ( d e l t a S u n i v e r s e )=

d e l t a S b l o c k+d e l t a S wa t e r ”)
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13 disp(”where d e l t a S b l o c k=m∗C∗ l o g (T2/T1) ”)
14 disp(” he r e hot b l o ck i s put i n t o s ea water , so b l o ck

s h a l l c o o l down upto s ea water at 25 deg r e e
c e l c i u s as s ea may be t r e a t e d as s i n k ”)

15 disp(” t h e r e f o r e d e l t a S b l o c k=m∗C∗ l o g (T2/T1) i n KJ/K”)
16 deltaS_block=m*C*log(T2/T1)

17 disp(” heat l o s s by b l o ck =heat ga ined by water (Q) i n
KJ”)

18 disp(”Q=−m∗C∗ (T1−T2) ”)
19 Q=-m*C*(T1-T2)

20 disp(” t h e r e f o r e d e l t a S wa t e r=−Q/T2 in KJ/K”)
21 deltaS_water=-Q/T2

22 disp(” thus d e l t a S u n i v e r s e =( d e l t a S b l o c k+
d e l t a S wa t e r ) ∗1000 i n J/K”)

23 deltaS_universe =( deltaS_block+deltaS_water)*1000

Scilab code Exa 5.5 Engineering Thermodynamics by Onkar Singh Chap-
ter 5 Example 5

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar S ingh
Chapter 5 Example 5”)

8 m=1; //mass o f copper b l o ck i n kg
9 T=(27+273);// t empera tu r e o f copper b l o ck i n K

10 h=200; // h e i g h t from which copper b l o ck dropped in
s ea water i n m

11 C=0.393; // heat c a p a c i t y f o r copper i n KJ/kg K
12 g=9.81; // a c c e l e r a t i o n due to g r a v i t y i n m/ s ˆ2
13 disp(” d e l t a S u n i v e r s e =( d e l t a S b l o c k+d e l t a S s e awa t e r )

”)
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14 disp(” s i n c e b l o ck and s ea water both a r e at same
tempera tu re so , ”)

15 disp(” d e l t a S u n i v e r s e=d e l t a S s e awa t e r ”)
16 disp(” c o n s e r v a t i o n o f ene rgy equa t i on y i e l d s , ”)
17 disp(”Q−W=del taU+de l taP .E+del taK .E”)
18 disp(” s i n c e i n t h i s case ,W=0 , de l taK .E=0 , de l taU=0”)
19 disp(”Q=de l taP .E”)
20 disp(” change i n p o t e n t i a l ene rgy=de l taP .E=m∗g∗h in J

”)
21 deltaPE=m*g*h

22 Q=deltaPE

23 disp(” d e l t a S u n i v e r s e=d e l t a S s e awa t e r=Q/T in J/kg K”
)

24 deltaS_universe=Q/T

25 disp(” ent ropy change o f u n i v e r s e ( d e l t a S u n i v e r s e ) i n
J/kg K”)

26 deltaS_universe

Scilab code Exa 5.6 Engineering Thermodynamics by Onkar Singh Chap-
ter 5 Example 6

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar S ingh
Chapter 5 Example 6”)

8 m1=1; //mass o f f i r s t copper b l o ck i n kg
9 m2=0.5; //mass o f s econd copper b l o ck i n kg
10 T1 =(150+273.15);// t empera tu r e o f f i r s t copper b l o ck

i n K
11 T2 =(0+273.15);// t empera tu r e o f s econd copper b l o ck

i n K
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12 Cp_1 =0.393; // heat c a p a c i t y f o r copper b l o ck 1 i n KJ/
kg K

13 Cp_2 =0.381; // heat c a p a c i t y f o r copper b l o ck 2 i n KJ/
kg K

14 disp(” he r e d e l t a S u n i v e r s e=d e l t a S b l o c k 1+
d e l t a S b l o c k 2 ”)

15 disp(” two b l o c k s at d i f f e r e n t t empe ra tu r e s s h a l l
f i r s t a t t a i n e q u i l i b r i um tempera tu r e . l e t
e q u i l i b r i um tempera tu r e be Tf ”)

16 disp(” then from energy c o n s e r v a t i o n ”)
17 disp(”m1∗Cp 1 ∗ (T1−Tf )=m2∗Cp 2 ∗ ( Tf−T2) ”)
18 disp(”Tf=((m1∗Cp 1∗T1)+(m2∗Cp 2∗T2) ) /(m1∗Cp 1+m2∗

Cp 2 ) i n K”)
19 Tf=((m1*Cp_1*T1)+(m2*Cp_2*T2))/(m1*Cp_1+m2*Cp_2)

20 disp(” hence , en t ropy change i n b l o ck 1( d e l t aS1 ) , due
to t empera tu r e chang ing from Tf to T1”)

21 disp(” d e l t aS1=m1∗Cp 1∗ l o g ( Tf /T1) i n KJ/K”)
22 deltaS1=m1*Cp_1*log(Tf/T1)

23 disp(” ent ropy change i n b l o ck 2( d e l t aS2 ) i n KJ/K”)
24 disp(” d e l t aS2=m2∗Cp 2∗ l o g ( Tf /T2) ”)
25 deltaS2=m2*Cp_2*log(Tf/T2)

26 disp(” ent ropy change o f u n i v e r s e ( d e l t a S )=de l t aS1+
de l t aS2 i n KJ/K”)

27 deltaS=deltaS1+deltaS2

Scilab code Exa 5.7 Engineering Thermodynamics by Onkar Singh Chap-
ter 5 Example 7

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar S ingh
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Chapter 5 Example 7”)
8 disp(”NOTE=>i n t h i s q u e s t i o n fo rmu la i s d e r i v e d

which cannot be s o l v e u s i n g s c i l a b s o f twa r e ”)

Scilab code Exa 5.8 Engineering Thermodynamics by Onkar Singh Chap-
ter 5 Example 8

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar S ingh
Chapter 5 Example 8”)

8 T1 =1800; // t empera tu r e o f h igh t empera tu r e r e s e r v o i r
i n K

9 T2=300; // t empera tu r e o f low tempera tu re r e s e r v o i r i n
K

10 Q1=5; // heat a dd i t i o n i n MW
11 W=2; //work done i n MW
12 disp(” f o r i r r e v e r s i b l e o p e r a t i o n o f eng ine , ”)
13 disp(” r a t e o f en t ropy g e n e r a t i o n=Q1/T1+Q2/T2”)
14 disp(”W=Q1−Q2=>Q2=Q1−W in MW”)
15 Q2=Q1-W

16 disp(” ent ropy g en e r a t ed ( d e l t a S g e n ) i n MW”)
17 disp(” d e l t a S g e n=Q1/T1+Q2/T2”)
18 Q1=-5; // heat a dd i t i o n i n MW
19 deltaS_gen=Q1/T1+Q2/T2

20 disp(”work l o s t ( W lost ) i n MW”)
21 disp(”W lost=T2∗ d e l t a S g e n ”)
22 W_lost=T2*deltaS_gen
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Figure 5.1: Engineering Thermodynamics by Onkar Singh Chapter 5 Exam-
ple 8
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Scilab code Exa 5.9 Engineering Thermodynamics by Onkar Singh Chap-
ter 5 Example 9

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar S ingh
Chapter 5 Example 9”)

8 T1=500; // t empera tu r e o f system in K
9 T2=300; // t empera tu r e o f r e s e r v o i r i n K
10 disp(” system and r e s e r v o i r can be t r e a t e d as s ou r c e

and s i n k . d e v i c e thought o f can be a ca rno t eng i n e
o p e r a t i n g between t h e s e two l i m i t s . maximum heat

a v a i l a b l e from system s h a l l be the heat r e j e c t e d
t i l l i t s t empera tu re drops from 500 K to 300 K”)

11 disp(” t h e r e f o r e , maximum heat (Q1)=(C∗dT) in J”)
12 disp(” he r e C=0.05∗Tˆ2+0.10∗T+0.085 i n J/K”)
13 disp(” so Q1=(0 .05∗Tˆ2+0.10∗T+0.085) ∗dT”)
14 function y = f(T), y = (0.05*T^2+0.10*T+0.085) ,

endfunction

15 Q1 = intg(T1, T2, f)

16 Q1=-Q1

17 disp(” ent ropy change o f system , d e l t a S s y s t em=C∗dT/T
in J/K”)

18 disp(” so d e l t a S s y s t em =(0 .05∗Tˆ2+0.10∗T+0.085) ∗dT/T”
)

19 function y = k(T), y = (0.05*T^2+0.10*T+0.085)/T,

endfunction

20 deltaS_system = intg(T1, T2, k)
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Figure 5.2: Engineering Thermodynamics by Onkar Singh Chapter 5 Exam-
ple 9
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21 disp(” d e l t a S r e s e r v o i r=Q2/T2=(Q1−W) /T2”)
22 disp(” a l s o , we know from ent ropy p r i n c i p l e ,

d e l t a S u n i v e r s e i s g r e a t e r than equa l to 0”)
23 disp(” d e l t a S u n i v e r s e=de l t a S s y s t em+d e l t a S r e s e r v o i r

”)
24 disp(” thus , upon s u b s t i t u t i n g , d e l t a S s y s t em+

d e l t a S r e s e r v o i r i s g r e a t e r than equa l to 0”)
25 disp(”W i s l e s s than or equa l to (Q1+de l t a S s y s t em ∗T2

) /1000 i n KJ”)
26 W=(Q1+deltaS_system*T2)/1000

27 disp(” hence maximum work=W in KJ”)
28 W

Scilab code Exa 5.10 Engineering Thermodynamics by Onkar Singh Chap-
ter 5 Example 10

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar S ingh
Chapter 5 Example 10 ”)

8 p1=3; // i n i t i a l p r e s s u r e i n Mpa
9 v1 =0.05; // i n i t i a l volume in mˆ3
10 v2=0.3; // f i n a l volume in mˆ3
11 disp(” f o r r e v e r s i b l e a d i a b a t i c p r o c e s s gove rn i ng

equa t i on f o r expans ion , ”)
12 disp(”P∗Vˆ1.4= con s t an t ”)
13 disp(” a l s o , f o r such p r o c e s s ent ropy change=0”)
14 disp(” u s i n g p2/p1=(v1/v2 ) ˆ 1 . 4 or v=(p1 ∗ ( v1 ˆ 1 . 4 ) /p )

ˆ ( 1 / 1 . 4 ) ”)
15 disp(” f i n a l p r e s s u r e ( p2 ) i n Mpa”)
16 disp(”p2=p1 ∗ ( v1/v2 ) ˆ 1 . 4 ”)
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17 p2=p1*(v1/v2)^1.4

18 disp(” from f i r s t law , second law and d e f i n i t i o n o f
en tha lpy ; ”)

19 disp(”dH=T∗dS+v∗dP”)
20 disp(” f o r a d i a b a t i c p r o c e s s o f r e v e r s i b l e type , dS=0”

)

21 dS=0; // f o r a d i a b a t i c p r o c e s s o f r e v e r s i b l e type
22 disp(” so dH=v∗dP”)
23 disp(” i n t e g r a t i n g both s i d e H2−H1=de l taH=v∗dP in KJ”

)

24 p1 =3*1000; // i n i t i a l p r e s s u r e i n Kpa
25 p2=244; // f i n a l p r e s s u r e i n Kpa
26 disp(” so en tha lpy change ( de l taH ) i n KJ”)
27 function y = f(p), y =(p1*(v1 ^1.4)/p)^(1/1.4) ,

endfunction

28 deltaH = intg(p2, p1, f)

29 disp(”and ent ropy change=0”)

Scilab code Exa 5.11 Engineering Thermodynamics by Onkar Singh Chap-
ter 5 Example 11

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar S ingh
Chapter 5 Example 11 ”)

8 m=2; //mass o f a i r i n kg
9 v1=1; // i n i t i a l volume o f a i r i n mˆ3

10 v2=10; // f i n a l volume o f a i r i n mˆ3
11 R=287; // gas c on s t an t i n J/kg K
12 disp(” dur ing f r e e expans i on t empera tu r e rema ins same

and i t i s an i r r e v e r s i b l e p r o c e s s . f o r g e t t i n g
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change i n ent ropy l e t us approx imate t h i s
expans i on p r o c e s s as a r e v e r s i b l e i s o t h e rma l
expans i on ”)

13 disp(”a> change i n ent ropy o f a i r ( d e l t a S a i r ) i n J/K”
)

14 disp(” d e l t a S a i r=m∗R∗ l o g ( v2/v1 ) ”)
15 deltaS_air=m*R*log(v2/v1)

16 disp(”b> dur ing f r e e expans i on on heat i s ga ined or
l o s t to su r r ound ing so , ”)

17 disp(” d e l t a S s u r r o und i n g=0”)
18 disp(” ent ropy change o f s u r r ound i n g s=0”)
19 deltaS_surrounding =0; // ent ropy change o f

s u r r ound i n g s
20 disp(”c> ent ropy change o f u n i v e r s e ( d e l t a S u n i v e r s e )

i n J/K”)
21 disp(” d e l t a S u n i v e r s e=d e l t a S a i r+d e l t a S s u r r o und i n g ”

)

22 deltaS_universe=deltaS_air+deltaS_surrounding

Scilab code Exa 5.12 Engineering Thermodynamics by Onkar Singh Chap-
ter 5 Example 12

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar S ingh
Chapter 5 Example 12 ”)

8 m=0.5; //mass o f a i r i n kg
9 p1 =1.013*10^5; // i n i t i a l p r e s s u r e o f a i r i n pa

10 p2 =0.8*10^6; // f i n a l p r e s s u r e o f a i r i n pa
11 T1=800; // i n i t i a l t empera tu re o f a i r i n K
12 n=1.2; // p o l y t r o p i c expans i on c on s t an t
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13 y=1.4; // expans i on c on s t an t f o r a i r
14 Cv =0.71; // s p e c i f i c heat at c on s t an t volume in KJ/kg

K
15 disp(” l e t i n i t i a l and f i n a l s t a t e s be denoted by 1

and 2”)
16 disp(” f o r po ly t r o p i c p r o c e s s p r e s s u r e and

tempera tu re can be r e l a t e d as ”)
17 disp(” ( p2/p1 ) ˆ ( ( n−1)/n )=T2/T1”)
18 disp(” so t empera tu r e a f t e r compre s s i on (T2)=T1∗ ( p2/p1

) ˆ ( ( n−1)/n ) i n K”)
19 T2=T1*(p2/p1)^((n-1)/n)

20 disp(” s u b s t i t u t i n g i n ent ropy change e x p r e s s i o n f o r
p o l y t r o p i c p r o c e s s , ”)

21 disp(” ent ropy change ( d e l t a S ) inKJ/kg K”)
22 disp(” d e l t a S=Cv ∗ ( ( n−y ) /( n−1) ) ∗ l o g (T2/T1) ”)
23 deltaS=Cv*((n-y)/(n-1))*log(T2/T1)

24 disp(”NOTE=>answer g i v en i n book i . e −244.54 KJ/kg K
i s i n c o r r e c t , c o r r e c t answer i s − .24454 KJ/kg K”)

25 disp(” t o t a l en t ropy change ( d e l t a S )=m∗ d e l t a S ∗1000 i n
J/K”)

26 deltaS=m*deltaS *1000

Scilab code Exa 5.13 Engineering Thermodynamics by Onkar Singh Chap-
ter 5 Example 13

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar S ingh
Chapter 5 Example 13 ”)

8 disp(”NOTE=>In qu e s t i o n no . 13 , f o rmu la f o r maximum
work i s d e r i v e d which cannot be s o l v e u s i n g
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s c i l a b s o f twa r e ”)

Scilab code Exa 5.14 Engineering Thermodynamics by Onkar Singh Chap-
ter 5 Example 14

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar S ingh
Chapter 5 Example 14 ”)

8 Q1=500; // heat s u pp l i e d by s ou r c e i n k c a l / s
9 T1=600; // t empera tu r e o f s o u r c e i n K
10 T2=300; // t empera tu r e o f s i n k i n K
11 disp(” c l a u s i u s i n e q u a l i t y can be used f o r c y c l i c

p r o c e s s as g i v en below ; c o n s i d e r 1 f o r s ou r c e and
2 f o r s i n k ”)

12 disp(”K=dQ/T=Q1/T1−Q2/T2”)
13 disp(” i> f o r Q2=200 k c a l / s ”)
14 Q2=200; // heat r e j e c t e d by s i n k i n k c a l / s
15 disp(”K=Q1/T1−Q2/T2 in k c a l / s K”)
16 K=Q1/T1-Q2/T2

17 disp(” as K i s not g r e a t e r than 0 , t h e r e f o r e under
t h e s e c o n d i t i o n s eng i n e i s not p o s s i b l e ”)

18 disp(” i i > f o r Q2=400 k c a l / s ”)
19 Q2=400; // heat r e j e c t e d by s i n k i n k c a l / s
20 disp(”K=Q1/T1−Q2/T2 in k c a l / s K”)
21 K=Q1/T1-Q2/T2

22 disp(” as K i s l e s s than 0 , so eng i n e i s f e a s i b l e and
c y c l e i s r e v e r s i b l e ”)

23 disp(” i i i > f o r Q2=250 k c a l / s ”)
24 Q2=250; // heat r e j e c t e d by s i n k i n k c a l / s
25 disp(”K=Q1/T1−Q2/T2 in k c a l / s K”)
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26 K=Q1/T1-Q2/T2

27 disp(” as K=0 , so eng i n e i s f e a s i b l e and c y c l e i s
r e v e r s i b l e ”)

Scilab code Exa 5.15 Engineering Thermodynamics by Onkar Singh Chap-
ter 5 Example 15

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar S ingh
Chapter 5 Example 15 ”)

8 p1=0.5; // i n i t i a l p r e s s u r e o f a i r i n Mpa
9 T1=400; // i n i t i a l t empera tu re o f a i r i n K
10 p2=0.3; // f i n a l p r e s s u r e o f a i r i n Mpa
11 T2=350; // i n i t i a l t empera tu re o f a i r i n K
12 R=0.287; // gas c on s t an t i n KJ/kg K
13 Cp =1.004; // s p e c i f i c heat at c on s t an t p r e s s u r e i n KJ/

kg K
14 disp(” l e t the two p o i n t s be g i v en as s t a t e s 1 and 2 ,

”)
15 disp(” l e t us assume f l ow to be from 1 to 2”)
16 disp(” so ent ropy change ( d e l t a S 1 2 )=s1−s2=Cp∗ l o g (T1/

T2)−R∗ l o g ( p1/p2 ) i n KJ/kg K”)
17 deltaS1_2=Cp*log(T1/T2)-R*log(p1/p2)

18 disp(” d e l t a S 1 2=s1−s2 =0.01254 KJ/kg K”)
19 disp(” i t means s2 > s1 hence the assumpt ion tha t

f l ow i s from 1 to 2 i s c o r r e c t as from second law
o f thermodynamics the ent ropy i n c r e a s e s i n a

p r o c e s s i . e s2 i s g r e a t e r than or equa l to s1 ”)
20 disp(” hence f l ow o c cu r s from 1 to 2 i . e from 0 . 5 MPa

, 4 0 0K to 0 . 3 Mpa & 350 K”)
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Scilab code Exa 5.16 Engineering Thermodynamics by Onkar Singh Chap-
ter 5 Example 16

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar S ingh
Chapter 5 Example 16 ”)

8 disp(”NOTE=>In qu e s t i o n no . 16 , va l u e o f n i s d e r i v e d
which cannot be s o l v e u s i n g s c i l a b s o f twa r e . ”)

Scilab code Exa 5.17 Engineering Thermodynamics by Onkar Singh Chap-
ter 5 Example 17

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar S ingh
Chapter 5 Example 17 ”)

8 Q12 =1000; // heat added dur ing p r o c e s s 1−2 i n KJ
9 Q34 =800; // heat added dur ing p r o c e s s 3−4 i n KJ
10 T1=500; // op e r a t i n g t empera tu r e f o r p r o c e s s 1−2
11 T3=400; // op e r a t i n g t empera tu r e f o r p r o c e s s 3−4
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Figure 5.3: Engineering Thermodynamics by Onkar Singh Chapter 5 Exam-
ple 17
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12 T5=300; // op e r a t i n g t empera tu r e f o r p r o c e s s 5−6
13 T2=T1;// i s o t h e rma l p r o c e s s
14 T4=T3;// i s o t h e rma l p r o c e s s
15 T6=T5;// i s o t h e rma l p r o c e s s
16 disp(” t o t a l heat added (Q) i n KJ”)
17 disp(”Q=Q12+Q34”)
18 Q=Q12+Q34

19 disp(” f o r heat a dd i t i o n p r o c e s s 1−2”)
20 disp(”Q12=T1∗ ( s2−s1 ) ”)
21 disp(” d e l t a S=s2−s1=Q12/T1 in KJ/K”)
22 deltaS=Q12/T1

23 disp(” or heat a dd i t i o n p r o c e s s 3−4”)
24 disp(”Q34=T3∗ ( s4−s3 ) ”)
25 disp(” d e l t a S=s4−s3=Q34/T3 in KJ/K”)
26 deltaS=Q34/T3

27 disp(” or heat r e j e c t e d i n p r o c e s s 5−6(Q56 ) i n KJ”)
28 disp(”Q56=T5∗ ( s5−s6 )=T5 ∗ ( ( s2−s1 )+(s4−s3 ) )=T5∗ ( d e l t a S

+de l t a S ) ”)
29 Q56=T5*( deltaS+deltaS)

30 disp(” net work done=net heat (W net ) i n KJ”)
31 disp(”W net=(Q12+Q34 )−Q56”)
32 W_net=(Q12+Q34)-Q56

33 disp(” therma l e f f i c i e n c y o f c y c l e ( n )=W net/Q”)
34 n=W_net/Q

35 disp(” or n=n∗100 %”)
36 n=n*100

37 disp(” so work done=600 KJ and therma l e f f i c i e n c y
=33.33 %”)

Scilab code Exa 5.18 Engineering Thermodynamics by Onkar Singh Chap-
ter 5 Example 18

1 // D i sp l ay mode
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Figure 5.4: Engineering Thermodynamics by Onkar Singh Chapter 5 Exam-
ple 18
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2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar S ingh
Chapter 5 Example 18 ”)

8 T1_a =800; // t empera tu r e o f r e s e r v o i r a i n K
9 T1_b =700; // t empera tu r e o f r e s e r v o i r b i n K
10 T1_c =600; // t empera tu r e o f r e s e r v o i r c i n K
11 T2=320; // t empera tu r e o f s i n k i n K
12 W=20; //work done i n KW
13 Q2=10; // heat r e j e c t e d to s i n k i n KW
14 disp(” l e t heat s u pp l i e d by r e s e r v o i r at 800 K, 7 00 K

, 6 0 0 K be Q1 a , Q1 b , Q1 c ”)
15 disp(” he r e Q1−Q2=W”)
16 disp(” so heat s u pp l i e d by s ou r c e (Q1)=W+Q2 in KW”)
17 Q1=W+Q2

18 disp(” a l s o g i v en that , Q1 a=0.7∗Q1 b . . . . . . . eq 1”)
19 disp(”Q1 c=Q1−(0 .7∗Q1 b+Q1 b ) ”)
20 disp(”Q1 c=Q1−1.7∗Q1 b . . . . . . . . eq 2”)
21 disp(” f o r r e v e r s i b l e eng i n e ”)
22 disp(”Q1 a/T1 a+Q1 b/T1 b+Q1 c/T1 c−Q2/T2 = 0 . . . . . . eq

3”)
23 disp(” s u b s t i t u t e eq 1 and eq 2 i n eq 3 we get , ”)
24 disp(” heat s u pp l i e d by r e s e r v o i r o f 700 K(Q1 b ) i n KJ

/ s ”)
25 disp(”Q1 b=((Q2/T2)−(Q1/T1 c ) ) / ( ( 0 . 7 / T1 a ) +(1/T1 b )

−(1.7/ T1 c ) ) ”)
26 Q1_b =((Q2/T2)-(Q1/T1_c))/((0.7/ T1_a)+(1/ T1_b) -(1.7/

T1_c))

27 disp(” so heat s u pp l i e d by r e s e r v o i r o f 800 K( Q1 a ) i n
KJ/ s ”)

28 disp(”Q1 a=0.7∗Q1 b”)
29 Q1_a =0.7* Q1_b

30 disp(”and heat s u pp l i e d by r e s e r v o i r o f 600 K( Q1 c )
i n KJ/ s ”)

31 disp(”Q1 c=Q1−1.7∗Q1 b”)
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32 Q1_c=Q1 -1.7* Q1_b

33 disp(” so heat s u pp l i e d by r e s e r v o i r at 800 K( Q1 a ) ”)
34 Q1_a

35 disp(” so heat s u pp l i e d by r e s e r v o i r at 700 K(Q1 b ) ”)
36 Q1_b

37 disp(” so heat s u pp l i e d by r e s e r v o i r at 600 K( Q1 c ) ”)
38 Q1_c=-Q1_c

39 disp(”NOTE=>answer g i v en i n book f o r heat s u pp l i e d
by r e s e r v o i r at 800 K, 7 0 0 K, 6 0 0 K i . e Q1 a=61.94
KJ/ s , Q1 b=88.48 KJ/ s , Q1 c =120.42 KJ/ s i s wrong
hence c o r r e c t answer i s c a l c u l a t e d above . ”)
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Chapter 6

Thermodynamic Properties Of
Pure Substance

Scilab code Exa 6.1 Engineering Thermodynamics by Onkar Singh Chap-
ter 6 Example 1

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar S ingh
Chapter 6 Example 1”)

8 disp(”NOTE=>In qu e s t i o n no . 1 e x p r e s s i o n f o r v a r i o u s
q u a n t i t i e s i s d e r i v e d which cannot be s o l v e

u s i n g s c i l a b s o f twa r e . ”)

Scilab code Exa 6.2 Engineering Thermodynamics by Onkar Singh Chap-
ter 6 Example 2
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1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7

8 disp(” Eng i n e e r i n g Thermodynamics by Onkar S ingh
Chapter 6 Example 2”)

9 disp(” dur ing t h r o t t l i n g , h1=h2”)
10 disp(” at s t a t e 2 , en tha lpy can be s e en f o r

supe rh ea t ed steam us i ng Table 4 at 0 . 0 5 Mpa and
100 deg r e e c e l c i u s ”)

11 disp(” thus h2=2682.5 KJ/kg”)
12 h2 =2682.5;

13 disp(” at s t a t e 1 , b e f o r e t h r o t t l i n g ”)
14 disp(” hf 10Mpa =1407.56 KJ/kg”)
15 hf_10Mpa =1407.56;

16 disp(” hfg 10Mpa =1317.1 KJ/kg”)
17 hfg_10Mpa =1317.1;

18 disp(”h1=hf 10Mpa+x1∗hfg 10Mpa ”)
19 h1=h2;// dur ing t h r o t t l i n g
20 disp(” d ryne s s f r a c t i o n ( x1 )may be g i v en as ”)
21 disp(”x1=(h1−hf 10Mpa ) / hfg 10Mpa ”)
22 x1=(h1-hf_10Mpa)/hfg_10Mpa

Scilab code Exa 6.3 Engineering Thermodynamics by Onkar Singh Chap-
ter 6 Example 3

1 // D i sp l ay mode
2 mode (0);
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Figure 6.1: Engineering Thermodynamics by Onkar Singh Chapter 6 Exam-
ple 2
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3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7

8 disp(” Eng i n e e r i n g Thermodynamics by Onkar S ingh
Chapter 6 Example 3”)

9 h=2848; // en tha lpy i n KJ/kg
10 p=12*1000; // p r e s s u r e i n Kpa
11 v=0.017; // s p e c i f i c volume in mˆ3/ kg
12 disp(” i n t e r n a l ene rgy ( u )=h−p∗v in KJ/kg”)
13 u=h-p*v

Scilab code Exa 6.4 Engineering Thermodynamics by Onkar Singh Chap-
ter 6 Example 4

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7

8 disp(” Eng i n e e r i n g Thermodynamics by Onkar S ingh
Chapter 6 Example 4”)

9 m=5; //mass o f steam in kg
10 p=2; // p r e s s u r e o f steam in Mpa
11 T_superheat =(300+273.15);// t empera tu r e o f s up e rh ea t

steam in K
12 Cp_water =4.18; // s p e c i f i c heat o f water at c on s t an t

p r e s s u r e i n KJ/kg K
13 Cp_superheat =2.1; // s p e c i f i c heat o f s up e rh ea t steam

at c on s t an t p r e s s u r e i n KJ/kg K
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Figure 6.2: Engineering Thermodynamics by Onkar Singh Chapter 6 Exam-
ple 4
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14 disp(” steam s t a t e 2 Mpa and 300 deg r e e c e l c i u s l i e s
i n supe rh ea t ed r e g i o n as s a t u r a t i o n t empera tu r e
at 2 Mpa i s 2 12 . 4 2 deg r e e c e l c i u s and h fg =1890.7
KJ/kg”)

15 T_sat =(212.42+273.15);// s a t u r a t i o n t empera tu r e at 2
Mpa in K

16 hfg_2Mpa =1890.7;

17 disp(” ent ropy o f un i t mass o f s upe rh ea t ed steam with
r e f e r e n c e to a b s o l u t e z e r o ( S ) i n KJ/kg K”)

18 disp(”S=Cp water ∗ l o g ( T sat / 2 7 3 . 1 5 ) +(hfg 2Mpa / T sat )
+(Cp superhea t ∗ l o g ( T supe rhea t / T sat ) ) ”)

19 S=Cp_water*log(T_sat /273.15) +( hfg_2Mpa/T_sat)+(

Cp_superheat*log(T_superheat/T_sat))

20 disp(” ent ropy o f 5 kg o f steam (S ) i n KJ/K”)
21 disp(”S=m∗S”)
22 S=m*S

Scilab code Exa 6.5 Engineering Thermodynamics by Onkar Singh Chap-
ter 6 Example 5

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar S ingh
Chapter 6 Example 5”)

8 rho =1000; // d e n s i t y o f water i n kg/mˆ3
9 g=9.81; // a c c e l e r a t i o n due to g r a v i t y i n m/ s ˆ2

10 h=0.50; // depth from above mentioned l e v e l i n m
11 disp(” b o i l i n g po i n t =110 deg r e e c e l c i u s , p r e s s u r e at

which i t b o i l s =143.27 Kpa( from steam tab l e , s a t .
p r e s s u r e f o r 110 deg r e e c e l c i u s ) ”)

12 p_boil =143.27; // p r e s s u r e at which pond water b o i l s
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i n Kpa
13 disp(” at f u r t h e r depth o f 50 cm the p r e s s u r e ( p ) i n

Kpa”)
14 disp(”p=p bo i l −(( rho ∗g∗h ) ∗10ˆ−3) ”)
15 p=p_boil -(( rho*g*h)*10^ -3)

16 disp(” b o i l i n g po i n t at t h i s depth=Tsat 138 . 3 6 5 ”)
17 disp(” from steam t a b l e t h i s t empera tu r e

=108.866=108.87 d eg r e e c e l c i u s ”)
18 disp(” so b o i l i n g po i n t = 108 . 8 7 deg r e e c e l c i u s ”)

Scilab code Exa 6.6 Engineering Thermodynamics by Onkar Singh Chap-
ter 6 Example 6

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar S ingh
Chapter 6 Example 6”)

8 V=0.5; // c ap a c i t y o f r i g i d v e s s e l i n mˆ3
9 disp(” i n a r i g i d v e s s e l i t can be t r e a t e d as

c on s t an t volume p r o c e s s . ”)
10 disp(” so v1=v2”)
11 disp(” s i n c e f i n a l s t a t e i s g i v en to be c r i t i c a l

s t a t e , then s p e c i f i c volume at c r i t i c a l po int , ”)
12 disp(”v2=0.003155 mˆ3/ kg”)
13 v2 =0.003155; // s p e c i f i c volume at c r i t i c a l p o i n t i n m
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Figure 6.3: Engineering Thermodynamics by Onkar Singh Chapter 6 Exam-
ple 5
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Figure 6.4: Engineering Thermodynamics by Onkar Singh Chapter 6 Exam-
ple 5
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Figure 6.5: Engineering Thermodynamics by Onkar Singh Chapter 6 Exam-
ple 6
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ˆ3/ kg
14 disp(” at 100 deg r e e c e l c i u s s a t u r a t i o n temperature ,

from steam t a b l e ”)
15 disp(” v f 1 0 0 =0.001044 mˆ3/kg , vg 100 =1.6729 mˆ3/ kg”)
16 vf_100 =0.001044;

17 vg_100 =1.6729;

18 disp(”and v f g 1 0 0=vg 100−v f 1 0 0 i n mˆ3/ kg”)
19 vfg_100=vg_100 -vf_100

20 disp(” thus f o r i n i t i a l q u a l i t y be ing x1”)
21 disp(”v1=v f 1 0 0+x1∗ v f g 1 0 0 ”)
22 disp(” so x1=(v1−v f 1 0 0 ) / v f g 1 0 0 ”)
23 v1=v2;// r i g i d v e s s e l
24 x1=(v1-vf_100)/vfg_100

25 disp(”mass o f water i n i t i a l l y=t o t a l mass∗(1−x1 ) ”)
26 disp(” t o t a l mass o f f l u i d / water (m)=V/v2 in kg”)
27 m=V/v2

28 disp(” volume o f water ( v )=m∗ v f 1 0 0 i n mˆ3”)
29 v=m*vf_100

Scilab code Exa 6.7 Engineering Thermodynamics by Onkar Singh Chap-
ter 6 Example 7

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar S ingh
Chapter 6 Example 7”)

8 disp(”on mo l l i e r diadram (h−s diagram ) the s l o p e o f
i s o b a r i c l i n e may be g i v en as ”)

9 disp(” ( dh/ ds ) p=cons =s l o p e o f i s o b a r ”)
10 disp(” from 1 s t and 2nd law combined ; ”)
11 disp(”T∗ds=dh−v∗dp”)
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12 disp(” ( dh/ ds ) p=cons = T”)
13 disp(” he r e temperature ,T=773.15 K”)
14 disp(” he r e s l o p e =(dh/ ds ) ) p=cons = 773 . 1 5 ”)

Scilab code Exa 6.8 Engineering Thermodynamics by Onkar Singh Chap-
ter 6 Example 8

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar S ingh
Chapter 6 Example 8”)

8 x=.10; // q u a l i t y i s 10%
9 disp(” at 0 . 1 5Mpa , from steam t a b l e ; ”)
10 disp(” h f =467.11 KJ/kg , hg=2693.6 KJ/kg”)
11 hf =467.11;

12 hg =2693.6;

13 disp(”and h fg=hg−h f i n KJ/kg”)
14 hfg=hg -hf

15 disp(” v f =0.001053 mˆ3/kg , vg=1.1593 mˆ3/ kg”)
16 vf =0.001053;

17 vg =1.1593;

18 disp(”and v f g=vg−v f i n mˆ3/ kg”)
19 vfg=vg -vf

20 disp(” s f =1.4336 KJ/kg , sg =7.2233 KJ/kg”)
21 sf =1.4336;

22 sg =7.2233;

23 disp(”and s f g=sg−s f i n KJ/kg K”)
24 sfg=sg -sf

25 disp(” en tha lpy at x=.10( h ) i n KJ/kg”)
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Figure 6.6: Engineering Thermodynamics by Onkar Singh Chapter 6 Exam-
ple 8
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26 disp(”h=hf+x∗ h fg ”)
27 h=hf+x*hfg

28 disp(” s p e c i f i c volume , ( v ) i n mˆ3/ kg”)
29 disp(”v=v f+x∗ v f g ”)
30 v=vf+x*vfg

31 disp(” ent ropy ( s ) i n KJ/kg K”)
32 disp(” s=s f+x∗ s f g ”)
33 s=sf+x*sfg

Scilab code Exa 6.9 Engineering Thermodynamics by Onkar Singh Chap-
ter 6 Example 9

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar S ingh
Chapter 6 Example 9”)

8 p1 =1*1000; // i n i t i a l p r e s s u r e o f steam in Kpa
9 V1 =0.05; // i n i t i a l volume o f steam in mˆ3
10 x1=.8; // d ryne s s f r a c t i o n i s 80%
11 V2=0.2; // f i n a l volume o f steam in mˆ3
12 p2=p1;// c on s t an t p r e s s u r e p r o c e s s
13 disp(”work done dur ing c on s t an t p r e s s u r e p r o c e s s (W)=

p1 ∗ (V2−V1) i n KJ”)
14 W=p1*(V2-V1)

15 disp(”now from steam t a b l e at p1 , v f =0.001127 mˆ3/kg ,
vg=0.19444 mˆ3/kg , u f =761.68 KJ/kg , u fg =1822 KJ/kg”
)

16 vf =0.001127;

17 vg =0.19444;

18 uf =761.68;

19 ufg =1822;
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20 disp(” so v1=v f+x1∗vg in mˆ3/ kg”)
21 v1=vf+x1*vg

22 disp(”now mass o f steam (m)=V1/v1 in kg”)
23 m=V1/v1

24 m=0.32097; // take m=0.32097 approx .
25 disp(” s p e c i f i c volume at f i n a l s t a t e ( v2 ) i n mˆ3/ kg”)
26 disp(”v2=V2/m”)
27 v2=V2/m

28 disp(” c o r r e s p ond i n g to t h i s s p e c i f i c volume the
f i n a l s t a t e i s to be l o c a t e d f o r g e t t i n g the
i n t e r n a l ene rgy at f i n a l s t a t e at 1 Mpa”)

29 disp(”v2>vg 1Mpa”)
30 disp(” hence s t a t e l i e s i n supe rh ea t ed r eg i on , from

the steam t a b l e by i n t e r p o l a t i o n we ge t
t empera tu re as ; ”)

31 disp(” s t a t e l i e s between tempera tu r e o f 1000 deg r e e
c e l c i u s and 1100 deg r e e c e l c i u s ”)

32 disp(” so exac t t empera tu re at f i n a l s t a t e (T) i n K”)
33 T=1000+((100*(.62311 -.5871))/(.6335 -.5871))

34 disp(” thus i n t e r n a l ene rgy at f i n a l s t a t e , 1 Mpa
, 1 0 7 7 . 6 1 deg r e e c e l c i u s ; ”)

35 disp(”u2=4209.6 KJ/kg”)
36 u2 =4209.6;

37 disp(” i n t e r n a l ene rgy at i n i t i a l s t a t e ( u1 ) i n KJ/kg”)
38 disp(”u1=uf+x1∗ u fg ”)
39 u1=uf+x1*ufg

40 disp(” from f i r s t law o f thermodynamics ,Q−W=del taU ”)
41 disp(” so heat added (Q)=(U2−U1)+W=m∗ ( u2−u1 )+W in KJ”)
42 Q=m*(u2-u1)+W
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Figure 6.7: Engineering Thermodynamics by Onkar Singh Chapter 6 Exam-
ple 9
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Figure 6.8: Engineering Thermodynamics by Onkar Singh Chapter 6 Exam-
ple 9
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Scilab code Exa 6.10 Engineering Thermodynamics by Onkar Singh Chap-
ter 6 Example 10

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar S ingh
Chapter 6 Example 10 ”)

8 p1=800; // i n i t i a l p r e s s u r e o f steam in Kpa
9 T1=200; // i n i t i a l t empera tu re o f steam in deg r e e

c e l c i u s
10 disp(” he r e steam i s kept i n r i g i d v e s s e l , t h e r e f o r e

i t s s p e c i f i c volume s h a l l remain c on s t an t ”)
11 disp(” i t i s s upe rh ea t ed steam as Tsat =170.43 d eg r e e

c e l c i u s at 800 Kpa”)
12 disp(” from supe rh ea t ed steam t a b l e ; v1=0.2404 mˆ3/ kg”

)

13 disp(” at b e g i n i n g o f c onden s a t i on s p e c i f i c volume =
0 . 2404 mˆ3/ kg”)

14 disp(”v2=0.2404 mˆ3/ kg”)
15 v2 =0.2404;

16 disp(” t h i s v2 s h a l l be s p e c i f i c volume c o r r e s p ond i n g
to s a t u r a t e d vapour s t a t e f o r c onden s a t i on . ”)

17 disp(” thus v2=vg=0.2404 mˆ3/ kg”)
18 vg=v2;

19 disp(” l o o k i n g i n t o steam t a b l e vg=0.2404 mˆ3/ kg
s h a l l l i e between tempera tu re 175 deg r e e c e l c i u s (
vg=0.2168 mˆ3/ kg ) and 170 deg r e e c e l c i u s ( vg=0.2428
mˆ3/ kg ) and p r e s s u r e 892 Kpa (175 deg r e e c e l c i u s )
and 791 . 7 Kpa (170 deg r e e c e l c i u s ) . ”)

20 disp(”by i n t e r p o l a t i o n , t empera tu r e at b e g i n i n g o f
c onden s a t i on (T2) i n K”)

21 T2=175 -((175 -170) *(0.2404 -0.2167))/(0.2428 -.2168)

22 disp(” s i m i l a r i l y , p r e s s u r e ( p2 ) i n Kpa”)
23 p=892 -(((892 -791.7) *(0.2404 -0.2168))/(0.2428 -0.2168)
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)

Scilab code Exa 6.11 Engineering Thermodynamics by Onkar Singh Chap-
ter 6 Example 11

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar S ingh
Chapter 6 Example 11 ”)

8 p2=200; // f e e d water pump p r e s s u r e i n Kpa
9 disp(” from 1 s t and 2nd law ; ”)
10 disp(”T∗ds=dh−v∗dp”)
11 disp(” f o r i s e n t r o p i c p r o c e s s , ds=0”)
12 disp(” hence dh=v∗dp”)
13 disp(” i . e ( h2−h1 )=v1 ∗ ( p2−p1 ) ”)
14 disp(” c o r r e s p ond i n g to i n i t i a l s t a t e o f s a t u r a t e d

l i q u i d at 30 deg r e e c e l c i u s ; from steam t a b l e ; ”)
15 disp(”p1=4.25 Kpa , v f=v1=0.001004 mˆ3/ kg”)
16 p1 =4.25;

17 v1 =0.001004;

18 disp(” t h e r e f o r e en tha lpy change ( d e l t a h )=(h2−h1 )=v1 ∗ (
p2−p1 ) i n KJ/kg”)

19 deltah=v1*(p2-p1)
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Figure 6.9: Engineering Thermodynamics by Onkar Singh Chapter 6 Exam-
ple 10
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Figure 6.10: Engineering Thermodynamics by Onkar Singh Chapter 6 Ex-
ample 10
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Figure 6.11: Engineering Thermodynamics by Onkar Singh Chapter 6 Ex-
ample 11
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Scilab code Exa 6.12 Engineering Thermodynamics by Onkar Singh Chap-
ter 6 Example 12

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar S ingh
Chapter 6 Example 12 ”)

8 V=2; // volume o f v e s s e l i n mˆ3
9 disp(” from steam t a b l e at 150 deg r e e c e l c i u s ”)

10 disp(” v f =0.001091 mˆ3/kg , vg=0.3928 mˆ3/ kg”)
11 Vf =0.001091;

12 Vg =0.3928;

13 disp(” so volume oc cup i ed by water (Vw)=3∗V/(3+2) i n m
ˆ3”)

14 Vw=3*V/(3+2)

15 disp(”and volume o f steam (Vs )=2∗V/(3+2) i n mˆ3”)
16 Vs=2*V/(3+2)

17 disp(”mass o f water (mf )=Vw/Vf i n kg”)
18 mf=Vw/Vf

19 disp(”mass o f steam (mg)=Vs/Vg in kg”)
20 mg=Vs/Vg

21 disp(” t o t a l mass i n tank (m)=mf+mg in kg”)
22 m=mf+mg

23 disp(” q u a l i t y or d ryne s s f r a c t i o n ( x ) ”)
24 disp(”x=mg/m”)
25 x=mg/m
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Figure 6.12: Engineering Thermodynamics by Onkar Singh Chapter 6 Ex-
ample 11
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Figure 6.13: Engineering Thermodynamics by Onkar Singh Chapter 6 Ex-
ample 12
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26 disp(”NOTE=>answer g i v en i n book f o r mass =1103.99 kg
i s i n c o r r e c t and c o r r e c t answer i s 1101 . 945

which i s c a l c u l a t e d above . ”)

Scilab code Exa 6.13 Engineering Thermodynamics by Onkar Singh Chap-
ter 6 Example 13

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar S ingh
Chapter 6 Example 13 ”)

8 disp(” f r o n S . F . S .E on steam tu r b i n e ; ”)
9 disp(”W=h1−h2”)
10 disp(” i n i t i a l l y at 4Mpa, 3 0 0 deg r e e c e l c i u s the steam

i s supe r heated so en tha lpy from supe rh ea t ed
steam or m o l l i e r diagram ”)

11 disp(”h1=2886.2 KJ/kg , s1 =6.2285 KJ/kg K”)
12 h1 =2886.2;

13 s1 =6.2285;

14 disp(” r e v e r s i b l e a d i a b a t i c expans i on p r o c e s s has
ent ropy r ema in ing c on s t an t . on m o l l i e r diagram the
s t a t e 2 can be s imp ly l o c a t e d at i n t e r s e c t i o n o f
c on s t an t t empera tu r e l i n e f o r 50 deg r e e c e l c i u s

and i s e n t r o p i c expans i on l i n e . ”)
15 disp(” e l s e from steam t a b l e s at 50 deg r e e c e l c i u s

s a t u r a t i o n t empera tu r e ; ”)
16 disp(” h f =209.33 KJ/kg , s f =0.7038 KJ/kg K”)
17 hf =209.33;

18 sf =0.7038;

19 disp(” h fg =2382.7 KJ/kg , s f g =7.3725 KJ/kg K”)
20 hfg =2382.7;
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Figure 6.14: Engineering Thermodynamics by Onkar Singh Chapter 6 Ex-
ample 13

21 sfg =7.3725;

22 disp(” he r e s1=s2 , l e t d r yne s s f r a c t i o n at 2 be x2”)
23 disp(”x2=(s1−s f ) / s f g ”)
24 x2=(s1-sf)/sfg

25 disp(” hence en tha lpy at s t a t e 2”)
26 disp(”h2=hf+x2∗ h fg i n KJ/kg”)
27 h2=hf+x2*hfg

28 disp(” steam tu r b i n e work (W) in KJ/kg”)
29 disp(”W=h1−h2”)
30 W=h1 -h2

31 disp(” so t u r b i n e output=W”)
32 W
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Scilab code Exa 6.14 Engineering Thermodynamics by Onkar Singh Chap-
ter 6 Example 14

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar S ingh
Chapter 6 Example 14 ”)

8 x1=0.5; // d ryne s s f r a c t i o n
9 m1=100; //mass o f steam in kg
10 v1 =0.8475; //
11 disp(” i t i s c on s t an t volume p r o c e s s ”)
12 disp(” volume o f v e s s e l (V)=mass o f vapour ∗ s p e c i f i c

volume o f vapour ”)
13 disp(” i n i t i a l s p e c i f i c volume , v1”)
14 disp(”v1=vf 100Kpa+x1∗ v f g 1 0 0 i n mˆ3/ kg”)
15 disp(” at 100 Kpa from steam t a b l e ; ”)
16 disp(” hf 100Kpa =417.46 KJ/kg , uf 100Kpa =417.36 KJ/kg ,

v f 100Kpa =0.001043 mˆ3/kg , hfg 100Kpa=2258 KJ/kg ,
ufg 100Kpa =2088.7 KJ/kg , vg 100Kpa =1.6940 mˆ3/ kg”)

17 hf_100Kpa =417.46;

18 uf_100Kpa =417.36;

19 vf_100Kpa =0.001043;

20 hfg_100Kpa =2258;

21 ufg_100Kpa =2088.7;

22 vg_100Kpa =1.6940;

23 disp(” he r e vfg 100Kpa=vg 100Kpa−vf 100Kpa in mˆ3/ kg
”)

24 vfg_100Kpa=vg_100Kpa -vf_100Kpa
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25 disp(” so v1=vf 100Kpa+x1∗ vfg 100Kpa in mˆ3/ kg”)
26 v1=vf_100Kpa+x1*vfg_100Kpa

27 disp(”and volume o f v e s s e l (V)=m1∗x1∗v1 in mˆ3”)
28 V=m1*x1*v1

29 disp(” en tha lpy at 1 , h1=hf 100Kpa+x1∗ hfg 100Kpa in KJ
/kg”)

30 h1=hf_100Kpa+x1*hfg_100Kpa

31 disp(” i n t e r n a l ene rgy i n the b eg i nn i ng=U1=m1∗u1 in
KJ”)

32 U1=m1*( uf_100Kpa+x1*ufg_100Kpa)

33 disp(” l e t the mass o f dry steam added be m, f i n a l
s p e c i f i c volume i n s i d e v e s s e l , v2”)

34 disp(”v2=vf 1000Kpa+x2∗ vfg 1000Kpa ”)
35 disp(” at 2000 Kpa , from steam tab l e , ”)
36 disp(” vg 2000Kpa =0.09963 mˆ3/kg , ug 2000Kpa =2600.3 KJ

/kg , hg 2000Kpa =2799.5 KJ/kg”)
37 vg_2000Kpa =0.09963;

38 ug_2000Kpa =2600.3;

39 hg_2000Kpa =2799.5;

40 disp(” t o t a l mass i n s i d e v e s s e l=mass o f steam at2000
Kpa+mass o f mixture at 100 Kpa”)

41 disp(”V/v2=V/vg 2000Kpa+V/v1”)
42 disp(” so v2=1/((1/ vg 2000Kpa ) +(1/v1 ) ) i n mˆ3/ kg”)
43 v2 =1/((1/ vg_2000Kpa)+(1/v1))

44 disp(” he r e v2=vf 1000Kpa+x2∗ vfg 1000Kpa in mˆ3/ kg”)
45 disp(” at 1000 Kpa from steam tab l e , ”)
46 disp(” hf 1000Kpa =762.81 KJ/kg , hfg 1000Kpa =2015.3 KJ/

kg , v f 1000Kpa =0.001127 mˆ3/kg , vg 1000Kpa =0.19444
mˆ3/ kg”)

47 hf_1000Kpa =762.81;

48 hfg_1000Kpa =2015.3;

49 vf_1000Kpa =0.001127;

50 vg_1000Kpa =0.19444;

51 disp(” he r e vfg 1000Kpa=vg 1000Kpa−vf 1000Kpa in mˆ3/
kg”)

52 vfg_1000Kpa=vg_1000Kpa -vf_1000Kpa

53 disp(” so x2=(v2−vf 1000Kpa ) / vfg 1000Kpa ”)
54 x2=(v2-vf_1000Kpa)/vfg_1000Kpa
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55 disp(” f o r a d i a b a t i c mixing , (100+m) ∗h2=100∗h1+m∗
hg 2000Kpa ”)

56 disp(” so mass o f dry steam at 2000 Kpa to be added (m
) i n kg”)

57 disp(”m=(100∗( h1−h2 ) ) /( h2−hg 2000Kpa ) ”)
58 m=(100*(h1 -( hf_1000Kpa+x2*hfg_1000Kpa)))/((

hf_1000Kpa+x2*hfg_1000Kpa)-hg_2000Kpa)

59 disp(” q u a l i t y o f f i n a l mixture=x2”)
60 x2

Scilab code Exa 6.15 Engineering Thermodynamics by Onkar Singh Chap-
ter 6 Example 15

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar S ingh
Chapter 6 Example 15 ”)

8 p_vaccum =71.5; // r e c o rd ed conden s e r vaccum in cm o f
mercury

9 p_barometer =76.8; // barometer r e ad i n g i n cm o f
mercury

10 T_cond =35; // t empera tu r e o f c onden s a t i on i n d eg r e e
c e l c i u s

11 T_hotwell =27.6; // t empera tu r e o f hot w e l l i n d eg r e e
c e l c i u s

12 m_cond =1930; //mass o f c onden sa t e per hour
13 m_w =62000; //mass o f c o o l i n g water per hour
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Figure 6.15: Engineering Thermodynamics by Onkar Singh Chapter 6 Ex-
ample 14
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Figure 6.16: Engineering Thermodynamics by Onkar Singh Chapter 6 Ex-
ample 14
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14 Ti =8.51; // i n i t i a l t empera tu re i n d eg r e e c e l c i u s
15 To =26.24; // o u t l e t t empera tu r e i n d eg r e e c e l c i u s
16 disp(” from da l t on law o f p a r t i a l p r e s s u r e the t o t a l

p r e s s u r e i n s i d e conden s e r w i l l be sum o f p a r t i a l
p r e s s u r e s o f vapour and l i q u i d i n s i d e . ”)

17 disp(” conden s e r p r e s s u r e ( p c onden s e r )=(p barometer−
p vaccum ) ∗ 1 0 1 . 3 2 5 / 7 3 . 5 5 i n Kpa”)

18 p_condenser =( p_barometer -p_vaccum)*101.325/73.55

19 disp(” p a r t i a l p r e s s u r e o f steam co r r e s p ond i n g to35
deg r e e c e l c i u s from steam t a b l e ; ”)

20 disp(” p steam =5.628 Kpa”)
21 p_steam =5.628; // p a r t i a l p r e s s u r e o f steam
22 disp(” en tha lpy c o r r e s p ond i n g to 35 deg r e e c e l c i u s

from steam tab l e , ”)
23 disp(” h f =146.68 KJ/kg , h fg =2418.6 KJ/kg”)
24 hf =146.68;

25 hfg =2418.6;

26 disp(” l e t q u a l i t y o f steam e n t e r i n g be x”)
27 disp(” from energy ba l an c e ; ”)
28 disp(”mw∗ (To−Ti ) ∗4.18=m cond ∗ ( h f+x∗hfg −4.18∗

T hotwe l l ) ”)
29 disp(” so d ryne s s f r a c t i o n o f steam e n t e r i n g ( x ) i s

g i v en as ”)
30 disp(”x=(((m w∗ (To−Ti ) ∗ 4 . 1 8 ) /m cond )−h f +4.18∗

T hotwe l l ) / h fg ”)
31 x=((( m_w*(To -Ti)*4.18)/m_cond)-hf +4.18* T_hotwell)/

hfg

Scilab code Exa 6.16 Engineering Thermodynamics by Onkar Singh Chap-
ter 6 Example 16
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Figure 6.17: Engineering Thermodynamics by Onkar Singh Chapter 6 Ex-
ample 15
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Figure 6.18: Engineering Thermodynamics by Onkar Singh Chapter 6 Ex-
ample 15
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1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar S ingh
Chapter 6 Example 16 ”)

8 F=10; // f o r c e a pp l i e d e x t e r n a l l y upon p i s t o n i n KN
9 d=.2; // d iamete r i n m
10 h=0.02; // depth to which water f i l l e d i n m
11 P_atm =101.3; // a tmosphe r i c p r e s s u r e i n Kpa
12 rho =1000; // d e n s i t y o f water i n kg/mˆ3
13 Q=600; // heat s u pp l i e d to water i n KJ
14 T=150; // t empera tu r e o f water i n d eg r e e c e l c i u s
15 disp(” h e a t i n g o f water i n v e s s e l as d e s c r i b e d above

i s a c on s t an t p r e s s u r e h e a t i n g . p r e s s u r e at which
p r o c e s s o c c u r s ( p )=F/A+P atm in Kpa”)

16 disp(” a r ea (A)=%pi∗dˆ2/4 i n mˆ2”)
17 A=%pi*d^2/4

18 disp(” so p1=F/A+P atm in Kpa”)
19 p1=F/A+P_atm

20 disp(”now at 419 . 6 1 Kpa , h f =612.1 KJ/kg , h fg =2128.7 KJ
/kg , vg=0.4435 mˆ3/ kg”)

21 hf =612.1;

22 hfg =2128.7;

23 vg =0.4435;

24 disp(” volume o f water c on t a i n ed (V1)=%pi∗dˆ2∗h/4 in m
ˆ3”)

25 V1=%pi*d^2*h/4

26 disp(”mass o f water (m)=V1∗ rho i n kg”)
27 m=V1*rho

28 disp(” heat s u pp l i e d s h a l l c au s e s e n s i b l e h e a t i n g and
l a t e n t h e a t i n g ”)

29 disp(” hence , en tha lpy change=heat s u pp l i e d ”)
30 disp(”Q=(( h f+x∗ h fg ) −(4.18∗T) ∗m) ”)
31 disp(” so d ryne s s f r a c t i o n o f steam produced ( x ) can be

c a l c u l a t e d as ”)
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32 disp(” so x=((Q/m) +4.18∗T−h f ) / h fg ”)
33 x=((Q/m)+4.18*T-hf)/hfg

34 disp(” i n t e r n a l ene rgy o f water (U1) i n KJ , i n i t i a l l y ”)
35 h1 =4.18*T;// en tha lpy o f water i n KJ/kg
36 disp(”U1=m∗h1−p1∗V1”)
37 U1=m*h1-p1*V1

38 U1 =393.5; // approx .
39 disp(” f i n a l l y , i n t e r n a l ene rgy o f wet steam (U2) i n KJ”

)

40 disp(”U2=m∗h2−p2∗V2”)
41 disp(” he r e V2=m∗x∗vg in mˆ3”)
42 V2=m*x*vg

43 disp(” hence U2=(m∗h2 )−p2∗V2”)
44 p2=p1;// c on s t an t p r e s s u r e p r o c e s s
45 U2=(m*(hf+x*hfg))-p2*V2

46 U2 =940.71; // approx .
47 disp(” hence change i n i n t e r n a l ene rgy (U)=U2−U1 in KJ

”)
48 U=U2 -U1

49 disp(”work done (W)=p ∗ (V2−V1) i n KJ”)
50 p=p1;

51 W=p*(V2-V1)

Scilab code Exa 6.17 Engineering Thermodynamics by Onkar Singh Chap-
ter 6 Example 17

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;
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Figure 6.19: Engineering Thermodynamics by Onkar Singh Chapter 6 Ex-
ample 16
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Figure 6.20: Engineering Thermodynamics by Onkar Singh Chapter 6 Ex-
ample 16
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6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar S ingh
Chapter 6 Example 17 ”)

8 ms=40; //mass o f steam in kg
9 mw=2.2; //mass o f water i n kg
10 p1 =1.47; // p r e s s u r e b e f o r e t h r o t t l i n g i n Mpa
11 T2=120; // t empera tu r e a f t e r t h r o t t l i n g i n d eg r e e

c e l c i u s
12 p2 =107.88; // p r e s s u r e a f t e r t h r o t t l i n g i n Kpa
13 Cp_sup =2.09; // s p e c i f i c heat o f s upe rh ea t ed steam in

KJ/kg K
14 disp(” c o n s i d e r t h r o t t l i n g c a l o r im e t e r a lone , ”)
15 disp(” deg r e e o f s up e rh ea t ( T sup ) i n d eg r e e c e l c i u s ”)
16 disp(”T sup=T2−101.8 ”)
17 T_sup=T2 -101.8

18 disp(” en tha lpy o f supe rh ea t ed steam ( h sup ) i n KJ/kg”)
19 disp(” h sup=h+T sup ∗Cp sup ”)
20 disp(” at 120 deg r e e c e l c i u s , h=2673.95 KJ/kg from

steam t a b l e ”)
21 h=2673.95;

22 h_sup=h+T_sup*Cp_sup

23 disp(”now entha lpy b e f o r e t h r o t t l i n g = entha lpy
a f t e r t h r o t t l i n g ”)

24 disp(” h f+x2∗ h fg=h sup ”)
25 disp(” he r e at 1 . 4 7 Mpa , h f =840.513 KJ/kg , h fg =1951.02

KJ/kg from steam t a b l e ”)
26 hf =840.513;

27 hfg =1951.02;

28 disp(” so x2=(h sup−h f ) / h fg ”)
29 x2=(h_sup -hf)/hfg

30 disp(” f o r s e p e r a t i n g c a l o r im e t e r a lone , d r yne s s
f r a c t i o n , x1=(ms−mw) /ms”)

31 x1=(ms-mw)/ms

32 disp(” o v e r a l l d r yn e s s f r a c t i o n ( x )=(x1∗x2 ) ”)
33 x=x1*x2
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Figure 6.21: Engineering Thermodynamics by Onkar Singh Chapter 6 Ex-
ample 17

Scilab code Exa 6.18 Engineering Thermodynamics by Onkar Singh Chap-
ter 6 Example 18

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar S ingh
Chapter 6 Example 18 ”)

8 v=0.4; // volume o f a i r i n pa r t A and pa r t B in mˆ3
9 p1 =10*10^5; // i n i t i a l p r e s s u r e o f steam in pa

10 p2 =15*10^5; // f i n a l p r e s s u r e o f steam in pa
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Figure 6.22: Engineering Thermodynamics by Onkar Singh Chapter 6 Ex-
ample 18
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11 disp(” he r e heat a dd i t i o n to pa r t B s h a l l c au s e
e v apo r a t i o n o f water and sub s e qu en t l y the r i s e i n
p r e s s u r e . ”)

12 disp(” f i n a l , pa r t B has dry steam at 15 bar . In o rd e r
to have e q u i l i b r i um the pa r t A s h a l l a l s o have
p r e s s u r e o f 15 bar . thus heat added ”)

13 disp(”Q=v ∗ ( p2−p1 ) /1000 i n KJ”)
14 Q=v*(p2-p1)/1000

15 disp(” f i n a l en tha lpy o f dry steam at 15 bar , h2=
hg 15bar ”)

16 disp(”h2=2792.2 KJ/kg from steam t a b l e ”)
17 h2 =2792.2;

18 disp(” l e t i n i t i a l d r yn e s s f r a c t i o n be x1 , i n i t i a l
entha lpy , ”)

19 disp(”h1=h f 1 0ba r+x1∗ h f g 1 0ba r . . . . . . . . . eq1 ”)
20 disp(” he r e at 10 bar , h f 1 0b a r =762.83 KJ/kg , h f g 1 0ba r

=2015.3 KJ/kg from steam t a b l e ”)
21 hf_10bar =762.83;

22 hfg_10bar =2015.3;

23 disp(” a l s o heat ba l an c e y i e l d s , ”)
24 disp(”h1+Q=h2”)
25 disp(” so h1=h2−Q in KJ/kg”)
26 h1=h2-Q

27 disp(” so by eq 1=>x1=(h1−h f 1 0b a r ) / h f g 1 0ba r ”)
28 x1=(h1-hf_10bar)/hfg_10bar

29 disp(” heat added (Q) i n KJ”)
30 Q

31 disp(”and i n i t i a l q u a l i t y ( x1 ) ”)
32 x1

Scilab code Exa 6.19 Engineering Thermodynamics by Onkar Singh Chap-
ter 6 Example 19

1 // D i sp l ay mode
2 mode (0);
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3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar S ingh
Chapter 6 Example 19 ”)

8 m=3; //mass o f wet steam in kg
9 p=1.4; // p r e s s u r e o f wet steam in bar

10 V1 =2.25; // i n i t i a l volume in mˆ3
11 V2 =4.65; // f i n a l volume in mˆ3
12 T=400; // t empera tu r e o f steam in d e g r e e e c e l c i u s
13 disp(” from steam tab l e , vg=1.2455 mˆ3/kg , h f =457.99 KJ

/kg , h fg =2232.3 KJ/kg”)
14 vg =1.2455;

15 hf =457.99;

16 hfg =2232.3;

17 disp(” s p e c i f i c volume o f wet steam in c y l i n d e r , v1=V1
/m in mˆ3/ kg”)

18 v1=V1/m

19 disp(” d ryne s s f r a c t i o n o f i n i t i a l steam ( x1 )=v1/vg”)
20 x1=v1/vg

21 x1 =0.602; // approx .
22 disp(” i n i t i a l en tha lpy o f wet steam , h1=hf+x1∗ h fg i n

KJ/kg”)
23 h1=hf+x1*hfg

24 disp(” at 400 deg r e e c e l c i u s s p e c i f i c volume o f steam
, v2=V2/m in mˆ3/ kg”)

25 v2=V2/m

26 disp(” f o r s p e c i f i c volume o f 1 . 5 5 mˆ3/ kg at 400
deg r e e c e l c i u s the p r e s s u r e can be s e en from the
steam t a b l e . From supe rh ea t ed steam t a b l e s the
s p e c i f i c volume o f 1 . 5 5 mˆ3/ kg l i e s between the
p r e s s u r e o f 0 . 1 0 Mpa ( s p e c i f i c volume 3 . 1 03 mˆ3/
kg at400 deg r e e c e l c i u s ) and 0 . 2 0 Mpa( s p e c i f i c
volume 1 . 5 493 mˆ3/ kg at 400 deg r e e c e l c i u s ) ”)

27 disp(” a c t u a l p r e s s u r e can be ob ta i n ed by
i n t e r p o l a t i o n ”)

28 p2 =.1+((0.20 -0.10) /(1.5493 -3.103))*(1.55 -3.103)
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29 disp(”p2=0.20 MPa( approx . ) ”)
30 p2 =0.20;

31 disp(” s a t u r a t i o n t empera tu re at 0 . 2 0 Mpa( t ) =120.23
d eg r e e c e l c i u s from steam t a b l e ”)

32 t=120.23;

33 disp(” f i n a l l y the d eg r e e o f s up e rh ea t ( T sup ) i n K”)
34 disp(”T sup=T−t ”)
35 T_sup=T-t

36 disp(” f i n a l en tha lpy o f steam at 0 . 2 0 Mpa and 400
deg r e e c e l c i u s , h2=3276.6 KJ/kg from steam t a b l e ”)

37 h2 =3276.6;

38 disp(” heat added dur ing p r o c e s s ( de l taQ ) i n KJ”)
39 disp(” de l taQ=m∗ ( h2−h1 ) ”)
40 deltaQ=m*(h2-h1)

41 disp(” i n t e r n a l ene rgy o f i n i t i a l wet steam , u1=uf+x1∗
u fg i n KJ/kg”)

42 disp(” he r e at 1 . 4 bar , from steam tab l e , u f =457.84 KJ/
kg , u fg =2059.34 KJ/kg”)

43 uf =457.84;

44 ufg =2059.34;

45 u1=uf+x1*ufg

46 disp(” i n t e r n a l ene rgy o f f i n a l s t a t e , u2=u at 0 . 2 Mpa
, 4 0 0 deg r e e c e l c i u s ”)

47 disp(”u2=2966.7 KJ/kg”)
48 u2 =2966.7;

49 disp(” change i n i n t e r n a l ene rgy ( de l taU ) i n KJ”)
50 disp(” de l taU=m∗ ( u2−u1 ) ”)
51 deltaU=m*(u2-u1)

52 disp(” form f i r s t law o f thermodynamics , work done (
deltaW ) in KJ”)

53 disp(”deltaW=deltaQ−de l taU ”)
54 deltaW=deltaQ -deltaU

55 disp(” so heat t r a n s f e r ( de l taQ ) i n KJ”)
56 deltaQ

57 disp(”and work t r a n s f e r ( deltaW ) in KJ”)
58 deltaW

59 disp(”NOTE=>In book va lu e o f u1=1707.86 KJ/kg i s
c a l c u l a t e d wrong t ak i n g x1 =0.607 , hence c o r r e c t
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va lu e o f u1 u s i n g x1=0.602 i s 1697 . 5627 KJ/kg”)
60 disp(”and c o r r e s p ond i n g v a l u e s o f heat t r a n s f e r=

4424 . 2962 KJ and work t r a n s f e r =616.88424 KJ . ”)

Scilab code Exa 6.20 Engineering Thermodynamics by Onkar Singh Chap-
ter 6 Example 20

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar S ingh
Chapter 6 Example 20 ”)

8 disp(” he r e t h r o t t l i n g p r o c e s s i s o c c u r i n g t h e r e f o r e
en tha lpy b e f o r e and a f t e r expans i on remains same .
Let i n i t i a l and f i n a l s t a t e s be g i v en by 1 and 2 .
I n i t i a l entha lpy , from steam t a b l e . ”)

9 disp(” at 500 deg r e e c e l c i u s , h 1 10ba r 500o c =3478.5 KJ
/kg , s 1 1 0b a r 5 0 0 o c =7.7622 KJ/kg K, v1 10ba r 500o c
=0.3541 mˆ3/ kg”)

10 h1_10bar_500oc =3478.5;

11 s1_10bar_500oc =7.7622;

12 v1_10bar_500oc =0.3541;

13 disp(” f i n a l l y p r e s s u r e becomes 1 bar so f i n a l l y
en tha lpy ( h2 ) at t h i s p r e s s u r e ( o f 1 bar ) i s a l s o
3478 . 5 KJ/kg which l i e s between supe rh ea t
t empera tu re o f 400 deg r e e c e l c i u s and 500 deg r e e
c e l c i u s at 1 bar . Let t empera tu r e be T2 , ”)

14 h2=h1_10bar_500oc;
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Figure 6.23: Engineering Thermodynamics by Onkar Singh Chapter 6 Ex-
ample 19

197



Figure 6.24: Engineering Thermodynamics by Onkar Singh Chapter 6 Ex-
ample 19
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15 disp(” h 1ba r 400o c =3278.2 KJ/kg , h 1ba r 500o c =3488.1
KJ/kg from steam t a b l e ”)

16 h_1bar_400oc =3278.2;

17 h_1bar_500oc =3488.1;

18 disp(”h2=h 1ba r 400o c+( h 1bar 500oc−h 1ba r 400o c ) ∗ (
T2−400) /(500−400) ”)

19 disp(” so f i n a l t empera tu r e (T2) i n K”)
20 disp(”T2=400+((h2−h 1ba r 400o c ) ∗(500−400) /(

h 1ba r 500oc−h 1ba r 400o c ) ) ”)
21 T2 =400+((h2 -h_1bar_400oc)*(500 -400) /( h_1bar_500oc -

h_1bar_400oc))

22 disp(” ent ropy f o r f i n a l s t a t e ( s2 ) i n KJ/kg K”)
23 disp(” s2=( s 1 b a r 4 0 0 o c +(( s 1ba r 5 0 0o c−s 1 b a r 4 0 0 o c )

∗ (495 .43 −400) /(500−400) ) ) ”)
24 disp(” he r e from steam tab l e , s 1 b a r 4 0 0 o c =8.5435 KJ/

kg K, s 1 b a r 5 0 0 o c =8.8342 KJ/kg K”)
25 s_1bar_400oc =8.5435;

26 s_1bar_500oc =8.8342;

27 s2=s_1bar_400oc +(( s_1bar_500oc -s_1bar_400oc)

*(495.43 -400) /(500 -400))

28 disp(” so change i n ent ropy ( d e l t a S ) i n KJ/kg K”)
29 disp(” d e l t a S=s2−s 1 1 0b a r 5 0 0 o c ”)
30 deltaS=s2-s1_10bar_500oc

31 disp(” f i n a l s p e c i f i c volume , v2=v 1ba r 4 0 0o c +((
v 1ba r 500oc−v 1ba r 4 0 0o c ) ∗ ( 9 5 . 4 3 ) /(500−400) ) i n
mˆ3/ kg”)

32 disp(” he r e from steam tab l e , v 1ba r 5 0 0o c =3.565 mˆ3/
kg , v 1ba r 4 0 0o c =3.103 mˆ3/ kg”)

33 v_1bar_500oc =3.565;

34 v_1bar_400oc =3.103;

35 v2=v_1bar_400oc +(( v_1bar_500oc -v_1bar_400oc)*(95.43)

/(500 -400))

36 disp(” p e r c en t a g e o f v e s s e l volume i n i t i a l l y o c cup i ed
by steam=v1 1ba r 5 00o c ∗100/ v2”)

37 v1_10bar_500oc *100/ v2
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Figure 6.25: Engineering Thermodynamics by Onkar Singh Chapter 6 Ex-
ample 20
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Figure 6.26: Engineering Thermodynamics by Onkar Singh Chapter 6 Ex-
ample 20
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Chapter 7

Availability And General
Thermodynamic Relations

Scilab code Exa 7.1 Engineering Thermodynamics by Onkar Singh Chap-
ter 7 Example 1

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar S ingh
Chapter 7 Example 1”)

8 C2=150; // l e a v e v e l o c i t y o f steam in m/ s
9 m=2.5; // steam mass f l ow r a t e i n kg/ s

10 disp(” l e t us n e g l e c t the p o t e n t i a l ene rgy change
dur ing the f l ow . ”)

11 disp(” app l y i ng S . F .E .E , n e g l e c t i n g i n l e t v e l o c i t y and
change i n p o t e n t i a l energy , ”)

12 disp(”W max=(h1−To∗ s1 )−(h2+C2ˆ2/2−To∗ s2 ) ”)
13 disp(”W max=(h1−h2 )−To∗ ( s1−s2 )−C2ˆ2/2 ”)
14 disp(” from steam tab l e s , ”)
15 disp(”h1=h 1 . 6 Mpa 300=3034.8 KJ/kg , s1=s 1 . 6 Mpa 300
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Figure 7.1: Engineering Thermodynamics by Onkar Singh Chapter 7 Exam-
ple 1

=6.8844 KJ/kg , h2=h 0 . 1 Mpa 150=2776.4 KJ/kg , s2=
s 150Mpa 150 =7.6134 KJ/kg”)

16 h1 =3034.8;

17 s1 =6.8844;

18 h2 =2776.4;

19 s2 =7.6134;

20 disp(” g i v en To=288 K”)
21 To=288;

22 disp(” so W max in KJ/kg”)
23 W_max=(h1 -h2)-To*(s1 -s2) -(C2 ^2/2*10^ -3)

24 disp(”maximum p o s s i b l e work (W max)=m∗W max in KW”)
25 W_max=m*W_max
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Figure 7.2: Engineering Thermodynamics by Onkar Singh Chapter 7 Exam-
ple 1

Scilab code Exa 7.2 Engineering Thermodynamics by Onkar Singh Chap-
ter 7 Example 2

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar S ingh
Chapter 7 Example 2”)

8 m=1; //mass o f a i r i n kg
9 Po =1*10^5; // a tmosphe r i c p r e s s u r e i n pa

10 To =(15+273);// t empera tu r e o f atmosphere i n K
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11 Cv =0.717; // s p e c i f i c heat at c on s t an t volume in KJ/kg
K

12 R=0.287; // gas c on s t an t i n KJ/kg K
13 Cp =1.004; // s p e c i f i c heat at c on s t an t p r e s s u r e i n KJ/

kg K
14 T=(50+273);// t empera tu r e o f tanks A and B in K
15 disp(” In t h e s e tanks the a i r s t o r e d i s at same

tempera tu re o f 50 deg r e e c e l c i u s . The r e f o r e , f o r
a i r behav ing as p e r f e c t gas the i n t e r n a l ene rgy
o f a i r i n tanks s h a l l be same as i t depends upon
tempera tu re a l on e . But the a v a i l a b i l i t y s h a l l be
d i f f e r e n t . ”)

16 disp(”BOTH THE TANKS HAVE SAME INTERNAL ENERGY”)
17 disp(” a v a i l a b i l i t y o f a i r i n tank ,A”)
18 disp(”A=(E−Uo)+Po∗ (V−Vo)−To∗ ( S−So ) ”)
19 disp(”=m∗{ ( e−uo )+Po ( v−vo )−To( s−so ) }”)
20 disp(”m∗{Cv∗ (T−To)+Po∗ (R∗T/P−R∗To/Po )−To(Cp∗ l o g (T/To

)−R∗ l o g (P/Po ) ) }”)
21 disp(” so A=m∗{Cv∗ (T−To)+R∗ (Po∗T/P−To)−To∗Cp∗ l o g (T/To

)+To∗R∗ l o g (P/Po ) }”)
22 disp(” f o r tank A,P=1∗10ˆ5 pa , so a v a i l a b i l i t y A in KJ

”)
23 P=1*10^5; // p r e s s u r e i n tank A in pa
24 availability_A=m*{Cv*(T-To)+R*(Po*T/P-To)-To*Cp*log(

T/To)+To*R*log(P/Po)}

25 disp(” f o r tank B,P=3∗10ˆ5 pa , so a v a i l a b i l i t y B in KJ
”)

26 P=3*10^5; // p r e s s u r e i n tank B in pa
27 availability_B=m*{Cv*(T-To)+R*(Po*T/P-To)-To*Cp*log(

T/To)+To*R*log(P/Po)}

28 disp(” so a v a i l a b i l i t y o f a i r i n tank B i s more than
tha t o f tank A”)

29 disp(” a v a i l a b i l i t y o f a i r i n tank A=1.98 KJ”)
30 disp(” a v a i l a b i l i t y o f a i r i n tank B=30.98 KJ”)
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Scilab code Exa 7.3 Engineering Thermodynamics by Onkar Singh Chap-
ter 7 Example 3

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar S ingh
Chapter 7 Example 3”)

8 m=15; // steam f l ow r a t e i n kg/ s
9 V2=160; // e x i t v e l o c i t y o f steam in m/ s
10 To =(15+273);//pond water t empera tu r e i n K
11 disp(” i n l e t c o nd i t i o n s , ”)
12 disp(” from steam tab l e s , , h1=3051.2 KJ/kg , s1 =7.1229

KJ/kg K”)
13 h1 =3051.2;

14 s1 =7.1229;

15 disp(” o u t l e t c o nd i t i o n s , a t 0 . 0 5 bar and 0 . 9 5 d ryne s s
f r a c t i o n ”)

16 disp(” from steam tab l e s , s f =0.4764 KJ/kg K, s f g
=7.9187 KJ/kg K, x=0.95 , h f =137.82 KJ/kg , h f g
=2423.7 KJ/kg”)

17 sf =0.4764;

18 s_fg =7.9187;

19 x=0.95;

20 hf =137.82;

21 h_fg =2423.7;

22 disp(” so s2=s f+x∗ s f g i n KJ/kg K”)
23 s2=sf+x*s_fg

24 disp(”and h2=hf+x∗ h f g i n KJ/kg”)
25 h2=hf+x*h_fg

26 disp(” n e g l e c t i n g the change i n p o t e n t i a l ene rgy and
v e l o c i t y at i n l e t to tu rb in e , the s t e ady f l ow
ene rgy equa t i on may be w r i t t e n as to g i v e work
output . ”)

27 disp(”w=(h1−h2 )−V2ˆ2∗10ˆ−3/2 i n KJ/kg”)
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28 w=(h1-h2)-V2^2*10^ -3/2

29 disp(”power output=m∗w in KW”)
30 m*w

31 disp(”maximum work f o r g i v en end s t a t e s , ”)
32 disp(”w max=(h1−To∗ s1 )−(h2+V2ˆ2∗10ˆ−3/2−To∗ s2 ) i n KJ

/kg”)
33 w_max=(h1 -To*s1) -(h2+V2^2*10^ -3/2 -To*s2)

34 w_max =850.38; // approx .
35 disp(”w max in KW”)
36 w_max=m*w_max

37 disp(” so maximum power output =12755.7 KW”)
38 disp(”maximum power tha t cou ld be ob ta i n ed from

exhaus t steam s h a l l depend upon a v a i l a b i l i t y with
exhaus t steam and the dead s t a t e . s t ream

a v a i l a b i l i t y o f exhaus t steam , ”)
39 disp(”A exhaust=(h2+Vˆ2/2−To∗ s2 )−(ho−To∗ so ) ”)
40 disp(”=(h2−ho )+V2ˆ2/2−To( s2−so ) ”)
41 disp(” approx imate l y the en tha lpy o f water at dead

s t a t e o f 1 bar , 1 5 d eg r e e c e l c i u s can be
approx imated to s a t u r a t e d l i q u i d at 15 deg r e e
c e l c i u s ”)

42 disp(” from steam tab l e s , a t 15 deg r e e c e l c i u s , ho
=62.99 KJ/kg , so =0.2245 KJ/kg K”)

43 ho =62.99;

44 so =0.2245;

45 disp(”maximum work a v a i l a b l e from exhaus t steam ,
A exhaust i n KJ/kg”)

46 disp(”A exhaust=(h2−ho )+V2ˆ2∗10ˆ−3/2−To∗ ( s2−so ) ”)
47 A_exhaust =(h2 -ho)+V2^2*10^ -3/2 -To*(s2-so)

48 A_exhaust =151.1; // approx .
49 disp(”maximum power tha t cou ld be ob ta i n ed from

exhaus t steam=m∗A exhaust i n KW”)
50 m*A_exhaust

51 disp(” so maximum power from exhaus t steam=2266.5 KW”
)
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Figure 7.3: Engineering Thermodynamics by Onkar Singh Chapter 7 Exam-
ple 3

Scilab code Exa 7.4 Engineering Thermodynamics by Onkar Singh Chap-
ter 7 Example 4

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar S ingh
Chapter 7 Example 4”)

8 m=5; //mass o f steam in kg
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Figure 7.4: Engineering Thermodynamics by Onkar Singh Chapter 7 Exam-
ple 3
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9 z1=10; // i n i t i a l e l e v a t i o n i n m
10 V1=25; // i n i t i a l v e l o c i t y o f steam in m/ s
11 z2=2; // f i n a l e l e v a t i o n i n m
12 V2=10; // f i n a l v e l o c i t y o f steam in m/ s
13 Po=100; // env i r onmenta l p r e s s u r e i n Kpa
14 To =(25+273);// env i r onmenta l t empera tu r e i n K
15 g=9.81; // a c c e l e r a t i o n due to g r a v i t y i n m/ s ˆ2
16 disp(” f o r dead s t a t e o f water , ”)
17 disp(” from steam tab l e s , uo=104.86 KJ/kg , vo

=1.0029∗10ˆ−3 mˆ3/kg , so =0.3673 KJ/kg K”)
18 uo =104.86;

19 vo =1.0029*10^ -3;

20 so =0.3673;

21 disp(” f o r i n i t i a l s t a t e o f water , ”)
22 disp(” from steam tab l e s , u1=2550 KJ/kg , v1=0.5089 mˆ3/

kg , s1 =6.93 KJ/kg K”)
23 u1 =2550;

24 v1 =0.5089;

25 s1 =6.93;

26 disp(” f o r f i n a l s t a t e o f water , ”)
27 disp(” from steam tab l e s , u2=83.94 KJ/kg , v2

=1.0018∗10ˆ−3 mˆ3/kg , s2 =0.2966 KJ/kg K”)
28 u2 =83.94;

29 v2 =1.0018*10^ -3;

30 s2 =0.2966;

31 disp(” a v a i l a b i l i t y at any s t a t e can be g i v en by”)
32 disp(”A=m∗ ( ( u−uo )+Po∗ ( v−vo )−To∗ ( s−so )+Vˆ2/2+g∗ z ) ”)
33 disp(” so a v a i l a b i l i t y at i n i t i a l s t a t e , A1 in KJ”)
34 disp(”A1=m∗ ( ( u1−uo )+Po∗ ( v1−vo )−To∗ ( s1−so )+V1

ˆ2∗10ˆ−3/2+g∗ z1 ∗10ˆ−3) ”)
35 A1=m*((u1-uo)+Po*(v1-vo)-To*(s1-so)+V1 ^2*10^ -3/2+g*

z1*10^ -3)

36 disp(”and a v a i l a b i l i t y at f i n a l s t a t e , A2 in KJ”)
37 disp(”A2=m∗ ( ( u2−uo )+Po∗ ( v2−vo )−To∗ ( s2−so )+V2

ˆ2∗10ˆ−3/2+g∗ z2 ∗10ˆ−3) ”)
38 A2=m*((u2-uo)+Po*(v2-vo)-To*(s2-so)+V2 ^2*10^ -3/2+g*

z2*10^ -3)

39 disp(” change i n a v a i l a b i l i t y , A2−A1 in KJ”)
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Figure 7.5: Engineering Thermodynamics by Onkar Singh Chapter 7 Exam-
ple 5

40 A2 -A1

41 disp(” hence a v a i l a b i l i t y d e c r e a s e s by 2702 . 188 KJ”)
42 disp(”NOTE=>In t h i s que s t i on , due to l a r g e

c a l c u l a t i o n s , answers a r e approx imat e l y c o r r e c t . ”)

Scilab code Exa 7.5 Engineering Thermodynamics by Onkar Singh Chap-
ter 7 Example 5

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar S ingh
Chapter 7 Example 5”)

8 disp(” In qu e s t i o n no . 5 e x p r e s s i o n I=To∗ S gen i s
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d e r i v e d which cannot be s o l v e u s i n g s c i l a b
s o f twa r e . ”)

Scilab code Exa 7.6 Engineering Thermodynamics by Onkar Singh Chap-
ter 7 Example 6

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar S ingh
Chapter 7 Example 6”)

8 To =(30+273);// t empera tu r e o f s u r r ound ing i n K
9 W=1050; //work done i n eng i n e i n KJ/kg

10 Cp=1.1; // s p e c i f i c heat at c on s t an t p r e s s u r e i n KJ/kg
K

11 T=(800+273);// t empera tu r e o f exhaus t gas i n K
12 disp(” l o s s o f a v a i l a b l e ene rgy= i r r e v e r s i b i l i t y=To∗

d e l t a S c ”)
13 disp(” d e l t a S c=d e l t a S s+d e l t a S e ”)
14 disp(” change i n enropy o f system ( d e l t a S s )=W/T in KJ/

kg K”)
15 deltaSs=W/T

16 disp(” change i n ent ropy o f su r r ound ing ( d e l t a S e )=−Cp
∗ (T−To) /To in KJ/kg K”)

17 deltaSe=-Cp*(T-To)/To

18 disp(” l o s s o f a v a i l a b l e ene rgy (E)=To∗ ( d e l t a S s+
d e l t a S e ) i n KJ/kg”)

19 E=To*( deltaSs+deltaSe)

20 disp(” l o s s o f a v a i l a b l e ene rgy (E)=”)
21 E=-E

22 disp(” r a t i o o f l o s t a v a i l a b l e exhaus t gas ene rgy to
eng i n e work=E/W”)
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23 E/W

Scilab code Exa 7.7 Engineering Thermodynamics by Onkar Singh Chap-
ter 7 Example 7

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar S ingh
Chapter 7 Example 7”)

8 m=10; //mass o f water i n kg
9 C1=25; // i n i t i a l v e l o c i t y i n m/ s
10 C2=10; // f i n a l v e l o c i t y i n m/ s
11 Po =0.1*1000; // env i r onmenta l p r e s s u r e i n Kpa
12 To =(25+273.15);// env i r onmenta l t empera tu r e i n K
13 g=9.8; // a c c e l e r a t i o n due to g r a v i t y i n m/ s ˆ2
14 z1=10; // i n i t i a l e l e v a t i o n i n m
15 z2=3; // f i n a l e l e v a t i o n i n m
16 disp(” l e t us c o n s i d e r v e l o c i t i e s and e l e v a t i o n s to

be g i v en i n r e f e r e n c e to env i ronment . A v a i l a b i l i t y
i s g i v en by”)

17 disp(”A=m∗ ( ( u−uo )+Po∗ ( v−vo )−To( s−so )+Cˆ2/2+g∗ z ) ”)
18 disp(”dead s t a t e o f water , from steam tab l e s , uo

=104.88 KJ/kg , vo=1.003∗10ˆ−3 mˆ3/kg , so =0.3674 KJ/
kg K”)

19 uo =104.88;

20 vo =1.003*10^ -3;

21 so =0.3674;

22 disp(” f o r i n i t i a l s t a t e o f s a t u r a t e d vapour at 150
deg r e e c e l c i u s ”)

23 disp(” from steam tab l e s , u1=2559.5 KJ/kg , v1=0.3928 m
ˆ3/kg , s1 =6.8379 KJ/kg K”)
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24 u1 =2559.5;

25 v1 =0.3928;

26 s1 =6.8379;

27 disp(” f o r f i n a l s t a t e o f s a t u r a t e d l i q u i d at 20
deg r e e c e l c i u s ”)

28 disp(” from steam tab l e s , u2=83.95 KJ/kg , v2 =0.001002 m
ˆ3/kg , s2 =0.2966 KJ/kg K”)

29 u2 =83.95;

30 v2 =0.001002;

31 s2 =0.2966;

32 disp(” s u b s t i t u t i n g i n the e x p r e s s i o n f o r
a v a i l a b i l i t y ”)

33 disp(” i n i t i a l s t a t e a v a i l a b i l i t y , A1 in KJ”)
34 disp(”A1=m∗ ( ( u1−uo )+Po∗ ( v1−vo )−To∗ ( s1−so )+C1

ˆ2∗10ˆ−3/2+g∗ z1 ∗10ˆ−3) ”)
35 A1=m*((u1-uo)+Po*(v1-vo)-To*(s1-so)+C1 ^2*10^ -3/2+g*

z1*10^ -3)

36 disp(” f i n a l s t a t e a v a i l a b i l i t y , A2 in KJ”)
37 disp(”A2=m∗ ( ( u2−uo )+Po∗ ( v2−vo )−To∗ ( s2−so )+C2

ˆ2∗10ˆ−3/2+g∗ z2 ∗10ˆ−3) ”)
38 A2=m*((u2-uo)+Po*(v2-vo)-To*(s2-so)+C2 ^2*10^ -3/2+g*

z2*10^ -3)

39 disp(” change i n a v a i l a b i l i t y , de l taA=A2−A1 in KJ”)
40 deltaA=A2-A1

41 disp(” so i n i t i a l a v a i l a b i l i t y =5650.28 KJ”)
42 disp(” f i n a l a v a i l a b i l i t y =2.58 KJ ”)
43 disp(” change i n a v a i l a b i l i t y=d e c r e a s e by 5647 . 7 0 KJ

”)

Scilab code Exa 7.8 Engineering Thermodynamics by Onkar Singh Chap-
ter 7 Example 8

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
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4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar S ingh
Chapter 7 Example 8”)

8 m=5; // steam f l ow r a t e i n kg/ s
9 p1 =5*1000; // i n i t i a l p r e s s u r e o f steam in Kpa
10 T1 =(500+273.15);// i n i t i a l t empera tu re o f steam in K
11 p2 =0.2*1000; // f i n a l p r e s s u r e o f steam in Kpa
12 T1 =(140+273.15);// f i n a l t empera tu r e o f steam in K
13 po =101.3; // p r e s s u r e o f steam at dead s t a t e i n Kpa
14 To =(25+273.15);// t empera tu r e o f steam at dead s t a t e

i n K
15 Q=600; // heat l o s s through t u r b i n e i n KJ/ s
16 disp(” l e t i n l e t and e x i t s t a t e s o f t u r b i n e be

denoted as 1 and 2”)
17 disp(” at i n l e t to tu rb in e , ”)
18 disp(” from steam tab l e s , h1=3433.8 KJ/kg , s1 =6.9759 KJ

/kg K”)
19 h1 =3433.8;

20 s1 =6.9759;

21 disp(” at e x i t from tu rb in e , ”)
22 disp(” from steam tab l e s , h2=2748 KJ/kg , s2 =7.228 KJ/kg

K”)
23 h2 =2748;

24 s2 =7.228;

25 disp(” at dead s t a t e , ”)
26 disp(” from steam tab l e s , ho=104.96 KJ/kg , so =0.3673 KJ

/kg K”)
27 ho =104.96;

28 so =0.3673;

29 disp(” a v a i l a b i l i t y o f steam at i n l e t , A1=m∗ ( ( h1−ho )−
To∗ ( s1−so ) ) i n KJ”)

30 A1=m*((h1-ho)-To*(s1-so))

31 disp(” so a v a i l a b i l i t y o f steam at i n l e t =6793.43 KJ”)
32 disp(” app l y i ng f i r s t law o f thermodynamics , ”)
33 disp(”Q+m∗h1=m∗h2+W”)
34 disp(” so W=m∗ ( h1−h2 )−Q in KJ/ s ”)
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35 W=m*(h1-h2)-Q

36 disp(” so t u r b i n e output=2829 KW”)
37 disp(”maximum p o s s i b l e t u r b i n e output w i l l be

a v a i l a b l e when i r r e v e r s i b i l i t y i s z e r o . ”)
38 disp(”W rev=W max=A1−A2”)
39 disp(”W max=m∗ ( ( h1−h2 )−To∗ ( s1−s2 ) ) i n KJ/ s ”)
40 W_max=m*((h1 -h2)-To*(s1-s2))

41 disp(” so maximum output =3804.81 KW”)
42 disp(” i r r e v e r s i b i l i t y can be e s t ima t ed by the

d i f f e r e n c e between the maximum output and t u r b i n e
output . ”)

43 disp(” I=W max−W in KW”)
44 I=W_max -W

45 disp(” so i r r e v e r s i b i l i t y =975.81807 KW”)
46 disp(”NOTE=>In book ,W max i s c a l c u l a t e d wrong , so

i r r e v e r s i b i l i t y a l s o comes wrong , which a r e
c o r r e c t e d above . ”)

Scilab code Exa 7.9 Engineering Thermodynamics by Onkar Singh Chap-
ter 7 Example 9

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar S ingh
Chapter 7 Example 9”)
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Figure 7.6: Engineering Thermodynamics by Onkar Singh Chapter 7 Exam-
ple 8

Figure 7.7: Engineering Thermodynamics by Onkar Singh Chapter 7 Exam-
ple 8

218



Figure 7.8: Engineering Thermodynamics by Onkar Singh Chapter 7 Exam-
ple 9
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8 disp(” In qu e s t i o n no . 9 c ompa r i s i on between
s ub l ima t i o n and v a p o r i s a t i o n l i n e i s made which
cannot be s o l v e u s i n g s c i l a b s o f twa r e . ”)

Scilab code Exa 7.10 Engineering Thermodynamics by Onkar Singh Chap-
ter 7 Example 10

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar S ingh
Chapter 7 Example 10 ”)

8 disp(” In qu e s t i o n no . 10 e x p r e s s i o n f o r change i n
i n t e r n a l ene rgy o f gas i s d e r i v e which cannot be
s o l v e u s i n g s c i l a b s o f twa r e . ”)

Scilab code Exa 7.11 Engineering Thermodynamics by Onkar Singh Chap-
ter 7 Example 11

1 // D i sp l ay modeK
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar S ingh
Chapter 7 Example 11 ”)

8 To=280; // su r r ound ing t empera tu r e i n K
9 Q=500; // heat removed in KJ

10 T1=835; // t empera tu r e o f r e s e r v o i r i n K
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11 T2=720; // t empera tu r e o f system in K
12 disp(” a v a i l a b i l i t y f o r heat r e s e r v o i r (A HR)=To∗

d e l t a S r e s e r v o i r i n KJ/kg K”)
13 A_HR=To*Q/T1

14 disp(”now a v a i l a b i l i t y f o r system ( A system )=To∗
de l t aS sya t em in KJ/kg K”)

15 A_system=To*Q/T2

16 disp(” net l o s s o f a v a i l a b l e ene rgy (A)=A HR−A system
in KJ/kg K”)

17 A=A_HR -A_system

18 disp(” so l o s s o f a v a i l a b l e ene rgy =26.77 KJ/kg K”)

Scilab code Exa 7.12 Engineering Thermodynamics by Onkar Singh Chap-
ter 7 Example 12

1 // D i sp l ay modeK
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar S ingh
Chapter 7 Example 12 ”)

8 h1 =4142; // en tha lpy at en t r an c e i n KJ/kg
9 h2 =2585; // en tha lpy at e x i t i n KJ/kg
10 W1 =1787; // a v a i l a b i l i t y o f steam at en t r an c e i n KJ/kg
11 W2=140; // a v a i l a b i l i t y o f steam at e x i t i n KJ/kg
12 disp(” he r e dead s t a t e i s g i v en as 300 K and maximum

p o s s i b l e work f o r g i v en change o f s t a t e o f steam
can be e s t ima t ed by the d i f f e r e n c e o f f l ow
a v a i l a b i l i t y as g i v en under : ”)

13 disp(”W max=W1−W2 in KJ/kg”)
14 W_max=W1-W2

15 disp(” a c t u a l work from tu rb in e , W actual=h1−h2 in KJ/
kg”)
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16 W_actual=h1-h2

17 disp(” so a c t u a l work=1557 KJ/kg”)
18 disp(”maximum p o s s i b l e work=1647 KJ/kg”)

Scilab code Exa 7.13 Engineering Thermodynamics by Onkar Singh Chap-
ter 7 Example 13

1 // D i sp l ay modeK
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar S ingh
Chapter 7 Example 13 ”)

8 T_min =(20+273);//minimum tempera tu r e r e s e r v o i r
t empera tu re i n K

9 T_max =(500+273);//maximum tempera tu re r e s e r v o i r
t empera tu re i n K

10 n=0.25; // e f f i c i e n c y o f heat eng i n e
11 disp(” r e v e r s i b l e eng i n e e f f i c i e n c y , n r e v=1−(T min/

T max ) ”)
12 n_rev=1-(T_min/T_max)

13 disp(” second law e f f i c i e n c y=n/ n r ev ”)
14 n/n_rev

15 disp(” i n %”)
16 n*100/ n_rev

Scilab code Exa 7.14 Engineering Thermodynamics by Onkar Singh Chap-
ter 7 Example 14
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Figure 7.9: Engineering Thermodynamics by Onkar Singh Chapter 7 Exam-
ple 14

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar S ingh
Chapter 7 Example 14 ”)

8 V_A =6; // volume o f compartment A in mˆ3
9 V_B =4; // volume o f compartment B in mˆ3

10 To=300; // t empera tu r e o f atmosphere i n K
11 Po =1*10^5; // a tmosphe r i c p r e s s u r e i n pa
12 P1 =6*10^5; // i n i t i a l p r e s s u r e i n pa
13 T1=600; // i n i t i a l t empera tu re i n K
14 V1=V_A;// i n i t i a l volume in mˆ3
15 V2=(V_A+V_B);// f i n a l volume in mˆ3
16 y=1.4; // expans i on c on s t an t
17 R=287; // gas c on s t an t i n J/kg K
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18 Cv =0.718; // s p e c i f i c heat at c on s t an t volume in KJ/kg
K

19 disp(” expans i on o c cu r s i n a d i a b a t i c c o n d i t i o n s . ”)
20 disp(” t empera tu r e a f t e r expans i on can be ob ta in ed by

c o n s i d e r i n g a d i a b a t i c expans i on ”)
21 disp(”T2/T1=(V1/V2) ˆ( y−1)”)
22 disp(” so T2=T1∗ (V1/V2) ˆ( y−1) i n K”)
23 T2=T1*(V1/V2)^(y-1)

24 T2 =489.12; // approx .
25 disp(”mass o f a i r ,m=(P1∗V1) /(R∗T1) i n kg”)
26 m=(P1*V1)/(R*T1)

27 m=20.91; // approx .
28 disp(” change i n ent ropy o f c o n t r o l system , d e l t a S s =(

S2−S1 )=m∗Cv∗ l o g (T2/T1)+m∗R∗10ˆ−3∗ l o g (V2/V1) i n KJ/
K”)

29 deltaSs=m*Cv*log(T2/T1)+m*R*10^ -3* log(V2/V1)

30 disp(” here , t h e r e i s no change i n ent ropy o f
environment , d e l t a S e=0”)

31 deltaSe =0;

32 disp(” t o t a l en t ropy change o f combined system=
de l t a S c=d e l t a S s+d e l t a S e i n KJ/K”)

33 deltaSc=deltaSs+deltaSe

34 disp(” l o s s o f a v a i l a b l e ene rgy (E)= i r r e v e r s i b i l i t y=To
∗ d e l t a S c i n KJ”)

35 E=To*deltaSc

36 disp(” so l o s s o f a v a i l a b l e energy ,E=0.603 KJ”)

Scilab code Exa 7.15 Engineering Thermodynamics by Onkar Singh Chap-
ter 7 Example 15

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;
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6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar S ingh
Chapter 7 Example 15 ”)

8 disp(” In qu e s t i o n no . 15 prove f o r i d e a l gas
s a t i s f i e s the c y c l i c r e l a t i o n i s done which
cannot be s o l v e u s i n g s c i l a b s o f twa r e . ”)

Scilab code Exa 7.16 Engineering Thermodynamics by Onkar Singh Chap-
ter 7 Example 16

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar S ingh
Chapter 7 Example 16 ”)

8 To =(17+273);// t empera tu r e o f s u r r ound ing i n K
9 T1 =(700+273);// t empera tu r e o f h igh t empera tu r e

r e s e r v o i r i n K
10 T2 =(30+273);// t empera tu r e o f low tempera tu re

r e s e r v o i r i n K
11 Q1 =2*10^4; // r a t e o f heat r e c e i v e i n KJ/min
12 W_useful =0.13*10^3; // output o f eng i n e i n KW
13 disp(” a v a i l a b i l i t y or r e v e r s i b l e work , W rev=n r ev ∗Q1

in KJ/min”)
14 n_rev=(1-T2/T1);

15 W_rev=n_rev*Q1

16 W_rev=W_rev /60; //W rev in KJ/ s
17 disp(” r a t e o f i r r e v e r s i b i l i t y , I=W rev−W use fu l i n KJ

/ s e c ”)
18 I=W_rev -W_useful

19 disp(” second law e f f i c i e n c y=W use fu l /W rev”)
20 W_useful/W_rev
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21 disp(” i n p e r c en t a g e ”)
22 W_useful *100/ W_rev

23 disp(” so a v a i l a b i l i t y =1.38∗10ˆ4 KJ/min”)
24 disp(”and r a t e o f i r r e v e r s i b i l i t y =100 KW, second law

e f f i c i e n c y =56.63 %”)
25 disp(”NOTE=>In t h i s que s t i on , wrong v a l u e s a r e put i n

e x p r e s s i o n f o r W rev i n book , however answer i s
c a l c u l a t e d c o r r e c t l y . ”)

Scilab code Exa 7.17 Engineering Thermodynamics by Onkar Singh Chap-
ter 7 Example 17

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar S ingh
Chapter 7 Example 17 ”)

8 To =(27+273);// t empera tu r e o f s u r r ound ing i n K
9 T1 =(60+273);// i n i t i a l t empera tu re o f a i r i n K

10 P1 =1.5*10^5; // i n i t i a l p r e s s u r e o f a i r i n pa
11 P2 =2.5*10^5; // f i n a l p r e s s u r e o f a i r i n pa
12 T_reservoir =(400+273);// t empera tu r e o f r e s e r v o i r i n

K
13 Cp =1.005; // s p e c i f i c heat at c on s t an t p r e s s u r e i n KJ/

kg K
14 disp(” l o s s o f a v a i l a b l e ene rgy= i r r e v e r s i b i l i t y=To∗

d e l t a S c ”)
15 disp(” d e l t a S c=d e l t a S s+d e l t a S e ”)
16 disp(” change i n ent ropy o f system=d e l t a S s ”)
17 disp(” change i n ent ropy o f env i ronment / s u r r ound i n g s=

d e l t a S e ”)
18 disp(” he r e heat a dd i t i o n p r o c e s s c au s i n g r i s e i n
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p r e s s u r e from 1 . 5 bar to 2 . 5 bar o c c u r s
i s o c h o r i c a l l y . l e t i n i t i a l and f i n a l s t a t e s be
g i v en by s u b s c r i p t 1 and 2”)

19 disp(”P1/T1=P2/T2”)
20 disp(” so T2=P2∗T1/P1 in K”)
21 T2=P2*T1/P1

22 disp(” heat a dd i t i o n to a i r i n tank ”)
23 disp(”Q=m∗Cp∗ de l taT in KJ/kg”)
24 deltaT=T2-T1;

25 Q=Cp*deltaT

26 disp(” d e l t a S s=Q/T1 in KJ/kg K”)
27 deltaSs=Q/T1

28 disp(” d e l t a S e=−Q/ T r e s e r v o i r i n KJ/kg K”)
29 deltaSe=-Q/T_reservoir

30 disp(”and d e l t a S c=d e l t a S s+d e l t a S e i n KJ/kg K”)
31 deltaSc=deltaSs+deltaSe

32 disp(” so l o s s o f a v a i l a b l e ene rgy (E) i n KJ/kg”)
33 E=To*deltaSc

Scilab code Exa 7.18 Engineering Thermodynamics by Onkar Singh Chap-
ter 7 Example 18

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar S ingh
Chapter 7 Example 18 ”)

8 disp(” In qu e s t i o n no . 18 , r e l a t i o n f o r T∗ds u s i n g
maxwel l r e l a t i o n i s d e r i v e d which cannot be s o l v e
u s i n g s c i l a b s o f twa r e . ”)
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Scilab code Exa 7.19 Engineering Thermodynamics by Onkar Singh Chap-
ter 7 Example 19

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar S ingh
Chapter 7 Example 19 ”)

8 T=(200+273);// t empera tu r e o f water i n K
9 disp(” c l ap ey r on equa t i on says , h f g=T∗ v f g ∗ ( dp/dT)

s a t ”)
10 disp(” from steam tab l e s , vg =0.12736 mˆ3/kg , v f

=0.001157 mˆ3/ kg”)
11 vg =0.12736;

12 vf =0.001157;

13 disp(” v f g =(vg−v f ) 200oc i n mˆ3/ kg”)
14 v_fg=(vg-vf)

15 disp(” l e t us approximate , ”)
16 disp(” ( dp/dT) s a t 2 0 0 o c =( de l t aP / de l taT ) 200oc=(

P 205oc−P 195oc ) /(205−195) i n Mpa/ oc ”)
17 disp(” he r e from steam tab l e s , P 205oc =1.7230 Mpa ,

P 195oc =1.3978 Mpa”)
18 P_205oc =1.7230; // p r e s s u r e at 205 deg r e e c e l c i u s i n

Mpa
19 P_195oc =1.3978; // p r e s s u r e at 195 deg r e e c e l c i u s i n

Mpa
20 (P_205oc -P_195oc)/(205 -195)

21 disp(” s u b s t i t u t i n g i n c l ap ey r on equat ion , ”)
22 disp(” h f g i n KJ/kg”)

228



Figure 7.10: Engineering Thermodynamics by Onkar Singh Chapter 7 Ex-
ample 19
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23 h_fg=T*v_fg*(P_205oc -P_195oc)*1000/(205 -195)

24 disp(” so c a l c u l a t e d en tha lpy o f v a p o r i s a t i o n =1941.25
KJ/kg”)

25 disp(”and en tha lpy o f v a p o r i s a t i o n from steam t a b l e
=1940.7 KJ/kg”)

Scilab code Exa 7.20 Engineering Thermodynamics by Onkar Singh Chap-
ter 7 Example 20

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar S ingh
Chapter 7 Example 20 ”)

8 P2 =260.96; // s a t u r a t i o n p r e s s u r e at −5 deg r e e c e l c i u s
9 P1 =182.60; // s a t u r a t i o n p r e s s u r e at −15 deg r e e

c e l c i u s
10 vg =0.07665; // s p e c i f i c volume o f gas at −10 deg r e e

c e l c i u s i n mˆ3/ kg
11 vf =0.00070 // s p e c i f i c volume at −10 deg r e e c e l c i u s i n

mˆ3/ kg
12 R=0.06876; // gas c on s t an t i n KJ/kg K
13 h_fg =156.3; // en tha lpy i n KJ/kg K
14 T2=( -5+273);// t empera tu r e i n K
15 T1=( -15+273);// t empera tu r e i n K
16 disp(”by c l ap ey r on equa t i on ”)
17 disp(” h f g=T2∗ v f g ∗ ( do/dT) s a t ”)
18 disp(” h f g=T2∗ ( vg−v f ) ∗ ( de l t aP / de l taT ) i n KJ/kg”)
19 h_fg=T2*(vg-vf)*(P1-P2)/(T1 -T2)

20 disp(”by c l apey ron−c l a u s i u s equat i on , ”)
21 disp(” l o g (P2/P1 ) s a t =( h f g /R) ∗ ( ( 1 /T1)−(1/T2) ) s a t ”)
22 disp(” l o g (P2/P1 )=( h f g /R) ∗ ( ( 1 /T1)−(1/T2) ) ”)
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Figure 7.11: Engineering Thermodynamics by Onkar Singh Chapter 7 Ex-
ample 21

23 disp(” so h f g=l o g (P2/P1 ) ∗R/( ( 1 /T1)−(1/T2) ) i n KJ/kg”)
24 h_fg=log(P2/P1)*R/((1/T1) -(1/T2))

25 disp(”% d e v i a t i o n from c l ap ey r on equa t i on i n %”)
26 (169.76 -159.49) *100/159.49

27 disp(” h f g by c l ap ey r on equa t i on =159.49 KJ/kg”)
28 disp(” h f g by c l apey ron−c l a u s i u s equa t i on =169.76 KJ/

kg”)
29 disp(”% d e v i a t i o n i n h f g va l u e by c l apey ron−

c l a u s i u s equa t i on from the va lu e from c l ap ey r on
equa t i on =6.44%”)

Scilab code Exa 7.21 Engineering Thermodynamics by Onkar Singh Chap-
ter 7 Example 21

1 // D i sp l ay mode
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2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar S ingh
Chapter 7 Example 21 ”)

8 disp(” volume expans i on =(1/v ) ∗ ( dv/dT) P”)
9 disp(” i s o t h e rma l c om p r e s s i b i l i t y =−(1/v ) ∗ ( dv/dp ) T”)
10 disp(” l e t us w r i t e dv/dT=de l t a v / de l taT and dv/dP=

de l t a v / de l t aP . The d i f f e r e n c e may be taken f o r
sma l l p r e s s u r e and tempera tu r e changes . ”)

11 disp(” volume e x p a n s i v i t y i n Kˆ−1 ,”)
12 disp(”=(1/v ) ∗ ( dv/dT) 300Kpa”)
13 disp(”=(1/ v 300Kpa 300oc ) ∗ ( ( v 350oc−v 250oc )

/(350−250) ) 300Kpa”)
14 disp(” from steam tab l e s , v 300Kpa 300oc =0.8753 i n m

ˆ3/kg , v 350oc =0.9534 i n mˆ3/kg , v 250oc =0.7964 i n
mˆ3/ kg”)

15 v_300Kpa_300oc =0.8753; // s p e c i f i c volume at 300Kpa
and 300 deg r e e c e l c i u s

16 v_350oc =0.9534; // s p e c i f i c volume 350 deg r e e c e l c i u s
17 v_250oc =0.7964; // s p e c i f i c volume 250 deg r e e c e l c i u s
18 (1/ v_300Kpa_300oc)*(v_350oc -v_250oc)/(350 -250)

19 disp(” volume e x p a n s i v i t y =1.7937∗10ˆ−3 Kˆ−1”)
20 disp(” i s o t h e rma l c om p r e s s i b i l i t y i n Kpaˆ−1”)
21 disp(”=(−1/v 300Kpa 300oc ) ∗ ( ( v 350Kpa−v 250Kpa )

/(350−250) ) 300oc ”)
22 disp(” from steam tab l e s , v 300Kpa 300oc =0.8753 i n m

ˆ3/kg , v 350Kpa =0.76505 i n mˆ3/kg , v 250Kpa =1.09575
i n mˆ3/ kg”)

23 v_350Kpa =0.76505; // s p e c i f i c volume 350 Kpa
24 v_250Kpa =1.09575; // s p e c i f i c volume 250 Kpa
25 (-1/ v_300Kpa_300oc)*(v_350Kpa -v_250Kpa)/(350 -250)

26 disp(” so i s o t h e rma l c om p r e s s i b i l i t y =3.778∗10ˆ−3 Kpa
ˆ−1”)
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Scilab code Exa 7.22 Engineering Thermodynamics by Onkar Singh Chap-
ter 7 Example 22

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar S ingh
Chapter 7 Example 22 ”)

8 Cp =1.005; // s p e c i f i c heat at c on s t an t p r e s s u r e i n KJ/
kg K

9 Cv =0.718; // s p e c i f i c heat at c on s t an t volume in KJ/kg
K

10 Ti =(25+273.15);// a tmosphe r i c t empera tu re i n K
11 disp(” f i l l i n g o f the tank i s a t r a n s i e n t f l ow (

unsteady ) p r o c e s s . f o r the t r a n s i e n t f i l l i n g
p r o c e s s , c o n s i d e r i n g s u b s c r i p t s i and f f o r
i n i t i a l and f i n a l s t a t e s , ”)

12 disp(” h i=u f ”)
13 disp(”Cp∗Ti=Cv∗Tf”)
14 disp(” so Tf=Cp∗Ti /Cv in K”)
15 Tf=Cp*Ti/Cv

16 disp(” i n s i d e f i n a l temperature , Tf =417.33 K”)
17 disp(” change i n entropy , d e l t a S g e n=(Sf−S i )+

d e l t a S s u r r i n KJ/kg K”)
18 disp(”Cp∗ l o g ( Tf /Ti )+0”)
19 deltaS_gen=Cp*log(Tf/Ti)

20 disp(” change i n entropy , d e l t a S g e n =0.3379 KJ/kg K”)
21 disp(” i r r e v e r s i b i l i t y , I=To∗ d e l t a S g e n in KJ/kg”)
22 To=Ti;

23 I=To*deltaS_gen

24 disp(” i r r e v e r s i b i l i t y , I =100.74 KJ/kg”)
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Scilab code Exa 7.23 Engineering Thermodynamics by Onkar Singh Chap-
ter 7 Example 23

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar S ingh
Chapter 7 Example 23 ”)

8 m=75; //mass o f hot water i n kg
9 T1 =(400+273);// t empera tu r e o f hot water i n K
10 T2 =(27+273);// t empera tu r e o f env i ronment i n K
11 Cp =4.18; // s p e c i f i c heat o f water i n KJ/kg K
12 disp(” he r e the combined c l o s e d system c o n s i s t s o f

hot water and heat eng i n e . h e r e t h e r e i s no
therma l r e s e r v o i r i n the system under
c o n s i d e r a t i o n . f o r the maximum work output ,
i r r e v e r s i b i l i t y =0”)

13 disp(” t h e r e f o r e , d (E−To−S ) / dt=W max”)
14 disp(” or W max=(E−To−S ) 1−(E−To−S ) 2”)
15 disp(” he r e E1=U1=m∗Cp∗T1 , E2=U2=m∗Cp∗T2”)
16 disp(” t h e r e f o r e ,W max=m∗Cp∗ (T1−T2)−To∗m∗Cp∗ l o g (T1/T2

) i n KJ”)
17 To=T2;

18 W_max=m*Cp*(T1-T2)-To*m*Cp*log(T1/T2)

19 disp(” so maximum work i n KJ=”)
20 W_max

Scilab code Exa 7.24 Engineering Thermodynamics by Onkar Singh Chap-
ter 7 Example 24
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1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar S ingh
Chapter 7 Example 24 ”)

8 C1=150; // steam e n t e r i n g v e l o c i t y i n m/ s
9 C2=50; // steam l e a v i n g v e l o c i t y i n m/ s
10 To =(15+273);// dead s t a t e t empera tu r e i n K
11 W=1000; // expans i on work i n KJ/kg
12 disp(” from steam tab l e s , h1=h 50ba r 600o c =3666.5 KJ/

kg , s1=s 5 0b a r 6 0 0 o c =7.2589 KJ/kg K, h2=hg=2584.7
KJ/kg , s2=sg =8.1502 KJ/kg K”)

13 h1 =3666.5;

14 s1 =7.2589;

15 h2 =2584.7;

16 s2 =8.1502;

17 disp(” i n l e t s t ream a v a i l a b i l i t y =(h1+C1ˆ2∗10ˆ−3/2)−To
∗ s1 i n KJ/kg”)

18 (h1+C1 ^2*10^ -3/2) -To*s1

19 disp(” input stream a v a i l a b i l i t y i s e qua l to the
input a b s o l u t e a v a i l a b i l i t y . ”)

20 disp(” e x i t s t ream a v a i l a a b i l i t y =(h2+C2ˆ2∗10ˆ−3/2)−To
∗ s2 i n KJ/kg”)

21 (h2+C2 ^2*10^ -3/2) -To*s2

22 disp(” e x i t s t ream a v a i l a b i l i t y i s e qua l to the e x i t
a b s o l u t e a v a i l a b i l i t y . ”)

23 disp(”W rev in KJ/kg”)
24 W_rev =1587.18 -238.69

25 disp(” i r r e v e r s i b i l i t y=W rev−W in KJ/kg”)
26 W_rev -W

27 disp(” t h i s i r r e v e r s i b i l i t y i s i n f a c t the
a v a i l a b i l i t y l o s s . ”)

28 disp(” i n l e t s t ream a v a i l a b i l i t y =1587.18 KJ/kg”)
29 disp(” e x i t s t ream a v a i l a b i l i t y =238.69 KJ/kg”)
30 disp(” i r r e v e r s i b i l i t y =348.49 KJ/kg”)
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Figure 7.12: Engineering Thermodynamics by Onkar Singh Chapter 7 Ex-
ample 24

31 disp(”NOTE=>In book t h i s q u e s t i o n i s s o l v e u s i n g
dead s t a t e t empera tu r e 25 deg r e e c e l c i u s which i s
wrong as we have to take dead s t a t e t empera tu r e

15 deg r e e c e l c i u s , now t h i s q u e s t i o n i s c o r r e c t l y
s o l v e above t ak i n g dead s t a t e t empera tu r e 15
deg r e e c e l c i u s as ment ioned in qu e s t i o n . ”)
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Figure 7.13: Engineering Thermodynamics by Onkar Singh Chapter 7 Ex-
ample 24
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Chapter 8

Vapour Power Cycles

Scilab code Exa 8.1 Engineering Thermodynamics by Onkar Singh Chap-
ter 8 Example 1

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar S ingh
Chapter 8 Example 1”)

8 disp(”T−S r e p r e s e n t a t i o n f o r c a rno t c y c l e o p e r a t i n g
between p r e s s u r e o f 7 MPa and 7KPa i s shown in
f i g . ”)

9 disp(” en tha lpy at s t a t e 2 , h2= hg at 7 MPa”)
10 disp(” from steam tab l e , h=2772.1 KJ/kg”)
11 h2 =2772.1;

12 disp(” ent ropy at s t a t e 2 , s2=sg at 7MPa”)
13 disp(” from steam tab l e , s2 =5.8133 KJ/kg K”)
14 s2 =5.8133;

15 disp(” en tha lpy and ent ropy at s t a t e 3 , ”)
16 disp(” from steam tab l e , h3=hf at 7 MPa =1267 KJ/kg

and s3=s f at 7 MPa=3.1211 KJ/kg K”)
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17 h3 =1267;

18 s3 =3.1211;

19 disp(” f o r p r o c e s s 2−1 , s1=s2 . Let d ryne s s f r a c t i o n at
s t a t e 1 be x1 ”)

20 s1=s2;

21 disp(” from steam tab l e , s f a t 7 KPa=0.5564 KJ/kg K,
s f g at 7 KPa=7.7237 KJ/kg K”)

22 sf =0.5564;

23 sfg =7.7237;

24 disp(” s1=s2=s f+x1∗ s f g ”)
25 disp(” so x1=(s2−s f ) / s f g ”)
26 x1=(s2-sf)/sfg

27 x1 =0.6806; // approx .
28 disp(” from steam tab l e , h f a t 7 KPa=162.60 KJ/kg , h fg

at 7 KPa=2409.54 KJ/kg”)
29 hf =162.60;

30 hfg =2409.54;

31 disp(” en tha lpy at s t a t e 1 , h1=hf+x1∗ h fg i n KJ/kg”)
32 h1=hf+x1*hfg

33 disp(” l e t d ryne s s f r a c t i o n at s t a t e 4 be x4”)
34 disp(” f o r p r o c e s s 4−3 , s4=s3=s f+x4∗ s f g ”)
35 s4=s3;

36 disp(” so x4=(s4−s f ) / s f g ”)
37 x4=(s4-sf)/sfg

38 x4 =0.3321; // approx .
39 disp(” en tha lpy at s t a t e 4 , h4=hf+x4∗ h fg i n KJ/kg”)
40 h4=hf+x4*hfg

41 disp(” therma l e f f i c i e n c y=net work/ heat added ”)
42 disp(” expans i on work per kg=(h2−h1 ) i n KJ/kg”)
43 (h2 -h1)

44 disp(” compre s s i on work per kg=(h3−h4 ) i n KJ/kg(+ve ) ”
)

45 (h3 -h4)

46 disp(” heat added per kg=(h2−h3 ) i n KJ/kg(−ve ) ”)
47 (h2 -h3)

48 disp(” net work per kg=(h2−h1 )−(h3−h4 ) i n KJ/kg”)
49 (h2 -h1) -(h3-h4)

50 disp(” therma l e f f i c i e n c y ”)
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Figure 8.1: Engineering Thermodynamics by Onkar Singh Chapter 8 Exam-
ple 1

51 ((h2-h1) -(h3 -h4))/(h2 -h3)

52 disp(” i n p e r c en t a g e ”)
53 (((h2 -h1)-(h3-h4))/(h2-h3))*100

54 disp(” so the rma l e f f i c i e n c y =44.21%”)
55 disp(” t u r b i n e work=969.57 KJ/kg(+ve ) ”)
56 disp(” compre s s i on work=304.19 KJ/kg(−ve ) ”)
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Scilab code Exa 8.2 Engineering Thermodynamics by Onkar Singh Chap-
ter 8 Example 2

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar S ingh
Chapter 8 Example 2”)

8 disp(” from steam tab l e s , a t 5 MPa, hf 5MPa=1154.23 KJ/
kg , sf 5MPa=2.92 KJ/kg K”)

9 disp(”hg 5MPa=2794.3 KJ/kg , sg 5MPa=5.97 KJ/kg K”)
10 hf_5MPa =1154.23;

11 sf_5MPa =2.92;

12 hg_5MPa =2794.3;

13 sg_5MPa =5.97;

14 disp(” from steam tab l e s , a t 5 Kpa , hf 5KPa=137.82 KJ/
kg , s f 5KPa =0.4764 KJ/kg K”)

15 disp(”hg 5KPa=2561.5 KJ/kg , sg 5KPa=8.3951 KJ/kg K,
vf 5KPa =0.001005 mˆ3/ kg”)

16 hf_5KPa =137.82;

17 sf_5KPa =0.4764;

18 hg_5KPa =2561.5;

19 sg_5KPa =8.3951;

20 vf_5KPa =0.001005;

21 disp(” as p r o c e s s 2−3 i s i s e n t r o p i c , so s2=s3 ”)
22 disp(”and s3=sf 5KPa+x3∗ s fg 5KPa=s2=sg 5MPa”)
23 s2=sg_5MPa;

24 s3=s2;

25 disp(” so x3=(s3−s f 5KPa ) / s fg 5KPa ”)
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26 x3=(s3-sf_5KPa)/(sg_5KPa -sf_5KPa)

27 x3 =0.694; // approx .
28 disp(” hence en tha lpy at 3 , ”)
29 disp(”h3=hf 5KPa+x3∗hfg 5KPa in KJ/kg”)
30 h3=hf_5KPa+x3*(hg_5KPa -hf_5KPa)

31 disp(” en tha lpy at 2 , h2=hg 5KPa=2794.3 KJ/kg”)
32 disp(” p r o c e s s 1−4 i s i s e n t r o p i c , so s1=s4 ”)
33 s1=sf_5MPa;

34 disp(” s1=sf 5KPa+x4 ∗ ( sg 5KPa−s f 5KPa ) ”)
35 disp(” so x4=(s1−s f 5KPa ) /( sg 5KPa−s f 5KPa ) ”)
36 x4=(s1-sf_5KPa)/(sg_5KPa -sf_5KPa)

37 x4 =0.308; // approx .
38 disp(” en tha lpy at 4 , h4=hf 5KPa+x4 ∗ ( hg 5KPa−hf 5KPa )

i n KJ/kg”)
39 h4=hf_5KPa+x4*(hg_5KPa -hf_5KPa)

40 disp(” en tha lpy at 1 , h1=hf 5MPa in KJ/kg”)
41 h1=hf_5MPa

42 disp(” ca rno t c y c l e (1−2−3−4−1) e f f i c i e n c y : ”)
43 disp(” n c a r n o t=net work/ heat added ”)
44 disp(” n c a r n o t =((h2−h3 )−(h1−h4 ) ) /( h2−h1 ) ”)
45 h2=hg_5MPa;

46 n_carnot =((h2 -h3) -(h1-h4))/(h2-h1)

47 disp(” i n p e r c en t a g e ”)
48 n_carnot=n_carnot *100

49 disp(” so n c a r n o t =42.95%”)
50 disp(” In r ank i n e cy c l e ,1−2−3−5−6−1,”)
51 disp(”pump work , h6−h5=vf 5KPa ∗ ( p6−p5 ) i n KJ/kg”)
52 p6 =5000; // b o i l e r p r e s s u r e i n KPa
53 p5=5; // conden s e r p r e s s u r e i n KPa
54 vf_5KPa *(p6-p5)

55 disp(”h5=hf 5KPa=137.82 KJ/kg”)
56 h5=hf_5KPa;

57 disp(” hence h6 i n KJ/kg”)
58 h6=h5+( vf_5KPa *(p6-p5))

59 disp(” net work i n r ank i n e c y c l e =(h2−h3 )−(h6−h5 ) i n KJ
/kg”)

60 (h2 -h3) -(h6-h5)

61 disp(” heat added=(h2−h6 ) i n KJ/kg”)

242



62 (h2 -h6)

63 disp(” r ank i n e c y c l e e f f i c i e n c y ( n r ank i n e )=”)
64 n_rankine =((h2-h3) -(h6 -h5))/(h2 -h6)

65 disp(” i n p e r c en t a g e ”)
66 n_rankine=n_rankine *100

67 disp(” so n r ank i n e =36.56%”)

Scilab code Exa 8.3 Engineering Thermodynamics by Onkar Singh Chap-
ter 8 Example 3

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar S ingh
Chapter 8 Example 3”)

8 disp(” from steam tab l e s , h2=hg 40bar =3092.5 KJ/kg”)
9 h2 =3092.5;

10 disp(” s2=sg 40ba r =6.5821 KJ/kg K”)
11 s2 =6.5821;

12 disp(”h4=h f 0 . 0 5 bar =137.82 KJ/kg , h fg =2423.7 KJ/kg ”)
13 h4 =137.82;

14 hfg =2423.7;

15 disp(” s4=s f 0 . 0 5 bar =0.4764 KJ/kg K, s f g =7.9187 KJ/kg
K”)

16 s4 =0.4764;

17 sfg =7.9187;

18 disp(”v4=v f 0 . 0 5 bar =0.001005 mˆ3/ kg”)
19 v4 =0.001005;
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Figure 8.2: Engineering Thermodynamics by Onkar Singh Chapter 8 Exam-
ple 2
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20 disp(” l e t the d ryne s s f r a c t i o n at s t a t e 3 be x3 , ”)
21 disp(” f o r i d e a l p r o c e s s ,2−3 , s2=s3 ”)
22 s3=s2;

23 disp(” s2=s3 =6.5821= s f 0 . 0 5 bar+x3∗ s f g 0 . 0 5 bar ”)
24 disp(” so x3=(s2−s4 ) /( s f g ) ”)
25 x3=(s2-s4)/(sfg)

26 x3 =0.7711; // approx .
27 disp(”h3=h f 0 . 0 5 bar+x3∗ h f g 0 . 0 5 bar i n KJ/kg”)
28 h3=h4+x3*hfg

29 disp(” f o r pumping p r o c e s s , ”)
30 disp(”h1−h4=v4∗ d e l t a p=v4 ∗ ( p1−p4 ) ”)
31 disp(” so h1=h4+v4 ∗ ( p1−p4 ) i n KJ/kg”)
32 p1 =40*100; // p r e s s u r e o f steam en t e r i n t u r b i n e i n

mPa
33 p4 =0.05*100; // p r e s s u r e o f steam l e a v e t u r b i n e i n mPa
34 h1=h4+v4*(p1 -p4)

35 disp(”pump work per kg o f steam=(h1−h4 ) i n KJ/kg”)
36 (h1 -h4)

37 disp(” net work per kg o f steam =( expans i on work−pump
work ) per kg o f steam”)

38 disp(”=(h2−h3 )−(h1−h4 ) i n KJ/kg ) ”)
39 (h2 -h3) -(h1-h4)

40 disp(” c y c l e e f f i c i e n c y=net work/ heat added ”)
41 ((h2-h3) -(h1 -h4))/(h2 -h1)

42 disp(” i n p e r c en t a g e ”)
43 ((h2-h3) -(h1 -h4))*100/(h2-h1)

44 disp(” so net work per kg o f steam=1081.74 KJ/kg”)
45 disp(” c y c l e e f f i c i e n c y =36.67%”)
46 disp(”pump work per kg o f steam=4.02 KJ/kg”)
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Figure 8.3: Engineering Thermodynamics by Onkar Singh Chapter 8 Exam-
ple 3
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Scilab code Exa 8.4 Engineering Thermodynamics by Onkar Singh Chap-
ter 8 Example 4

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar S ingh
Chapter 8 Example 4”)

8 disp(” Let us assume tha t the conden sa t e l e a v e s
conden s e r as s a t u r a t e d l i q u i d and the expans i on
i n t u r b i n e and pumping p r o c e s s e s a r e i s e n t r o p i c . ”
)

9 disp(” from steam tab l e s , h2=h 20MPa=3238.2 KJ/kg”)
10 h2 =3238.2;

11 disp(” s2 =6.1401 KJ/kg K”)
12 s2 =6.1401;

13 disp(”h5=h 0 . 0 0 5MPa in KJ/kg”)
14 disp(” from steam tab l e s , a t 0 . 0 0 5 MPa, h f =137.82 KJ/kg

, h fg =2423.7 KJ/kg , s f =0.4764 KJ/kg K, s f g =7.9187 KJ
/kg K”)

15 hf =137.82;

16 hfg =2423.7;

17 sf =0.4764;

18 sfg =7.9187;

19 disp(”h5=hf +0.9∗ h fg i n KJ/kg”)
20 h5=hf +0.9* hfg

21 disp(” s5=s f +0.9∗ s f g i n KJ/kg K”)
22 s5=sf +0.9* sfg

23 disp(”h6=hf =137.82 KJ/kg”)
24 h6 =137.82;

25 disp(” i t i s g i v en tha t t empera tu r e at s t a t e 4 i s 500
deg r e e c e l c i u s and due to i s e n t r o p i c p r o c e s s e s

s4=s5 =7.6032 KJ/kg K. The s t a t e 4 can be
c o n v e n i e n t l y l o c a t e d on mo l l i e r c ha r t by the
i n t e r s e c t i o n o f 500 deg r e e c e l c i u s c on s t an t
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t empera tu re l i n e and ent ropy va lu e o f 7 . 6 032 KJ/
kg K and the p r e s s u r e and en tha lpy ob ta i n ed . but
t h e s e s h a l l be approx imate . ”)

26 disp(”The s t a t e 4 can a l s o be l o c a t e d by
i n t e r p o l a t i o n u s i ng steam t a b l e . The ent ropy va lu e
o f 7 . 6 032 KJ/kg K l i e s between the supe rh ea t ed

steam s t a t e s g i v en under , p=1.20 MPa, s at 1 . 2 0 MPa
=7.6027 KJ/kg K”)

27 disp(”p=1.40 MPa, s at 1 . 4 0 MPa=7.6027 KJ/kg K”)
28 disp(”by i n t e r p o l a t i o n s t a t e 4 l i e s at p r e s s u r e=”)
29 1.20+((1.40 -1.20) /(7.6027 -7.6759))*(7.6032 -7.6759)

30 disp(”=1.399 , approx .=1 .40 MPa”)
31 disp(” thus , steam l e a v e s HP tu r b i n e at 1 . 4 0 MPa”)
32 disp(” en tha lpy at s t a t e 4 , h4=3474.1 KJ/kg”)
33 h4 =3474.1;

34 disp(” f o r p r o c e s s 2−33 , s2=s3 =6.1401 KJ/kg K. The
s t a t e 3 thus l i e s i n wet r e g i o n as s3<sg at 1 . 4 0
MPa. Let d ryne s s f r a c t i o n at s t a t e 3 be x3 . ”)

35 s3=s2;

36 disp(” s3=s f+x3∗ s f g ”)
37 disp(” from staem tab l e s , a t 1 . 4 MPa, s f =2.2842 KJ/kg K

, s f g =4.1850 KJ/kg K”)
38 sf =2.2842;

39 sfg =4.1850;

40 disp(” so x3=(s3−s f ) / s f g ”)
41 x3=(s3-sf)/sfg

42 disp(”h3=hf+x3∗ h fg i n KJ/kg”)
43 disp(” from steam tab l e s , a t 1 . 4 MPa, h f =830.3 KJ/kg ,

h fg =1959.7 KJ/kg”)
44 hf =830.3;

45 hfg =1959.7;

46 h3=hf+x3*hfg

47 disp(” en tha lpy at 1 , h1=h6+v6 ∗ ( p1−p6 ) i n KJ/kg”)
48 disp(”h1=hf at 0 . 0 0 5MPa+v f at 0 . 0 0 5MPa∗ ( p1−p6 ) ”)
49 disp(” from steam tab l e s , a t 0 . 0 0 5 MPa, h6=137.82 KJ/

kg , v6 =0.001005 mˆ3/ kg”)
50 h6 =137.82;

51 v6 =0.001005;
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52 p1 =20*1000; // steam e n t e r i n g HP tu r b i n e i n KPa
53 p6 =0.005*1000; // condenso r p r e s s u r e i n KPa
54 h1=h6+v6*(p1 -p6)

55 disp(” net work per kg steam=(h2−h3 )+(h4−h5 )−(h1−h6 )
i n KJ/kg”)

56 (h2 -h3)+(h4-h5)-(h1-h6)

57 disp(” heat added per kg o f steam=(h2−h1 ) i n KJ/kg”)
58 (h2 -h1)

59 disp(” therma l e f f i c i e n c y=net work/ heat added ”)
60 ((h2-h3)+(h4 -h5) -(h1-h6))/(h2-h1)

61 disp(” i n p e r c en t a g e ”)
62 (((h2 -h3)+(h4-h5)-(h1-h6))/(h2-h1))*100

63 disp(” p r e s s u r e o f steam l e a v i n g HP tu r b i n e =1.40 MPa”
)

64 disp(” therma l e f f i c i e n c y =56.39%”)

Scilab code Exa 8.5 Engineering Thermodynamics by Onkar Singh Chap-
ter 8 Example 5

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar S ingh
Chapter 8 Example 5”)

8 P=50*10^3; // output o f p l an t i n KW
9 Cpw =4.18; // s p e c i f i c heat o f water i n KJ/kg K

10 Tw_in =15; // c o o l i n g water e n t e r i n g conden s e r
t empera tu re i n d eg r e e c e l c i u s
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Figure 8.4: Engineering Thermodynamics by Onkar Singh Chapter 8 Exam-
ple 4
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11 Tw_out =30; // c o o l i n g water l e a v i n g conden s e r
t empera tu re i n d eg r e e c e l c i u s

12 disp(” from steam tab l e , a t i n l e t to tu rb in e , ”)
13 disp(”h2=h 10MPa , 7 0 0 oc ”)
14 disp(”h2=3870.5 KJ/kg , s2 =7.1687 KJ/kg K”)
15 h2 =3870.5;

16 s2 =7.1687;

17 s3=s2;

18 disp(” f o r p r o c e s s 2−3 , s2=s3 and s3<s f a t 0 . 0 0 5 MPa
so s t a t e 3 l i e s i n wet r e g i o n . Let d ryne s s
f r a c t i o n at s t a t e 3 be x3 . ”)

19 disp(” s3 =7.1687= s f at 0 . 0 05 MPa+x3∗ s f g at 0 . 0 0 5 MPa”
)

20 disp(” from steam tab l e s , a t 0 . 0 0 5 MPa, s f =0.4764 KJ/kg
K, s f g =7.9187 KJ/kg”)

21 sf =0.4764;

22 sfg =7.9187;

23 disp(” so x3=(s3−s f ) / s f g ”)
24 x3=(s3-sf)/sfg

25 x3 =0.845; // approx .
26 disp(”h3=hf at 0 . 0 0 5 MPa+x3∗ h fg at 0 . 0 0 5 MPa”)
27 disp(” from steam tab l e s , a t 0 . 0 0 5 MPa, h f =137.82 KJ/kg

, h fg =2423.7 KJ/kg”)
28 hf =137.82;

29 hfg =2423.7;

30 disp(” so h3=hf+x3∗ h fg i n KJ/kg”)
31 h3=hf+x3*hfg

32 disp(”h4=hf at 0 . 0 0 5 MPa”)
33 h4=hf;

34 disp(” f o r pumping p r o c e s s , ( h1−h4 )=v4 ∗ ( p1−p4 ) ”)
35 disp(” from steam tab l e s , v4=v f at 0 . 0 0 5 MPa=0.001005

mˆ3/ kg”)
36 v4 =0.001005;

37 disp(”h1=h4+v4 ∗ ( p1−p4 ) i n KJ/kg”)
38 p1=10; // p r e s s u r e o f steam l e a v e b o i l e r i n MPa
39 p4 =0.005; // p r e s s u r e o f steam l e a v e t u r b i n e i n MPa
40 h1=h4+v4*(p1 -p4)*100

41 disp(” net output per kg o f steam , w net=(h2−h3 )−(h1−
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h4 ) i n KJ/kg”)
42 w_net=(h2 -h3)-(h1-h4)

43 disp(”mass f l ow r a t e o f steam ,ms=P/w net i n kg/ s ”)
44 ms=P/w_net

45 ms =29.69; // approx .
46 disp(”by heat ba l an c e on condense r , f o r mass f l ow

r a t e o f water be ing mw kg/ s ”)
47 disp(” ( h3−h4 ) ∗ms=mw∗Cpw∗ ( Tw out−Tw in ) ”)
48 disp(” so mw=(h3−h4 ) ∗ms/(Cpw∗ ( Tw out−Tw in ) ) i n kg/ s ”

)

49 mw=(h3-h4)*ms/(Cpw*(Tw_out -Tw_in))

50 disp(” the heat added per kg o f steam ( q add )=(h2−h1 )
i n KJ/kg”)

51 q_add=(h2 -h1)

52 disp(” therma l e f f i c i e n c y=w net / q add ”)
53 w_net/q_add

54 disp(” i n p e r c en t a g e ”)
55 w_net *100/ q_add

56 disp(” r a t i o o f heat s u pp l i e d and r e j e c t e d =(h2−h1 ) /(
h3−h4 ) ”)

57 (h2 -h1)/(h3-h4)

58 disp(”mass o f f l ow r a t e o f steam=29.69 kg/ s ”)
59 disp(”mass f l ow r a t e o f c onden s e r c o o l i n g water

=969.79 kg/ s ”)
60 disp(” therma l e f f i c i e n c y =45.12%”)
61 disp(” r a t i o o f heat s u pp l i e d and r e j e c t e d =1.822 ”)

Scilab code Exa 8.6 Engineering Thermodynamics by Onkar Singh Chap-
ter 8 Example 6
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Figure 8.5: Engineering Thermodynamics by Onkar Singh Chapter 8 Exam-
ple 5
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1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar S ingh
Chapter 8 Example 6”)

8 disp(” c a s e ( a ) When t h e r e i s no f e e d water h e a t e r ”)
9 disp(”Thermal e f f i c i e n c y o f c y c l e =((h2−h3 )−(h1−h4 ) )

/( h2−h1 ) ”)
10 disp(” from steam tab l e s , h2=h at 200 bar , 6 5 0 oc =3675.3

KJ/kg , s2=s at 200 bar , 6 5 0 oc =6.6582 KJ/kg K, h4=hf
at 0 . 0 5 bar =137.82 KJ/kg , v4=v f at 0 . 0 5 bar

=0.001005 mˆ3/ kg”)
11 h2 =3675.3;

12 s2 =6.6582;

13 h4 =137.82;

14 v4 =0.001005;

15 disp(” h f at 0 . 0 5 bar =137.82 KJ/kg , h fg at 0 . 0 5 bar
=2423.7 KJ/kg , s f a t 0 . 0 5 bar =0.4764 KJ/kg K, s f g
at 0 . 0 5 bar =7.9187 KJ/kg K”)

16 hf =137.82;

17 hfg =2423.7;

18 sf =0.4764;

19 sfg =7.9187;

20 disp(”For p r o c e s s 2−3 , s2=s3 . Let d ryne s s f r a c t i o n at
3 be x3 . ”)

21 s3=s2;

22 disp(” s3 =6.6582= s f at 0 . 0 5 bar+x3∗ s f g at 0 . 0 5 bar ”)
23 disp(” so x3=(s3−s f ) / s f g ”)
24 x3=(s3-sf)/sfg

25 x3 =0.781; // approx .
26 disp(”h3=hf at 0 . 0 5 bar+x3∗ h fg at 0 . 0 5 bar i n KJ/kg”

)

27 h3=hf+x3*hfg

28 disp(”For pumping p r o c e s s 4−1 ,”)
29 disp(”h1−h4=v4∗ d e l t a p ”)
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30 disp(”h1=h4+v4 ∗ (200 −0 .5) ∗10ˆ2 i n KJ/kg”)
31 h1=h4+v4*(200 -0.5) *10^2

32 disp(”Thermal e f f i c i e n c y o f c y c l e=”)
33 ((h2-h3) -(h1 -h4))/(h2 -h1)

34 disp(” i n p e r c en t a g e ”)
35 ((h2-h3) -(h1 -h4))*100/(h2-h1)

36 disp(” c a s e ( b ) When t h e r e i s on ly one f e e d water
h e a t e r work ing at 8 bar ”)

37 disp(” here , l e t mass o f steam b l ed f o r f e e d h e a t i n g
be m kg”)

38 disp(”For p r o c e s s 2−6 , s2=s6 =6.6582 KJ/kg K”)
39 s6=s2;

40 disp(” Let d ryne s s f r a c t i o n at s t a t e 6 be x6”)
41 disp(” s6=s f at 8 bar+x6∗ s f g at 8 bar ”)
42 disp(” from steam tab l e s , h f at 8 bar =721.11 KJ/kg , v f

at 8 bar =0.001115 mˆ3/kg , h fg at 8 bar=2048 KJ/kg ,
s f a t 8 bar =2.0462 KJ/kg K, s f g at 8 bar =4.6166 KJ
/kg K”)

43 hf =721.11;

44 vf =0.001115;

45 hfg =2048;

46 sf =2.0462;

47 sfg =4.6166;

48 disp(” s u b s t i t u t i n g ent ropy va lue s , x6=(s6−s f ) / s f g ”)
49 x6=(s6-sf)/sfg

50 x6 =0.999; // approx .
51 disp(”h6=hf at at 8 bar+x6∗ h fg at 8 bar i n KJ/kg”)
52 h6=hf+x6*hfg

53 disp(”Assuming the s t a t e o f f l u i d l e a v i n g open f e e d
water h e a t e r to be s a t u r a t e d l i q u i d at 8 bar . h7=
hf at 8 bar =721.11 KJ/kg”)

54 h7 =721.11;

55 disp(”For p r o c e s s 4−5 ,h5=h4+v4 ∗ (8− . 05) ∗10ˆ2 i n KJ/kg
”)

56 h5=h4+v4*(8 -.05) *10^2

57 disp(”Apply ing ene rgy ba l an c e at open f e e d water
hea t e r , ”)

58 disp(”m∗h6+(1−m) ∗h5=1∗h7”)
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59 disp(” so m=(h7−h5 ) /( h6−h5 ) i n kg”)
60 m=(h7-h5)/(h6 -h5)

61 disp(”For p r o c e s s 7−1 ,h1=h7+v7 ∗(200−8) ∗10ˆ2 i n KJ/kg
”)

62 disp(” he r e h7=hf at 8 bar , v7=v f at 8 bar ”)
63 h7=hf;

64 v7=vf;

65 h1=h7+v7*(200 -8) *10^2

66 disp(”Thermal e f f i c i e n c y o f c y c l e =((h2−h6 )+(1−m) ∗ ( h6
−h3 )−{(1−m) ∗ ( h5−h4 )+(h1−h7 ) } ) /( h2−h1 ) ”)

67 ((h2-h6)+(1-m)*(h6-h3) -{(1-m)*(h5 -h4)+(h1-h7)})/(h2-

h1)

68 disp(” i n p e r c en t a g e ”)
69 ((h2-h6)+(1-m)*(h6-h3) -{(1-m)*(h5 -h4)+(h1-h7)})

*100/(h2 -h1)

70 disp(” c a s e ( c ) When t h e r e a r e two f e e d water h e a t e r s
work ing at 40 bar and 4 bar ”)

71 disp(” here , l e t us assume the mass o f steam at 40
bar , 4 bar to be m1 kg and m2 kg r e s p e c t i v e l y . ”)

72 disp(”2−10−9−3, s2=s10=s9=s3 =6.6582 KJ/kg K”)
73 s3=s2;

74 s9=s3;

75 s10=s9;

76 disp(”At s t a t e 1 0 . s10>sg at 40 bar ( 6 . 0 7 0 1 KJ/kg K) so
s t a t e 10 l i e s i n supe rh ea t ed r e g i o n at 40 bar

p r e s s u r e . ”)
77 disp(”From steam t a b l e by i n t e r p o l a t i o n , T10=370.6 oc ,

so h10 =3141.81 KJ/kg”)
78 T10 =370.6;

79 h10 =3141.81;

80 disp(” Let d ryne s s f r a c t i o n at s t a t e 9 be x9 so , ”)
81 disp(” s9 =6.6582= s f at 4 bar+x9∗ s f g at 4 bar ”)
82 disp(” from steam tab l e s , a t 4 bar , s f =1.7766 KJ/kg K,

s f g =5.1193 KJ/kg K”)
83 sf =1.7766;

84 sfg =5.1193;

85 disp(”x9=(s9−s f ) / s f g ”)
86 x9=(s9-sf)/sfg
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87 x9 =0.9536; // approx .
88 disp(”h9=hf at 4 bar+x9∗ h fg at 4 bar i n KJ/kg”)
89 disp(” from steam tab l e s , a t 4 bar , h f =604.74 KJ/kg , h fg

=2133.8 KJ/kg”)
90 hf =604.74;

91 hfg =2133.8;

92 h9=hf+x9*hfg

93 disp(”Assuming the s t a t e o f f l u i d l e a v i n g open f e e d
water h e a t e r to be s a t u r a t e d l i q u i d at r e s p e c t i v e
p r e s s u r e s i . e . ”)

94 disp(”h11=hf at 4 bar =604.74 KJ/kg , v11 =0.001084 mˆ3/
kg=v f at 4 bar ”)

95 h11 =604.74;

96 v11 =0.001084;

97 disp(”h13=hf at 40 bar =1087.31 KJ/kg , v13 =0.001252 m
ˆ3/ kg=v f at40 bar ”)

98 h13 =1087.31;

99 v13 =0.001252;

100 disp(”For p r o c e s s 4−8 , i . e i n CEP. ”)
101 disp(”h8=h4+v4 ∗ (4 −0 .05) ∗10ˆ2 i n KJ/kg”)
102 h8=h4+v4*(4 -0.05) *10^2

103 disp(”For p r o c e s s 11−12 , i . e i n FP2 , ”)
104 disp(”h12=h11+v11 ∗(40−4) ∗10ˆ2 i n KJ/kg”)
105 h12=h11+v11 *(40 -4) *10^2

106 disp(”For p r o c e s s 13−1 a i . e . i n FP1 , h1 a=h13+v13
∗(200−40) ∗10ˆ2 i n KJ/kg”)

107 h1_a=h13+v13 *(200 -40) *10^2

108 disp(”m1∗3141.81+(1−m1) ∗608 .64=1087 .31 ”)
109 disp(” so m1=(1087 .31 −608 .64) / (3141 . 81 −608 . 64 ) i n kg”)
110 m1 =(1087.31 -608.64) /(3141.81 -608.64)

111 disp(”Apply ing ene rgy ba l an c e on open f e e d water
h e a t e r 1 (OFWH1) ”)

112 disp(”m1∗h10+(1−m1) ∗h12 )=1∗h13”)
113 disp(” so m1=(h13−h12 ) /( h10−h12 ) i n kg”)
114 m1=(h13 -h12)/(h10 -h12)

115 disp(”Apply ing ene rgy ba l an c e on open f e e d water
h e a t e r 2 (OFWH2) ”)

116 disp(”m2∗h9+(1−m1−m2) ∗h8=(1−m1) ∗h11”)
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117 disp(” so m2=(1−m1) ∗ ( h11−h8 ) /( h9−h8 ) i n kg”)
118 m2=(1-m1)*(h11 -h8)/(h9 -h8)

119 disp(”Thermal e f f i c i e n c y o f c y c l e , n=[{( h2−h10 )+(1−m1
) ∗ ( h10−h9 )+(1−m1−m2) ∗ ( h9−h3 )}−{WCEP+W FP1+W FP2
} ] / ( h2−h1 a ) ”)

120 disp(”W CEP=(1−m1−m2) ∗ ( h8−h4 ) i n KJ/kg steam from
b o i l e r ”)

121 W_CEP=(1-m1 -m2)*(h8 -h4)

122 disp(”W FP1=(h1 a−h13 ) i n KJ/kg o f steam from b o i l e r ”
)

123 W_FP1=(h1_a -h13)

124 disp(”W FP2=(1−m1) ∗ ( h12−h11 ) i n KJ/kg o f steam from
b o i l e r ”)

125 W_FP2=(1-m1)*(h12 -h11)

126 disp(”W CEP+W FP1+W FP2 in KJ/kg o f steam from
b o i l e r ”)

127 W_CEP+W_FP1+W_FP2

128 disp(”n=[{( h2−h10 )+(1−m1) ∗ ( h10−h9 )+(1−m1−m2) ∗ ( h9−h3 )
}−{WCEP+W FP1+W FP2 } ] / ( h2−h1 a ) ”)

129 n=[{(h2-h10)+(1-m1)*(h10 -h9)+(1-m1 -m2)*(h9-h3)}-{

W_CEP+W_FP1+W_FP2 }]/(h2 -h1_a)

130 disp(” i n p e r c en t a g e ”)
131 n=n*100

132 disp(” so c y c l e the rma l e f f i c i e n c y , na=46.18%”)
133 disp(”nb=49.76%”)
134 disp(”nc =51.37%”)
135 disp(” hence i t i s obv i ou s tha t e f f i c i e n c y i n c r e a s e s

with i n c r e a s e i n number o f f e e d h e a t e r s . ”)

Scilab code Exa 8.7 Engineering Thermodynamics by Onkar Singh Chap-
ter 8 Example 7

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
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4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar S ingh
Chapter 8 Example 7”)

8 disp(” from steam tab l e s , ”)
9 disp(”h2=h at 50 bar , 5 0 0 oc =3433.8 KJ/kg , s2=s at 50

bar , 5 0 0 oc =6.9759 KJ/kg K”)
10 h2 =3433.8;

11 s2 =6.9759;

12 disp(” s3=s2 =6.9759 KJ/kg K”)
13 s3=s2;

14 disp(”by i n t e r p o l a t i o n from steam tab l e s , ”)
15 disp(”T3=183.14 oc at 5 bar , h3=2818.03 KJ/kg , h4= h at

5 bar , 4 0 0 oc =3271.9 KJ/kg , s4= s at 5 bar , 4 0 0 oc
=7.7938 KJ/kg K”)

16 T3 =183.14;

17 h3 =2818.03;

18 h4 =3271.9;

19 s4 =7.7938;

20 disp(” f o r expans i on p r o c e s s 4−5 , s4=s5 =7.7938 KJ/kg K
”)

21 s5=s4;

22 disp(” l e t d ryne s s f r a c t i o n at s t a t e 5 be x5”)
23 disp(” s5=s f at 0 . 0 5 bar+x5∗ s f g at 0 . 0 5 bar ”)
24 disp(” from steam tab l e s , a t 0 . 0 5 bar , s f =0.4764 KJ/kg

K, s f g =7.9187 KJ/kg K”)
25 sf =0.4764;

26 sfg =7.9187;

27 disp(” so x5=(s5−s f ) / s f g ”)
28 x5=(s5-sf)/sfg

29 x5 =0.924; // approx .
30 disp(”h5=hf at 0 . 0 5 bar+x5∗ h fg at 0 . 0 5 bar i n KJ/kg”

)

31 disp(” from steam tab l e s , h f at 0 . 0 5 bar =137.82 KJ/kg ,
h fg at 0 . 0 5 bar =2423.7 KJ/kg”)

32 hf =137.82;

33 hfg =2423.7;
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34 h5=hf+x5*hfg

35 disp(”h6=hf at 0 . 0 5 bar =137.82 KJ/kg”)
36 h6 =137.82;

37 disp(”v6=v f at 0 . 0 5 bar =0.001005 mˆ3/ kg”)
38 v6 =0.001005;

39 disp(” f o r p r o c e s s 6−1 i n f e e d pump , h1=h6+v6 ∗ ( p1−p6 )
i n KJ/kg”)

40 p1=50; // steam g en e r a t i o n p r e s s u r e i n bar
41 p6 =0.05; // steam e n t e r i n g t empera tu r e i n t u r b i n e i n

bar
42 h1=h6+v6*(p1 -p6)*100

43 disp(” c y c l e e f f i c i e n c y=W net/Q add”)
44 disp(”Wt=(h2−h3 )+(h4−h5 ) i n KJ/kg”)
45 Wt=(h2-h3)+(h4-h5)

46 disp(”W pump=(h1−h6 ) i n KJ/kg”)
47 W_pump =(h1-h6)

48 disp(”W net=Wt−W pump in KJ/kg”)
49 W_net=Wt-W_pump

50 disp(”Q add=(h2−h1 ) i n KJ/kg”)
51 Q_add=(h2 -h1)

52 disp(” c y c l e e f f i c i e n c y=”)
53 W_net/Q_add

54 disp(” i n p e r c en t a g e ”)
55 W_net *100/ Q_add

56 disp(”we know ,1 hp=0.7457 KW”)
57 disp(” s p e c i f i c steam consumption =0.7457∗3600/W net

i n kg/hp hr ”)
58 0.7457*3600/ W_net

59 disp(”work r a t i o=net work/ p o s i t i v e work=W net/Wt”)
60 W_net/Wt

61 disp(” so c y c l e e f f i c i e n c y =45.74%, s p e c i f i c steam
consumption =1.78 kg/hp hr , work r a t i o =0.9967 ”)
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Figure 8.6: Engineering Thermodynamics by Onkar Singh Chapter 8 Exam-
ple 7
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Scilab code Exa 8.8 Engineering Thermodynamics by Onkar Singh Chap-
ter 8 Example 8

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar S ingh
Chapter 8 Example 8”)

8 T_cond =115; // conden sa t e t empera tu r e i n d eg r e e
c e l c i u s

9 Cp =4.18; // s p e c i f i c heat at c on s t an t p r e s s u r e i n KJ/
kg K

10 P=30*10^3; // a c t u a l a l t e r n a t o r output i n KW
11 n_boiler =0.9; // b o i l e r e f f i c i e n c y
12 n_alternator =0.98; // a l t e r n a t o r e f f i c i e n c y
13 disp(” from steam tab l e s , a t s t a t e 2 , h2=3301.8 KJ/kg ,

s2 =6.7193 KJ/kg K”)
14 h2 =3301.8;

15 s2 =6.7193;

16 disp(”h5=hf at 0 . 0 5 bar =137.82 KJ/kg , v5= v f at 0 . 0 5
bar =0.001005 mˆ3/ kg”)

17 h5 =137.82;

18 v5 =0.001005;

19 disp(” Let mass o f steam b l ed f o r f e e d h e a t i n g be m
kg/kg o f steam gene r a t ed i n b o i l e r . Let us a l s o
assume tha t conden sa t e l e a v e s c l o s e d f e e d water
h e a t e r as s a t u r a t e d l i q u i d i . e ”)

20 disp(”h8=hf at 3 bar =561.47 KJ/kg”)
21 h8 =561.47;
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22 disp(” f o r p r o c e s s 2−3−4, s2=s3=s4 =6.7193 KJ/kg K”)
23 s3=s2;

24 s4=s3;

25 disp(” Let d ryne s s f r a c t i o n at s t a t e 3 and s t a t e 4 be
x3 and x4 r e s p e c t i v e l y . ”)

26 disp(” s3 =6.7193= s f at 3 bar+x3∗ s f g at 3 bar ”)
27 disp(” from steam tab l e s , s f =1.6718 KJ/kg K, s f g =5.3201

KJ/kg K”)
28 sf_3bar =1.6718;

29 sfg_3bar =5.3201;

30 disp(” so x3=(s3−s f 3 b a r ) / s f g 3 b a r ”)
31 x3=(s3-sf_3bar)/sfg_3bar

32 x3 =0.949; // approx .
33 disp(” s4 =6.7193= s f at 0 . 0 5 bar+x4∗ s f g at 0 . 0 5 bar ”)
34 disp(” from steam tab l e s , a t 0 . 0 5 bar , s f =0.4764 KJ/kg

K, s f g =7.9187 KJ/kg K”)
35 sf =0.4764;

36 sfg =7.9187;

37 disp(” so x4=(s4−s f ) / s f g ”)
38 x4=(s4-sf)/sfg

39 x4 =0.788; // approx .
40 disp(” thus , h3=hf at 3 bar+x3∗ h fg at 3 bar i n KJ/kg”

)

41 disp(” he r e from steam tab l e s , a t 3 bar , h f 3 b a r
=561.47 KJ/kg , h f g 3b a r =2163.8 KJ/kg K”)

42 hf_3bar =561.47;

43 hfg_3bar =2163.8;

44 h3=hf_3bar+x3*hfg_3bar

45 disp(”h4=hf at 0 . 0 5 bar+x4∗ h fg at 0 . 0 5 bar i n KJ/kg”
)

46 disp(” from steam tab l e s , a t 0 . 0 5 bar , h f =137.82 KJ/kg ,
h fg =2423.7 KJ/kg”)

47 hf =137.82;

48 hfg =2423.7;

49 h4=hf+x4*hfg

50 disp(” assuming p r o c e s s a c r o s s t r ap to be o f
t h r o t t l i n g type so , h8=h9=561.47 KJ/kg . Assuming v5
=v6 , ”)
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51 h9=h8;

52 v6=v5;

53 disp(”pumping work=(h7−h6 )=v5 ∗ ( p1−p5 ) i n KJ/kg”)
54 p1=60; // p r e s s u r e o f steam in h igh p r e s s u r e t u r b i n e

i n bar
55 p5 =0.05; // p r e s s u r e o f steam in low p r e s s u r e t u r b i n e

i n bar
56 v5*(p1-p5)*100

57 disp(” f o r mix ing p r o c e s s between conden s e r and f e e d
pump , ”)

58 disp(”(1−m) ∗h5+m∗h9=1∗h6”)
59 disp(”h6=m( h9−h5 )+h5”)
60 disp(”we get , h6=137.82+m∗423 . 65 ”)
61 disp(” t h e r e f o r e h7=h6+6.02=143.84+m∗423 . 65 ”)
62 disp(”Apply ing ene rgy ba l an c e at c l o s e d f e e d water

h e a t e r ; ”)
63 disp(”m∗h3+(1−m) ∗h7=m∗h8+(Cp∗T cond ) ”)
64 disp(” so (m∗2 61 4 . 9 2 )+(1−m) ∗ (143 .84+m∗ 4 2 3 . 6 5 )=m

∗561 .47+480 .7 ”)
65 disp(” so m=0.144 kg”)
66 m=0.144;

67 h6 =137.82+m*423.65;

68 h7 =143.84+m*423.65;

69 disp(” steam b l ed f o r f e e d h e a t i n g =0.144 kg/kg steam
gene r a t ed ”)

70 disp(”The net power output , W net=(h2−h3 )+(1−m) ∗ ( h3−
h4 )−(1−m) ∗ ( h7−h6 ) i n KJ/kg steam gene r a t ed ”)

71 W_net=(h2 -h3)+(1-m)*(h3-h4) -(1-m)*(h7-h6)

72 disp(”mass o f steam r e q u i r e d to be g en e r a t ed=in kg/ s
”)

73 P/( n_alternator*W_net)

74 disp(” or i n kg/ hr ”)
75 26.23*3600

76 disp(” so c a p a c i t y o f b o i l e r r e q u i r e d =94428 kg/ hr ”)
77 disp(” o v e r a l l the rma l e f f i c i e n c y=W net/Q add”)
78 disp(” he r e Q add=(h2−h1 ) / n b o i l e r i n KJ/kg”)
79 Q_add=(h2 -Cp*T_cond)/n_boiler

80 disp(” o v e r a l l the rma l e f f i c i e n c y=”)

264



Figure 8.7: Engineering Thermodynamics by Onkar Singh Chapter 8 Exam-
ple 8

81 W_net/Q_add

82 disp(” i n p e r c en t a g e ”)
83 W_net *100/ Q_add

84 disp(” so o v e r a l l the rma l e f f i c i e n c y =37.24%”)

Scilab code Exa 8.9 Engineering Thermodynamics by Onkar Singh Chap-
ter 8 Example 9

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;
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7 disp(” Eng i n e e r i n g Thermodynamics by Onkar S ingh
Chapter 8 Example 9”)

8 P=15*10^3; // t u r b i n e output i n KW
9 disp(”At i n l e t to f i r s t t u r b i n e s tage , h2=3230.9 KJ/

kg , s2 =6.9212 KJ/kg K”)
10 h2 =3230.9;

11 s2 =6.9212;

12 disp(”For i d e a l expans i on p ro c e s s , s2=s3 ”)
13 s3=s2;

14 disp(”By i n t e r p o l a t i o n , T3=190.97 d eg r e e c e l c i u s from
supe rh ea t ed steam t a b l e s at 6 bar , h3=2829.63 KJ/

kg”)
15 T3 =190.97;

16 h3 =2829.63;

17 disp(” a c t u a l s t s t e at e x i t o f f i r s t s tage , h3 a=h2
−0.8∗( h2−h3 ) i n KJ/kg”)

18 h3_a=h2 -0.8*(h2 -h3)

19 disp(” a c t u a l s t a t e 3 a s h a l l be at 232 . 7 8 d eg r e e
c e l c i u s , 6 bar , so s 3 a =7.1075 KJ/kg K”)

20 s3_a =7.1075;

21 disp(” f o r second s tage , s 3 a=s4 ; By i n t e r p o l a t i o n , s4
=7.1075= s f at 1 bar+x4∗ s f g at 1 bar ”)

22 s4 =7.1075;

23 disp(” from steam tab l e s , a t 1 bar , s f =1.3026 KJ/kg K,
s f g =6.0568 KJ/kg K”)

24 sf =1.3026;

25 sfg =6.0568;

26 disp(” so x4=(s4−s f ) / s f g ”)
27 x4=(s4-sf)/sfg

28 x4 =0.958; // approx .
29 disp(”h4=hf at 1 bar+x4∗ h fg at 1 bar i n KJ/kg”)
30 disp(” from steam tab l e s , a t 1 bar , h f =417.46 KJ/kg , h fg

=2258.0 KJ/kg”)
31 hf =417.46;

32 hfg =2258.0;

33 h4=hf+x4*hfg

34 disp(” a c t u a l en tha lpy at e x i t from second s tage , h4 a
=h3 a − .8∗( h3 a−h4 ) i n KJ/kg”)
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35 h4_a=h3_a -.8*(h3_a -h4)

36 disp(” a c t u a l d r yne s s f r a c t i o n , x4 a=>h4 a=hf at 1 bar
+x4 a ∗ h fg at 1 bar ”)

37 disp(” so x4 a=(h4 a−h f ) / h fg ”)
38 x4_a=(h4_a -hf)/hfg

39 disp(” x4 a =0.987 , a c t u a l entropy , s 4 a =7.2806 KJ/kg K”
)

40 s4_a =7.2806;

41 disp(” f o r t h i r d s tage , s 4 a =7.2806= s f at 0 . 0 7 5 bar+x5
∗ s f g at 0 . 0 7 5 bar ”)

42 disp(” from steam tab l e s , a t 0 . 0 7 5 bar , s f =0.5764 KJ/kg
K, s f g =7.6750 KJ/kg K”)

43 sf =0.5764;

44 sfg =7.6750;

45 disp(” so x5=( s4 a−s f ) / s f g ”)
46 x5=(s4_a -sf)/sfg

47 x5 =0.8735; // approx .
48 disp(”h5=2270.43 KJ/kg”)
49 h5 =2270.43;

50 disp(” a c t u a l en tha lpy at e x i t from t h i r d s tage , h5 a=
h4 a −0.8∗( h4 a−h5 ) i n KJ/kg”)

51 h5_a=h4_a -0.8*( h4_a -h5)

52 disp(” Let mass o f steam b l ed out be m1 and m2 kg at
6 bar , 1 bar r e s p e c t i v e l y . ”)

53 disp(”By heat ba l an c e on f i r s t c l o s e d f e e d water
hea t e r , ( s e e s chemat i c arrangement ) ”)

54 disp(”h11=hf at 6 bar =670.56 KJ”)
55 h11 =670.56;

56 disp(”m1∗ h3 a+h10=m1∗h11 +4.18∗150 ”)
57 disp(” (m1∗2 82 9 . 6 3 )+h10=(m1∗ 6 7 0 . 5 6 ) +627”)
58 disp(”h10 +2159.07∗m1=627”)
59 disp(”By heat ba l an c e on second c l o s e d f e e d water

hea t e r , ( s e e s chemat i c arrangement ) ”)
60 disp(”h7=hf at 1 bar =417.46 KJ/kg”)
61 h7 =417.46;

62 disp(”m2∗h4+(1−m1−m2) ∗4 .18∗38=(m1+m2) ∗h7+4.18∗95∗(1−
m1−m2) ”)

63 disp(”m2∗2646.4+(1−m1−m2) ∗158 .84=((m1+m2) ∗ 4 1 7 . 4 6 )
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+(397.1∗(1−m1−m2) ) ”)
64 disp(”m2∗2467.27−m1∗179.2−238.26=0 ”)
65 disp(” heat ba l an c e at po i n t o f mixing , ”)
66 disp(”h10=(m1+m2) ∗h8+(1−m1−m2) ∗4 . 18∗95 ”)
67 disp(” n e g l e c t i n g pump work , h7=h8”)
68 disp(”h10=m2∗417.46+(1−m1−m2) ∗397 . 1 ”)
69 disp(” s u b s t i t u t i n g h10 and s o l v i n g we get ,m1=0.1293

kg and m2=0.1059 kg/kg o f steam gene r a t ed ”)
70 m1 =0.1293;

71 m2 =0.1059;

72 disp(”Turbine output per kg o f steam gene ra t ed ,Wt=(
h2−h3 a )+(1−m1) ∗ ( h3 a−h4 a )+(1−m1−m2) ∗ ( h4 a−h5 a )
i n KJ/kg o f steam gene r a t ed ”)

73 Wt=(h2-h3_a)+(1-m1)*(h3_a -h4_a)+(1-m1-m2)*(h4_a -h5_a

)

74 disp(”Rate o f steam g en e r a t i o n r e q u i r e d=P/Wt in kg/ s
”)

75 P/Wt

76 disp(” i n kg/ hr ”)
77 P*3600/ Wt

78 disp(” c ap a c i t y o f d r a i n pump i . e . FP shown in l a y ou t
=(m1+m2) ∗69192 i n kg/ hr ”)

79 (m1+m2)*69192

80 disp(” so c a p a c i t y o f d r a i n pump=16273.96 kg/ hr ”)

Scilab code Exa 8.10 Engineering Thermodynamics by Onkar Singh Chap-
ter 8 Example 10

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
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Figure 8.8: Engineering Thermodynamics by Onkar Singh Chapter 8 Exam-
ple 9

Figure 8.9: Engineering Thermodynamics by Onkar Singh Chapter 8 Exam-
ple 9
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4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar S ingh
Chapter 8 Example 10 ”)

8 disp(” at i n l e t to HP tu rb in e , h2=3287.1 KJ/kg , s2
=6.6327 KJ/kg K”)

9 h2 =3287.1;

10 s2 =6.6327;

11 disp(”By i n t e r p o l a t i o n s t a t e 3 i . e . f o r i s e n t r o p i c
expans i on betweeen 2−3 l i e s at 328 . 9 8 oc at 30 bar
. h3=3049.48 KJ/kg”)

12 h3 =3049.48;

13 disp(” a c t u a l enthapy at 3 a , h3 a=h2−0 .80∗ ( h2−h3 ) i n
KJ/kg”)

14 h3_a=h2 -0.80*(h2 -h3)

15 disp(” en tha lpy at i n l e t to LP tu rb in e , h4=3230.9 KJ/
kg , s4 =6.9212 KJ K”)

16 h4 =3230.9;

17 s4 =6.9212;

18 disp(” f o r i d e a l expans i on from 4−6 , s4=s6 . Let d ryne s s
f r a c t i o n at s t a t e 6 be x6 . ”)

19 s6=s4;

20 disp(” s6 =6.9212= s f at 0 . 0 75 bar+x6∗ s f g at 0 . 0 7 5 bar
i n KJ/kg K”)

21 disp(” from steam tab l e s , a t 0 . 0 7 5 bar , s f =0.5764 KJ/kg
K, s f g =7.6750 KJ/kg K”)

22 sf =0.5764;

23 sfg =7.6750;

24 disp(” so x6=(s6−s f ) / s f g ”)
25 x6=(s6-sf)/sfg

26 x6 =0.827; // approx .
27 disp(”h6=hf at 0 . 0 7 5 bar+x6∗ h fg at 0 . 0 7 5 bar i n KJ/

kg K”)
28 disp(” from steam tab l e s , a t 0 . 0 7 5 bar , h f =168.79 KJ/kg

, h fg =2406.0 KJ/kg”)
29 hf =168.79;

30 hfg =2406.0;
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31 h6=hf+x6*hfg

32 disp(” f o r a c t u a l expans i on p r o c e s s i n LP tu r b i n e . ”)
33 disp(” h6 a=h4−0 .85∗ ( h4−h6 ) i n KJ/kg”)
34 h6_a=h4 -0.85*(h4 -h6)

35 disp(” I d e a l l y , en tha lpy at b l e ed po i n t can be
ob ta i n ed by l o c a t i n g s t a t e 5 u s i n g s5=s4 . The
p r e s s u r e at b l e ed po i n t s h a l l be s a t u r a t i o n
p r e s s u r e c o r r e s p ond i n g to the 140 oc i . e from
steam t a b l e s . Let d ryne s s f r a c t i o n at s t a t e 5 be
x5 . ”)

36 p5 =3.61;

37 s5=s4;

38 disp(” s 5 a =6.9212= s f at 140 oc+x5∗ s f g at 140 oc ”)
39 disp(” from steam tab l e s , a t 140 oc , s f =1.7391 KJ/kg K,

s f g =5.1908 KJ/kg K”)
40 sf =1.7391;

41 sfg =5.1908;

42 disp(” so x5=(s5−s f ) / s f g ”)
43 x5=(s5-sf)/sfg

44 x5 =0.99; // approx .
45 disp(”h5=hf at 140 oc+x5∗ h fg at 140 oc i n KJ/kg”)
46 disp(” from steam tab l e s , a t 140 oc , h f =589.13 KJ/kg , h fg

=2144.7 KJ/kg”)
47 hf =589.13;

48 hfg =2144.7;

49 h5=hf+x5*hfg

50 disp(” a c t u a l entha lpy , h5 a=h4−0 .85∗ ( h4−h5 ) i n KJ/kg”)
51 h5_a=h4 -0.85*(h4 -h5)

52 disp(” en tha lpy at e x i t o f open f e e d water hea t e r , h9=
hf at 30 bar =1008.42 KJ/kg”)

53 h9 =1008.42;

54 disp(” s p e c i f i c volume at i n l e t o f CEP, v7=0.001008 m
ˆ3/ kg”)

55 v7 =0.001008;

56 disp(” en tha lpy at i n l e t o f CEP, h7=168.79 KJ/kg”)
57 h7 =168.79;

58 disp(” f o r pumping p r o c e s s 7−8 ,h8=h7+v7 ∗ ( 3 . 61 −0 . 075 )
∗10ˆ2 i n KJ/kg”)
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59 h8=h7+v7 *(3.61 -0.075) *10^2

60 disp(”Apply ing ene rgy ba l an c e at open f e e d water
h e a t e r . Let mass o f b l ed steam be m kg per kg o f
steam gene r a t ed . ”)

61 disp(”m∗h5+(1−m) ∗h8=h9”)
62 disp(” so m=(h9−h8 ) /( h5−h8 ) i n kg /kg o f steam

gene r a t ed ”)
63 m=(h9-h8)/(h5 -h8)

64 disp(”For p r o c e s s on f e e d pump,9−1 , v9=v f at 140 oc
=0.00108 mˆ3/ kg”)

65 v9 =0.00108;

66 disp(”h1=h9+v9 ∗ (70 −3 .61) ∗10ˆ2 i n KJ/kg”)
67 h1=h9+v9*(70 -3.61) *10^2

68 disp(”Net work per kg o f steam gene ra t ed , W net=(h2−
h3 a )+(h4−h5 a )+(1−m) ∗ ( h5 a−h6 a )−{(1−m) ∗ ( h8−h7 )
+(h1−h9 ) } i n KJ/kg steam gene r a t ed ”)

69 W_net=(h2 -h3_a)+(h4 -h5_a)+(1-m)*(h5_a -h6_a) -{(1-m)*(

h8 -h7)+(h1-h9)}

70 disp(” heat added per kg o f steam gene ra t ed , q add=(h2
−h1 )+(h4−h3 a ) i n KJ/kg o f steam gene r a t ed ”)

71 q_add=(h2 -h1)+(h4-h3_a)

72 disp(”Thermal e f f i c i e n c y , n=W net/ q add ”)
73 n=W_net/q_add

74 disp(” i n p e r c en t a g e ”)
75 n=n*100

76 disp(” so the rma l e f f i c i e n c y =39.03%%”)
77 disp(”NOTE=>In t h i s q u e s t i o n t h e r e i s some

c a l c u l a t i o n mi s take wh i l e c a l c u l a t i n g W net and
q add in book , which i s c o r r e c t e d above and the
answers may vary . ”)
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Figure 8.10: Engineering Thermodynamics by Onkar Singh Chapter 8 Ex-
ample 10

273



Scilab code Exa 8.11 Engineering Thermodynamics by Onkar Singh Chap-
ter 8 Example 11

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar S ingh
Chapter 8 Example 11 ”)

8 disp(”Enthalpy o f steam e n t e r i n g ST1 , h2=3308.6 KJ/kg
, s2 =6.3443 KJ/kg K”)

9 h2 =3308.6;

10 s2 =6.3443;

11 disp(” f o r i s e n t r o p i c expans i on 2−3−4−5, s2=s3=s4=s5 ”)
12 s3=s2;

13 s4=s3;

14 s5=s4;

15 disp(” Let d ryne s s f r a c t i o n o f s t a t e s 3 ,4 and 5 be x3
, x4 and x5”)

16 disp(” s3 =6.3443= s f at 10 bar+x3∗ s f g at 10 bar ”)
17 disp(” so x3=(s3−s f ) / s f g ”)
18 disp(” from steam tab l e s , a t 10 bar , s f =2.1387 KJ/kg K,

s f g =4.4478 KJ/kg K”)
19 sf =2.1387;

20 sfg =4.4478;

21 x3=(s3-sf)/sfg

22 x3 =0.945; // approx .
23 disp(”h3=hf+x3∗ h fg i n KJ/kg”)
24 disp(” from steam tab l e s , h f =762.81 KJ/kg , h fg =2015.3

KJ/kg”)
25 hf =762.81;

26 hfg =2015.3;

27 h3=hf+x3*hfg

28 disp(” s4 =6.3443= s f at 1 . 5 bar+x4∗ s f g at 1 . 5 bar ”)
29 disp(” so x4=(s4−s f ) / s f g ”)
30 disp(” from steam tab l e s , a t 1 . 5 bar , s f =1.4336 KJ/kg K
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, s f g =5.7897 KJ/kg K”)
31 sf =1.4336;

32 sfg =5.7897;

33 x4=(s4-sf)/sfg

34 x4 =0.848; // approx .
35 disp(” so h4=hf+x4∗ h fg i n KJ/kg”)
36 disp(” from steam tab l e s , a t 1 . 5 bar , h f =467.11 KJ/kg ,

h fg =2226.5 KJ/kg”)
37 hf =467.11;

38 hfg =2226.5;

39 h4=hf+x4*hfg

40 disp(” s5 =6.3443= s f at 0 . 0 5 bar+x5∗ s f g at 0 . 0 5 bar ”)
41 disp(” so x5=(s5−s f ) / s f g ”)
42 disp(” from steam tab l e s , a t 0 . 0 5 bar , s f =0.4764 KJ/kg

K, s f g =7.9187 KJ/kg K”)
43 sf =0.4764;

44 sfg =7.9187;

45 x5=(s5-sf)/sfg

46 x5 =0.739; // approx .
47 disp(”h5=hf+x5∗ h fg i n KJ/kg”)
48 disp(” from steam tab l e s , a t 0 . 0 5 bar , h f =137.82 KJ/kg ,

h fg =2423.7 KJ/kg”)
49 hf =137.82;

50 hfg =2423.7;

51 h5=hf+x5*hfg

52 disp(”h6=hf at 0 . 0 5 bar =137.82 KJ/kg”)
53 h6 =137.82;

54 disp(”v6=v f at 0 . 0 5 bar =0.001005 mˆ3/ kg”)
55 v6 =0.001005;

56 disp(”h7=h6+v6 ∗ ( 1 . 5 −0 . 05 ) ∗10ˆ2 i n KJ/kg”)
57 h7=h6+v6 *(1.5 -0.05) *10^2

58 disp(”h8=hf at 1 . 5 bar =467.11 KJ/kg”)
59 h8 =467.11;

60 disp(”v8=0.001053 mˆ3/ kg=v f at 1 . 5 bar ”)
61 v8 =0.001053;

62 disp(”h9=h8+v8 ∗ (150 −1 .5) ∗10ˆ2 i n KJ/kg”)
63 h9=h8+v8*(150 -1.5) *10^2

64 disp(”h10=hf at 150 bar =1610.5 KJ/kg”)
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65 h10 =1610.5;

66 disp(” v10 =0.001658 mˆ3/ kg=v f at 150 bar ”)
67 v10 =0.001658;

68 disp(”h12=h10+v10 ∗(150−10) ∗10ˆ2 i n KJ/kg”)
69 h12=h10+v10 *(150 -10) *10^2

70 disp(” Let mass o f steam b l ed out at 10 bar , 1 . 5 bar
be m1 and m2 per kg o f steam gene r a t ed . ”)

71 disp(”Heat ba l an c e on c l o s e d f e e d water h e a t e r
y i e l d s , ”)

72 disp(”m1∗h3+(1−m) ∗h9=m1∗h10+(1−m1) ∗4 . 18∗150 ”)
73 disp(” so m1=(4.18∗150−h9 ) /( h3−h9−h10 +4.18∗150) i n kg/

kg o f steam gene r a t ed . ”)
74 m1 =(4.18*150 - h9)/(h3-h9 -h10 +4.18*150)

75 disp(” heat ba l an c e on open f e e d water can be g i v en
as under , ”)

76 disp(”m2∗h4+(1−m1−m2) ∗h7=(1−m1) ∗h8”)
77 disp(” so m2=((1−m1) ∗ ( h8−h7 ) ) /( h4−h7 ) i n kg/kg o f

steam”)
78 m2=((1-m1)*(h8-h7))/(h4 -h7)

79 disp(” f o r mass f l ow r a t e o f 300 kg/ s=>m1=36 kg/ s ,m2
=39 kg/ s ”)

80 disp(”For mix ing a f t e r c l o s e d f e e d water hea t e r , ”)
81 disp(”h1 =(4 .18∗150) ∗(1−m1)+m1∗h12 i n KJ/kg”)
82 h1 =(4.18*150) *(1-m1)+m1*h12

83 disp(”Net work output per kg o f steam gene r a t ed=
W ST1+W ST2+W ST3−{WCEP+W FP+W FP2}”)

84 disp(”W net=(h2−h3 )+(1−m1) ∗ ( h3−h4 )+(1−m1−m2) ∗ ( h4−h5 )
−{(1−m1−m2) ∗ ( h7−h6 )+(1−m1) ∗ ( h9−h8 )+(m1∗ ( h12−h10 ) )
} i n KJ/kg o f steam gene r a t ed . ”)

85 W_net=(h2 -h3)+(1-m1)*(h3-h4)+(1-m1-m2)*(h4 -h5) -{(1-

m1 -m2)*(h7-h6)+(1-m1)*(h9 -h8)+(m1*(h12 -h10))}

86 disp(” heat added per kg o f steam gene ra t ed , q add=(h2
−h1 ) i n KJ/kg”)

87 q_add=(h2 -h1)

88 disp(” c y c l e the rma l e f f i c i e n c y , n=W net/ q add ”)
89 n=W_net/q_add

90 disp(” i n p e r c en t a g e ”)
91 n=n*100
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92 disp(”Net power deve l oped i n KW=1219∗300 i n KW”)
93 1219*300

94 disp(” c y c l e the rma l e f f i c i e n c y =47.6%”)
95 disp(”Net power deve l oped =365700 KW”)

Scilab code Exa 8.12 Engineering Thermodynamics by Onkar Singh Chap-
ter 8 Example 12

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar S ingh
Chapter 8 Example 12 ”)

8 P=100*10^3; // net power output i n KW
9 disp(”At i n l e t to HPT, h2=3373.7 KJ/kg , s2 =6.5966 KJ/

kg K”)
10 h2 =3373.7;

11 s2 =6.5966;

12 disp(”For i s e n t r o p i c expans i on between 2−3−4−5, s2=s3
=s4=s5 ”)

13 s3=s2;

14 s4=s3;

15 s5=s4;

16 disp(” s t a t e 3 l i e s i n supe rh ea t ed r e g i o n as s3>sg at
20 bar . By i n t e r p o l a t i o n from supe rh ea t ed steam

tab l e , T3=261.6 oc . Enthalpy at 3 , h3=2930.57 KJ/kg”)
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Figure 8.11: Engineering Thermodynamics by Onkar Singh Chapter 8 Ex-
ample 11
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17 T3 =261.6;

18 h3 =2930.57;

19 disp(” s i n c e s4<sg at 4 bar so s t a t e 4 and 5 l i e s i n
wet r e g i o n . ”)

20 disp(” Let d ryne s s f r a c t i o n at s t a t e 4 ans 5 be x4
and x5 . ”)

21 disp(” s4 =6.5966= s f at 4 bar+x4∗ s f g at 4 bar ”)
22 disp(” from steam tab l e s , a t 4 bar , s f =1.7766 KJ/kg K,

s f g =5.1193 KJ/kg K”)
23 sf =1.7766;

24 sfg =5.1193;

25 disp(”x4=(s4−s f ) / s f g ”)
26 x4=(s4-sf)/sfg

27 x4 =0.941; // approx .
28 disp(”h4=hf at 4 bar+x4∗ h fg at 4 bar i n KJ/kg”)
29 disp(” from steam tab l e s , a t 4 bar , h f =604.74 KJ/kg , h fg

=2133.8 KJ/kg”)
30 hf =604.74;

31 hfg =2133.8;

32 h4=hf+x4*hfg

33 disp(” f o r s t a t e 5 , ”)
34 disp(” s5 =6.5966= s f at 0 . 0 75 bar+x5∗ s f g at 0 . 0 7 5 bar ”

)

35 disp(” from steam tab l e s , a t 0 . 0 7 5 bar , s f =0.5764 KJ/kg
K, s f g =7.6750 KJ/kg K”)

36 sf =0.5764;

37 sfg =7.6750;

38 disp(”x5=(s5−s f ) / s f g ”)
39 x5=(s5-sf)/sfg

40 x5 =0.784; // approx .
41 disp(”h5=hf at 0 . 0 7 5 bar+x5∗ h fg at 0 . 0 7 5 bar i n KJ/

kg”)
42 disp(” from steam tab l e s , a t 0 . 0 7 5 bar , h f =168.76 KJ/kg

, h fg =2406.0 KJ/kg”)
43 hf =168.76;

44 hfg =2406.0;

45 h5=hf+x5*hfg

46 disp(” Let mass o f steam b l ed at 20 bar be m1 and m2
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per kg o f steam gene r a t ed . ”)
47 disp(”h10=hf at 20 bar =908.76 KJ/kg , h8=hf at 4 bar

=604.74 KJ/kg”)
48 h10 =908.76;

49 h8 =604.74;

50 disp(”At t r ap h10=h11=908.79 KJ/kg”)
51 h11=h10;

52 disp(”At conden sa t e e x t r a c t i o n pump , (CEP) , h7−h6=v6
∗ (4 −0 .075) ∗10ˆ2 i n KJ/kg”)

53 disp(” he r e v6=v f at 0 . 0 7 5 bar =0.001008 mˆ3/kg , h6=hf
at 0 . 0 7 5 bar =168.79 KJ/kg”)

54 v6 =0.001008;

55 h6 =168.79;

56 disp(” so h7=h6+v6 ∗ (4 −0 .075) ∗10ˆ2 i n KJ/kg”)
57 h7=h6+v6*(4 -0.075) *10^2

58 disp(”At f e e d pump , ( FP) , h9−h8=v8 ∗(20−4) ∗10ˆ2 i n KJ/
kg”)

59 disp(” he r e v8=v f at 4 bar =0.001084 mˆ3/kg , h8=hf at 4
bar =604.74 KJ/kg”)

60 v8 =0.001084;

61 h8 =604.74;

62 disp(” so h9=h8+v8 ∗(20−4) ∗10ˆ2 i n KJ/kg”)
63 h9=h8+v8*(20 -4) *10^2

64 disp(” Let us app ly heat ba l an c e at c l o s e d f e e d water
hea t e r , ”)

65 disp(”m1∗h3+h9=m1∗h10 +4.18∗200 ”)
66 disp(” so m1=(4.18∗200−h9 ) /( h3−h10 ) i n kg”)
67 m1 =(4.18*200 - h9)/(h3-h10)

68 m1 =0.114; // approx .
69 disp(”Apply ing heat ba l an c e at open f e e d water , ”)
70 disp(”m1∗h11+m2∗h4+(1−m1−m2) ∗h7=h8”)
71 disp(” so m2=(h8−m1∗h11−h7+m1∗h7 ) /( h4−h7 ) i n kg”)
72 m2=(h8-m1*h11 -h7+m1*h7)/(h4-h7)

73 m2 =0.144; // approx .
74 disp(”Net work per kg steam gene ra t ed , ”)
75 disp(”w net=(h2−h3 )+(1−m1) ∗ ( h3−h4 )+(1−m1−m2) ∗ ( h4−h5 )

−{(1−m1−m2) ∗ ( h7−h6 )+(h9−h8 ) } i n KJ/kg”)
76 w_net=(h2 -h3)+(1-m1)*(h3-h4)+(1-m1-m2)*(h4 -h5) -{(1-
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m1 -m2)*(h7-h6)+(h9-h8)}

77 disp(”Heat added per kg steam gene ra t ed , q add=(h2−h1
) i n KJ/kg”)

78 h1 =4.18*200;

79 q_add=(h2 -h1)

80 disp(”Thermal e f f i c i e n c y=w net / q add ”)
81 w_net/q_add

82 disp(” i n p e r c en t a g e ”)
83 w_net *100/ q_add

84 disp(” steam g en e r a t i o n r a t e=P/w net i n kg/ s ”)
85 P/w_net

86 disp(” so the rma l e f f i c i e n c y =44.78%”)
87 disp(” steam g en e r a t i o n r a t e =87.99 kg/ s ”)
88 disp(”a> For the r e h e a t i n g i n t r odu c ed at 20 bar up

to 400 oc . The mod i f i e d c y c l e r e p r e s e n t a t i o n i s
shown on T−S diagram by 1−2−3−3 a−4 a−5 a
−6−7−8−9−10−11”)

89 disp(”At s t a t e 2 , h2=3373.7 KJ/kg , s2 =6.5966 KJ/kg K”)
90 h2 =3373.7;

91 s2 =6.5966;

92 disp(”At s t a t e 3 , h3=2930.57 KJ/kg”)
93 h3 =2930.57;

94 disp(”At s t a t e 3 a , h3 a =3247.6 KJ/kg , s 3 a =7.1271 KJ/
kg K”)

95 h3_a =3247.6;

96 s3_a =7.1271;

97 disp(”At s t a t e 4 a and 5 a , s 3 a=s 4 a=s 5 a =7.1271 KJ/
kg K”)

98 s4_a=s3_a;

99 s5_a=s4_a;

100 disp(”From steam t a b l e s by i n t e r p o l a t i o n s t a t e 4 a
i s s e en to be at 190 . 9 6 oc at 4 bar , h4 a =2841.02
KJ/kg”)

101 h4_a =2841.02;

102 disp(” Let d ryne s s f r a c t i o n at s t a t e 5 a be x5 , ”)
103 disp(” s 5 a =7.1271= s f at 0 . 0 7 5 bar+x5 a ∗ s f g at 0 . 0 7 5

bar ”)
104 disp(” from steam tab l e s , a t 0 . 0 7 5 bar , s f =0.5764 KJ/kg
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K, s f g =7.6750 KJ/kg K”)
105 disp(” so x5 a=( s5 a−s f ) / s f g ”)
106 x5_a=(s5_a -sf)/sfg

107 x5_a =0.853; // approx .
108 disp(” h5 a=hf at 0 . 0 75 bar+x5 a ∗ h fg at 0 . 0 7 5 bar i n

KJ/kg”)
109 disp(” from steam tab l e s , a t 0 . 0 7 5 bar , h f =168.76 KJ/kg

, h fg =2406.0 KJ/kg”)
110 h5_a=hf+x5_a*hfg

111 disp(” Let mass o f b l ed steam at 20 bar and 4 bar be
m1 a , m2 a per kg o f steam gene r a t ed . Apply ing heat
ba l an c e at c l o s e d f e e d water h e a t e r . ”)

112 disp(”m1 a∗h3+h9=m1∗h10 +4.18∗200 ”)
113 disp(” so m1 a=(4.18∗200−h9 ) /( h3−h10 ) i n kg”)
114 m1_a =(4.18*200 - h9)/(h3-h10)

115 m1_a =0.114; // approx .
116 disp(”Apply ing heat ba l an c e at open f e e d water

hea t e r , ”)
117 disp(”m1 a∗h11+m2 a∗ h4 a+(1−m1 a−m2 a ) ∗h7=h8”)
118 disp(” so m2 a=(h8−m1 a∗h11−h7+m1 a∗h7 ) /( h4 a−h7 ) i n

kg”)
119 m2_a=(h8-m1_a*h11 -h7+m1_a*h7)/(h4_a -h7)

120 m2_a =0.131; // approx .
121 disp(”Net work per kg steam gene r a t ed ”)
122 disp(”w net=(h2−h3 )+(1−m1 a ) ∗ ( h3 a−h4 a )+(1−m1 a−

m2 a ) ∗ ( h4 a−h5 a )−{(1−m1 a−m2 a ) ∗ ( h7−h6 )+(h9−h8 ) }
i n KJ/kg”)

123 w_net=(h2 -h3)+(1-m1_a)*(h3_a -h4_a)+(1-m1_a -m2_a)*(

h4_a -h5_a) -{(1-m1_a -m2_a)*(h7-h6)+(h9-h8)}

124 disp(”Heat added per kg steam gene ra t ed , q add=(h2−h1
)+(1−m1 a ) ∗ ( h3 a−h3 ) i n KJ/kg”)

125 q_add=(h2 -h1)+(1-m1_a)*(h3_a -h3)

126 disp(”Thermal e f f i c i e n c y , n=w net / q add ”)
127 n=w_net/q_add

128 disp(” i n p e r c en t a g e ”)
129 n=n*100

130 disp(”% i n c r e a s e i n the rma l e f f i c i e n c y due to
r e h e a t i n g =(0 .4503 −0 .4478) ∗100/0 . 4478 ”)
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131 (0.4503 -0.4478) *100/0.4478

132 disp(” so the rma l e f f i c i e n c y o f r e h e a t c y c l e =45.03%”)
133 disp(”% i n c r e a s e i n e f f i c i e n c y due to r e h e a t i n g =0.56

%”)

Scilab code Exa 8.13 Engineering Thermodynamics by Onkar Singh Chap-
ter 8 Example 13

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar S ingh
Chapter 8 Example 13 ”)

8 disp(”For mercury cy c l e , ”)
9 disp(” i n s e n t r o p i c heat drop=349−234.5 i n KJ/kg Hg”)
10 349 -234.5

11 disp(” a c t u a l heat drop =0 .85∗114 .5 i n KJ/kg Hg”)
12 0.85*114.5

13 disp(”Heat r e j e c t e d i n conden s e r =(349−97.325−35) i n
KJ/kg”)

14 (349 -97.325 -35)

15 disp(” heat added in b o i l e r =349−35 i n KJ/kg”)
16 349 -35

17 disp(”For steam cyc l e , ”)
18 disp(”Enthalpy o f steam gene r a t ed=h at 40 bar , 0 . 9 8

dry =2767.13 KJ/kg”)
19 h=2767.13;

20 disp(”Enthalpy o f i n l e t to steam turb in e , h2=h at 40
bar , 4 5 0 oc =3330.3 KJ/kg”)

21 h2 =3330.3;
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Figure 8.12: Engineering Thermodynamics by Onkar Singh Chapter 8 Ex-
ample 13
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22 disp(”Entropy o f steam at i n l e t to steam turb in e , s2
=6.9363 KJ/kg K”)

23 s2 =6.9363;

24 disp(” Ther e f o r e , heat added in conden s e r o f mercury
c y c l e=h at 40 bar , 0 . 9 8 dry−h f e e d at 40 bar i n KJ
/kg”)

25 h -4.18*150

26 disp(” Ther e f o r e , mercury r e q u i r e d per kg o f steam
=2140.13/ heat r e j e c t e d i n conden s e r i n kg per kg
o f steam”)

27 2140.13/216.675

28 disp(” f o r i s e n t r o p i c expans ion , s2=s3=s4=s5 =6.9363 KJ
/kg K”)

29 s3=s2;

30 s4=s3;

31 s5=s4;

32 disp(” s t a t e 3 l i e s i n supe rh ea t ed r eg i on , by
i n t e r p o l a t i o n the s t a t e can be g i v en by ,
t empera tu re 227 . 0 7 oc at 8 bar , h3=2899.23 KJ/kg”)

33 h3 =2899.23;

34 disp(” s t a t e 4 l i e s i n wet r eg i on , say with d ryne s s
f r a c t i o n x4”)

35 disp(” s4 =6.9363= s f at 1 bar+x4∗ s f g at 1 bar ”)
36 disp(” so x4=(s4−s f ) / s f g ”)
37 disp(” from steam tab l e s , a t 1 bar , s f =1.3026 KJ/kg K,

s f g =6.0568 KJ/kg K”)
38 sf =1.3026;

39 sfg =6.0568;

40 x4=(s4-sf)/sfg

41 x4 =0.93; // approx .
42 disp(”h4=hf at 1 bar+x4∗ h fg at 1 bar i n KJ/kg”)
43 disp(” from steam tab l e s , a t 1 bar , h f =417.46 KJ/kg , h fg

=2258.0 KJ/kg”)
44 hf =417.46;

45 hfg =2258.0;

46 h4=hf+x4*hfg

47 disp(” Let s t a t e 5 l i e i n wet r e g i o n with d ryne s s
f r a c t i o n x5 , ”)
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48 disp(” s5 =6.9363= s f at 0 . 0 75 bar+x5∗ s f g at 0 . 0 7 5 bar ”
)

49 disp(” so x5=(s5−s f ) / s f g ”)
50 disp(” from steam tab l e s , a t 0 . 0 7 5 bar , s f =0.5764 KJ/kg

K, s f g =7.6750 KJ/kg K”)
51 sf =0.5764;

52 sfg =7.6750;

53 x5=(s5-sf)/sfg

54 x5 =0.828; // approx .
55 disp(”h5=hf+x5∗ h fg i n KJ/kg”)
56 disp(” from steam tab l e s , a t 0 . 0 7 5 bar , h f =168.79 KJ/kg

, h fg =2406.0 KJ/kg”)
57 hf =168.79;

58 hfg =2406.0;

59 h5=hf+x5*hfg

60 disp(” Let mass o f steam b l ed at 8 bar and 1 bar be
m1 and m2 per kg o f steam gene r a t ed . ”)

61 disp(”h7=h6+v6 ∗ (1 −0 .075) ∗10ˆ2 i n KJ/kg”)
62 disp(” from steam tab l e s , a t 0 . 0 7 5 bar , h6=hf =168.79 KJ

/kg , v6=v f =0.001008 mˆ3/ kg”)
63 h6 =168.79;

64 v6 =0.001008;

65 h7=h6+v6*(1 -0.075) *10^2

66 disp(”h9=hf at 1 bar =417.46 KJ/kg , h13=hf at 8 bar
=721.11 KJ/kg”)

67 h9 =417.46;

68 h13 =721.11;

69 disp(”Apply ing heat ba l an c e on CFWH1, T1=150 oc and
a l s o T15=150 oc ”)

70 T1=150;

71 T15 =150;

72 disp(”m1∗h3+(1−m1) ∗h12=m1∗h13 +(4 .18∗150) ∗(1−m1) ”)
73 disp(” (m1−2899 .23)+(1−m1) ∗h12=(m1∗ 7 2 1 . 1 1 ) +627∗(1−m1)

”)
74 disp(”Apply ing heat ba l an c e on CFEH2 , T11=90oc ”)
75 T11 =90;

76 disp(”m2∗h4+(1−m1−m2) ∗h7=m2∗h9+(1−m1−m2) ∗4 . 18∗90 ”)
77 disp(” (m2∗ 2 5 1 7 . 4 )+(1−m1−m2) ∗168 .88=(m2∗ 4 1 7 . 4 6 )
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+376.2∗(1−m1−m2) ”)
78 disp(”Heat ba l an c e at mixing between CFWH1 and CFWH2

, ”)
79 disp(”(1−m1−m2) ∗4.18∗90+m2∗h10=(1−m1) ∗h12”)
80 disp(” 376.2∗(1−m1−m2)+m2∗h10=(1−m1) ∗h12”)
81 disp(”For pumping p r o c e s s ,9−10 , h10=h9+v9 ∗(8−1) ∗10ˆ2

i n KJ/kg”)
82 disp(” from steam tab l e s , h9=hf at 1 bar =417.46 KJ/kg ,

v9=v f at 1 bar =0.001043 mˆ3/ kg”)
83 h9 =417.46;

84 v9 =0.001043;

85 h10=h9+v9*(8-1) *10^2

86 disp(” s o l v i n g above equa t i on s , we ge t ”)
87 disp(”m1=0.102 kg per kg steam gene r a t ed ”)
88 disp(”m2=0.073 kg per kg steam gene r a t ed ”)
89 m1 =0.102;

90 m2 =0.073;

91 disp(”pump work i n p r o c e s s 13−14 , h14−h13=v13 ∗(40−8)
∗10ˆ2 ”)

92 disp(” so h14−h13 i n KJ/kg”)
93 v13 =0.001252;

94 v13 *(40 -8) *10^2

95 disp(” Tota l heat s u pp l i e d ( q add ) =(9 .88∗314)
+(3330 .3 −2767 .13) i n KJ/kg o f steam”)

96 q_add =(9.88*314) +(3330.3 -2767.13)

97 disp(” net work per kg o f steam , w net=w mercury+
w steam”)

98 disp(”w net =(9 . 8 8∗97 . 3 2 5 ) +{(h2−h3 )+(1−m1) ∗ ( h3−h4 )
+(1−m1−m2) ∗ ( h4−h5 )−(1−m1−m2) ∗ ( h4−h6 )−m2∗ ( h10−h9 )−
m1∗ ( h14−h13 ) } i n KJ/kg”)

99 w_net =(9.88*97.325) +{(h2-h3)+(1-m1)*(h3-h4)+(1-m1-m2

)*(h4 -h5) -(1-m1 -m2)*(h7 -h6)-m2*(h10 -h9)-m1 *4.006}

100 disp(” therma l e f f i c i e n c y o f b ina ry vapour c y c l e=
w net / q add ”)

101 w_net/q_add

102 disp(” i n p e r c en t a g e ”)
103 w_net *100/ q_add

104 disp(” so the rma l e f f i c i e n c y =55.36%”)
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105 disp(”NOTE=>In t h i s q u e s t i o n t h e r e i s some mi s take
i n fo rmu la used f o r w net which i s c o r r e c t e d
above . ”)

Scilab code Exa 8.14 Engineering Thermodynamics by Onkar Singh Chap-
ter 8 Example 14

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar S ingh
Chapter 8 Example 14 ”)

8 n=0.8; // e f f i c i e n c y o f both HP and LP tu r b i n e
9 P=2500; // output i n hp

10 disp(”This i s a mixed p r e s s u r e t u r b i n e so the output
o f t u r b i n e s h a l l be sum o f the c o n t r i b u t i o n s by

HP and LP steam st r eams . ”)
11 disp(”For HP: at i n l e t o f HP steam=>h1=3023.5 KJ/kg ,

s1 =6.7664 KJ/kg K”)
12 h1 =3023.5;

13 s1 =6.7664;

14 disp(” i d e a l l y , s2=s1 =6.7664 KJ/kg K”)
15 s2=s1;

16 disp(” s2=s f at 0 . 0 7 5 bar +x3∗ s f g at 0 . 0 7 5 bar ”)
17 disp(” from steam tab l e s , a t 0 . 0 7 5 bar , s f =0.5764 KJ/kg

K, s f g =7.6750 KJ/kg K”)
18 sf =0.5764;

19 sfg =7.6750;

20 disp(” so x3=(s2−s f ) / s f g ”)
21 x3=(s2-sf)/sfg
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22 x3 =0.806; // approx .
23 disp(”h 3HP=hf at 0 . 0 7 5 bar+x3∗ h fg at 0 . 0 7 5 bar i n

KJ/kg”)
24 disp(” from steam tab l e s , a t 0 . 0 7 5 bar , h f =168.79 KJ/kg

, h fg =2406.0 KJ/kg”)
25 hf =168.79;

26 hfg =2406.0;

27 h_3HP=hf+x3*hfg

28 disp(” a c t u a l en tha lpy drop i n HP(h HP)=(h1−h 3HP ) ∗n
in KJ/kg”)

29 h_HP=(h1-h_3HP)*n

30 disp(” f o r LP : at i n l e t o f LP steam”)
31 disp(”h2=2706.7 KJ/kg , s2 =7.1271 KJ/kg K”)
32 h2 =2706.7;

33 s2 =7.1271;

34 disp(”Enthalpy at e x i t , h 3LP=2222.34 KJ/kg”)
35 h_3LP =2222.34;

36 disp(” a c t u a l en tha lpy drop i n LP( h LP )=(h2−h 3LP ) ∗n
in KJ/kg”)

37 h_LP=(h2-h_3LP)*n

38 disp(”HP steam consumption at f u l l l o ad=P∗0 . 7457/
h HP in kg/ s ”)

39 P*0.7457/ h_HP

40 disp(”HP steam consumption at no l oad =0.10∗ (P
∗0 . 7457/ h HP) in kg/ s ”)

41 0.10*(P*0.7457/ h_HP)

42 disp(”LP steam consumption at f u l l l o ad=P∗0 . 7457/
h LP in kg/ s ”)

43 P*0.7457/ h_LP

44 disp(”LP steam consumption at no l oad =0.10∗ (P
∗0 . 7457/ h LP ) in kg/ s ”)

45 0.10*(P*0.7457/ h_LP)

46 disp(”The problem can be s o l v e d g e om e t r i c a l l y by
drawing w i l l a n s l i n e as per s c a l e on graph paper
and f i n d i n g out the HP stream requ i r emen t f o r
g e t t i n g 1000 hp i f LP stream i s a v a i l a b l e at 1 . 5
kg/ s . ”)

47 disp(” or , A n a l y t i c a l l y the equa t i on f o r w i l l a n s l i n e
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can be ob ta i n ed f o r above f u l l l o ad and no l oad
c o n d i t i o n s f o r HP and LP s e p e r a t e l y . ”)

48 disp(”W i l l i a n s l i n e f o r HP: y=m∗x+C, he r e y=steam
consumption , kg/ s ”)

49 disp(”x=load , hp”)
50 disp(”y HP=m HP∗x+C HP”)
51 disp(” 0.254=m HP∗0+C HP”)
52 disp(” so C HP=0.254 ”)
53 C_HP =0.254;

54 disp(” 2.54=m HP∗2500+C HP”)
55 disp(” so m HP=(2.54−C HP) /2500 ”)
56 m_HP =(2.54 - C_HP)/2500

57 disp(” so y HP=9.144∗10ˆ−4∗x HP+0.254 ”)
58 disp(”Wi l l an s l i n e f o r LP : y LP=m LP∗x LP+C LP”)
59 disp(” 0.481=m LP∗0+C LP”)
60 disp(” so C LP=0.481 ”)
61 C_LP =0.481;

62 disp(” 4.81=m LP∗2500+C LP”)
63 disp(” so m LP=(4.81−C LP) /2500 ”)
64 m_LP =(4.81 - C_LP)/2500

65 disp(” so y LP=1.732∗10ˆ−3∗x LP+0.481 ”)
66 disp(” Tota l output ( l oad ) from mixed tu rb in e , x=x HP+

x LP”)
67 disp(”For l oad o f 1000 hp to be met by mixed tu rb in e

, l e t us f i n d out the l oad sha r ed by LP f o r steam
f l ow r a t e o f 1 . 5 kg/ s ”)

68 y_LP =1.5;

69 disp(” from y LP=1.732∗10ˆ−3∗x LP+0.481 , ”)
70 disp(”x LP=(y LP−0 .481) /1.732∗10ˆ−3 ”)
71 x_LP=(y_LP -0.481) /(1.732*10^ -3)

72 disp(” s i n c e by 1 . 5 kg/ s o f LP steam on ly 588 . 3 4 hp
output c o n t r i b u t i o n i s made so r ema in ing
(1000 −588 .34) =411.66 hp , 4 1 1 . 6 6 hp shou ld be
c o n t r i b u t e d by HP steam . By w i l l a n s l i n e f o r HP
turb in e , ”)

73 x_HP =411.66;

74 disp(” from y HP=9.144∗10ˆ−4∗x HP+C HP in kg/ s ”)
75 y_HP =9.144*10^ -4* x_HP+C_HP
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76 disp(” so HP steam requ i r ement =0.63 kg/ s ”)

Scilab code Exa 8.15 Engineering Thermodynamics by Onkar Singh Chap-
ter 8 Example 15

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar S ingh
Chapter 8 Example 15 ”)

8 disp(” Let us c a r r y out a n a l y s i s f o r 1 kg o f steam
gene r a t ed i n b o i l e r . ”)

9 disp(”Enthalpy at i n l e t to HPT, h2=2960.7 KJ/kg , s2
=6.3615 KJ/kg K”)

10 h2 =2960.7;

11 s2 =6.3615;

12 disp(” s t a t e at 3 i . e . e x i t from HPT can be
i d e n t i f i e d by s2=s3 =6.3615 KJ/kg K”)

13 s3=s2;

14 disp(” Let d ryne s s f r a c t i o n be x3 , s3 =6.3615= s f at 2
bar+x3∗ s f g at 2 bar ”)

15 disp(” so x3=(s3−s f ) / s f g ”)
16 disp(” from stem tab l e s , a t 2 bar , s f =1.5301 KJ/kg K,

s f g =5.5970 KJ/kg K”)
17 sf =1.5301;

18 sfg =5.5970;

19 x3=(s3-sf)/sfg

20 x3 =0.863; // approx .
21 disp(”h3=2404.94 KJ/kg”)
22 h3 =2404.94;

23 disp(” I f one kg o f steam i s g en e r a t ed i n b o l i e r then
at e x i t o f HPT, 0 . 5 kg goe s i n t o p r o c e s s h e a t e r
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and 0 . 5 kg goe s i n t o s e p a r a t o r ”)
24 disp(”mass o f mo i s tu r e r e t a i n e d in s e p a r a t o r (m)=(1−

x3 ) ∗0 . 5 kg”)
25 m=(1-x3)*0.5

26 disp(” Ther e f o r e , mass o f steam e n t e r i n g LPT(m LP)
=0.5−m kg”)

27 m_LP =0.5-m

28 disp(” Tota l mass o f water e n t e r i n g hot w e l l a t 8( i . e
. from p r o c e s s h e a t e r and d r a i n from s e p a r a t o r )
=(0 .5+0 .685) =0.5685 kg”)

29 disp(” Let us assume the t empera tu r e o f water l e a v i n g
h o tw e l l be T oc . Apply ing heat ba l an c e f o r mix ing

; ”)
30 disp(” ( 0 . 5 6 8 5 ∗ 4 . 1 8 ∗ 9 0 ) +(0 . 4 315∗4 . 1 8∗40 ) =(1∗4 .18∗T) ”)
31 disp(” so T=( ( 0 . 5 6 8 5∗4 . 1 8∗90 ) +(0 . 4 315∗4 . 1 8∗40 ) ) / 4 . 1 8

i n deg r e e c e l c i u s ”)
32 T=((0.5685*4.18*90) +(0.4315*4.18*40))/4.18

33 disp(” so t empera tu r e o f water l e a v i n g h o tw e l l =68.425
deg r e e c e l c i u s ”)

34 disp(”Apply ing heat ba l anced on t rap ”)
35 disp(” 0 . 5∗ h7+0.0685∗ h f at 2 bar =(0 . 5 685∗4 . 1 8∗90 ) ”)
36 disp(” so h7 =( ( 0 . 5 6 8 5∗4 . 1 8∗90 ) −(0 .0685∗ h f ) ) / 0 . 5 i n KJ

/kg”)
37 disp(” from steam tab l e s , a t 2 bar , h f =504.70 KJ/kg”)
38 hf =504.70;

39 h7 =((0.5685*4.18*90) -(0.0685*hf))/0.5

40 disp(” Ther e f o r e , heat t r a n s f e r r e d i n p r o c e s s h e a t e r
=0.5∗ ( h3−h7 ) i n KJ/kg steam gene r a t ed ”)

41 0.5*(h3-h7)

42 disp(” so heat t r a n s f e r r e d per kg steam gene r a t ed
=1023.175 KJ/kg steam gene r a t ed ”)

43 disp(”For s t a t e 10 at e x i t o f LPT, s10=s3=s2 =6.3615
KJ/kg K”)

44 s10=s3;

45 disp(” Let d ryne s s f r a c t i o n be x10 ”)
46 disp(” s10 =6.3615= s f at 0 . 0 75 bar+x10∗ s f g at 0 . 0 7 5

bar ”)
47 disp(” from steam tab l e s , a t 0 . 0 7 5 bar , s f =0.5764 KJ/kg
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K, s f g =7.6750 KJ/kg K”)
48 sf =0.5764;

49 sfg =7.6750;

50 disp(” so x10=(s10−s f ) / s f g ”)
51 x10=(s10 -sf)/sfg

52 x10 =0.754; // approx .
53 disp(”h10=hf at 0 . 0 7 5 bar+x10∗ h fg at 0 . 0 7 5 bar ”)
54 disp(” from steam tab l e s , a t 0 . 0 7 5 bar , h f =168.79 KJ/kg

, h fg =2406.0 KJ/kg”)
55 hf =168.79;

56 hfg =2406.0;

57 disp(” so h10=hf+x10∗ h fg i n KJ/kg ”)
58 h10=hf+x10*hfg

59 disp(” net work output , n e g l e c t i n g pump work per kg o f
steam gene ra t ed , ”)

60 disp(”w net=(h2−h3 ) ∗1+0.4315∗ ( h3−h10 ) i n KJ/kg steam
gene r a t ed ”)

61 w_net=(h2 -h3)*1+0.4315*(h3-h10)

62 disp(”Heat added in b o i l e r per kg steam gene ra t ed ,
q add=(h2−h1 ) i n KJ/kg”)

63 q_add=(h2 -4.18*68.425)

64 disp(” therma l e f f i c i e n c y=w net / q add ”)
65 w_net/q_add

66 disp(” i n p e r c en t a g e ”)
67 w_net *100/ q_add

68 disp(” so Thermal e f f i c i e n c y =27.58%”)

Scilab code Exa 8.16 Engineering Thermodynamics by Onkar Singh Chap-
ter 8 Example 16

1 // D i sp l ay mode
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Figure 8.13: Engineering Thermodynamics by Onkar Singh Chapter 8 Ex-
ample 15
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2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar S ingh
Chapter 8 Example 16 ”)

8 m=35; //mass f l ow r a t e i n kg/ s
9 disp(” from steam tab l e s , h1=3530.9 KJ/kg , s1 =6.9486 KJ

/kg K”)
10 h1 =3530.9;

11 s1 =6.9486;

12 disp(”Assuming i s e n t r o p i c expans i on i n noz z l e , s1=s2
=6.9486 ”)

13 s2=s1;

14 disp(” Le td ryne s s f r a c t i o n at s t a t e 2 , x2=0.864 ”)
15 disp(” s2=s f at 0 . 2 bar+x2∗ s f g at 0 . 2 bar ”)
16 disp(” from steam tab l e s , s f =0.8320 KJ/kg K, s f g =7.0766

KJ/kg K”)
17 sf =0.8320;

18 sfg =7.0766;

19 disp(” so x2=(s2−s f ) / s f g ”)
20 x2=(s2-sf)/sfg

21 x2 =0.864; // approx .
22 disp(” hence , h2=hf at 0 . 2 bar+x2∗ h fg at 0 . 2 bar i n KJ

/kg”)
23 disp(” from steam tab l e s , h f at 0 . 2 bar =251.4 KJ/kg ,

h fg at 0 . 2 bar =2358.3 KJ/kg”)
24 hf =251.4;

25 hfg =2358.3;

26 h2=hf+x2*hfg

27 disp(” c o n s i d e r i n g pump work to be o f i s e n t r o p i c type
, d e l t a h 3 4=v3∗ d e l t a p 3 4 ”)

28 disp(” from steam tab l e , v3=v f at 0 . 2 bar =0.001017 m
ˆ3/ kg”)

29 v3 =0.001017;

30 disp(” or d e l t a h 3 4=v3 ∗ ( p3−p4 ) i n KJ/kg”)
31 p3=70; // ; p r e s s u r e o f steam e n t e r i n g t u r b i n e i n bar
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32 p4 =0.20; // conden s e r p r e s s u r e i n bar
33 deltah_34=v3*(p3-p4)*100

34 disp(”pump work ,Wp=de l t a h 3 4 i n KJ/kg”)
35 Wp=deltah_34

36 disp(” t u r b i n e work ,Wt=d e l t a h 1 2=(h1−h2 ) i n KJ/kg”)
37 Wt=(h1-h2)

38 disp(” net work (W net )=Wt−Wp in KJ/kg”)
39 W_net=Wt-Wp

40 disp(”power produced (P)=mass f l ow r a t e ∗W net i n KJ/ s
”)

41 P=m*W_net

42 disp(” so net power =43.22 MW”)
43 disp(” heat s u pp l i e d i n b o i l e r (Q)=(h1−h4 ) i n KJ/kg”)
44 disp(” en tha lpy at s t a t e 4 , h4=h3+d e l t a h 3 4 i n KJ/kg”)
45 h3=hf;

46 h4=h3+deltah_34

47 disp(” t o t a l heat s u pp l i e d to b o i l e r (Q)=m∗ ( h1−h4 ) i n
KJ/ s ”)

48 Q=m*(h1-h4)

49 disp(” therma l e f f i c i e n c y=net work/ heat s u pp l i e d=
W net/Q”)

50 P/Q

51 disp(” i n p e r c en t a g e ”)
52 P*100/Q

53 disp(” so the rma l e f f i c i e n c y =37.73%”)

Scilab code Exa 8.17 Engineering Thermodynamics by Onkar Singh Chap-
ter 8 Example 17
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Figure 8.14: Engineering Thermodynamics by Onkar Singh Chapter 8 Ex-
ample 16

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar S ingh
Chapter 8 Example 17 ”)

8 P=10*10^3; // output i n KW
9 disp(” from steam tab l e s , h1=3625.3 KJ/ s , s1 =6.9029 KJ/

kg K”)
10 h1 =3625.3;

11 s1 =6.9029;

12 disp(”due to i s e n t r o p i c expans ion , s1=s2=s3 =6.9029 KJ
/kg K”)

13 s2=s1;

14 s3=s2;

15 disp(” at s t a t e 2 , i . e a t p r e s s u r e o f 2 MPa and
ent ropy 6 . 9 029 KJ/kg K”)

16 disp(”by i n t e r p o l a t i n g s t a t e f o r s2 between 2 MPa
, 3 0 0 deg r e e c e l c i u s and 2 MPa, 3 5 0 deg r e e c e l c i u s
from steam tab l e s , ”)
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Figure 8.15: Engineering Thermodynamics by Onkar Singh Chapter 8 Ex-
ample 16
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Figure 8.16: Engineering Thermodynamics by Onkar Singh Chapter 8 Ex-
ample 17

17 disp(”h2=3105.08 KJ/kg ”)
18 h2 =3105.08;

19 disp(” f o r s t a t e 3 , i . e at p r e s s u r e o f 0 . 0 1 MPa
entropy , s3 l i e s i n wet r e g i o n as s3<sg at 0 . 0 1
MPa. Let d ryne s s f r a c t i o n be x3 at t h i s s t a t e ”)

20 disp(” s3=s f at 0 . 0 1 MPa+x3∗ s f g at 0 . 0 1 MPa”)
21 disp(” from steam tab l e s , s f a t 0 . 0 1 MPa=0.6493 KJ/kg

K, s f g at 0 . 0 1 MPa=7.5009 KJ/kg K”)
22 sf =0.6493;

23 sfg =7.5009;

24 disp(” so x3=(s3−s f ) / s f g ”)
25 x3=(s3-sf)/sfg

26 x3 =0.834; // approx .
27 disp(” en tha lpy at s t a t e 3 , h3= hf at 0 . 0 1 MPa+x3∗ h fg

at 0 . 0 1 MPa in KJ/kg”)
28 disp(” from steam tab l e s , a t 0 . 0 1 MPa, h f =191.83 KJ/kg ,

h fg =2392.8 KJ/kg”)
29 hf =191.83;

30 hfg =2392.8;

31 h3=hf+x3*hfg

32 disp(” l e t the mass o f steam b l ed be mb per kg o f
steam from e x i t o f HP f o r r e g e n e r a t i v e f e e d
h e a t i n g . ”)
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33 disp(” Con s i d e r i n g s t a t e at e x i t from f e e d h e a t e r
be ing s a t u r a t e d l i q u i d the en tha lpy at e x i t o f
f e e d h e a t e r w i l l be , h f a t 2 MPa”)

34 disp(”h6=hf at 2 MPa=908.79 KJ/kg”)
35 h6 =908.79;

36 disp(” f o r a d i a b a t i c mix ing i n f e e d hea t e r , f o r one kg
o f steam l e a v i n g b o i l e r , the heat ba l an c e y i e l d s ,

”)
37 disp(”(1−mb) ∗h5+mb∗h2=h6”)
38 disp(” wh i l e n e g l e c t i n g pump work , ”)
39 disp(”h5=h4=hf at 0 . 0 1MPa=191.83 KJ/kg”)
40 h4 =191.83;

41 h5=h4;

42 disp(” s u b s t i t u t i n g i n heat ba l an c e on the f e e d
hea t e r , ”)

43 disp(”(1−mb) ∗h5+mb∗h2=h6”)
44 disp(” so mb=(h6−h5 ) /( h2−h5 ) i n kg per kg o f steam

e n t e r i n g HP tu r b i n e ”)
45 mb=(h6-h5)/(h2-h5)

46 mb =0.246; // approx .
47 disp(” steam b l ed per kg o f steam pa s s i n g through HP

s t a g e =0.246 kg”)
48 disp(” l e t mass o f steam l e a v i n g b o i l e r be m kg/ s ”)
49 disp(” output (P)=m∗ ( h1−h2 )+m∗(1−mb) ∗ ( h2−h3 ) ”)
50 disp(” so m=P/ ( ( h1−h2 )+(1−mb) ∗ ( h2−h3 ) ) i n kg/ s ”)
51 m=P/((h1-h2)+(1-mb)*(h2 -h3))

52 m=8.25; // approx .
53 disp(” n e g l e c t i n g pump work , h7=h6=908.79 KJ/kg”)
54 h7=h6;

55 disp(” heat s u pp l i e d to b o i l e r , Q 71=m∗ ( h1−h7 ) i n KJ/ s
”)

56 Q_71=m*(h1-h7)

57 disp(” so heat added =22411.21 KJ/ s ”)
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Scilab code Exa 8.18 Engineering Thermodynamics by Onkar Singh Chap-
ter 8 Example 18

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar S ingh
Chapter 8 Example 18 ”)

8 W_net =50*10^3; // net output o f t u r b i n e i n KW
9 disp(” from steam tab l e s , a t i n l e t to f i r s t s t a g e o f

tu rb in e , h1=h at 100 bar , 5 0 0 oc =3373.7 KJ/kg , s1=s
at 100 bar , 5 0 0 oc =6.5966 KJ/kg”)

10 h1 =3373.7;

11 s1 =6.5966;

12 disp(”Due to i s e n t r o p i c expans ion , s1=s6=s2 and s3=s8
=s4 ”)

13 s2=s1;

14 s6=s2;

15 disp(” S t a t e at 6 i . e b l e ed s t a t e from HP turb ine ,
t empera tu re by i n t e r p o l a t i o n from steam t a b l e
=261.6 oc . ”)

16 disp(”At i n l e t to second s t a g e o f tu rb in e , h6
=2930.572 KJ/kg”)

17 h6 =2930.572;

18 disp(”h3=h at 10 bar , 5 0 0 oc =3478.5 KJ/kg , s3=s at 10
bar , 5 0 0 oc =7.7622 KJ/kg K”)

19 h3 =3478.5;

20 s3 =7.7622;

21 s4=s3;

22 s8=s4;

23 disp(”At e x i t from f i r s t s t a g e o f t u r b i n e i . e . a t 10
bar and ent ropy o f 6 . 5 966 KJ/kg K, Temperature by
i n t e r p o l a t i o n from steam t a b l e at 10 bar and

ent ropy o f 6 . 5 966 KJ/kg K”)
24 disp(”T2=181.8 oc , h2=2782.8 KJ/kg”)
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25 T2 =181.8;

26 h2 =2782.8;

27 disp(” s t a t e at 8 , i . e b l e ed s t a t e from second s t a g e
o f expans ion , i . e at 4 bar and ent ropy o f 7 . 7 622
KJ/kg K, Temperature by i n t e r p o l a t i o n from steam
tab l e , T8=358.98 oc=359 oc ”)

28 T8=359;

29 disp(”h8=3188.7 KJ/kg”)
30 h8 =3188.7;

31 disp(” s t a t e at 4 i . e . a t c onden s e r p r e s s u r e o f 0 . 1
bar and ent ropy o f 7 . 7 622 KJ/kg K, the s t a t e l i e s
i n wet r e g i o n . So l e t the d ryne s s f r a c t i o n be x4 . ”
)

32 disp(” s4=s f at 0 . 1 bar+x4∗ s f g at 0 . 1 bar ”)
33 disp(” from steam tab l e s , a t 0 . 1 bar , s f =0.6493 KJ/kg K

, s f g =7.5009 KJ/kg K”)
34 sf =0.6493;

35 sfg =7.5009;

36 disp(” so x4=(s4−s f ) / s f g ”)
37 x4=(s4-sf)/sfg

38 x4 =0.95; // approx .
39 disp(”h4=hf at 0 . 1 bar+x4∗ h fg at 0 . 1 bar i n KJ/kg ”)
40 disp(” from steam tab l e s , a t 0 . 1 bar , h f =191.83 KJ/kg ,

h fg =2392.8 KJ/kg”)
41 hf =191.83;

42 hfg =2392.8;

43 h4=hf+x4*hfg

44 disp(” g iven , h4=2464.99 KJ/kg , h11=856.8 KJ/kg , h9=hf
at 4 bar =604.74 KJ/kg”)

45 h4 =2464.99;

46 h11 =856.8;

47 h9 =604.74;

48 disp(” c o n s i d e r i n g pump work , the net output can be
g i v en as , ”)

49 disp(”W net=WHPT+W LPT−(W CEP+W FP) ”)
50 disp(”where ,W HPT={(h1−h6 )+(1−m6) ∗ ( h6−h2 ) } per kg o f

steam from b o i l e r . ”)
51 disp(”W LPT={(1−m6)+(h3−h8 ) ∗(1−m6−m8) ∗ ( h8−h4 ) } per kg
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o f steam from b o i l e r . ”)
52 disp(” f o r c l o s e d f e e d water hea t e r , ene rgy ba l an c e

y i e l d s ; ”)
53 disp(”m6∗h6+h10=m6∗h7+h11”)
54 disp(” assuming conden sa t e l e a v i n g c l o s e d f e e d water

h e a t e r to be s a t u r a t e d l i q u i d , ”)
55 disp(”h7=hf at 20 bar =908.79 KJ/kg”)
56 h7 =908.79;

57 disp(”due to t h r o t t l i n e , h7=h7 a =908.79 KJ/kg”)
58 h7_a=h7;

59 disp(” f o r open f e e d water hea t e r , ene rgy ba l an c e
y i e l d s , ”)

60 disp(”m6∗ h7 a+m8∗h8+(1−m6−m8) ∗h5=h9”)
61 disp(” f o r conden sa t e e x t r a c t i o n pump , h5−h4 a=v4 a ∗

d e l t a p ”)
62 disp(”h5−h f at 0 . 1 bar=v f at 0 . 1 bar ∗ (4−0 .1) ∗10ˆ2 ”)
63 disp(” from steam tab l e s , a t 0 . 1 bar , h f =191.83 KJ/kg ,

v f =0.001010 mˆ3/ kg”)
64 hf =191.83;

65 vf =0.001010;

66 disp(” so h5=hf+v f ∗ (4−0 .1) ∗10ˆ2 i n KJ/kg”)
67 h5=hf+vf*(4 -0.1) *10^2

68 disp(” f o r f e e d pump , h10−h9=v9∗ d e l t a p ”)
69 disp(”h10=h9+v f at 4 bar ∗(100−4) ∗10ˆ2 i n KJ/kg”)
70 disp(” from steam tab l e s , a t 4 bar , h f =604.74 KJ/kg , v f

=0.001084 mˆ3/ kg ”)
71 hf =604.74;

72 vf =0.001084;

73 h10=h9+vf*(100 -4) *10^2

74 disp(” s u b s t i t u t i n g i n ene rgy ba l an c e upon c l o s e d
f e e d water hea t e r , ”)

75 disp(”m6=(h11−h10 ) /( h6−h7 ) i n kg per kg o f steam from
b o i l e r ”)

76 m6=(h11 -h10)/(h6-h7)

77 disp(” s u b s t i t u t i n g i n ene rgy ba l an c e upon f e e d water
hea t e r , ”)

78 disp(”m8=(h9−m6∗ h7 a+m6∗h5−h5 ) /( h8−h5 ) i n kg per kg
o f steam from b o i l e r ”)
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79 m8=(h9-m6*h7_a+m6*h5-h5)/(h8-h5)

80 disp(” Let the mass o f steam e n t e r i n g f i r s t s t a g e o f
t u r b i n e be m kg , then ”)

81 disp(”W HPT=m∗{ ( h1−h6 )+(1−m6) ∗ ( h6−h2 ) }”)
82 disp(”W HPT/m=”)
83 {(h1-h6)+(1-m6)*(h6-h2)}

84 disp(” so W HPT=m∗573 . 24 KJ”)
85 disp(” a l s o ,W LPT={(1−m6) ∗ ( h3−h8 )+(1−m6−m8) ∗ ( h8−h4 ) }

per kg o f steam from b o i l e r ”)
86 disp(”W LPT/m=”)
87 {(1-m6)*(h3 -h8)+(1-m6 -m8)*(h8-h4)}

88 disp(” so W LPT=m∗813 . 42 KJ”)
89 disp(”pump works ( n e g a t i v e work ) ”)
90 disp(”W CEP=m∗(1−m6−m8) ∗ ( h5−h4 a ) ”)
91 h4_a =191.83; // h4 a=hf at 0 . 1 bar
92 disp(”W CEP/m=”)
93 (1-m6-m8)*(h5-h4_a)

94 disp(” so W CEP=m∗ 0 . 3 04 ”)
95 disp(”W FP=m∗ ( h10−h9 ) ”)
96 disp(”W FP/m=”)
97 (h10 -h9)

98 disp(” so W FP=m∗10 . 4 1 ”)
99 disp(” net output , ”)

100 disp(”W net=WHPT+W LPT−W CEP−W FP ”)
101 disp(” so 50∗10ˆ3=(573 .24∗m+813.42∗m−0.304∗m−10.41∗m)

”)
102 disp(” so m=W net /(573 .24+813 .42 −0 .304 −10 .41) i n kg/ s ”

)

103 m=W_net /(573.24+813.42 -0.304 -10.41)

104 disp(” heat s u pp l i e d i n b o i l e r , Q add=m∗ ( h1−h11 ) i n KJ
/ s ”)

105 Q_add=m*(h1 -h11)

106 disp(”Thermal e f f i c e n n c y=W net/Q add”)
107 W_net/Q_add

108 disp(” i n p e r c en t a g e ”)
109 W_net *100/ Q_add

110 disp(” so mass o f steam b l ed at 20 bar =0.119 kg per
kg o f steam e n t e r i n g f i r s t s t a g e ”)
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Figure 8.17: Engineering Thermodynamics by Onkar Singh Chapter 8 Ex-
ample 18

111 disp(”mass o f steam b l ed at 4 bar =0.109 kg per kg o f
steam e n t e r i n g f i r s t s t a g e ”)

112 disp(”mass o f steam e n t e r i n g f i r s t s t a g e =36.33 kg/ s ”
)

113 disp(” therma l e f f i c i e n c y =54.66%”)
114 disp(”NOTE=>In t h i s q u e s t i o n t h e r e i s some

c a c l u l a t i o n mi s take wh i l e c a l c u l a t i n g m6 in book ,
which i s c o r r e c t e d above so some answers may vary
. ”)
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Chapter 9

Gas Power Cycles

Scilab code Exa 9.1 Engineering Thermodynamics by Onkar Singh Chap-
ter 9 Example 1

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar S ingh
Chapter 9 Example 1”)

8 Cp=1; // s p e c i f i c heat at c on s t an t p r e s s u r e i n KJ/kg K
9 Cv =0.71; // s p e c i f i c heat at c on s t an t volume in KJ/kg

K
10 P1=98; // p r e s s u r e at b e g i n i n g o f compre s s i on i n KPa
11 T1 =(60+273.15);// t empera tu r e at b e g i n i n g o f

compre s s i on i n K
12 Q23 =150; // heat s u pp l i e d i n KJ/kg
13 r=6; // compre s s i on r a t i o
14 R=0.287; // gas c on s t an t i n KJ/kg K
15 disp(” SI eng i n e op e r a t e on o t t o c y c l e . c o n s i d e r
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Figure 9.1: Engineering Thermodynamics by Onkar Singh Chapter 9 Exam-
ple 1

work ing f l u i d to be p e r f e c t gas . ”)
16 disp(” here , y=Cp/Cv”)
17 y=Cp/Cv

18 y=1.4; // approx .
19 disp(”Cp−Cv=R in KJ/kg K”)
20 R=Cp -Cv

21 disp(” compre s s i on r a t i o , r=V1/V2=(0.15+V2) /V2”)
22 disp(” so V2=0.15/( r−1) i n mˆ3”)
23 V2 =0.15/(r-1)

24 disp(” so V2=0.03 mˆ3”)
25 disp(” t o t a l c y l i n d e r volume=V1=r ∗V2 mˆ3”)
26 V1=r*V2

27 disp(” from p e r f e c t gas law ,P∗V=m∗R∗T”)
28 disp(” so m=P1∗V1/(R∗T1) i n kg”)
29 m=P1*V1/(R*T1)

30 m=0.183; // approx .
31 disp(” from s t a t e 1 to 2 by P∗Vˆy=P2∗V2ˆy”)
32 disp(” so P2=P1∗ (V1/V2) ˆy i n KPa”)
33 P2=P1*(V1/V2)^y

34 disp(” a l s o , P1∗V1/T1=P2∗V2/T2”)
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35 disp(” so T2=P2∗V2∗T1/(P1∗V1) i n K”)
36 T2=P2*V2*T1/(P1*V1)

37 disp(” from heat a dd i t i o n p r o c e s s 2−3”)
38 disp(”Q23=m∗CV∗ (T3−T2) ”)
39 disp(”T3=T2+(Q23/(m∗Cv) ) i n K”)
40 T3=T2+(Q23/(m*Cv))

41 disp(” a l s o from , P3∗V3/T3=P2∗V2/T2”)
42 disp(”P3=P2∗V2∗T3/(V3∗T2) i n KPa”)
43 V3=V2;// c on s t an t volume p r o c e s s
44 P3=P2*V2*T3/(V3*T2)

45 disp(” f o r a d i a b a t i c expans i on 3−4 ,”)
46 disp(”P3∗V3ˆy=P4∗V4ˆy”)
47 disp(”and V4=V1”)
48 V4=V1;

49 disp(” hence , P4=P3∗V3ˆy/V1ˆy in KPa”)
50 P4=P3*V3^y/V1^y

51 disp(”and from P3∗V3/T3=P4∗V4/T4”)
52 disp(”T4=P4∗V4∗T3/(P3∗V3) in K”)
53 T4=P4*V4*T3/(P3*V3)

54 disp(” ent ropy change from 2−3 and 4−1 a r e same , and
can be g i v en as , ”)

55 disp(”S3−S2=S4−S1=m∗Cv∗ l o g (T4/T1) ”)
56 disp(” so ent ropy change , d e l t a S 3 2=d e l t a S 4 1 i n KJ/K”

)

57 deltaS_32=m*Cv*log(T4/T1)

58 deltaS_41=deltaS_32;

59 disp(” heat r e j e c t e d , Q41=m∗Cv∗ (T4−T1) i n KJ”)
60 Q41=m*Cv*(T4-T1)

61 disp(” net work (W)=Q23−Q41 in KJ”)
62 W=Q23 -Q41

63 disp(” e f f i c i e n c y ( n )=W/Q23”)
64 n=W/Q23

65 disp(” i n p e r c en t a g e ”)
66 n=n*100

67 disp(”mean e f f e c t i v e p r e s s u r e (mep)=work/ volume
change=W/0 . 1 5 i n KPa”)

68 mep=W/0.15

69 disp(” so mep=511.67 KPa”)
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Figure 9.2: Engineering Thermodynamics by Onkar Singh Chapter 9 Exam-
ple 2

Scilab code Exa 9.2 Engineering Thermodynamics by Onkar Singh Chap-
ter 9 Example 2

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);
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5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar S ingh
Chapter 9 Example 2”)

8 Pa=138; // p r e s s u r e dur ing compre s s i on at 1/8 o f
s t r o k e i n KPa

9 Pb =1.38*10^3; // p r e s s u r e dur ing compre s s i on at 7/8 o f
s t r o k e i n KPa

10 n_ite =0.5; // i n d i c a t e d therma l e f f i c i e n c y
11 n_mech =0.8; // mechan i ca l e f f i c i e n c y
12 C=41800; // c a l o r i f i c va l u e i n KJ/kg
13 y=1.4; // expans i on c on s t an t
14 disp(” as g i v en ”)
15 disp(”Va=V2+(7/8) ∗ (V1−V2) ”)
16 disp(”Vb=V2+(1/8) ∗ (V1−V2) ”)
17 disp(”and a l s o ”)
18 disp(”Pa∗Vaˆy=Pb∗Vbˆy”)
19 disp(” so (Va/Vb)=(Pb/Pa ) ˆ(1/ y ) ”)
20 (Pb/Pa)^(1/y)

21 disp(” a l s o s u b s t i t u t i n g f o r Va and Vb”)
22 disp(” (V2+(7/8) ∗ (V1−V2) ) /(V2+(1/8) ∗ (V1−V2) ) =5.18 ”)
23 disp(” so V1/V2=r =1+(4 .18∗8/1 .82) ”)
24 r=1+(4.18*8/1.82)

25 disp(” i t g i v e s r =19.37 or V1/V2=19.37 , c ompre s s i on
r a t i o =19.37 ”)

26 disp(” as g i v en ; cut o f f o c c u r s at (V1−V2) /15 volume”)
27 disp(”V3=V2+(V1−V2) /15 ”)
28 disp(” cut o f f r a t i o , rho=V3/V2”)
29 rho =1+(r-1)/15

30 disp(” a i r s t andard e f f i c i e n c y f o r d i e s e l c y c l e (
n a i r s t a n d a r d ) =1−(1/( r ˆ( y−1)∗y ) ) ∗ ( ( rho ˆy−1) /( rho
−1) ) ”)

31 n_airstandard =1 -(1/(r^(y-1)*y))*((rho^y-1)/(rho -1))

32 disp(” i n p e r c en t a g e ”)
33 n_airstandard=n_airstandard *100

34 disp(” o v e r a l l e f f i c i e n c y ( n o v e r a l l )=n a i r s t a n d a r d ∗
n i t e ∗n mech”)

35 n_airstandard =0.6325;
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36 n_overall=n_airstandard*n_ite*n_mech

37 disp(” i n p e r c en t a g e ”)
38 n_overall=n_overall *100

39 disp(” f u e l consumption , bhp/ hr i n kg=”)
40 n_overall =0.253;

41 75*60*60/( n_overall*C*100)

42 disp(” so compre s s i on r a t i o =19.37 ”)
43 disp(” a i r s t andard e f f i c i e n c y =63.25%”)
44 disp(” f u e l consumption , bhp/ hr =0.255 kg”)

Scilab code Exa 9.3 Engineering Thermodynamics by Onkar Singh Chap-
ter 9 Example 3

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar S ingh
Chapter 9 Example 3”)

8 T1 =(100+273.15);// t empera tu r e at b eg i nn i ng o f
c ompr e s s s i on i n K

9 P1=103; // p r e s s u r e at b e g i nn i ng o f c ompr e s s s i on i n
KPa

10 Cp =1.003; // s p e c i f i c heat at c on s t an t p r e s s u r e i n KJ/
kg K

11 Cv =0.71; // s p e c i f i c heat at c on s t an t volume in KJ/kg
K

12 Q23 =1700; // heat added dur ing combust ion i n KJ/kg
13 P3 =5000; //maximum p r e s s u r e i n c y l i n d e r i n KPa
14 disp(”1−2−3−4=c y c l e a”)
15 disp(”1−2 a−3 a−4 a−5=c y c l e b”)
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Figure 9.3: Engineering Thermodynamics by Onkar Singh Chapter 9 Exam-
ple 3
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16 disp(” he r e Cp/Cv=y”)
17 y=Cp/Cv

18 y=1.4; // approx .
19 disp(”and R=0.293 KJ/kg K”)
20 R=0.293;

21 disp(” l e t us c o n s i d e r 1 kg o f a i r f o r p e r f e c t gas , ”)
22 m=1; //mass o f a i r i n kg
23 disp(”P∗V=m∗R∗T”)
24 disp(” so V1=m∗R∗T1/P1 in mˆ3”)
25 V1=m*R*T1/P1

26 disp(” at s t a t e 3 , ”)
27 disp(”P3∗V3=m∗R∗T3”)
28 disp(” so T3/V2=P3/(m∗R) ”)
29 P3/(m*R)

30 disp(” so T3=17064.8∗V2 . . . . . . . . . . . . eq1 ”)
31 disp(” f o r c y c l e a and a l s o f o r c y c l e b”)
32 disp(”T3 a =17064.8∗V2 a . . . . . . . . . . . . . eq2 ”)
33 disp(”a> f o r o t t o cy c l e , ”)
34 disp(”Q23=Cv∗ (T3−T2) ”)
35 disp(” so T3−T2=Q23/Cv”)
36 Q23/Cv

37 disp(”and T2=T3 − 2 3 9 4 . 3 6 . . . . . . . . . . . . . eq3 ”)
38 disp(” from gas law , P2∗V2/T2=P3∗V3/T3”)
39 disp(” he r e V2=V3 and u s i n g eq 3 ,we ge t ”)
40 disp(” so P2/(T3−2394 .36) =5000/T3”)
41 disp(” s u b s t i t u t i n g T3 as f u n c t i o n o f V2”)
42 disp(”P2 / ( 1 7064 . 8∗V2−2394 .36) =5000/(17064 .8∗V2) ”)
43 disp(”P2=5000∗ (17064 .8∗V2−2394 .36) / ( 1 7 064 . 8∗V2) ”)
44 disp(” a l s o P1∗V1ˆy=P2∗V2ˆy”)
45 disp(” or 1 0 3 ∗ ( 1 . 0 6 ) ˆ1 . 4=(5000∗ ( 1 7064 . 8∗V2−2394 .36)

/ ( 1 7 064 . 8∗V2) ) ∗V2ˆ1 . 4 ”)
46 disp(”upon s o l v i n g i t y i e l d s ”)
47 disp(” 381 . 4∗V2=17064.8∗V2ˆ2 .4 −2394 .36∗V2ˆ1 . 4 ”)
48 disp(” or V2ˆ1 .4 −0 .140∗V2ˆ0.4− .022=0 ”)
49 disp(”by h i t and t r i a l i t y i e l d s , V2=0.18 ”)
50 V2 =0.18;

51 disp(” thus compre s s i on r a t i o , r=V1/V2”)
52 r=V1/V2
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53 disp(” o t t o c y c l e e f f i c i e n c y , n o t t o =1−(1/ r ) ˆ( y−1)”)
54 n_otto =1-(1/r)^(y-1)

55 disp(” i n p e r c en t a g e ”)
56 n_otto=n_otto *100

57 disp(”b> f o r mixed or dua l c y c l e ”)
58 disp(”Cp∗ ( T4 a−T3 a )=Cv∗ ( T3 a−T2 a ) =1700/2=850”)
59 disp(” or T3 a−T2 a=850/Cv”)
60 850/Cv

61 disp(” or T2 a=T3 a −1197.2 . . . . . . . . . . . . . eq4 ”)
62 disp(” a l s o P2 a ∗V2 a/T2 a=P3 a ∗V3 a/T3 a”)
63 disp(”P2 a ∗V2 a /( T3 a −1197 .2) =5000∗V2 a/T3 a”)
64 disp(” or P2 a /( T3 a −1197 .2) =5000/T3 a”)
65 disp(” a l s o we had s e en e a r l i e r tha t T3 a =17064.8∗

V2 a”)
66 disp(” so P2 a / ( 1 7064 . 8∗V2 a −1197 .2) =5000/(17064 .8∗

V2 a ) ”)
67 disp(” so P2 a =5000∗ (17064 .8∗V2 a −1197 .2) / ( 1 7 064 . 8∗

V2 a ) . . . . . . . . . . . . . . . . . . . . . eq5 ”)
68 disp(” or f o r a d i a b a t i c p r o c e s s ,1−2 a ”)
69 disp(”P1∗V1ˆy=P2∗V2ˆy”)
70 disp(” so 1 . 3 ∗ ( 1 . 0 6 ) ˆ1.4=V2 a ˆ1 . 4∗ ( 5000 − ( 359 . 78/ V2 a )

) ”)
71 disp(” or V2 a ˆ1 .4 −0 .07∗V2 a ˆ0.4−0.022=0 ”)
72 disp(”by h i t and t r i a l ”)
73 disp(”V2 a=0.122 mˆ3”)
74 V2_a =0.122;

75 disp(” t h e r e f o r e upon s u b s t i t u t i n g V2 a , ”)
76 disp(”by eq 5 , P2 a in KPa”)
77 P2_a =5000*(17064.8* V2_a -1197.2) /(17064.8* V2_a)

78 disp(”by eq 2 , T3 a i n K”)
79 T3_a =17064.8* V2_a

80 disp(”by eq 4 , T2 a i n K”)
81 T2_a=T3_a -1197.2

82 disp(” from con s t an t p r e s s u r e heat a dd i t i o n ”)
83 disp(”Cp∗ ( T4 a−T3 a )=850”)
84 disp(” so T4 a=T3 a+(850/Cp) i n K”)
85 T4_a=T3_a +(850/ Cp)

86 disp(” a l s o P4 a ∗V4 a/T4 a= P3 a ∗V3 a/T3 a”)

314



87 disp(” so V4 a=P3 a ∗V3 a∗T4 a /( T3 a∗P4 a ) i n mˆ3 ”)
88 disp(” he r e P3 a=P4 a and V2 a=V3 a”)
89 V4_a=V2_a*T4_a/(T3_a)

90 disp(” u s i n g a d i a b a t i c f o rmu l a t i o n s V4 a=0.172 mˆ3”)
91 disp(” (V5/V4 a ) ˆ( y−1)=(T4 a/T5) , h e r e V5=V1”)
92 V5=V1;

93 disp(” so T5=T4 a /(V5/V4 a ) ˆ( y−1) i n K”)
94 T5=T4_a/(V5/V4_a)^(y-1)

95 disp(” heat r e j e c t e d i n p r o c e s s 5−1 ,Q51=Cv∗ (T5−T1) i n
KJ”)

96 Q51=Cv*(T5-T1)

97 disp(” e f f i c i e n c y o f mixed c y c l e ( n mixed )=(Q23−Q51 ) /
Q23”)

98 n_mixed =(Q23 -Q51)/Q23

99 disp(” i n p e r c en t a g e ”)
100 n_mixed=n_mixed *100

101 (”NOTE=>In t h i s q u e s t i o n t empera tu re d i f f e r e n c e (T3−
T2) f o r pa r t a> i n book i s c a l c u l a t e d wrong i . e
2 3 2 8 . 7 7 , which i s c o r r e c t e d above and comes to be
2 394 . 3 6 , however i t doe sn t e f f e c t the e f f i c i e n c y
o f any pa r t o f t h i s q u e s t i o n . ”)

Scilab code Exa 9.4 Engineering Thermodynamics by Onkar Singh Chap-
ter 9 Example 4

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar S ingh
Chapter 9 Example 4”)
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Figure 9.4: Engineering Thermodynamics by Onkar Singh Chapter 9 Exam-
ple 4
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8 T3 =1200; //maximum tempera tu re i n K
9 T1=300; //minimum tempera tu r e i n K
10 y=1.4; // expans i on c on s t an t
11 Cp =1.005; // s p e c i f i c heat at c on s t an t p r e s s u r e i n KJ/

kg K
12 disp(”optimum p r e s s u r e r a t i o f o r maximum work output

, ”)
13 disp(” rp=(T max/T min ) ˆ ( ( y ) / ( 2∗ ( y−1) ) ) ”)
14 T_max=T3;

15 T_min=T1;

16 rp=( T_max/T_min)^((y)/(2*(y-1)))

17 disp(” so p2/p1=11.3 , For p r o c e s s 1−2 , T2/T1=(p2/p1 ) ˆ(
y /( y−1) ) ”)

18 disp(” so T2=T1∗ ( p2/p1 ) ˆ ( ( y−1)/y ) i n K”)
19 T2=T1*(rp)^((y-1)/y)

20 disp(”For p r o c e s s 3−4 ,”)
21 disp(”T3/T4=(p3/p4 ) ˆ ( ( y−1)/y )=(p2/p1 ) ˆ ( ( y−1)/y ) ”)
22 disp(” so T4=T3/( rp ) ˆ ( ( y−1)/y ) i n K”)
23 T4=T3/(rp)^((y-1)/y)

24 disp(” heat supp l i e d , Q23=Cp∗ (T3−T2) i n KJ/kg”)
25 Q23=Cp*(T3-T2)

26 disp(” compre s so r work ,Wc=Cp∗ (T2−T1) i n KJ/kg”)
27 Wc=Cp*(T2-T1)

28 disp(” t u r b i n e work ,Wt=Cp∗ (T3−T4) i n KJ/kg”)
29 Wt=Cp*(T3-T4)

30 disp(” therma l e f f i c i e n c y=net work/ heat s u pp l i e d =(Wt−
Wc) /Q23”)

31 (Wt -Wc)/Q23

32 disp(” so compre s so r work=301.5 KJ/kg , t u r b i n e work
=603 KJ/kg , the rma l e f f i c i e n c y =50%”)

Scilab code Exa 9.5 Engineering Thermodynamics by Onkar Singh Chap-
ter 9 Example 5
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Figure 9.5: Engineering Thermodynamics by Onkar Singh Chapter 9 Exam-
ple 5
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1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar S ingh
Chapter 9 Example 5”)

8 P1 =1*10^5; // i n i t i a l p r e s s u r e i n Pa
9 P4=P1;// c on s t an t p r e s s u r e p r o c e s s
10 T1=300; // i n i t i a l t empera tu re i n K
11 P2 =6.2*10^5; // p r e s s u r e a f t e r compre s s i on i n Pa
12 P3=P2;// c on s t an t p r e s s u r e p r o c e s s
13 k=0.017; // f u e l to a i r r a t i o
14 n_compr =0.88; // compre s so r e f f i c i e n c y
15 q=44186; // h e a t i n g va l u e o f f u e l i n KJ/kg
16 n_turb =0.9; // t u r b i n e i n t e r n a l e f f i c i e n c y
17 Cp_comb =1.147; // s p e c i f i c heat o f combust ion at

c on s t an t p r e s s u r e i n KJ/kg K
18 Cp_air =1.005; // s p e c i f i c heat o f a i r at c on s t an t

p r e s s u r e i n KJ/kg K
19 y=1.4; // expans i on c on s t an t
20 n=1.33; // expans i on c on s t an t f o r p o l y t r o p i c c on s t an t
21 disp(” gas t u r b i n e c y c l e i s shown by 1−2−3−4 on T−S

diagram , ”)
22 disp(” f o r p r o c e s s 1−2 be ing i s e n t r o p i c , ”)
23 disp(”T2/T1=(P2/P1 ) ˆ ( ( y−1)/y ) ”)
24 disp(” so T2=T1∗ (P2/P1 ) ˆ ( ( y−1)/y ) i n K”)
25 T2=T1*(P2/P1)^((y-1)/y)

26 disp(” c o n s i d e r i n g compre s so r e f f i c i e n c y , n compr=(T2−
T1) /( T2 a−T1) ”)

27 disp(” so T2 a=T1+((T2−T1) / n compr ) i n K”)
28 T2_a=T1+((T2-T1)/n_compr)

29 disp(” dur ing p r o c e s s 2−3 due to combust ion o f un i t
mass o f compressed the ene rgy ba l an c e s h a l l be as
under , ”)

30 disp(” heat added=mf∗q”)
31 disp(”=((ma+mf ) ∗Cp comb∗T3)−(ma∗Cp a i r ∗T2) ”)
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32 disp(” or (mf/ma) ∗q=((1+(mf/ma) ) ∗Cp comb∗T3)−(Cp a i r ∗
T2 a ) ”)

33 disp(” so T3=((mf/ma) ∗q+(Cp a i r ∗T2 a ) ) /((1+(mf/ma) ) ∗
Cp comb ) i n K”)

34 T3=((k)*q+( Cp_air*T2_a))/((1+(k))*Cp_comb)

35 disp(” f o r expans i on 3−4 be ing ”)
36 disp(”T4/T3=(P4/P3 ) ˆ ( ( n−1)/n ) ”)
37 disp(” so T4=T3∗ (P4/P3 ) ˆ ( ( n−1)/n ) i n K”)
38 T4=T3*(P4/P3)^((n-1)/n)

39 disp(” a c t a u l t empera tu r e at t u r b i n e i n l e t
c o n s i d e r i n g i n t e r n a l e f f i c i e n c y o f tu rb in e , ”)

40 disp(” n tu rb=(T3−T4 a ) /(T3−T4) ”)
41 disp(” so T4 a=T3−( n tu rb ∗ (T3−T4) ) i n K”)
42 T4_a=T3 -( n_turb *(T3-T4))

43 disp(” compre s so r work , per kg o f a i r compressed (Wc)=
Cp a i r ∗ ( T2 a−T1) i n KJ/kg o f a i r ”)

44 Wc=Cp_air *(T2_a -T1)

45 disp(” so compre s so r work=234.42 KJ/kg o f a i r ”)
46 disp(” t u r b i n e work , per kg o f a i r compressed (Wt)=

Cp comb ∗ (T3−T4 a ) i n KJ/kg o f a i r ”)
47 Wt=Cp_comb *(T3-T4_a)

48 disp(” so t u r b i n e work=414.71 KJ/kg o f a i r ”)
49 disp(” net work (W net )=Wt−Wc in KJ/kg o f a i r ”)
50 W_net=Wt-Wc

51 disp(” heat s u pp l i e d (Q)=k∗q in KJ/kg o f a i r ”)
52 Q=k*q

53 disp(” therma l e f f i c i e n c y ( n )=W net/Q”)
54 n=W_net/Q

55 disp(” i n p e r c en t a g e ”)
56 n=n*100

57 disp(” so the rma l e f f i c i e n c y =24%”)
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Figure 9.6: Engineering Thermodynamics by Onkar Singh Chapter 9 Exam-
ple 6

Scilab code Exa 9.6 Engineering Thermodynamics by Onkar Singh Chap-
ter 9 Example 6

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar S ingh
Chapter 9 Example 6”)

8 T1=300; //minimum tempera tu r e i n brayton c y c l e i n K
9 T5 =1200; //maximum tempera tu re i n brayton c y c l e i n K
10 n_isen_c =0.85; // i s e n t r o p i c e f f i c i e n c y o f compre s so r
11 n_isen_t =0.9; // i s e n t r o p i c e f f i c i e n c y o f t u r b i n e
12 y=1.4; // expans i on c on s t an t
13 disp(”NOTE=>In t h i s q u e s t i o n fo rmu la f o r o v e r a l l

p r e s s u r e r a t i o i s de r i v ed , which cannot be done
u s i n g s c i l a b , so u s i n g t h i s f o rmu la we proce ed
f u r t h e r . ”)

14 disp(” o v e r a l l p r e s s u r e r a t i o ( rp )=(T1/(T5∗ n i s e n c ∗
n i s e n t ) ) ˆ ( ( 2∗ y ) /(3∗(1−y ) ) ) ”)
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15 rp=(T1/(T5*n_isen_c*n_isen_t))^((2*y)/(3*(1 -y)))

16 disp(” so o v e r a l l optimum p r e s s u r e r a t i o =13.6 ”)

Scilab code Exa 9.7 Engineering Thermodynamics by Onkar Singh Chap-
ter 9 Example 7

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar S ingh
Chapter 9 Example 7”)

8 T1=313; // a i r e n t e r i n g t empera tu r e i n K
9 P1 =1*10^5; // a i r e n t e r i n g p r e s s u r e i n Pa
10 m=50; // f l ow r a t e through compre s so r i n kg/ s
11 R=0.287; // gas c on s t an t i n KJ/kg K
12 disp(” i> t h e o r e t i c a l l y s t a t e o f a i r at e x i t can be

dete rmined by the g i v en s t a g e p r e s s u r e r a t i o o f
1 . 3 5 . Let p r e s s u r e at i n l e t to f i r s t s t a g e P1 and
subsequent i n t e rmed i a t e p r e s s u r e be P2 , P3 , P4 , P5 ,
P6 , P7 , P8 and e x i t p r e s s u r e be ing P9 . ”)

13 disp(” t h e r e f o r e , P2/P1=P3/P2=P4/P3=P5/P4=P6/P5=P7/P6=
P8/P7=P9/P8=r =1.35 ”)

14 r=1.35; // compre s s i on r a t i o
15 disp(” or P9/P1=k=(1 . 35 ) ˆ8 ”)
16 k=(1.35) ^8

17 k=11.03; // approx .
18 disp(” or t h e o r e t i c a l l y , the t empera tu re at e x i t o f

compre s so r can be p r e d i c t e d c o n s i d e r i n g
i s e n t r o p i c compre s s i on o f a i r ( y=1.4) ”)

19 y=1.4; // expans i on c on s t an t
20 disp(”T9/T1=(P9/P1 ) ˆ ( ( y−1)/y ) ”)
21 disp(” so T9=T1∗ (P9/P1 ) ˆ ( ( y−1)/y ) i n K”)
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22 T9=T1*(k)^((y-1)/y)

23 disp(” c o n s i d e r i n g o v e r a l l e f f i c i e n c y o f compre s s i on
82% the a c t u a l t empera tu r e at compre s so r e x i t can
be ob ta i n ed ”)

24 disp(” (T9−T1) /( T9 actua l−T1) =0.82 ”)
25 disp(” so T9 ac tua l=T1+((T9−T1) / 0 . 8 2 ) i n K”)
26 T9_actual=T1+((T9-T1)/0.82)

27 disp(” l e t the a c t u a l index o f compre s s i on be n , then
”)

28 disp(” ( T9 ac tua l /T1)=(P9/P1 ) ˆ ( ( n−1)/n ) ”)
29 disp(” so n=l o g (P9/P1 ) /( l o g (P9/P1 )− l o g (T9−a c t u a l /T1) )

”)
30 n=log(k)/(log(k)-log(T9_actual/T1))

31 disp(” so s t a t e o f a i r at e x i t o f compressor , p r e s s u r e
=11.03 bar and tempera tu r e =689.18 K”)

32 disp(” i i > l e t p o l y t r o p i c e f f i c i e n c y be n p o l y t r o p i c
f o r compre s so r then , ”)

33 disp(” (n−1)/n=((y−1)/y ) ∗ (1/ n p o l y t r o p i c ) ”)
34 disp(” so n p o l y t r o p i c =((y−1)/y ) / ( ( n−1)/n ) ”)
35 n_polytropic =((y-1)/y)/((n-1)/n)

36 disp(” i n p e r c en t a g e ”)
37 n_polytropic=n_polytropic *100

38 disp(” so p l o y t r o p i c e f f i c i e n c y =86.88%”)
39 disp(” i i i > s t a g e e f f i c i e n c y can be e s t ima t ed f o r any

s t a g e . say f i r s t s t a g e . ”)
40 disp(” i d e a l s t a t e at e x i t o f compre s so r s t a g e=T2/T1

=(P2/P1 ) ˆ ( ( y−1)/y ) ”)
41 disp(” so T2=T1∗ (P2/P1 ) ˆ ( ( y−1)/y ) i n K”)
42 T2=T1*(r)^((y-1)/y)

43 disp(” a c t u a l t empera tu r e at e x i t o f f i r s t s t a g e can
be e s t ima t ed u s i n g p o l y t r o p i c index 1 . 4 9 . ”)

44 disp(” T2 ac tua l /T1=(P2/P1 ) ˆ ( ( n−1)/n ) ”)
45 disp(” so T2 ac tua l=T1∗ (P2/P1 ) ˆ ( ( n−1)/n ) i n K”)
46 T2_actual=T1*(r)^((n-1)/n)

47 disp(” s t a g e e f f i c i e n c y f o r f i r s t s tage , n s 1=(T2−T1)
/( T2 actua l−T1) ”)

48 ns_1=(T2-T1)/(T2_actual -T1)

49 disp(” i n p e r c en t a g e ”)
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50 ns_=ns_1 *100

51 disp(” a c t u a l t empera tu r e at e x i t o f s econd s tage , ”)
52 disp(” T3 ac tua l / T2 ac tua l=(P3/P2 ) ˆ ( ( n−1)/n ) ”)
53 disp(” so T3 ac tua l=T2 ac tua l ∗ (P3/P2 ) ˆ ( ( n−1)/n ) i n K”

)

54 T3_actual=T2_actual *(r)^((n-1)/n)

55 disp(” i d e a l t empera tu re at e x i t o f s econd s t a g e ”)
56 disp(”T3/ T2 ac tua l=(P3/P2 ) ˆ ( ( n−1)/n ) ”)
57 disp(” so T3=T2 ac tua l ∗ (P3/P2 ) ˆ ( ( y−1)/y ) i n K”)
58 T3=T2_actual *(r)^((y-1)/y)

59 disp(” s t a g e e f f i c i e n c y f o r second s tage , n s 2=(T3−
T2 ac tua l ) /( T3 actua l−T2 ac tua l ) ”)

60 ns_2=(T3-T2_actual)/(T3_actual -T2_actual)

61 disp(” i n p e r c en t a g e ”)
62 ns_2=ns_2 *100

63 disp(” a c t u a l r t empe ra tu r e at e x i t o f t h i r d s tage , ”)
64 disp(” T4 ac tua l / T3 ac tua l=(P4/P3 ) ˆ ( ( n−1)/n ) ”)
65 disp(” so T4 ac tua l=T3 ac tua l ∗ (P4/P3 ) ˆ ( ( n−1)/n ) i n K”

)

66 T4_actual=T3_actual *(r)^((n-1)/n)

67 disp(” i d e a l t empera tu re at e x i t o f t h i r d s tage , ”)
68 disp(”T4/ T3 ac tua l=(P4/P3 ) ˆ ( ( n−1)/n ) ”)
69 disp(” so T4=T3 ac tua l ∗ (P4/P3 ) ˆ ( ( y−1)/y ) i n K”)
70 T4=T3_actual *(r)^((y-1)/y)

71 disp(” s t a g e e f f i c i e n c y f o r t h i r d s tage , n s 3=(T4−
T3 ac tua l ) /( T4 actua l−T3 ac tua l ) ”)

72 ns_3=(T4-T3_actual)/(T4_actual -T3_actual)

73 disp(” i n p e r c en t a g e ”)
74 ns_3=ns_3 *100

75 disp(” so s t a g e e f f i c i e n c y =86.4%”)
76 disp(” iv> from s t eady f l ow ene rgy equat i on , ”)
77 disp(”Wc=dw=dh and dh=du+p∗dv+v∗dp”)
78 disp(”dh=dq+v∗dp”)
79 disp(”dq=0 in a d i a b a t i c p r o c e s s ”)
80 disp(”dh=v∗dp”)
81 disp(”Wc=v∗dp”)
82 disp(” he r e f o r p o l y t r o p i c compre s s i on ”)
83 disp(”P∗Vˆ1.49= con s t an t i . e n=1.49 ”)
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84 n=1.49;

85 disp(”Wc=(n /(n−1) ) ∗m∗R∗T1 ∗ [ ( ( P9/P1 ) ˆ ( ( n−1)/n ) ) −1] i n
KJ/ s ”)

86 Wc=(n/(n-1))*m*R*T1*[((k)^((n-1)/n)) -1]

87 disp(”due to o v e r a l l e f f i c i e n c y be ing 90% the a c t u a l
compre s so r work ( Wc actua l )=Wc∗0 . 9 i n KJ/ s ”)

88 Wc_actual=Wc*0.9

89 disp(” so power r e q u i r e d to d r i v e compre s so r
=14777.89 KJ/ s ”)

Scilab code Exa 9.8 Engineering Thermodynamics by Onkar Singh Chap-
ter 9 Example 8

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar S ingh
Chapter 9 Example 8”)

8 disp(” In qu e s t i o n no . 8 , e x p r e s s i o n f o r a i r s t andard
c y c l e e f f i c i e n c y i s d e r i v e d which cannot be s o l v e
u s i n g s c i l a b s o f twa r e . ”)

Scilab code Exa 9.9 Engineering Thermodynamics by Onkar Singh Chap-
ter 9 Example 9

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
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Figure 9.7: Engineering Thermodynamics by Onkar Singh Chapter 9 Exam-
ple 8
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4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar S ingh
Chapter 9 Example 9”)

8 y=1.4; // expans i on c on s t an t
9 n_poly_c =0.85; // p l o y t r o p i c e f f i c i e n c y o f compre s so r
10 n_poly_T =0.90; // p l o y t r o p i c e f f i c i e n c y o f Turbine
11 r=8; // compre s s i on r a t i o
12 T1 =(27+273);// t empera tu r e o f a i r i n compre s so r i n K
13 T3 =1100; // t empera tu r e o f a i r l e a v i n g combust ion

chamber i n K
14 epsilon =0.8; // e f f e c t i v e n e s s o f heat exchange r
15 Cp =1.0032; // s p e c i f i c heat at c on s t an t p r e s s u r e i n KJ

/kg K
16 disp(” u s i n g p o l y t r o p i c e f f i c i e n c y the index o f

compre s s i on and expans i on can be ob ta i n ed as
under , ”)

17 disp(” l e t compre s s i on index be nc , ”)
18 disp(” ( nc−1)/nc=(y−1) /( y∗ n p o l y c ) ”)
19 disp(” so nc=1/(1−((y−1) /( y∗ n p o l y c ) ) ) ”)
20 nc=1/(1 -((y-1)/(y*n_poly_c)))

21 disp(” l e t expans i on index be nt , ”)
22 disp(” ( nt−1)/ nt=( n po ly T ∗ ( y−1) ) /y”)
23 disp(” so nt =1/(1−(( n po ly T ∗ ( y−1) ) /y ) ) ”)
24 nt=1/(1 -(( n_poly_T *(y-1))/y))

25 disp(”For p r o c e s s 1−2”)
26 disp(”T2/T1=(p2/p1 ) ˆ ( ( nc−1)/nc ) ”)
27 disp(” so T2=T1∗ ( p2/p1 ) ˆ ( ( nc−1)/nc ) i n K”)
28 T2=T1*(r)^((nc -1)/nc)

29 disp(” a l s o T4/T3=(p4/p3 ) ˆ ( ( nt−1)/ nt ) ”)
30 disp(” so T4=T3∗ ( p4/p3 ) ˆ ( ( nt−1)/ nt ) i n K”)
31 T4=T3*(1/r)^((nt -1)/nt)

32 disp(” u s i n g heat exchange r e f f e c t i v e n e s s s , ”)
33 disp(” e p s i l o n =(T5−T2) /(T4−T2) ”)
34 disp(” so T5=T2+( e p s i l o n ∗ (T4−T2) ) i n K”)
35 T5=T2+( epsilon *(T4-T2))

36 disp(” heat added in combust ion chamber , q add=Cp∗ (T3−
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T5) i n KJ/kg”)
37 q_add=Cp*(T3 -T5)

38 disp(” compre s so r work ,Wc=Cp∗ (T2−T1) i n ”)
39 Wc=Cp*(T2-T1)

40 disp(” t u r b i n e work ,Wt=Cp∗ (T3−T4) i n KJ/kg”)
41 Wt=Cp*(T3-T4)

42 disp(” c y c l e e f f i c i e n c y =(Wt−Wc) / q add ”)
43 (Wt -Wc)/q_add

44 disp(” i n p e r c en t a g e ”)
45 (Wt -Wc)*100/ q_add

46 disp(”work r a t i o , (Wt−Wc) /Wt”)
47 (Wt -Wc)/Wt

48 disp(” s p e c i f i c work output=Wt−Wc in KJ/kg”)
49 Wt -Wc

50 disp(” so c y c l e e f f i c i e n c y =32.79%, work r a t i o =0.334 ,
s p e c i f i c work output =152.56 KJ/kg”)

Scilab code Exa 9.10 Engineering Thermodynamics by Onkar Singh Chap-
ter 9 Example 10

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar S ingh
Chapter 9 Example 10 ”)

8 T1 =(27+273);// t empera tu r e o f a i r i n compre s so r i n K
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Figure 9.8: Engineering Thermodynamics by Onkar Singh Chapter 9 Exam-
ple 9
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Figure 9.9: Engineering Thermodynamics by Onkar Singh Chapter 9 Exam-
ple 9
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Figure 9.10: Engineering Thermodynamics by Onkar Singh Chapter 9 Ex-
ample 10
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9 p1 =1*10^5; // p r e s s u r e o f a i r i n compre s so r i n Pa
10 p2 =5*10^5; // p r e s s u r e o f a i r a f t e r compre s s i on i n Pa
11 p3=p2 -0.2*10^5; // p r e s s u r e drop i n Pa
12 p4 =1*10^5; // p r e s s u r e to which expans i on occu r i n

t u r b i n e i n Pa
13 nc =0.85; // i s e n t r o p i c e f f i c i e n c y
14 T3 =1000; // t empera tu r e o f a i r i n combust ion chamber

i n K
15 n=0.2; // therma l e f f i c i e n c y o f p l an t
16 y=1.4; // expans i on c on s t an t
17 Cp =1.0032; // s p e c i f i c heat at c on s t an t p r e s s u r e i n KJ

/kg K
18 disp(” f o r p r o c e s s 1−2 a ”)
19 disp(”T2 a/T1=(p2 a /p1 ) ˆ ( ( y−1)/y ) ”)
20 disp(” so T2 a=T1∗ ( p2 a /p1 ) ˆ ( ( y−1)/y ) i n K”)
21 T2_a=T1*(p2/p1)^((y-1)/y)

22 disp(”nc=(T2 a−T1) /(T2−T1) ”)
23 disp(” so T2=T1+((T2 a−T1) /nc ) i n K”)
24 T2=T1+((T2_a -T1)/nc)

25 disp(” f o r p r o c e s s 3−4 a , ”)
26 disp(”T4 a/T3=(p4/p3 ) ˆ ( ( y−1)/y ) ”)
27 disp(” so T4 a=T3∗ ( p4/p3 ) ˆ ( ( y−1)/y ) i n K”)
28 T4_a=T3*(p4/p3)^((y-1)/y)

29 disp(”Compressor work per kg ,Wc=Cp∗ (T2−T1) i n KJ/kg”
)

30 Wc=Cp*(T2-T1)

31 disp(”Turbine work per kg ,Wt=Cp∗ (T3−T4) i n KJ/kg”)
32 disp(” net output , W net=Wt−Wc={Wc−(Cp∗ (T3−T4) ) } i n KJ

/kg”)
33 disp(” heat added , q add=Cp∗ (T3−T2) i n KJ/kg”)
34 q_add=Cp*(T3 -T2)

35 disp(” therma l e f f i c i e n c y , n=W net/ q add ”)
36 disp(”n={Wc−(Cp∗ (T3−T4) ) }/ q add ”)
37 disp(” so T4=T3−((Wc−(n∗ q add ) ) /Cp) i n K”)
38 T4=T3 -((Wc -(n*q_add))/Cp)

39 disp(” t h e r e f o r e , i s e n t r o p i c e f f i c i e n c y o f tu rb in e , nt
=(T3−T4) /(T3−T4 a ) ”)

40 nt=(T3-T4)/(T3-T4_a)
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Figure 9.11: Engineering Thermodynamics by Onkar Singh Chapter 9 Ex-
ample 11

41 disp(” i n p e r c en t a g e ”)
42 nt=nt*100

43 disp(” so t u r b i n e i s e n t r o p i c e f f i c i e n c y =29.69%”)

Scilab code Exa 9.11 Engineering Thermodynamics by Onkar Singh Chap-
ter 9 Example 11

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar S ingh
Chapter 9 Example 11 ”)

8 P1 =1*10^5; // i n i t i a l p r e s s u r e i n Pa
9 T1 =(27+273);// i n i t i a l t empera tu re i n K

333



10 T3=T1;

11 r=10; // p r e s s u r e r a t i o
12 T5 =1000; //maximum tempera tu re i n c y c l e i n K
13 P6 =3*10^5; // f i r s t s t a g e expans i on p r e s s u r e i n Pa
14 T7=995; // f i r s t s t a g e r eh e a t ed t empera tu r e i n K
15 C=42000; // c a l o r i f i c va l u e o f f u e l i n KJ/kg
16 Cp =1.0032; // s p e c i f i c heat at c on s t an t p r e s s u r e i n KJ

/kg K
17 m=30; // a i r f l ow r a t e i n kg/ s
18 nc =0.85; // i s e n t r o p i c e f f i c i e n c y o f compre s s i on
19 ne=0.9; // i s e n t r o p i c e f f i c i e n c y o f expans i on
20 y=1.4; // expans i on c on s t an t
21 disp(” f o r p e r f e c t i n t e r c o o l i n g the p r e s s u r e r a t i o o f

each compre s s i on s t a g e ( k ) ”)
22 disp(”k=s q r t ( r ) ”)
23 k=sqrt(r)

24 k=3.16; // approx .
25 disp(” f o r p r o c e s s 1−2 a , T2 a /T1=(P2/P1 ) ˆ ( ( y−1)/y ) ”)
26 disp(” so T2 a=T1∗ ( k ) ˆ ( ( y−1)/y ) i n K”)
27 T2_a=T1*(k)^((y-1)/y)

28 disp(” c o n s i d e r i n g i s e n t r o p i c e f f i c i e n c y o f
compres s ion , ”)

29 disp(”nc=(T2 a−T1) /(T2−T1) ”)
30 disp(” so T2=T1+((T2 a−T1) /nc ) i n K”)
31 T2=T1+((T2_a -T1)/nc)

32 disp(” f o r p r o c e s s 3−4 ,”)
33 disp(”T4 a/T3=(P4/P3 ) ˆ ( ( y−1)/y ) ”)
34 disp(” so T4 a=T3∗ (P4/P3 ) ˆ ( ( y−1)/y ) i n K”)
35 T4_a=T3*(k)^((y-1)/y)

36 disp(” aga in due to compre s s i on e f f i c i e n c y , nc=(T4 a−
T3) /(T4−T3) ”)

37 disp(” so T4=T3+((T4 a−T3) /nc ) i n K”)
38 T4=T3+((T4_a -T3)/nc)

39 disp(” t o t a l compre s so r work ,Wc=2∗Cp∗ (T4−T3) i n KJ/kg
”)

40 Wc=2*Cp*(T4 -T3)

41 disp(” f o r expans i on p r o c e s s 5−6 a , ”)
42 disp(”T6 a/T5=(P6/P5 ) ˆ ( ( y−1)/y ) ”)
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43 disp(” so T6 a=T5∗ (P6/P5 ) ˆ ( ( y−1)/y ) i n K”)
44 P5 =10*10^5; // p r e s s u r e i n Pa
45 T6_a=T5*(P6/P5)^((y-1)/y)

46 disp(” c o n s i d e r i n g expans i on e f f i c i e n c y , ne=(T5−T6) /(
T5−T6 a ) ”)

47 disp(”T6=T5−(ne ∗ (T5−T6 a ) ) i n K”)
48 T6=T5 -(ne*(T5 -T6_a))

49 disp(” f o r expans i on i n 7−8 a ”)
50 disp(”T8 a/T7=(P8/P7 ) ˆ ( ( y−1)/y ) ”)
51 disp(” so T8 a=T7∗ (P8/P7 ) ˆ ( ( y−1)/y ) i n K”)
52 P8=P1;// c on s t an t p r e s s u r e p r o c e s s
53 P7=P6;// c on s t an t p r e s s u r e p r o c e s s
54 T8_a=T7*(P8/P7)^((y-1)/y)

55 disp(” c o n s i d e r i n g expans i on e f f i c i e n c y , ne=(T7−T8) /(
T7−T8 a ) ”)

56 disp(” so T8=T7−(ne ∗ (T7−T8 a ) ) i n K”)
57 T8=T7 -(ne*(T7 -T8_a))

58 disp(” expans i on work output per kg o f a i r (Wt)=Cp∗ (T5
−T6)+Cp∗ (T7−T8) i n KJ/kg”)

59 Wt=Cp*(T5-T6)+Cp*(T7-T8)

60 disp(” heat added per kg a i r ( q add )=Cp∗ (T5−T4)+Cp∗ (T7
−T6) i n KJ/kg”)

61 q_add=Cp*(T5 -T4)+Cp*(T7-T6)

62 disp(” f u e l r e q u i r e d per kg o f a i r , mf=q add /C”)
63 mf=q_add/C

64 disp(” a i r− f u e l r a t i o =1/mf”)
65 1/mf

66 disp(” net output (W)=Wt−Wc in KJ/kg”)
67 W=Wt -Wc

68 disp(” output f o r a i r f l ow i n g at 30 kg/ s ,=W∗m in KW”)
69 W*m

70 disp(” therma l e f f i c i e n c y=W/q add ”)
71 W/q_add

72 disp(” i n p e r c en t a g e ”)
73 W*100/ q_add

74 disp(” so the rma l e f f i c i e n c y =27.87%, net output
=6876.05 KW,A/F r a t i o =51.07 ”)

75 disp(”NOTE=>In t h i s que s t i on , expans i on work i s

335



Figure 9.12: Engineering Thermodynamics by Onkar Singh Chapter 9 Ex-
ample 12

c a l c u l a t e d wrong in book , so i t i s c o r r e c t e d above
and answers vary a c c o r d i n g l y . ”)

Scilab code Exa 9.12 Engineering Thermodynamics by Onkar Singh Chap-
ter 9 Example 12

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar S ingh
Chapter 9 Example 12 ”)
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8 P1 =1*10^5; // i n i t i a l p r e s s u r e i n Pa
9 P9=P1;

10 T1=300; // i n i t i a l t empera tu re i n K
11 P2 =4*10^5; // p r e s s u r e o f a i r i n i n t e r c o o l e r i n Pa
12 P3=P2;

13 T3=290; // t empera tu r e o f a i r i n i n t e r c o o l e r i n K
14 T6 =1300; // t empera tu r e o f combust ion chamber i n K
15 P4 =8*10^5; // p r e s s u r e o f a i r a f t e r compre s s i on i n Pa
16 P6=P4;

17 T8 =1300; // t empera tu r e a f t e r r e h e a t i n g i n K
18 P8 =4*10^5; // p r e s s u r e a f t e r expans i on i n Pa
19 P7=P8;

20 C=42000; // h e a t i n g va l u e o f f u e l i n KJ/kg
21 y=1.4; // expans i on c on s t an t
22 ne=0.8; // e f f e c t i v e n e s s o f r e g e n e r a t o r
23 Cp =1.0032; // s p e c i f i c heat at c on s t an t p r e s s u r e i n KJ

/kg K
24 disp(” f o r p r o c e s s 1−2 ,”)
25 disp(”T2/T1=(P2/P1 ) ˆ ( ( y−1)/y ) ”)
26 disp(” so T2=T1∗ (P2/P1 ) ˆ ( ( y−1)/y ) i n K”)
27 T2=T1*(P2/P1)^((y-1)/y)

28 disp(” f o r p r o c e s s 3−4 ,”)
29 disp(”T4/T3=(P4/P3 ) ˆ ( ( y−1)/y ) ”)
30 disp(” so T4=T3∗ (P4/P3 ) ˆ ( ( y−1)/y ) i n K”)
31 T4=T3*(P4/P3)^((y-1)/y)

32 disp(” f o r p r o c e s s 6−7 ,”)
33 disp(”T7/T6=(P7/P6 ) ˆ ( ( y−1)/y ) ”)
34 disp(” so T7=T6∗ (P7/P6 ) ˆ ( ( y−1)/y ) i n K”)
35 T7=T6*(P7/P6)^((y-1)/y)

36 disp(” f o r p r o c e s s 8−9 ,”)
37 disp(”T9/T8=(P9/P8 ) ˆ ( ( y−1)/y ) ”)
38 disp(”T9=T8∗ (P9/P8 ) ˆ ( ( y−1)/y ) i n K”)
39 T9=T8*(P9/P8)^((y-1)/y)

40 disp(” i n r e g e n e r a t o r , e f f e c t i v e n e s s =(T5−T4) /(T9−T4) ”)
41 disp(”T5=T4+(ne ∗ (T9−T4) ) i n K”)
42 T5=T4+(ne*(T9 -T4))

43 disp(” compre s so r work per kg a i r ,Wc=Cp∗ (T2−T1)+Cp∗ (
T4−T3) i n KJ/kg”)
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44 Wc=Cp*(T2-T1)+Cp*(T4-T3)

45 disp(” t u r b i n e work per kg a i r ,Wt=Cp∗ (T6−T7)+Cp∗ (T8−
T9) i n KJ/kg”)

46 Wt=Cp*(T6-T7)+Cp*(T8-T9)

47 disp(” heat added per kg a i r , q add=Cp∗ (T6−T5)+Cp∗ (T8−
T7) i n KJ/kg”)

48 q_add=Cp*(T6 -T5)+Cp*(T8-T7)

49 disp(” t o t a l f u e l r e q u i r e d per kg o f a i r=q add /C”)
50 q_add/C

51 disp(” net work , W net=Wt−Wc in KJ/kg”)
52 W_net=Wt-Wc

53 disp(” c y c l e the rma l e f f i c i e n c y , n=W net/ q add ”)
54 n=W_net/q_add

55 disp(” i n p e r c en t a g e ”)
56 n=n*100

57 disp(” f u e l r e q u i r e d per kg a i r i n combust ion chamber
1 ,Cp∗ (T8−T7) /C”)

58 Cp*(T8-T7)/C

59 disp(” f u e l r e q u i r e d per kg a i r i n combust ion
chamber2 , Cp∗ (T6−T5) /C”)

60 Cp*(T6-T5)/C

61 disp(” so f u e l−a i r r a t i o i n two combust ion chambers
=0 . 0126 , 0 . 0056 ”)

62 disp(” t o t a l t u r b i n e work=660.85 KJ/kg”)
63 disp(” c y c l e the rma l e f f i c i e n c y =58.9%”)
64 disp(”NOTE=>In t h i s que s t i on , f u e l r e q u i r e d per kg

a i r i n combust ion chamber 1 and 2 a r e c a l c u l a t e d
wrong i n book , so i t i s c o r r e c t e d above and
answers vary a c c o r d i n g l y . ”)

Scilab code Exa 9.13 Engineering Thermodynamics by Onkar Singh Chap-
ter 9 Example 13
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Figure 9.13: Engineering Thermodynamics by Onkar Singh Chapter 9 Ex-
ample 13
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1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar S ingh
Chapter 9 Example 13 ”)

8 T2=700; // h i g h e s t t empera tu r e o f s t i r l i n g eng i n e i n K
9 T1=300; // l owe s t t empera tu r e o f s t i r l i n g eng i n e i n K
10 r=3; // compre s s i on r a t i o
11 q_add =30; // heat a dd i t i o n i n KJ/ s
12 epsilon =0.9; // r e g e n e r a t o r e f f i c i e n c y
13 P=1*10^5; // p r e s s u r e at b e g i n i n g o f compre s s i on i n Pa
14 n=100; //number o f c y c l e per minute
15 Cv =0.72; // s p e c i f i c heat at c on s t an t volume in KJ/kg

K
16 R=29.27; // gas c on s t an t i n KJ/kg K
17 disp(”work done per kg o f a i r ,W=R∗ (T2−T1) ∗ l o g ( r ) i n

KJ/kg”)
18 W=R*(T2-T1)*log(r)

19 disp(” heat added per kg o f a i r , q=R∗T2∗ l o g ( r )+(1−
e p s i l o n ) ∗Cv∗ (T2−T1) i n KJ/kg”)

20 q=R*T2*log(r)+(1- epsilon)*Cv*(T2-T1)

21 disp(” f o r 30 KJ/ s heat supp l i e d , the mass o f a i r / s (m)
=q add /q in kg/ s ”)

22 m=q_add/q

23 disp(”mass o f a i r per c y c l e=m/n in kg/ c y c l e ”)
24 m/n

25 disp(” brake output=W∗m in KW”)
26 W*m

27 disp(” s t r o k e volume ,V=m∗R∗T/P in mˆ3”)
28 m=1.33*10^ -4; //mass o f a i r per c y c l e i n kg/ c y c l e
29 T=T1;

30 V=m*R*T*1000/P

31 disp(” brake output =17.11 KW”)
32 disp(” s t r o k e volume =0.0116 mˆ3”)
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Figure 9.14: Engineering Thermodynamics by Onkar Singh Chapter 9 Ex-
ample 14

Scilab code Exa 9.14 Engineering Thermodynamics by Onkar Singh Chap-
ter 9 Example 14

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar S ingh
Chapter 9 Example 14 ”)

8 disp(” In qu e s t i o n no . 1 4 , v a r i o u s e x p r e s s i o n i s
d e r i v e d which cannot be s o l v e d u s i ng s c i l a b
s o f twa r e . ”)
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Figure 9.15: Engineering Thermodynamics by Onkar Singh Chapter 9 Ex-
ample 14

Scilab code Exa 9.15 Engineering Thermodynamics by Onkar Singh Chap-
ter 9 Example 15

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar S ingh
Chapter 9 Example 15 ”)

8 r=10; // p r e s s u r e r a t i o
9 Cp =1.0032; // s p e c i f i c heat o f a i r i n KJ/kg K
10 y=1.4; // expans i on c on s t an t
11 T3 =1400; // i n l e t t empera tu r e o f gas t u r b i n e i n K
12 T1 =(17+273);// ambient t empera tu r e i n K
13 P1 =1*10^5; // ambient p r e s s u r e i n Pa
14 Pc=15; // condenso r p r e s s u r e i n KPa
15 Pg =6*1000; // p r e s s u r e o f steam in g e n e r a t o r i n KPa

342



16 T5=420; // t empera tu r e o f exhaus t from gas t u r b i n e i n
K

17 disp(” In gas t u r b i n e cy c l e , T2/T1=(P2/P1 ) ˆ ( ( y−1)/y ) ”)
18 disp(” so T2=T1∗ (P2/P1 ) ˆ ( ( y−1)/y ) i n K”)
19 T2=T1*(r)^((y-1)/y)

20 disp(”T4/T3=(P4/P3 ) ˆ ( ( y−1)/y ) ”)
21 disp(” so T4=T3∗ (P4/P3 ) ˆ ( ( y−1)/y ) i n K”)
22 T4=T3*(1/r)^((y-1)/y)

23 disp(” compre s so r work per kg ,Wc=Cp∗ (T2−T1) i n KJ/kg”
)

24 Wc=Cp*(T2-T1)

25 disp(” t u r b i n e work per kg ,Wt=Cp∗ (T3−T4) i n KJ/kg ”)
26 Wt=Cp*(T3-T4)

27 disp(” heat added in combust ion chamber per kg , q add=
Cp∗ (T3−T2) i n KJ/kg ”)

28 q_add=Cp*(T3 -T2)

29 disp(” net gas t u r b i n e output , W net GT=Wt−Wc in KJ/kg
a i r ”)

30 W_net_GT=Wt-Wc

31 disp(” heat r e c o v e r e d i n HRSG f o r steam g en e r a t i o n
per kg o f a i r ”)

32 disp(”q HRGC=Cp∗ (T4−T5) i n KJ/kg”)
33 q_HRGC=Cp*(T4-T5)

34 disp(” at i n l e t to steam in tu rb in e , ”)
35 disp(” from steam tab l e , ha=3177.2 KJ/kg , sa =6.5408 KJ/

kg K”)
36 ha =3177.2;

37 sa =6.5408;

38 disp(” f o r expans i on i n steam turb in e , sa=sb ”)
39 sb=sa;

40 disp(” l e t d ryne s s f r a c t i o n at s t a t e b be x”)
41 disp(” a l s o from steam tab l e , a t 15KPa , s f =0.7549 KJ/

kg K, s f g =7.2536 KJ/kg K, h f =225.94 KJ/kg , h fg
=2373.1 KJ/kg”)

42 sf =0.7549;

43 sfg =7.2536;

44 hf =225.94;

45 hfg =2373.1;
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46 disp(” sb=s f+x∗ s f g ”)
47 disp(” so x=(sb−s f ) / s f g ”)
48 x=(sb-sf)/sfg

49 disp(” so hb=hf+x∗ h fg i n KJ/kg K”)
50 hb=hf+x*hfg

51 disp(” at e x i t o f condense r , hc=hf , vc =0.001014 mˆ3/ kg
from steam t a b l e ”)

52 hc=hf;

53 vc =0.001014;

54 disp(” at e x i t o f f e e d pump , hd=hd−hc ”)
55 disp(”hd=vc ∗ (Pg−Pc ) ∗100 i n KJ/kg”)
56 hd=vc*(Pg-Pc)*100

57 disp(” heat added per kg o f steam =ha−hd in KJ/kg”)
58 ha -hd

59 disp(”mass o f steam gene r a t ed per kg o f a i r=q HRGC/(
ha−hd ) i n kg steam per kg a i r ”)

60 q_HRGC /(ha-hd)

61 disp(” net steam tu r b i n e c y c l e output , W net ST=(ha−hb
)−(hd−hc ) i n KJ/kg”)

62 W_net_ST =(ha -hb)-(hd-hc)

63 disp(” steam c y c l e output per kg o f a i r (W net ST )=
W net ST ∗0 . 1 19 i n KJ/kg a i r ”)

64 W_net_ST=W_net_ST *0.119

65 disp(” t o t a l combined c y c l e output=(W net GT+W net ST
) i n KJ/kg a i r ”)

66 (W_net_GT+W_net_ST)

67 disp(” combined c y c l e e f f i c i e n c y , n c c=(W net GT+
W net ST ) / q add ”)

68 n_cc=( W_net_GT+W_net_ST)/q_add

69 disp(” i n p e r c en t a g e ”)
70 n_cc=n_cc *100

71 disp(” In absence o f steam cyc l e , gas t u r b i n e c y c l e
e f f i c i e n c y , n GT=W net GT/ q add ”)

72 n_GT=W_net_GT/q_add

73 disp(” i n p e r c en t a g e ”)
74 n_GT=n_GT *100

75 disp(” thus , e f f i c i e n c y i s s e en to i n c r e a s e i n
combined c y c l e upto 57 . 7 7% as compared to gas
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t u r b i n e o f f e r i n g 48 . 2 1% e f f i c i e n c y . ”)
76 disp(” o v e r a l l e f f i c i e n c y =57.77%”)
77 disp(” steam per kg o f a i r =0.119 kg steam per /kg a i r ”

)

Scilab code Exa 9.16 Engineering Thermodynamics by Onkar Singh Chap-
ter 9 Example 16

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar S ingh
Chapter 9 Example 16 ”)

8 T1 =(27+273);// t empera tu r e at b e g i n i n g o f compre s s i on
i n K

9 k=70; // r a t i o n o f maximum to minimum p r e s s u r e s
10 r=15; // compre s s i on r a t i o
11 y=1.4; // expans i on c on s t an t
12 disp(” he r e P4/P1=P3/P1 = 7 0 . . . . . . . . . . . . eq1 ”)
13 disp(” compre s s i on r a t i o , V1/V2=V1/V3 = 1 5 . . . . . . . . . . . . .

eq2 ”)
14 disp(” heat added at c on s t an t volume= heat added at

c on s t an t p r e s s u r e ”)
15 disp(”Q23=Q34”)
16 disp(”m∗Cv∗ (T3−T2)=m∗Cp∗ (T4−T3) ”)
17 disp(” (T3−T2)=y ∗ (T4−T3) ”)
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Figure 9.16: Engineering Thermodynamics by Onkar Singh Chapter 9 Ex-
ample 15
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Figure 9.17: Engineering Thermodynamics by Onkar Singh Chapter 9 Ex-
ample 16
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18 disp(” f o r p r o c e s s 1−2; ”)
19 disp(”T2/T1=(P2/P1 ) ˆ ( ( y−1)/y ) ”)
20 disp(”T2/T1=(V1/V2) ˆ( y−1)”)
21 disp(” so T2=T1∗ (V1/V2) ˆ( y−1) i n K”)
22 T2=T1*(r)^(y-1)

23 disp(”and (P2/P1 )=(V1/V2) ˆy”)
24 disp(” so P2=P1∗ (V1/V2) ˆy i n Pa . . . . . . . . . . . eq3 ”)
25 disp(” f o r p r o c e s s 2−3 ,”)
26 disp(”P2/P3=T2/T3”)
27 disp(” so T3=T2∗P3/P2”)
28 disp(” u s i n g eq 1 and 3 ,we ge t ”)
29 disp(”T3=T2∗k/ r ˆy i n K”)
30 T3=T2*k/r^y

31 disp(” u s i n g equa l heat a d d i t i o n s f o r p r o c e s s e s 2−3
and 3−4 ,”)

32 disp(” (T3−T2)=y ∗ (T4−T3) ”)
33 disp(” so T4=T3+((T3−T2) /y ) i n K”)
34 T4=T3+((T3-T2)/y)

35 disp(” f o r p r o c e s s 3−4 ,”)
36 disp(”V3/V4=T3/T4”)
37 disp(” (V3/V1) ∗ (V1/V4)=T3/T4”)
38 disp(” so (V1/V4)=(T3/T4) ∗ r ”)
39 (T3/T4)*r

40 disp(” so V1/V4=11.88 and V5/V4=11.88 ”)
41 disp(” f o r p r o c e s s 4−5 ,”)
42 disp(”P4/P5=(V5/V4) ˆy , or T4/T5=(V5/V4) ˆ( y−1)”)
43 disp(” so T5=T4 / ( (V5/V4) ˆ( y−1) ) ”)
44 T5=T4 /(11.88) ^(y-1)

45 disp(” a i r s t andard therma l e f f i c i e n c y ( n )=1−(heat
r e j e c t e d / heat added ) ”)

46 disp(”n=1−(m∗Cv∗ (T5−T1) /(m∗Cp∗ (T4−T3)+m∗Cv∗ (T3−T2) ) )
”)

47 disp(”n=1−((T5−T1) /( y ∗ (T4−T3)+(T3−T2) ) ) ”)
48 n=1-((T5-T1)/(y*(T4-T3)+(T3-T2)))

49 disp(” a i r s t andard therma l e f f i c i e n c y =0.6529 ”)
50 disp(” i n p e r c en t a g e ”)
51 n=n*100

52 disp(” so a i r s t andard therma l e f f i c i e n c y =65.29%”)
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53 disp(” Actua l the rma l e f f i c i e n c y may be d i f f e r e n t
from t h e o r e t i c a l e f f i c i e n c y due to f o l l o w i n g
r e a s o n s ”)

54 disp(”a> Air s tandard c y c l e a n a l y s i s c o n s i d e r s a i r
as the work ing f l u i d wh i l e i n a c t u a l c y c l e i t i s
not a i r th rough tou t the c y c l e . Actua l work ing
f l u i d which a r e combust ion p roduc t s do not behave
as p e r f e c t gas . ”)

55 disp(”b> Heat a dd i t i o n does not oc cu r i s o c h o r i c a l l y
i n a c t u a l p r o c e s s . Also combust ion i s accompanied
by i n e f f i c i e n c y such as i n c omp l e t e combust ion ,
d i s s o c i a t i o n o f combust ion product s , e t c . ”)

56 disp(”c> S p e c i f i c heat v a r i a t i o n o c cu r s i n a c t u a l
p r o c e s s e s where as i n a i r s t andard c y c l e a n a l y s i s
s p e c i f i c heat v a r i a t i o n n e g l e c t e d . Also dur ing

a d i a b a t i c p r o c e s s t h e o r e t i c a l l y no heat l o s s
o c cu r wh i l e a c t u a l l y t h e s e p r o c e s s e s a r e
accompanied by heat l o s s e s . ”)
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Chapter 10

Introduction To Internal
Combustion Engines

Scilab code Exa 10.1 Engineering Thermodynamics by Onkar Singh Chap-
ter 10 Example 1

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar S ingh
Chapter 10 Example 1”)

8 k=20*10^6; // s p r i n g c on s t an t i n N/mˆ2
9 N=2000; // eng i n e rpm

10 disp(” from s t r o k e to bore r a t i o i . e L/D=1.2 and
c y l i n d e r d i amete r=bore , i . e D=12 cm”)

11 D=12*10^ -2; // c y l i n d e r d i amete r i n m
12 disp(” s t r o k e (L) =1.2∗D in m”)
13 L=1.2*D

14 disp(”Area o f i n d i c a t o r diagram (A)=30∗10ˆ−4 mˆ2”)
15 A=30*10^ -4;

16 disp(” l e n g t h o f i n d i c a t o r diagram ( l ) =(1/2) ∗L in m”)
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17 l=(1/2)*L

18 disp(”mean e f f e c t i v e p r e s s u r e (mep)=A∗k/ l i n N/mˆ2”)
19 mep=A*k/l

20 disp(” c r o s s−s e c t i o n a r ea o f p i s t o n (Ap)=%pi∗Dˆ2/4 in
mˆ2”)

21 Ap=%pi*D^2/4

22 disp(” f o r one c y l i n d e r i n d i c a t e d power ( IP )=mep∗Ap∗L∗
N/(2∗60 ) i n W”)

23 IP=mep*Ap*L*N/(2*60)

24 disp(” f o r f o u r c y l i n d e r t o t a l i n d i c a t e d power ( IP )=4∗
IP in W”)

25 IP=4*IP

26 disp(” f r i c t i o n a l power l o s s (FP) =0.10∗ IP in W”)
27 FP =0.10* IP

28 disp(” brake power a v a i l a b l e (BP)=i n d i c a t e d power−
f r i c t i o n a l power=IP−FP in W”)

29 BP=IP-FP

30 disp(” t h e r e f o r e , mechan i ca l e f f i c i e n c y o f eng i n e ( n )=
brake power / i n d i c a t e d power=BP/IP”)

31 n=BP/IP

32 disp(” i n p e r c en t a g e ”)
33 n=n*100

34 disp(” so i n d i c a t e d power =90477.8 W”)
35 disp(”and mechan i ca l e f f i c i e n c y =90%”)

Scilab code Exa 10.2 Engineering Thermodynamics by Onkar Singh Chap-
ter 10 Example 2

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar S ingh
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Chapter 10 Example 2”)
8 A=40*10^ -4; // a r ea o f i n d i c a t o r diagram in mˆ2
9 l=8*10^ -2; // l e n g t h o f i n d i c a t o r diagram in m

10 D=15*10^ -2; // bore o f c y l i n d e r i n m
11 L=20*10^ -2; // s t r o k e i n m
12 k=1.5*10^8; // s p r i n g c on s t an t i n pa/m
13 N=100; //pump motor rpm
14 disp(” r e c i p r o c a t i n g pump i s work ab s o rb i ng machine

hav ing i t s mechanism s im i l a r to the p i s t on−
c y l i n d e r arrangement i n IC eng i n e . ”)

15 disp(”mean e f f e c t i v e p r e s s u r e (mep)=A∗k/ l i n pa”)
16 mep=A*k/l

17 disp(” i n d i c a t o r power ( IP )=Ap∗L∗mep∗N∗1∗2/60 i n W”)
18 disp(” ( i t i s doub le a c t i n g so l e t us assume t o t a l

power to be doub le o f tha t i n s i n g l e a c t i n g ) ”)
19 Ap=%pi*D^2/4

20 IP=Ap*L*mep*N*2/60

21 disp(” so power r e q u i r e d to d r i v e =88.36 KW”)

Scilab code Exa 10.3 Engineering Thermodynamics by Onkar Singh Chap-
ter 10 Example 3

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar S ingh
Chapter 10 Example 3”)

8 n=0.9; // mechan i ca l e f f i c i e n c y o f eng i n e
9 BP=38; // brake power i n KW

10 disp(” i n d i c a t e d power ( IP )=brake power / mechan i ca l
e f f i c i e n c y=BP/n in KW”)

11 IP=BP/n
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12 disp(” f r i c t i o n a l power l o s s (FP)=IP−BP in KW”)
13 FP=IP-BP

14 disp(” brake power at qua t e r l oad (BPq) =0.25∗BP in KW”
)

15 BPq =0.25* BP

16 disp(”mechan i ca l e f f i c i e n c y ( n1 )=BPq/ IP”)
17 IP=BPq+FP;

18 n1=BPq/IP

19 disp(” i n p e r c en t a g e ”)
20 n1=n1*100

21 disp(” so i n d i c a t e d power =42.22 KW”)
22 disp(” f r i c t i o n a l power l o s s =4.22 KW”)
23 disp(”mechan i ca l e f f i c i e n c y =69.24%”)

Scilab code Exa 10.4 Engineering Thermodynamics by Onkar Singh Chap-
ter 10 Example 4

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar S ingh
Chapter 10 Example 4”)

8 m=0.25; // s p e c i f i c f u e l consumption i n kg/KWh
9 Pb_mep =1.5*1000; // brake mean e f f e c t i v e p r e s s u r e o f

each c y l i n d e r i n Kpa
10 N=100; // eng i n e rpm
11 D=85*10^ -2; // bore o f c y l i n d e r i n m
12 L=220*10^ -2; // s t r o k e i n m
13 C=43*10^3; // c a l o r i f i c va l u e o f d i e s e l i n KJ/kg
14 disp(” brake power o f eng i n e (BP)=Pb mep∗L∗A∗N/60 in

MW”)
15 A=%pi*D^2/4;
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16 BP=Pb_mep*L*A*N/60

17 disp(” so brake power i s 3 . 1 2 1 MW”)
18 disp(”The f u e l consumption i n kg/ hr (m)=m∗BP in kg/ hr

”)
19 m=m*BP

20 disp(” In o rd e r to f i n d out brake the rma l e f f i c i e n c y
the heat input from f u e l per second i s r e q u i r e d . ”
)

21 disp(” heat from f u e l (Q) i n KJ/ s ”)
22 disp(”Q=m∗C/3600 ”)
23 Q=m*C/3600

24 disp(” ene rgy to brake power =3120.97 KW”)
25 disp(” brake therma l e f f i c i e n c y ( n )=BP/Q”)
26 n=BP/Q

27 disp(” i n p e r c en t a g e ”)
28 n=n*100

29 disp(” so f u e l consumption =780.24 kg/hr , brake therma l
e f f i c i e n c y =33.49%”)

30 disp(”NOTE=>In book , i t i s g i v en tha t brake power i n
MW i s 31 . 2 1 but i n a c t u a l i t i s 3 120 . 9 7 KW or
3 . 1 21 MW which i s c o r r e c t e d above . ”)

Scilab code Exa 10.5 Engineering Thermodynamics by Onkar Singh Chap-
ter 10 Example 5

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar S ingh
Chapter 10 Example 5”)

8 Pb_mep =6*10^5; // brake mean e f f e c t i v e p r e s s u r e i n pa
9 N=600; // eng i n e rpm
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10 m=0.25; // s p e c i f i c f u e l consumption i n kg/KWh
11 D=20*10^ -2; // bore o f c y l i n d e r i n m
12 L=30*10^ -2; // s t r o k e i n m
13 k=26; // a i r to f u e l r a t i o
14 C=43*10^3; // c a l o r i f i c va l u e i n KJ/kg
15 R=0.287; // gas c on s t an t i n KJ/kg K
16 T=(27+273);// ambient t empera tu r e i n K
17 P=1*10^2; // ambient p r e s s u r e i n Kpa
18 disp(” brake therma l e f f i c i e n c y ( n ) =3600/(m∗C) ”)
19 n=3600/(m*C)

20 disp(” i n p e r c en t a g e ”)
21 n=n*100

22 disp(” brake power (BP) in KW”)
23 disp(”BP=4∗Pb mep∗L∗A∗N/60000 ”)
24 A=%pi*D^2/4;

25 BP=4* Pb_mep*L*A*N/60000

26 disp(” brake s p e c i f i c f u e l consumption ,m=mf/BP”)
27 disp(” so mf=m∗BP in kg/ hr ”)
28 mf=m*BP

29 disp(” a i r consumption (ma) from g iv en a i r f u e l r a t i o=k
∗mf in kg/ hr ”)

30 ma=k*mf

31 disp(”ma in kg/min”)
32 ma=ma/60

33 disp(” u s i n g p e r f e c t gas equat i on , ”)
34 disp(”P∗Va=ma∗R∗T”)
35 disp(” sa Va=ma∗R∗T/P in mˆ3/min”)
36 Va=ma*R*T/P

37 disp(” swept volume (Vs )=%pi∗Dˆ2∗L/4 in mˆ3”)
38 Vs=%pi*D^2*L/4

39 disp(” v o l ume t r i c e f f i c i e n c y , n v o l=Va/(Vs ∗ (N/2) ∗no .
o f c y l i n d e r ) ”)

40 n_vol=Va/(Vs*(N/2) *4)

41 disp(” i n p e r c en t a g e ”)
42 n_vol=n_vol *100

43 disp(”NOTE=>In t h i s que s t i on , wh i l e c a l c u l a t i n g swept
volume in book , v a l u e s o f D=0.30 m and L=0.4 m i s
taken which i s wrong . Hence above s o l u t i o n i s
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s o l v e t ak i n g r i g h t v a l u e s g i v en i n book which i s
D=0.20 m and L=0.3 m, so the v o l ume t r i c e f f i c i e n c y
vary a c c o r d i n g l y . ”)

Scilab code Exa 10.6 Engineering Thermodynamics by Onkar Singh Chap-
ter 10 Example 6

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar S ingh
Chapter 10 Example 6”)

8 N=3000; // eng i n e rpm
9 m=5; // f u e l consumption i n l i t r e / hr

10 r=19; // a i r− f u e l r a t i o
11 sg=0.7; // s p e c i f i c g r a v i t y o f f u e l
12 V=500; // p i s t o n speed in m/min
13 P_imep =6*10^5; // i n d i c a t e d mean e f f e c t i v e p r e s s u r e i n

pa
14 P=1.013*10^5; // ambient p r e s s u r e i n pa
15 T=(15+273);// ambient t empera tu r e i n K
16 n_vol =0.7; // vo l ume t r i c e f f i c i e n c y
17 n_mech =0.8; // mechan i ca l e f f i c i e n c y
18 R=0.287; // gas c on s t an t f o r gas i n KJ/kg K
19 disp(” l e t the bore d i amete r be (D) m”)
20 disp(” p i s t o n speed (V)=2∗L∗N”)
21 disp(” so L=V/(2∗N) in m”)
22 L=V/(2*N)

23 L=0.0833; // approx .
24 disp(” v o l ume t r i c e f f i c i e n c y , n v o l=a i r sucked /( swept

volume ∗ no . o f c y l i n d e r ) ”)
25 disp(” so a i r sucked /Dˆ2= n vo l ∗ (%pi∗L/4) ∗N∗2 i n mˆ3/
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min”)
26 n_vol*(%pi*L/4)*N*2

27 disp(” so a i r sucked =274.78∗Dˆ2 mˆ3/min”)
28 disp(” a i r r equ i r emen t (ma) , kg/min=A/F r a t i o ∗ f u e l

consumption per min”)
29 disp(” so ma=r ∗m in kg/min”)
30 ma=r*m*sg/60

31 disp(” u s i n g p e r f e c t gas equat i on ,P∗Va=ma∗R∗T”)
32 disp(” so Va=ma∗R∗T/P in mˆ3/min”)
33 Va=ma*R*T*1000/P

34 disp(” i d e a l l y , a i r sucked=Va”)
35 disp(” so 274 . 78∗Dˆ2=0.906 ”)
36 disp(”D=s q r t ( 0 . 9 0 6 / 2 7 4 . 7 8 ) i n m”)
37 D=sqrt (0.906/274.78)

38 disp(” i n d i c a t e d power ( IP )=P imep∗L∗A∗N∗no . o f
c y l i n d e r s i n KW”)

39 IP=P_imep*L*(%pi*D^2/4) *(N/60) *2/1000

40 disp(” brake power=i n d i c a t e d power∗mechan i ca l
e f f i c i e n c y ”)

41 disp(”BP=IP∗n mech in KW”)
42 BP=IP*n_mech

43 disp(” so brake power =10.34 KW”)

Scilab code Exa 10.7 Engineering Thermodynamics by Onkar Singh Chap-
ter 10 Example 7

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar S ingh
Chapter 10 Example 7”)

8 M=20; // l oad on dynamometer i n kg
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9 r=50*10^ -2; // r a d i u s i n m
10 N=3000; // speed o f r o t a t i o n i n rpm
11 D=20*10^ -2; // bore i n m
12 L=30*10^ -2; // s t r o k e i n m
13 m=0.15; // f u e l s upp l y i n g r a t e i n kg/min
14 C=43; // c a l o r i f i c va l u e o f f u e l i n MJ/kg
15 FP=5; // f r i c t i o n power i n KW
16 g=9.81; // a c c e l e r a t i o n due to g r a v i t y i n m/ s ˆ2
17 disp(” A f t e r sw i t c h i n g o f f f u e l supp ly the c a p a c i t y

o f motor r e q u i r e d to run eng i n e w i l l be the
f r i c t i o n power r e q u i r e d at t h i s speed o f eng i n e . ”
)

18 disp(” f r i c t i o n power (FP)=5 KW”)
19 disp(” brake power (BP)=2∗%pi∗N∗T in KW”)
20 BP=2*%pi*N*(M*g*r)*10^ -3/60

21 disp(” i n d i c a t e d power ( IP )=brake power (BP)+f r i c t i o n
power (FP) i n KW”)

22 IP=BP+FP

23 disp(”mechan i ca l e f f i c i e n c y ( n mech )=BP/IP”)
24 n_mech=BP/IP

25 disp(” i n p e r c en t a g e ”)
26 n_mech=n_mech *100

27 disp(” brake s p e c i f i c f u e l consumption ( b s f c )=s p e c i f i c
f u e l consumption / brake power i n kg/KW hr ”)

28 bsfc=m*60/BP

29 disp(” brake therma l e f f i c i e n c y ( n b t e ) =3600/( brake
s p e c i f i c f u e l consumption ∗ c a l o r i f i c va l u e ) ”)

30 n_bte =3600/( bsfc*C*1000)

31 disp(” i n p e r c en t a g e ”)
32 n_bte=n_bte *100

33 disp(” a l s o , mechan i ca l e f f i c i e n c y ( n mech )=brake
therma l e f f i c i e n c y / i n d i c a t e d therma l e f f i c i e n c y ”)

34 disp(” i n d i c a t e d therma l e f f i c i e n c y ( n i t e )=n bt e /
n mech”)

35 n_ite=n_bte/n_mech

36 disp(” i n p e r c en t a g e ”)
37 n_ite=n_ite *100

38 disp(” i n d i c a t e d power ( IP )=P imep∗L∗A∗N”)
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39 disp(” so P imep=IP /(L∗ (%pi∗Dˆ2/4) ∗N) in Kpa”)
40 P_imep=IP/(L*(%pi*D^2/4)*N/60)

41 disp(”Also , mechan i ca l e f f i c i e n c y=P bmep/P imep”)
42 disp(” so P bmep=P imep∗n mech in Kpa”)
43 n_mech =0.8604; // mechan i ca l e f f i c i e n c y
44 P_bmep=P_imep*n_mech

45 disp(” brake power =30.82 KW”)
46 disp(” i n d i c a t e d power =35.82 KW”)
47 disp(”mechan i ca l e f f i c i e n c y =86.04%”)
48 disp(” brake therma l e f f i c i e n c y =28.67%”)
49 disp(” i n d i c a t e d therma l e f f i c i e n c y =33.32%”)
50 disp(” brake mean e f f e c t i v e p r e s s u r e =65.39 Kpa”)
51 disp(” i n d i c a t e d mean e f f e c t i v e p r e s s u r e =76.01 Kpa”)

Scilab code Exa 10.8 Engineering Thermodynamics by Onkar Singh Chap-
ter 10 Example 8

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar S ingh
Chapter 10 Example 8”)

8 N=300; // eng i n e rpm
9 BP=250; // brake power i n KW
10 D=30*10^ -2; // bore i n m
11 L=25*10^ -2; // s t r o k e i n m
12 m=1; // f u e l consumption i n kg/min
13 r=10; // a i r f u e l r a t i o
14 P_imep =0.8; // i n d i c a t e d mean e f f e c t i v e p r e s s u r e i n pa
15 C=43*10^3; // c a l o r i f i c va l u e o f f u e l i n KJ/kg
16 P=1.013*10^5; // ambient p r e s s u r e i n K
17 R=0.287; // gas c on s t an t i n KJ/kg K
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18 T=(27+273);// ambient t empera tu r e i n K
19 disp(” i n d i c a t e d power ( IP )=P imep∗L∗A∗N∗4/60 i n KW”)
20 IP=P_imep*L*(%pi*D^2/4)*N*4*10^3/60

21 disp(”mechan i ca l e f f i c i e n c y ( n mech )=brake power /
i n d i c a t e d power ”)

22 disp(” so n mech=BP/IP”)
23 n_mech=BP/IP

24 disp(” i n p e r c en t a g e ”)
25 n_mech=n_mech *100

26 disp(” brake s p e c i f i c f u e l consumption ( b s f c )=m∗60/BP
in kg/KW hr ”)

27 bsfc=m*60/BP

28 disp(” brake therma l e f f i c i e n c y ( n b t e ) =3600/( b s f c ∗C) ”
)

29 n_bte =3600/( bsfc*C)

30 disp(” i n p e r c en t a g e ”)
31 n_bte=n_bte *100

32 disp(” swept volume (Vs )=%pi∗Dˆ2∗L/4 in mˆ3”)
33 Vs=%pi*D^2*L/4

34 disp(”mass o f a i r c o r r e s p ond i n g to above swept
volume , u s i n g p e r f e c t gas equa t i on ”)

35 disp(”P∗Vs=ma∗R∗T”)
36 disp(” so ma=(P∗Vs ) /(R∗T) in kg”)
37 ma=(P*Vs)/(R*T*1000)

38 ma =0.02; // approx .
39 disp(” v o l ume t r i c e f f e c i e n c y ( n v o l )=mass o f a i r taken

per minute /mass c o r r e s p ond i n g to swept volume
per minute ”)

40 disp(” so mass o f a i r taken per minute i n kg/min ”)
41 1*10

42 disp(”mass c o r r e s p ond i n g to swept volume per minute
i n kg/min”)

43 ma*4*N/2

44 disp(” so v o l ume t r i c e f f i c i e n c y ”)
45 10/12

46 disp(” i n p e r c en t a g e ”)
47 (10/12) *100

48 disp(” so i n d i c a t e d power =282.74 KW, mechan i ca l
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Figure 10.1: Engineering Thermodynamics by Onkar Singh Chapter 10 Ex-
ample 9

e f f i c i e n c y =88.42%”)
49 disp(” brake therma l e f f i c i e n c y =34.88%, v o l ume t r i c

e f f i c i e n c y =83.33%”)

Scilab code Exa 10.9 Engineering Thermodynamics by Onkar Singh Chap-
ter 10 Example 9

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar S ingh
Chapter 10 Example 9”)

8 h=10; // h e i g h t o f i n d i c a t o r diagram in mm
9 k=25; // i n d i c a t o r c on s t an t i n KN/mˆ2 per mm
10 N=300; // eng i n e rpm
11 Vs =1.5*10^ -2; // swept volume in mˆ3
12 M=60; // e f f e c t i v e brake l oad upon dynamometer i n kg
13 r=50*10^ -2; // e f f e c t i v e brake drum r ad i u s i n m
14 m=0.12; // f u e l consumption i n kg/min
15 C=42*10^3; // c a l o r i f i c va l u e i n KJ/kg
16 mw=6; // c i r c u l a t i n g water r a t e i n kg/min
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17 T1=35; // c o o l i n g water e n t e r i n g t empera tu r e i n d eg r e e
c e l c i u s

18 T2=70; // c o o l i n g water l e a v i n g t empera tu r e i n d eg r e e
c e l c i u s

19 Eg=30; // exhaus t g a s e s l e a v i n g ene rgy i n KJ/ s
20 Cw =4.18; // s p e c i f i c heat o f water i n KJ/kg K
21 g=9.81; // a c c e l a r a t i o n due to g r a v i t y i n m/ s ˆ2
22 disp(” i n d i c a t e d mean e f f e c t i v e p r e s s u r e ( P imeb )=h∗k

in Kpa”)
23 P_imeb=h*k

24 disp(” i n d i c a t e d power ( IP )=P imeb∗L∗A∗N/2 in KW”)
25 IP=P_imeb*Vs*N/(2*60)

26 disp(” brake power (BP)=2∗%pi∗N∗T in KW”)
27 BP=2*%pi*N*(M*g*r*10^ -3) /(2*60)

28 disp(”mechan i ca l e f f i c i e n c y ( n mech )=BP/IP”)
29 n_mech=BP/IP

30 disp(” i n p e r c en t a g e ”)
31 n_mech=n_mech *100

32 disp(” so i n d i c a t e d power =9.375 KW”)
33 disp(” brake power =4.62 KW”)
34 disp(”mechan i ca l e f f i c i e n c y =49.28%”)
35 disp(” ene rgy l i b e r a t e d from f u e l ( Ef )=C∗m/60 in KJ/ s ”

)

36 Ef=C*m/60

37 disp(” ene rgy a v a i l a b l e as brake power (BP) =4.62 KW”)
38 disp(” ene rgy to c o o l a n t ( Ec )=(mw/M) ∗Cw∗ (T2−T1) i n KW”

)

39 Ec=(mw/M)*Cw*(T2-T1)

40 disp(” ene rgy c a r r i e d by exhaus t g a s e s (Eg )=30 KJ/ s ”)
41 disp(” unaccounted ene rgy l o s s=Ef−BP−Ec−Eg in KW”)
42 Ef -BP -Ec-Eg

43 disp(”NOTE=>o v e r a l l ene rgy ba l an c e s h e e t i s a t t a ched
as jpg f i l e with t h i s code . ”)
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Figure 10.2: Engineering Thermodynamics by Onkar Singh Chapter 10 Ex-
ample 10

Scilab code Exa 10.10 Engineering Thermodynamics by Onkar Singh Chap-
ter 10 Example 10

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar S ingh
Chapter 10 Example 10 ”)

8 m=4; //mass o f f u e l consumed in kg
9 N=1500; // eng i n e rpm

10 mw=15; // water c i r c u l a t i o n r a t e i n kg/min
11 T1=27; // c o o l i n g water i n l e t t empera tu r e i n d eg r e e

c e l c i u s
12 T2=50; // c o o l i n g water o u t l e t t empera tu re i n d eg r e e

c e l c i u s
13 ma=150; //mass o f a i r consumed in kg
14 T_exhaust =400; // exhaus t t empera tu r e i n d eg r e e

c e l c i u s
15 T_atm =27; // a tmosphe r i c t empera tu re i n d eg r e e c e l c i u s
16 Cg =1.25; //mean s p e c i f i c heat o f exhaus t g a s e s i n KJ/

kg K
17 n_mech =0.9; // mechan i ca l e f f i c i e n c y
18 T=300*10^ -3; // brake t o rque i n N
19 C=42*10^3; // c a l o r i f i c va l u e i n KJ/kg
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20 Cw =4.18; // s p e c i f i c heat o f water i n KJ/kg K
21 disp(” brake power (BP)=2∗%pi∗N∗T in KW”)
22 BP=2*%pi*N*T/60

23 disp(” so brake power =47.124 KW”)
24 disp(” brake s p e c i f i c f u e l consumption ( b s f c )=m∗60/(mw

∗BP) in kg/KW hr ”)
25 bsfc=m*60/(mw*BP)

26 disp(” i n d i c a t e d power ( IP )=BP/n mech in Kw”)
27 IP=BP/n_mech

28 disp(” i n d i c a t e d therma l e f f i c i e n c y ( n i t e )=IP∗mw
∗60/(m∗C) ”)

29 n_ite=IP*mw*60/(m*C)

30 disp(” i n p e r c en t a g e ”)
31 n_ite=n_ite *100

32 disp(” so i n d i c a t e d therma l e f f i c i e n c y =28.05%”)
33 disp(” heat a v a i l a b l e from f u e l ( Qf )=(m/mw) ∗C in KJ/

min”)
34 Qf=(m/mw)*C

35 disp(” ene rgy consumed as brake power (BP)=BP∗60 i n KJ
/min”)

36 BP=BP*60

37 disp(” ene rgy c a r r i e d by c o o l i n g water (Qw)=mw∗Cw∗ (T2−
T1) i n KJ/min”)

38 Qw=mw*Cw*(T2 -T1)

39 disp(” ene rgy c a r r i e d by exhaus t g a s e s (Qg)=(ma+m) ∗Qg
∗ ( T exhaust−T atm ) /mw in KJ/min”)

40 Qg=(ma+m)*Cg*(T_exhaust -T_atm)/mw

41 disp(” unaccounted ene rgy l o s s i n KJ/min”)
42 Qf -(BP+Qw+Qg)

43 disp(”NOTE=>Heat ba l an c e s h e e t on per minute b a s i s
i s a t t a ched as jpg f i l e with t h i s code . ”)
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Figure 10.3: Engineering Thermodynamics by Onkar Singh Chapter 10 Ex-
ample 11

Scilab code Exa 10.11 Engineering Thermodynamics by Onkar Singh Chap-
ter 10 Example 11

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar S ingh
Chapter 10 Example 11 ”)

8 BP=50; // brake power output at f u l l l o ad i n KW
9 BP1 =40.1; // brake power output o f 1 s t c y l i n d e r i n KW

10 BP2 =39.5; // brake power output o f 2nd c y l i n d e r i n KW
11 BP3 =39.1; // brake power output o f 3 rd c y l i n d e r i n KW
12 BP4 =39.6; // brake power output o f 4 th c y l i n d e r i n KW
13 BP5 =39.8; // brake power output o f 5 th c y l i n d e r i n KW
14 BP6 =40; // brake power output o f 6 th c y l i n d e r i n KW
15 disp(” i n d i c a t e d power o f 1 s t c y l i n d e r=BP−BP1 in KW”)
16 BP -BP1

17 disp(” i n d i c a t e d power o f 2nd c y l i n d e r=BP−BP2 in KW”)
18 BP -BP2

19 disp(” i n d i c a t e d power o f 3 rd c y l i n d e r=BP−BP3 in KW”)
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Figure 10.4: Engineering Thermodynamics by Onkar Singh Chapter 10 Ex-
ample 12

20 BP -BP3

21 disp(” i n d i c a t e d power o f 4 th c y l i n d e r=BP−BP4 in KW”)
22 BP -BP4

23 disp(” i n d i c a t e d power o f 5 th c y l i n d e r=BP−BP5 in KW”)
24 BP -BP5

25 disp(” i n d i c a t e d power o f 6 th c y l i n d e r=BP−BP6 in KW”)
26 BP -BP6

27 disp(” t o t a l i n d i c a t e d power ( IP ) i n KW”)
28 IP =9.9+10.5+10.9+10.4+10.2+10

29 disp(”mechan i ca l e f f i c i e n c y ( n mech )=BP/IP”)
30 n_mech=BP/IP

31 disp(” i n p e r c en t a g e ”)
32 n_mech=n_mech *100

33 disp(” so i n d i c a t e d power =61.9 KW”)
34 disp(”mechan i ca l e f f i c i e n c y =80.77%”)

Scilab code Exa 10.12 Engineering Thermodynamics by Onkar Singh Chap-
ter 10 Example 12

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
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4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar S ingh
Chapter 10 Example 12 ”)

8 N=1500; // eng i n e rpm at f u l l l o ad
9 F=250; // brake l oad at f u l l l o ad i n N

10 F1=175; // brake r e ad i n g 1 i n N
11 F2=180; // brake r e ad i n g 2 i n N
12 F3=182; // brake r e ad i n g 3 i n N
13 F4=170; // brake r e ad i n g 4 i n N
14 r=50*10^ -2; // brake drum r ad i u s i n m
15 m=0.189; // f u e l consumption r a t e i n kg/min
16 C=43*10^3; // f u e l c a l o r i f i c va l u e i n KJ/kg
17 k=12; // a i r to f u e l r a t i o
18 T_exhaust =600; // exhaus t gas t empera tu r e i n d eg r e e

c e l c i u s
19 mw=18; // c o o l i n g water f l ow r a t e i n kg/min
20 T1=27; // c o o l i n g water e n t e r i n g t empera tu r e i n d eg r e e

c e l c i u s
21 T2=50; // c o o l i n g water l e a v i n g t empera tu r e i n d eg r e e

c e l c i u s
22 T_atm =27; // a tmosphe r i c a i r t empera tu r e
23 Cg =1.02; // s p e c i f i c heat o f exhaus t gas i n KJ/kg K
24 Cw =4.18; // s p e c i f i c heat o f water i n KJ/kg K
25 disp(” brake power output o f eng i n e (BP)=2∗%pi∗N∗T/60

in KW”)
26 BP=2*%pi*N*F*r*10^ -3/60

27 disp(” brake power when c y l i n d e r 1 i s cut (BP1)=2∗%pi∗
N∗T/60 in KW”)

28 BP1 =2*%pi*N*F1*r*10^ -3/60

29 disp(” so i n d i c a t e d power o f f i r s t c y l i n d e r ( IP1 )=BP−
BP1 in KW”)

30 IP1=BP -BP1

31 disp(” brake power when c y l i n d e r 2 i s cut (BP2)=2∗%pi∗
N∗T/60 in KW”)

32 BP2 =2*%pi*N*F2*r*10^ -3/60

33 disp(” so i n d i c a t e d power o f s econd c y l i n d e r ( IP2 )=BP−
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BP2 in KW”)
34 IP2=BP -BP2

35 disp(” brake power when c y l i n d e r 3 i s cut (BP3)=2∗%pi∗
N∗T/60 in KW”)

36 BP3 =2*%pi*N*F3*r*10^ -3/60

37 disp(” so i n d i c a t e d power o f t h i r d c y l i n d e r ( IP3 )=BP−
BP3 in KW”)

38 IP3=BP -BP3

39 disp(” brake power when c y l i n d e r 4 i s cut (BP4)=2∗%pi∗
N∗T/60 in KW”)

40 BP4 =2*%pi*N*F4*r*10^ -3/60

41 disp(” so i n d i c a t e d power o f f o u r t h c y l i n d e r ( IP4 )=BP−
BP4 in KW”)

42 IP4=BP -BP4

43 disp(”now t o t a l i n d i c a t e d power ( IP ) i n KW”)
44 IP=IP1+IP2+IP3+IP4

45 disp(” eng i n e mechan i ca l e f f i c i e n c y ( n mech )=BP/IP”)
46 n_mech=BP/IP

47 disp(” i n p e r c en t a g e ”)
48 n_mech=n_mech *100

49 disp(” so BP=19.63 KW, IP=23 KW, n mech=83.35%”)
50 disp(” heat l i b e r a t e d by f u e l ( Qf )=m∗C in KJ/min”)
51 Qf=m*C

52 disp(” heat c a r r i e d by exhaus t g a s e s (Qg)=(k+1)∗m∗Cg∗ (
T exhaust−T atm ) in KJ/min”)

53 Qg=(k+1)*m*Cg*(T_exhaust -T_atm)

54 disp(” heat c a r r i e d by c o o l i n g water (Qw)=mw∗Cw∗ (T2−T1
) i n KJ/min”)

55 Qw=mw*Cw*(T2 -T1)

56 disp(” ene rgy to brake power (BP)=BP∗60 i n KJ/min”)
57 BP=BP*60

58 disp(” unaccounted l o s s e s i n KJ/min”)
59 Qf -(Qg+Qw+BP)

60 disp(”NOTE=>Heat ba l an c e s h e e t on per minute b a s i s
i s a t t a ched as jpg f i l e with t h i s code . ”)
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Figure 10.5: Engineering Thermodynamics by Onkar Singh Chapter 10 Ex-
ample 13

Scilab code Exa 10.13 Engineering Thermodynamics by Onkar Singh Chap-
ter 10 Example 13

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar S ingh
Chapter 10 Example 13 ”)

8 D=20*10^ -2; // c y l i n d e r d i amete r i n m
9 L=28*10^ -2; // s t r o k e i n m

10 m=4.22; //mass o f f u e l used i n kg
11 C=44670; // c a l o r i f i c va l u e o f f u e l i n KJ/kg
12 N=21000/60; // eng i n e rpm
13 mep =2.74*10^5; //mean e f f e c t i v e p r e s s u r e i n pa
14 F=600; // net brake l oad app l i e d to a drum o f 100 cm

d iamete r i n N
15 r=50*10^ -2; // brake drum r ad i u s i n m
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16 mw=495; // t o t a l mass o f c o o l i n g water i n kg
17 T1=13; // c o o l i n g water i n l e t t empera tu r e i n d eg r e e

c e l c i u s
18 T2=38; // c o o l i n g water o u t l e t t empera tu re i n d eg r e e

c e l c i u s
19 ma=135; //mass o f a i r used i n kg
20 T_air =20; // t empera tu r e o f a i r i n t e s t room in deg r e e

c e l c i u s
21 T_exhaust =370; // t empera tu r e o f exhaus t g a s e s i n

d eg r e e c e l c i u s
22 Cp_gases =1.005; // s p e c i f i c heat o f g a s e s i n KJ/kg K
23 Cp_steam =2.093; // s p e c i f i c heat o f steam at

a tmosphe r i c p r e s s u r e i n KJ/kg K
24 Cpw =4.18; // s p e c i f i c heat o f water i n KJ/kg K
25 disp(” brake power (BP)=2∗%pi∗N∗T in KW”)
26 BP=2*%pi*N*F*r/60000

27 disp(” i n d i c a t e d power ( IP )=(mep∗L∗A∗N) /60000 i n KW”)
28 IP=(mep*L*(%pi*D^2/4)*N)/60000

29 disp(”A> heat added (Q)=m∗C/3600 i n KJ/ s ”)
30 Q=m*C/3600

31 disp(” or Q in KJ/min”)
32 Q=Q*60

33 disp(” therma l e f f i c i e n c y ( n th )=IP/Q ”)
34 Q=52.36; // heat added in KJ/ s
35 n_th=IP/Q

36 disp(” i n p e r c en t a g e ”)
37 n_th=n_th *100

38 disp(”B> heat e q u i v a l e n t o f brake power (BP)=BP∗60 i n
KJ/min ”)

39 BP=BP*60

40 disp(”C> heat l o s s to c o o l i n g water (Qw)=mw∗Cpw∗ (T2−
T1) i n KJ/min”)

41 Qw=mw*Cpw*(T2 -T1)/60

42 disp(” heat c a r r i e d by exhaus t g a s e s=heat c a r r i e d by
steam in exhaus t g a s e s+heat c a r r i e d by f u e l g a s e s
( dry g a s e s ) i n exhaus t g a s e s ”)

43 disp(”mass o f exhaus t g a s e s (mg)=mass o f a i r+mass o f
f u e l i n kg/min”)
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44 disp(”mg=(ma+m) /60 ”)
45 mg=(ma+m)/60

46 disp(”mass o f steam in exhaus t g a s e s i n kg/min”)
47 9*(0.15*m/60)

48 disp(”mass o f dry exhaus t g a s e s i n kg/min”)
49 mg -0.095

50 disp(”D> heat c a r r i e d by steam in exhaus t i n KJ/min”
)

51 0.095*{ Cpw*(100- T_air)+2256.9+ Cp_steam *(T_exhaust

-100)}

52 disp(”E> heat c a r r i e d by f u e l g a s e s ( dry g a s e s ) i n
exhaus t g a s e s (Qg) i n KJ/min”)

53 Qg =2.225* Cp_gases *(T_exhaust -T_air)

54 disp(”F> unaccounted l o s s=A−B−C−D−E in KJ/min”)
55 3141.79 -659.76 -862.13 -299.86 -782.64

56 disp(”NOTE>Heat ba l an c e s h e e t on per minute b a s i s i s
a t t a ched as jpg f i l e with t h i s code . ”)

371



Chapter 11

Introduction To Refrigeration
And Air Conditioning

Scilab code Exa 11.1 Engineering Thermodynamics by Onkar Singh Chap-
ter 11 Example 1

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar S ingh
Chapter 11 Example 1”)

8 T1=( -16+273);// t empera tu r e o f r e f r i g e r a t e d space i n
K

9 T2 =(27+273);// t empera tu r e o f atmosphere i n K
10 Q1=500; // heat e x t r a c t e d from r e f r i g e r a t e d space i n

KJ/min
11 disp(” f o r r e f r i g e r a t o r work ing on r e v e r s e d ca rno t

c y c l e . ”)
12 disp(”Q1/T1=Q2/T2”)
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Figure 11.1: Engineering Thermodynamics by Onkar Singh Chapter 11 Ex-
ample 1
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13 disp(” so Q2=Q1∗T2/T1 in KJ/min”)
14 Q2=Q1*T2/T1

15 disp(”and work input r e qu i r ed ,W in KJ/min”)
16 disp(”W=Q2−Q1”)
17 W=Q2 -Q1

Scilab code Exa 11.2 Engineering Thermodynamics by Onkar Singh Chap-
ter 11 Example 2

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar S ingh
Chapter 11 Example 2”)

8 Q=800; // r e f r i g e r a t i o n c a p a c i t y i n ton s
9 Q_latent =335; // l a t e n t heat f o r i c e f o rmat i on from

water i n KJ/kg
10 T1=( -7+273);// t empera tu r e o f r e s e r v o i r 1 i n K
11 T2 =(27+273);// t empera tu r e o f r e s e r v o i r 2 i n K
12 disp(” r e f r i g e r a t i o n c a p a c i t y or heat e x t r a c t i o n r a t e

(Q) i n KJ/ s ”)
13 Q=Q*3.5

14 disp(” l e t the i c e f o rmat i on r a t e be m kg/ s ”)
15 disp(” heat to be removed from per kg o f water f o r

i t s t r a n s f o rma t i o n i n t o i c e (Q1) i n KJ/kg . ”)
16 Q1 =4.18*(27 -0)+Q_latent

17 disp(” i c e f o rmat i on r a t e (m) i n kg=r e f r i g e r a t i o n
c a p a c i t y / heat removed f o r g e t t i n g per kg o f i c e ”)

18 m=Q/Q1

19 disp(”COP o f r e f r i g e r a t o r ,=T1/(T2−T1)=r e f r i g e r a t i o n
c a p a c i t y /work done ”)

20 COP=T1/(T2-T1)
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21 disp(” a l s o COP=Q/W”)
22 disp(” so W=Q/COP in KJ/ s ”)
23 W=Q/COP

24 disp(”HP r e q u i r e d ”)
25 W=W/0.7457

26 disp(”NOTE=>In book , t h i s q u e s t i o n i s s o l v e d by
t ak i n g T1=−5 deg r e e c e l c i u s , but a c c o r d i n g to
qu e s t i o n T1=−7 deg r e e c e l c i u s so t h i s q u e s t i o n i s
c o r r e c t l y s o l v e d above by c o n s i d e r i n g T1=−7

deg r e e c e l c i u s . ”)

Scilab code Exa 11.3 Engineering Thermodynamics by Onkar Singh Chap-
ter 11 Example 3

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar S ingh
Chapter 11 Example 3”)

8 T1=( -27+273);// t empera tu r e o f r e f r i g e r a t o r i n K
9 W=3*.7457; //work input i n KJ/ s
10 Q=1*3.5; // r e f r i g e r a t i o n e f f e c t i n KJ/ s
11 disp(”COP=T1/(T2−T1)=Q/W”)
12 COP=Q/W

13 COP =1.56; // approx .
14 disp(” equat ing ,COP=T1/(T2−T1) ”)
15 disp(” so t empera tu r e o f s u r r ound ing (T2) i n K”)
16 disp(”T2=T1+(T1/COP) ”)
17 T2=T1+(T1/COP)
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Figure 11.2: Engineering Thermodynamics by Onkar Singh Chapter 11 Ex-
ample 3
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Scilab code Exa 11.4 Engineering Thermodynamics by Onkar Singh Chap-
ter 11 Example 4

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar S ingh
Chapter 11 Example 4”)

8 T1=( -30+273);// t empera tu r e o f a i r a t b e g i nn i ng o f
compre s s i on i n K

9 T3 =(27+273);// t empera tu r e o f a i r a f t e r c o o l i n g i n K
10 r=8; // p r e s s u r e r a t i o
11 Cp =1.005; // s p e c i f i c heat at c on s t an t p r e s s u r e i n KJ/

kg K
12 y=1.4; // expans i on c on s t an t
13 m=1; // a i r f l ow r a t e i n kg/ s
14 n1 =0.85; // i s e n t r o p i c e f f i c i e n c y f o r compre s s i on

p r o c e s s
15 n2=.9; // i s e n t r o p i c e f f i c i e n c y f o r expans i on p r o c e s s
16 disp(” dur ing p r o c e s s 1−2 a ”)
17 disp(”p2/p1=(T2 a/T1) ˆ( y /( y−1) ) ”)
18 disp(” so T2 a=T1∗ ( p2/p1 ) ˆ ( ( y−1)/y ) i n K”)
19 T2_a=T1*(r)^((y-1)/y)

20 disp(” t h e o r e t i c a l t empera tu r e a f t e r compres s ion , T2 a
=440.18 K”)

21 disp(” f o r compre s s i on p r o c e s s , ”)
22 disp(”n1=(T2 a−T1) /(T2−T1) ”)
23 disp(” so T2=T1+(T2 a−T1) /n1 in K”)
24 T2=T1+(T2_a -T1)/n1
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Figure 11.3: Engineering Thermodynamics by Onkar Singh Chapter 11 Ex-
ample 4

378



25 disp(” f o r expans i on p r o c e s s ,3−4 a ”)
26 disp(”T4 a/T3=(p1/p2 ) ˆ ( ( y−1)/y ) ”)
27 disp(” so T4 a=T3∗ ( p1/p2 ) ˆ ( ( y−1)/y ) i n K”)
28 T4_a=T3*(1/r)^((y-1)/y)

29 disp(”n2=0.9=(T3−T4) /(T3−T4 a ) ”)
30 disp(” so T4=T3−(n2 ∗ (T3−T4 a ) ) i n K”)
31 T4=T3 -(n2*(T3 -T4_a))

32 disp(” so work dur ing compres s ion ,W C in KJ/ s ”)
33 disp(”W C=m∗Cp∗ (T2−T1) ”)
34 W_C=m*Cp*(T2-T1)

35 disp(”work dur ing expans ion ,W T in KJ/ s ”)
36 disp(”W T=m∗Cp∗ (T3−T4) ”)
37 W_T=m*Cp*(T3-T4)

38 disp(” r e f r i g e r a t i o n e f f e c t i s r e a l i z e d dur ing
p ro c e s s ,4−1. so r e f r i g e r a t i o n s h a l l be , ”)

39 disp(” Q r e f=m∗Cp∗ (T1−T4) i n KJ/ s ”)
40 Q_ref=m*Cp*(T1-T4)

41 disp(” Q r e f i n ton ”)
42 Q_ref=Q_ref /3.5

43 disp(” net work r e q u i r e d (W)=W C−WT in KJ/ s ”)
44 W=W_C -W_T

45 disp(”COP=Q re f /(W C−WT) ”)
46 Q_ref =64.26;

47 COP=Q_ref /(W_C -W_T)

48 disp(” so r e f r i g e r a t i o n c a p a c i t y =18.36 ton or 64 . 2 6
KJ/ s ”)

49 disp(”and COP=0.57 ”)
50 disp(”NOTE=>In book t h i s q u e s t i o n i s s o l v e by t ak i n g

T1=240 K which i s i n c o r r e c t , hence c o r r e c t i o n i s
made above a c c o r d i n g to qu e s t i o n by t ak i n g T1=−30
deg r e e c e l c i u s or 243 K, so answer may vary

s l i g h t l y . ”)
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Figure 11.4: Engineering Thermodynamics by Onkar Singh Chapter 11 Ex-
ample 5
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Scilab code Exa 11.5 Engineering Thermodynamics by Onkar Singh Chap-
ter 11 Example 5

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar S ingh
Chapter 11 Example 5”)

8 T1 =(7+273);// t empera tu r e o f r e f r i g e r a t e d space i n K
9 T3 =(27+273);// t empera tu r e a f t e r compre s s i on i n K

10 p1 =1*10^5; // p r e s s u r e o f r e f r i g e r a t e d space i n pa
11 p2 =5*10^5; // p r e s s u r e a f t e r compre s s i on i n pa
12 y=1.4; // expans i on c on s t an t
13 Cp =1.005; // s p e c i f i c heat at c on s t an t p r e s s u r e i n KJ/

kg K
14 disp(” f o r i s e n t r o p i c compre s s i on p r o c e s s : ”)
15 disp(” ( p2/p1 ) ˆ ( ( y−1)/y )=T2/T1”)
16 disp(” so T2=T1∗ ( p2/p1 ) ˆ ( ( y−1)/y ) i n K”)
17 T2=T1*(p2/p1)^((y-1)/y)

18 disp(” f o r i s e n r o p i c expans i on p r o c e s s : ”)
19 disp(” ( p3/p4 ) ˆ ( ( y−1)/y )=(T3/T4)=(p2/p1 ) ˆ ( ( y−1)/y ) ”)
20 disp(” so T4=T3/( p2/p1 ) ˆ ( ( y−1)/y ) i n K”)
21 T4=T3/(p2/p1)^((y-1)/y)

22 disp(” heat r e j e c t e d dur ing p r o c e s s 2−3 ,Q23=Cp∗ (T2−T3
) i n KJ/kg”)

23 Q23=Cp*(T2-T3)

24 disp(” r e f r i g e r a t i o n p ro c e s s , heat p i ck ed dur ing
p r o c e s s 4−1 ,Q41=Cp∗ (T1−T4) i n KJ/kg”)

25 Q41=Cp*(T1-T4)

26 disp(” so net work (W)=Q23−Q41 in KJ/kg”)
27 W=Q23 -Q41

28 disp(” so COP=r e f r i g e r a t i o n e f f e c t / net work=Q41/W”)
29 COP=Q41/W
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Figure 11.5: Engineering Thermodynamics by Onkar Singh Chapter 11 Ex-
ample 6

Scilab code Exa 11.6 Engineering Thermodynamics by Onkar Singh Chap-
ter 11 Example 6

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;
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6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar S ingh
Chapter 11 Example 6”)

8 T1=( -10+273);// a i r e n t e r i n g t empera tu re i n K
9 p1 =1*10^5; // a i r e n t e r i n g p r e s s u r e i n pa
10 T3 =(27+273);// compressed a i r t empera tu r e a f t e r

c o o l i n g i n K
11 p2 =5.5*10^5; // p r e s s u r e a f t e r compre s s i on i n pa
12 m=0.8; // a i r f l ow r a t e i n kg/ s
13 Cp =1.005; // s p e c i f i c heat c a p a c i t y at c on s t an t

p r e s s u r e i n KJ/kg K
14 y=1.4; // expans i on c on s t an t
15 R=0.287; // gas c on s t an t i n KJ/kg K
16 disp(” f o r p r o c e s s 1−2”)
17 disp(” ( p2/p1 ) ˆ ( ( y−1)/y )=T2/T1”)
18 disp(” so T2=T1∗ ( p2/p1 ) ˆ ( ( y−1)/y ) i n K”)
19 T2=T1*(p2/p1)^((y-1)/y)

20 disp(” f o r p r o c e s s 3−4”)
21 disp(” ( p3/p4 ) ˆ ( ( y−1)/y )=T3/T4”)
22 disp(” so T4=T3/( p3/p4 ) ˆ ( ( y−1)/y )=T3/( p2/p1 ) ˆ ( ( y−1)/y

) i n K”)
23 T4=T3/(p2/p1)^((y-1)/y)

24 disp(” r e f r i g e r a t i o n c a p a c i t y (Q)=m∗Cp∗ (T1−T4) i n KJ/ s
”)

25 Q=m*Cp*(T1-T4)

26 disp(”Q in ton ”)
27 Q=Q/3.5

28 disp(”work r e q u i r e d to run compre s so r (w)=(m∗n ) ∗ ( p2∗
v2−p1∗v1 ) /( n−1)”)

29 disp(”w=(m∗n ) ∗R∗ (T2−T1) /(n−1) i n KJ/ s ”)
30 n=y;

31 w=(m*n)*R*(T2 -T1)/(n-1)

32 disp(”HP r e q u i r e d to run compre s so r ”)
33 w/0.7457

34 disp(” so HP r e q u i r e d to run compre s so r =177.86 hp”)
35 disp(” net work input (W)=m∗Cp∗{ (T2−T3)−(T1−T4) } i n KJ/

s ”)
36 W=m*Cp*{(T2-T3)-(T1-T4)}
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Figure 11.6: Engineering Thermodynamics by Onkar Singh Chapter 11 Ex-
ample 7

37 disp(”COP=r e f r i g e r a t i o n c a p a c i t y /work=Q/W”)
38 Q=63.25; // r e f r i g e r a t i o n c a p a c i t y i n KJ/ s
39 COP=Q/W

Scilab code Exa 11.7 Engineering Thermodynamics by Onkar Singh Chap-
ter 11 Example 7

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;
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7 disp(” Eng i n e e r i n g Thermodynamics by Onkar S ingh
Chapter 11 Example 7”)

8 p1 =1.2*10^5; // p r e s s u r e o f ram a i r i n pa
9 p6=p1;

10 T1 =(15+273);// t empera tu r e o f ram a i r i n K
11 T6=T1;

12 p7 =0.9*10^5; // p r e s s u r e o f ram a i r a f t e r expans i on i n
pa

13 p3 =4*10^5; // p r e s s u r e o f ram a i r a f t e r compre s s i on i n
pa

14 p2=p3;

15 p4 =1*10^5; // p r e s s u r e o f ram a i r a f t e r expans i on i n
second t u r b i n e i n pa

16 T5 =(25+273);// t empera tu r e o f a i r when exhaus t ed
from cab in i n K

17 T3 =(50+273);// t empera tu r e o f compressed a i r i n K
18 T8 =(30+273);// l im i t e d temperaure o f ram a i r i n K
19 Q=10*3.5; // r e f r i g e r a t i o n c a p a c i t y i n KJ/ s
20 Cp =1.005; // s p e c i f i c heat c a p a c i t y at c on s t an t

p r e s s u r e i n KJ/kg K
21 disp(” f o r p r o c e s s 1−2 ,n=1.45 ”)
22 n=1.45;

23 disp(”T2/T1=(p2/p1 ) ˆ ( ( n−1)/n ) ”)
24 disp(” so T2=T1∗ ( p2/p1 ) ˆ ( ( n−1)/n ) i n K”)
25 T2=T1*(p2/p1)^((n-1)/n)

26 disp(” f o r p r o c e s s 3−4 ,n=1.3 ”)
27 n=1.3;

28 disp(”T4/T3=(p4/p3 ) ˆ ( ( n−1)/n ) ”)
29 disp(” so T4=T3∗ ( p4/p3 ) ˆ ( ( n−1)/n ) i n K”)
30 T4=T3*(p4/p3)^((n-1)/n)

31 disp(” r e f r i g e r a t i o n e f f e c t i n pa s s e ng e r cab in with m
kg/ s mass f l ow r a t e o f a i r . ”)

32 disp(”Q=m∗Cp∗ (T5−T4) ”)
33 disp(”m=Q/(Cp∗ (T5−T4) ) i n kg/ s ”)
34 m=Q/(Cp*(T5-T4))

35 disp(” so a i r mass f l ow r a t e i n cab in =0.55 kg/ s ”)
36 disp(” l e t the mass f l ow r a t e through i n t e r c o o l e r be

m1 kg/ s then the ene rgy ba l an c e upon i n t e r c o o l e r
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y i e l d s , ”)
37 disp(”m1∗Cp∗ (T8−T7)=m∗Cp∗ (T2−T3) ”)
38 disp(” dur ing p r o c e s s 6−7 ,T7/T6=(p7/p6 ) ˆ ( ( n−1)/n ) ”)
39 disp(” so T7=T6∗ ( p7/p6 ) ˆ ( ( n−1)/n ) i n K”)
40 T7=T6*(p7/p6)^((n-1)/n)

41 disp(” s u b s t i t u t i n g T2 , T3 , T7 , T8 and m in ene rgy
ba l an c e on i n t e r c o o l e r , ”)

42 disp(”m1=m∗ (T2−T3) /(T8−T7) i n kg/ s ”)
43 m1=m*(T2-T3)/(T8-T7)

44 disp(” t o t a l ram a i r mass f l ow r a t e=m+m1 in kg/ s ”)
45 m+m1

46 disp(”ram a i r mass f l ow r a t e =2.12 kg/ s ”)
47 disp(”work input to compre s so r (W)=m∗Cp∗ (T2−T1) i n KJ/

s ”)
48 m=0.55; // approx .
49 W=m*Cp*(T2-T1)

50 disp(”COP=r e f r i g e r a t i o n e f f e c t /work input=Q/W”)
51 COP=Q/W

Scilab code Exa 11.8 Engineering Thermodynamics by Onkar Singh Chap-
ter 11 Example 8

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar S ingh
Chapter 11 Example 8”)

8 po =0.9*10^5; // a tmosphe r i c a i r p r e s s u r e i n pa
9 To =(3+273);// t empera tu r e o f a tmosphe r i c a i r i n K

10 p1 =1*10^5; // p r e s s u r e due to ramming a i r i n pa
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Figure 11.7: Engineering Thermodynamics by Onkar Singh Chapter 11 Ex-
ample 8
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11 p2 =4*10^5; // p r e s s u r e when a i r l e a v e s compre s so r i n
pa

12 p3=p2;

13 p4=p3;

14 p5 =1.03*10^5; // p r e s s u r e ma inta ined in pa s s e ng e r
cab in i n pa

15 T6 =(25+273);// t empera tu r e o f a i r l e a v e s cab in i n K
16 Q=15*3.5; // r e f r i g e r a t i o n c a p a c i t y o f a e r op l a n e i n KJ

/ s
17 n1=0.9; // i s e n t r o p i c e f f i c i e n c y o f compre s so r
18 n2=0.8; // i s e n t r o p i c e f f i c i e n c y o f t u r b i n e
19 Cp =1.005; // s p e c i f i c heat at c on s t an t p r e s s u r e i n KJ/

kg K
20 disp(” c o n s i d e r i n g index o f compre s s i on and expans i on

as 1 . 4 ”)
21 y=1.4;

22 disp(” dur ing ramming ac t i on , p r o c e s s 0−1 ,”)
23 disp(”T1/To=(p1/po ) ˆ ( ( y−1)/y ) ”)
24 disp(”T1=To∗ ( p1/po ) ˆ ( ( y−1)/y ) i n K”)
25 T1=To*(p1/po)^((y-1)/y)

26 disp(” dur ing compre s s i on p r o c e s s 1−2 a ”)
27 disp(”T2 a/T1=(p2/p1 ) ˆ ( ( y−1)/y ) ”)
28 disp(”T2 a=T1∗ ( p2/p1 ) ˆ ( ( y−1)/y ) i n K”)
29 T2_a=T1*(p2/p1)^((y-1)/y)

30 disp(”n1=(T2 a−T1) /(T2−T1) ”)
31 disp(” so T2=T1+(T2 a−T1) /n1 in K”)
32 T2=T1+(T2_a -T1)/n1

33 disp(” In heat exchange r 66% o f heat l o s s s h a l l
r e s u l t i n t empera tu r e at e x i t from heat exchange r
to be , T3=0.34∗T2 in K”)

34 T3 =0.34* T2

35 disp(” sub s e qu en t l y f o r 10 deg r e e c e l c i u s t empera tu r e
drop i n evapora to r , ”)

36 disp(”T4=T3−10 i n K”)
37 T4=T3 -10

38 disp(” expans i on i n c o o l i n g t u r b i n e dur ing p r o c e s s
4−5; ”)

39 disp(”T5 a/T4=(p5/p4 ) ˆ ( ( y−1)/y ) ”)
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40 disp(”T5 a=T4∗ ( p5/p4 ) ˆ ( ( y−1)/y ) i n K”)
41 T5_a=T4*(p5/p4)^((y-1)/y)

42 disp(”n2=(T4−T5) /(T4−T5 a ) ”)
43 disp(”T5=T4−(T4−T5 a ) ∗n2 in K”)
44 T5=T4 -(T4-T5_a)*n2

45 disp(” l e t the mass f l ow r a t e o f a i r through cab in be
m kg/ s . u s i n g r e f r i g e r a t i o n c a p a c i t y heat ba l an c e
y i e l d s . ”)

46 disp(”Q=m∗Cp∗ (T6−T5) ”)
47 disp(” so m=Q/(Cp∗ (T6−T5) ) i n kg/ s ”)
48 m=Q/(Cp*(T6-T5))

49 disp(”work input to compre s so r (W)=m∗Cp∗ (T2−T1) i n KJ/
s ”)

50 W=m*Cp*(T2-T1)

51 disp(”W in Hp”)
52 W=W/.7457

53 disp(”COP=r e f r i g e r a t i o n e f f e c t /work input=Q/W”)
54 W=41.37; //work input to compre s so r i n KJ/ s
55 COP=Q/W

56 disp(” so COP=1.27 ”)
57 disp(”and HP r e q u i r e d =55.48 hp”)

Scilab code Exa 11.9 Engineering Thermodynamics by Onkar Singh Chap-
ter 11 Example 9

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar S ingh
Chapter 11 Example 9”)

389



Figure 11.8: Engineering Thermodynamics by Onkar Singh Chapter 11 Ex-
ample 9
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8 disp(” p r o p e r t i e s o f NH3 , ”)
9 disp(” at 15 deg r e e c e l c i u s , h9=−54.51 KJ/kg , hg

=1303.74 KJ/kg , s9 =−0.2132 KJ/kg K, sg =5.0536 KJ/kg
K”)

10 T1=( -15+273);

11 h9= -54.51;

12 hg =1303.74;

13 s9= -0.2132;

14 sg =5.0536;

15 disp(”and at 25 deg r e e c e l c i u s , h3=99.94 KJ/kg , h2
=1317.95 KJ/kg , s3 =0.3386 KJ/kg K, s2 =4.4809 KJ/kg
K”)

16 T2 =(25+273);

17 h3 =99.94;

18 h2 =1317.95;

19 s3 =0.3386;

20 s2 =4.4809;

21 disp(” he r e work done ,W=Area 1−2−3−9−1”)
22 disp(” r e f r i g e r a t i o n e f f e c t=Area 1−5−6−4−1”)
23 disp(”Area 3−8−9 =(Area 3−11−7)−(Area 9−11−10)−(Area

9−8−7−10)”)
24 disp(” so Area 3−8−9=h3−h9−T1∗ ( s3−s9 ) i n KJ/kg”)
25 h3 -h9-T1*(s3 -s9)

26 disp(” dur ing t h r o t t l i n g p r o c e s s between 3 and 4 , h3=
h4”)

27 disp(” ( Area=3−11−7−3)=(Area 4−9−11−6−4)”)
28 disp(” ( Area 3−8−9)+(Area 8−9−11−7−8)=(Area

4−6−7−8−4)+(Area 8−9−11−7−8)”)
29 disp(” ( Area 3−8−9)=(Area 4−6−7−8−4)”)
30 disp(” so ( Area 4−6−7−8−4)=12.09 KJ/kg”)
31 disp(” a l s o , ( Area 4−6−7−8−4)=T1∗ ( s4−s8 ) ”)
32 disp(” so ( s4−s8 ) i n KJ/kg K=”)
33 12.09/ T1

34 disp(” a l s o s3=s8 =0.3386 KJ/kg K”)
35 s8=s3;

36 disp(” so s4 i n KJ/kg K=”)
37 s4=s8 +12.09/ T1

38 disp(” a l s o s1=s2 =4.4809 KJ/kg K”)
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39 s1=s2;

40 disp(” r e f r i g e r a t i o n e f f e c t (Q)=Area (1−5−6−4−1)=T1∗ (
s1−s4 ) i n KJ/kg”)

41 Q=T1*(s1-s4)

42 disp(”work done (W)=Area (1−2−3−9−1)=(Area 3−8−9)+((
T2−T1) ∗ ( s1−s8 ) ) i n KJ/kg”)

43 W=12.09+((T2 -T1)*(s1-s8))

44 disp(” so COP=r e f r i g e r a t i o n e f f e c t /work done=Q/W”)
45 COP=Q/W

46 disp(” so COP=5.94 ”)

Scilab code Exa 11.10 Engineering Thermodynamics by Onkar Singh Chap-
ter 11 Example 10

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar S ingh
Chapter 11 Example 10 ”)

8 Q=2.86*3.5; // r e f r i g e r a t i o n e f f e c t i n KJ/ s
9 N=1200; // compre s so r rpm

10 n=1.13; // compre s s i on index
11 disp(” p r o p e r t i e s o f Freon −12 , ”)
12 disp(” at −20 deg r e e c e l c i u s , P1=1.51 bar , vg=0.1088 m

ˆ3/kg , h f =17.8 KJ/kg , h1=178.61 KJ/kg , s f =0.0730 KJ/
kg K, s1 =0.7082 KJ/kg K, Cpg=0.605 KJ/kg K”)

13 P1 =1.51;

14 T1=( -20+273);

15 vg =0.1088;

16 h1 =178.61;

17 s1 =0.7082;

18 s2=s1;
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19 disp(” at 40 deg r e e c e l c i u s , P2=9.61 bar , h3=74.53 KJ/
kg , hg=203.05 KJ/kg , s f =0.2716 KJ/kg K, sg =0.682 KJ/
kg K, Cpf=0.976 KJ/kg K, Cpg=0.747 KJ/kg K”)

20 P2 =9.61;

21 h3 =74.53;

22 h4=h3;

23 hg =203.05;

24 sf =0.2716;

25 sg =0.682;

26 Cpf =0.976;

27 Cpg =0.747;

28 disp(” dur ing expans i on ( t h r o t t l i n g ) between 3 and 4”)
29 disp(”h3=h4=h f 4 0 o c =74.53 KJ/kg=h4”)
30 disp(” p r o c e s s 1−2 i s a d i a b a t i c compre s s i on so , ”)
31 disp(” s1=s2 , s1=sg −20oc =0.7082 KJ/kg K”)
32 disp(” at 40 deg r e e c e l c i u s or 313 K, s1=sg+Cpg∗ l o g (T2

/313) ”)
33 disp(”T2=313∗ exp ( ( s1−sg ) /Cpg ) i n K”)
34 T2=313* exp((s1-sg)/Cpg)

35 disp(” so t empera tu r e a f t e r compres s ion , T2=324.17 K”)
36 disp(” en tha lpy a f t e r compres s ion , h2=hg+Cpg∗ (T2−313)

i n KJ/kg”)
37 h2=hg+Cpg*(T2 -313)

38 disp(” compre s s i on work r e qu i r ed , per kg (Wc)=h2−h1 in
KJ/kg”)

39 Wc=h2-h1

40 disp(” r e f r i g e r a t i o n e f f e c t dur ing cy c l e , pe r kg ( q )=h1
−h4 in KJ/kg”)

41 q=h1 -h4

42 disp(”mass f l ow r a t e o f r e f r i g e r a n t ,m=Q/q in kg/ s ”)
43 m=Q/q

44 m=0.096; // approx .
45 disp(”COP=q/Wc”)
46 COP=q/Wc

47 disp(” v o l ume t r i c e f f i c i e n c y o f r e c i p r o c a t i n g
compressor , g i v en C=0.02 ”)

48 C=0.02;

49 disp(” n v o l=1+C−C∗ (P2/P1 ) ˆ(1/ n ) ”)
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Figure 11.9: Engineering Thermodynamics by Onkar Singh Chapter 11 Ex-
ample 10

50 n_vol =1+C-C*(P2/P1)^(1/n)

51 disp(” l e t p i s t o n d i s p l a c emen t by V,mˆ3”)
52 disp(”mass f l ow ra t e ,m=(V∗ n vo l ∗N) /(60∗ vg −20oc ) ”)
53 disp(” so V=(m∗60∗ vg −20oc ) ∗10ˆ6/(N∗ n vo l ) i n cmˆ3”)
54 V=(m*60*vg)*10^6/(N*n_vol)

55 disp(” so COP=3.175 ”)
56 disp(”and p i s t o n d i s p l a c emen t =569.45 cmˆ3”)

Scilab code Exa 11.11 Engineering Thermodynamics by Onkar Singh Chap-
ter 11 Example 11

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar S ingh
Chapter 11 Example 11 ”)

8 Q=2; // r e f r i g e r a t i o n e f f e c t i n KW
9 disp(” p r o p e r t i e s o f CO2 , ”)
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Figure 11.10: Engineering Thermodynamics by Onkar Singh Chapter 11 Ex-
ample 10
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10 disp(” at 20 deg r e e c e l c i u s , P1=57.27 bar , h f =144.11 KJ
/kg , hg=299.62 KJ/kg , s f =0.523 KJ/kg K, s g 2 0 o c
=1.0527 KJ/kg K, Cpf=2.889 KJ/kg K, Cpg=2.135 KJ/kg
K”)

11 T1 =(20+273);// c onden s a t i on t empera tu r e i n K
12 P1 =57.27;

13 h3 =144.11;

14 hg =299.62;

15 sf =0.523;

16 sg_20oc =1.0527;

17 Cpf =2.889;

18 Cpg =2.135;

19 disp(” at −10 deg r e e c e l c i u s , P2=26.49 bar , vg=0.014 m
ˆ3/kg , h f =60.78 KJ/kg , hg=322.28 KJ/kg , s f =0.2381 KJ
/kg K, sg =1.2324 KJ/kg K”)

20 T2=( -10+273);// evapo r a t o r t empera tu r e i n K
21 P2 =26.49;

22 vg =0.014;

23 hf =60.78;

24 h1 =322.28;

25 sf =0.2381;

26 sg =1.2324;

27 disp(” p r o c e s s e s o f vapour compre s s i on c y c l e a r e
shown on T−s diagram ”)

28 disp(”1−2: i s e n t r o p i c compre s s i on p r o c e s s ”)
29 disp(”2−3−4: c onden s a t i on p r o c e s s ”)
30 disp(”4−5: i s e n t h a l p i c expans i on p r o c e s s ”)
31 disp(”5−1: r e f r i g e r a t i o n p r o c e s s i n e vapo r a t o r ”)
32 disp(”h1=hg at −10oc =322.28 KJ/kg”)
33 disp(” at 20 deg r e e c e l c i u s , h2=hg+Cpg∗(40−20) i n KJ/kg

”)
34 h2=hg+Cpg *(40 -20)

35 disp(” ent ropy at s t a t e 2 , a t 20 deg r e e c e l c i u s , s2=
s g 2 0 o c+Cpg∗ l o g ( (273+40) /(273+20) ) i n KJ/kg K”)

36 s2=sg_20oc+Cpg*log ((273+40) /(273+20))

37 disp(” ent ropy dur ing i s e n t r o p i c p r o c e s s , s1=s2 ”)
38 disp(” at −10 deg r e e c e l c i u s , s2=s f+x1∗ s f g ”)
39 disp(” so x1=(s2−s f ) / ( sg−s f ) ”)
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40 x1=(s2-sf)/(sg-sf)

41 disp(” en tha lpy at s t a t e 1 , at −10 deg r e e c e l c i u s , h1=
hf+x1∗ h fg i n KJ/kg”)

42 h1=hf+x1*(h1 -hf)

43 disp(”h3=hf at 20 oc =144.11 KJ/kg”)
44 disp(” s i n c e und e r c o o l i n g o c cu r s upto 10 oc , so , h4=h3−

Cpf∗ de l taT in KJ/kg”)
45 h4=h3-Cpf *(20 -10)

46 disp(” a l s o , h4=h5=115.22 KJ/kg”)
47 h5=h4;

48 disp(” r e f r i g e r a t i o n e f f e c t per kg o f r e f r i g e r a n t ( q )
=(h1−h5 ) i n KJ/kg”)

49 q=(h1-h5)

50 disp(” l e t r e f r i g e r a n t f l ow r a t e be m kg/ s ”)
51 disp(” r e f r i g e r a n t e f f e c t (Q)=m∗q”)
52 disp(”m=Q/q in kg/ s ”)
53 m=Q/q

54 disp(” compre s so r work ,Wc=h2−h1 in KJ/kg”)
55 Wc=h2-h1

56 disp(”COP=r e f r i g e r a t i o n e f f e c t per kg/ compre s so r
work per kg=q/Wc”)

57 COP=q/Wc

58 disp(” so COP=6.51 , mass f l ow r a t e =0.01016 kg/ s ”)
59 disp(”NOTE=>In book , mass f l ow r a t e (m) which i s

0 . 1 016 kg/ s i s c a l c u l a t e d wrong and i t i s
c o r r e c t l y s o l v e above and comes out to be m
=0.01016 kg/ s . ”)
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Figure 11.11: Engineering Thermodynamics by Onkar Singh Chapter 11 Ex-
ample 11

Figure 11.12: Engineering Thermodynamics by Onkar Singh Chapter 11 Ex-
ample 11
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Figure 11.13: Engineering Thermodynamics by Onkar Singh Chapter 11 Ex-
ample 12
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Scilab code Exa 11.12 Engineering Thermodynamics by Onkar Singh Chap-
ter 11 Example 12

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar S ingh
Chapter 11 Example 12 ”)

8 omega =0.016; // s p e c i f i c humidi ty i n gm/gm o f a i r
9 disp(” he r e p r e s s u r e o f a tmosphe r i c a i r (P)may be

taken as 1 . 0 13 bar ”)
10 P=1.013; // p r e s s u r e o f a tmosphe r i c a i r i n bar
11 disp(” s p e c i f i c humidity , omega=0.622∗ (Pv/(P−Pv) ) ”)
12 disp(” so p a r t i a l p r e s s u r e o f vapour (Pv) i n bar ”)
13 disp(”Pv=P/(1+(0 .622/ omega ) ) i n bar ”)
14 Pv=P/(1+(0.622/ omega))

15 Pv =0.0254; // approx .
16 disp(” r e l a t i v e humidi ty ( ph i )=(Pv/ Pv sa t ) ”)
17 disp(” from pych romet r i c p r o p e r t i e s o f a i r Pv sa t at

25 deg r e e c e l c i u s =0.03098 bar ”)
18 Pv_sat =0.03098;

19 disp(” so ph i=Pv/ Pv sa t ”)
20 phi=Pv/Pv_sat

21 disp(” i n p e r c en t a g e ”)
22 phi=phi *100

23 disp(” so p a r t i a l p r e s s u r e o f vapour =0.0254 bar ”)
24 disp(” r e l a t i v e humidi ty =81.98 %”)

Scilab code Exa 11.13 Engineering Thermodynamics by Onkar Singh Chap-
ter 11 Example 13
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Figure 11.14: Engineering Thermodynamics by Onkar Singh Chapter 11 Ex-
ample 13

401



1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar S ingh
Chapter 11 Example 13 ”)

8 r=0.6; // r e l a t i v e humid i ty
9 P=1.013; // t o t a l p r e s s u r e o f mixture i n bar

10 R=0.287; // gas c on s t an t i n KJ/kg K
11 Ta =(30+273);// room tempera tu re i n K
12 Cp =1.005; // s p e c i f i c heat at c on s t an t p r e s s u r e i n KJ/

kg deg r e e c e l c i u s
13 disp(” at 30 deg r e e c e l c i u s from steam tab l e ,

s a t u r a t i o n p r e s s u r e , Pv sa t =0.0425 bar ”)
14 Pv_sat =0.0425;

15 disp(” p a r t i a l p r e s s u r e o f vapour (Pv)=r e l a t i v e
humid i ty ∗Pv sa t i n bar ”)

16 Pv=r*Pv_sat

17 disp(” p a r t i a l p r e s s u r e o f a i r (Pa )=t o t a l p r e s s u r e o f
mixture−p a r t i a l p r e s s u r e o f vapour ”)

18 Pa=P-Pv

19 disp(” so p a r t i a l p r e s s u r e o f a i r =0.9875 bar ”)
20 disp(” humidi ty r a t i o , omega=0.622∗Pv/(P−Pv) i n kg/kg

o f dry a i r ”)
21 omega =0.622* Pv/(P-Pv)

22 disp(” so humid i ty r a t i o =0.01606 kg/kg o f a i r ”)
23 disp(”Dew po i n t t empera tu r e may be s e en from the

steam t a b l e . The s a t u r a t i o n t empera tu r e
c o r r e s p ond i n g to the p a r t i a l p r e s s u r e o f vapour
i s 0 . 0 255 bar .Dew po i n t t empera tu r e can be
approx imated as 2 1 . 4 oc by i n t e r p o l a t i o n ”)

24 disp(” so Dew po i n t t empera tu re =21.4 d eg r e e c e l c i u s ”)
25 disp(” d e n s i t y o f mixture ( rho m )=d en s i t y o f a i r ( rho a

)+d en s i t y o f vapour ( rho v ) ”)
26 disp(” rho m=( rho a )+( rho v )=rho a ∗(1+omega ) ”)
27 disp(” rho m=P∗100∗(1+omega ) /(R∗Ta) i n kg/mˆ3”)
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28 rho_m=P*100*(1+ omega)/(R*Ta)

29 disp(” so d e n s i t y = 1 . 1 835 kg/mˆ3”)
30 disp(” en tha lpy o f mixture , h=Cp∗T+omega ∗ ( hg

+1.860∗ (30 −21 .4) ) i n KJ/kg o f dry a i r ”)
31 T=30; // room tempera tu r e i n d eg r e e c e l c i u s
32 hg =2540.1; // en tha lpy at 30 deg r e e c e l c i u s i n KJ/kg
33 h=Cp*T+omega*(hg +1.860*(30 -21.4))

34 disp(” en tha lpy o f mixture =71.2 KJ/kg o f dry a i r ”)

Scilab code Exa 11.14 Engineering Thermodynamics by Onkar Singh Chap-
ter 11 Example 14

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar S ingh
Chapter 11 Example 14 ”)

8 disp(” i n i t i a l s t a t e at 15 deg r e e c e l c i u s and 80%
r e l a t i v e humid i ty i s shown by po i n t 1 and f i n a l
s t a t e at 25 deg r e e c e l c i u s and 50% r e l a t i v e
humid i ty i s shown by po i n t 2 on p sy ch r ome t r i c
cha r t . ”)

9 disp(”omega1=0.0086 kg/kg o f a i r , h1=37 KJ/kg , omega2
=0.01 kg/kg o f a i r , h2=50 KJ/kg , v2=0.854 mˆ3/ kg”)

10 omega1 =0.0086;

11 h1=37;

12 omega2 =0.01;

13 h2=50;

14 v2 =0.854;

15 disp(”mass o f water added between s t a t e s 1 and 2
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Figure 11.15: Engineering Thermodynamics by Onkar Singh Chapter 11 Ex-
ample 14
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Figure 11.16: Engineering Thermodynamics by Onkar Singh Chapter 11 Ex-
ample 15

omega2−omega1 in kg/kg o f a i r ”)
16 omega2 -omega1

17 disp(”mass f l ow r a t e o f a i r (ma) =0.8/ v2 i n kg/ s ”)
18 ma=0.8/v2

19 disp(” t o t a l mass o f water added=ma∗ ( omega2−omega1 ) i n
kg/ s ”)

20 ma*(omega2 -omega1)

21 disp(” heat t r a n s f e r r e d=ma∗ ( h2−h1 ) i n KJ/ s ”)
22 ma*(h2-h1)

23 disp(” so mass o f water added =0.001312 kg/ s , heat
t r a n s f e r r e d =12.18 KW”)
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Scilab code Exa 11.15 Engineering Thermodynamics by Onkar Singh Chap-
ter 11 Example 15

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar S ingh
Chapter 11 Example 15 ”)

8 P=1.013; // a tmosphe r i c p r e s s u r e i n bar
9 Cp_air =1.005; // s p e c i f i c heat o f a i r at c on s t an t

p r e s s u r e i n KJ/kg K
10 Cp_stream =1.86; // s p e c i f i c heat o f s t ream at c on s t an t

p r e s s u r e i n KJ/kg K
11 T1=30; // t empera tu r e o f f i r s t s t ream o f moi s t a i r i n

K
12 m1=3; //mass f l ow r a t e o f f i r s t s t ream in kg/ s
13 T2=35; // t empera tu r e o f s econd stream o f moi s t a i r i n

K
14 m2=2; //mass f l ow r a t e o f s econd stream in kg/ s
15 disp(” Let t empera tu re a f t e r mix ing be Toc . For

g e t t i n g f i n a l en tha lpy a f t e r a d i a b a t i c mix ing the
en tha lpy o f two s t r eams a r e r e q u i r e d . ”)

16 disp(”For moi s t a i r s t ream at 30 deg r e e c e l c i u s and
30% r e l a t i v e humid i ty . ”)

17 phi1 =0.3;

18 disp(” ph i1=Pv1/ Pv s a t 3 0 o c ”)
19 disp(” he r e Pv s a t 3 0 o c =0.04246 bar ”)
20 Pv_sat_30oc =0.04246;

21 disp(” so Pv1=phi1 ∗ Pv sa t 3 0 o c i n bar ”)
22 Pv1=phi1*Pv_sat_30oc

23 disp(” c o r r e s p ond i n g to vapour p r e s s u r e o f 0 . 0 1274

406



bar the dew po i n t t empera tu r e s h a l l be 1 0 . 5
d eg r e e c e l c i u s ”)

24 Tdp1 =10.5;

25 disp(” s p e c i f i c humidity , omega1=0.622∗Pv1 /(P−Pv1 ) i n
kg/kg o f a i r ”)

26 omega1 =0.622* Pv1/(P-Pv1)

27 disp(” at dew po i n t t empera tu r e o f 1 0 . 5 d eg r e e
c e l c i u s , entha lpy , hg at 1 0 . 5 oc =2520.7 KJ/kg”)

28 hg =2520.7; // en tha lpy at 1 0 . 5 d eg r e e c e l c i u s i n KJ/kg
29 disp(”h1=Cp a i r ∗T1+omega1∗{hg−Cp stream ∗ (T1−Tdp1 ) } i n

KJ/kg o f dry a i r ”)
30 h1=Cp_air*T1+omega1 *{hg -Cp_stream *(T1-Tdp1)}

31 disp(” f o r second moi s t a i r s t ream at 35 oc and 85%
r e l a t i v e humid i ty ”)

32 phi2 =0.85;

33 disp(” ph i2=Pv2/ Pv s a t 3 5 o c ”)
34 disp(” he r e Pv s a t 3 5 o c =0.005628 bar ”)
35 Pv_sat_35oc =0.005628;

36 disp(” so Pv2=phi2 ∗ Pv sa t 3 5 o c i n bar ”)
37 Pv2=phi2*Pv_sat_35oc

38 disp(” s p e c i f i c humidity , omega2=0.622∗Pv2 /(P−Pv2 ) i n
kg/kg o f a i r ”)

39 omega2 =0.622* Pv2/(P-Pv2)

40 disp(” c o r r e s p ond i n g to vapour p r e s s u r e o f 0 . 0 04784
bar the dew po i n t t empera tu r e i s 32 d eg r e e
c e l c i u s ”)

41 Tdp2 =32;

42 disp(” so , en tha lpy o f s econd stream , ”)
43 disp(”h2=Cp a i r ∗T2+omega2∗{hg+Cp stream ∗ (T2−Tdp2 ) } i n

KJ/kg o f dry a i r ”)
44 hg =2559.9; // en tha lpy at 32 deg r e e c e l c i u s i n KJ/kg
45 h2=Cp_air*T2+omega2 *{hg+Cp_stream *(T2-Tdp2)}

46 disp(” en tha lpy o f mixture a f t e r a d i a b a t i c mixing , ”)
47 disp(”=(1/(m1+m2) ) ∗ ( ( h1∗m1/(1+omega1 ) )+(h2∗m2/(1+

omega2 ) ) ) i n KJ/kg o f mo i s t a i r ”)
48 (1/(m1+m2))*((h1*m1/(1+ omega1))+(h2*m2/(1+ omega2)))

49 disp(”mass o f vapour per kg o f mo i s t a i r =(1/5) ∗ ( (
omega1∗m1/(1+omega1 ) )+(omega2∗m2/(1+omega2 ) ) ) i n
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kg/kg o f mo i s t a i r ”)
50 (1/5) *(( omega1*m1/(1+ omega1))+( omega2*m2/(1+ omega2))

)

51 disp(” s p e c i f i c humid i ty o f mixture ( omega ) i n kg/kg o f
dry a i r=”)

52 omega =0.00589/(1 -0.005893)

53 disp(”omega=0.622∗Pv/(P−Pv) ”)
54 disp(”Pv=omega∗P/( omega+0.622) i n bar ”)
55 Pv=omega*P/(omega +0.622)

56 disp(” p a r t i a l p r e s s u r e o f water vapour =0.00957 bar ”)
57 disp(” so s p e c i f i c humidi ty o f mixture =0.00593 kg/kg

dry a i r ”)
58 disp(”and p a r t i a l p r e s s u r e o f water vapour i n

mixture =0.00957 bar ”)

Scilab code Exa 11.16 Engineering Thermodynamics by Onkar Singh Chap-
ter 11 Example 16

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar S ingh
Chapter 11 Example 16 ”)

8 m1=3; // r a t e at which moi s t a i r e n t e r i n h e a t i n g c o i l
i n mˆ3/ s

9 disp(”The type o f h e a t i n g i n v o l v e d i s s e n s i b l e
h e a t i n g . Loca t i ng s a t t e 1 on p sy ch r ome t r i c cha r t
c o r r e s p ond i n g to 15 deg r e e c e l c i u s dbt and 80%
r e l a t i v e humid i ty the o th e r p r op e r t y v a l u e s s h a l l
be , ”)

10 disp(”h1=36.4 KJ/kg , omega1=0.0086 kg/kg o f a i r , v1
=0.825 mˆ3/ kg”)
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11 h1 =36.4;

12 omega1 =0.0086;

13 v1 =0.825;

14 disp(” f i n a l s t a t e 2 has , h2=52 KJ/kg”)
15 h2=52;

16 disp(”mass o f a i r (m)=m1/v1 in kg/ s ”)
17 m=m1/v1

18 m=3.64; // approx .
19 disp(”amount o f heat added (Q) i n KJ/ s ”)
20 disp(”Q=m∗ ( h2−h1 ) ”)
21 Q=m*(h2-h1)
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Chapter 12

Introduction To Heat Transfer

Scilab code Exa 12.1 Engineering Thermodynamics by Onkar Singh Chap-
ter 12 Example 1

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar S ingh
Chapter 12 Example 1”)

8 h1=30; // heat t r a n s f e r c o e f f i c i e n t on s i d e o f 50 oc
i n W/mˆ2 K

9 h5=10; // heat t r a n s f e r c o e f f i c i e n t on s i d e o f 20 oc
i n W/mˆ2 K

10 k_brick =0.9; // c o n du c t i v i t y o f b r i c k i n W/m K
11 k_wood =0.15; // c o n du c t i v i t y o f wood in W/m K
12 T1=50; // t empera tu r e o f a i r on one s i d e o f wa l l i n

d eg r e e c e l c i u s
13 T5=20; // t empera tu r e o f a i r on o th e r s i d e o f wa l l i n

d eg r e e c e l c i u s
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Figure 12.1: Engineering Thermodynamics by Onkar Singh Chapter 12 Ex-
ample 1
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14 A=100; // s u r f a c e a r ea i n mˆ2
15 deltax_brick =1.5*10^ -2; // l e n g t h o f b r i c k i n m
16 deltax_wood =2*10^ -2; // l e n g t h o f wood in m
17 disp(” he r e f o r one d imen t i ona l heat t r a n s f e r a c r o s s

the wa l l the heat t r a n s f e r c i r c u i t s h a l l
c ompr i s e s o f the rma l r e s i s t a n c e due to c onv e c t i o n
between a i r & b r i c k (R1) , c onduc t i on i n b r i c k wa l l

(R2) , c onduc t i on i n wood (R3) , and c onv e c t i o n
between wood and a i r (R4) . Let t empera tu r e at ou t e r
b r i c k wa l l be T2 K, b r i ck−wood i n t e r f a c e be T3 K,

ou t e r wood wa l l be T4 K”)
18 disp(” o v e r a l l heat t r a n s f e r c o e f f i c i e n t f o r s t e ady

s t a t e heat t r a n s f e r (U) i n W/mˆ2 K”)
19 disp(” (1/U)=(1/h1 )+( d e l t a x b r i c k / k b r i c k )+(

de l t ax wood /k wood ) +(1/h5 ) ”)
20 disp(” so U=1/((1/ h1 )+( d e l t a x b r i c k / k b r i c k )+(

de l t ax wood /k wood ) +(1/h5 ) ) ”)
21 U=1/((1/ h1)+( deltax_brick/k_brick)+( deltax_wood/

k_wood)+(1/h5))

22 U=3.53; // approx .
23 disp(” r a t e o f heat t r a n s f e r ,Q=U∗A∗ (T1−T5) i n W”)
24 Q=U*A*(T1-T5)

25 disp(” so r a t e o f heat t r a n s f e r =10590 W”)
26 disp(” heat t r a n s f e r a c r o s s s t a t e s 1 and 3( at

i n t e r f a c e ) . ”)
27 disp(” o v e r a l l heat t r a n s f e r c o e f f i c i e n t between 1

and 3”)
28 disp(” (1/U1) =(1/h1 )+( d e l t a x b r i c k / k b r i c k ) ”)
29 disp(” so U1=1/((1/ h1 )+( d e l t a x b r i c k / k b r i c k ) ) i n W/m

ˆ2 K”)
30 U1 =1/((1/ h1)+( deltax_brick/k_brick))

31 disp(”Q=U1∗A∗ (T1−T3) ”)
32 disp(” so T3=T1−(Q/(U1∗A) ) i n d eg r e e c e l c i u s ”)
33 T3=T1 -(Q/(U1*A))

34 disp(” so t empera tu r e at i n t e r f a c e o f b r i c k and wood
=44.71 deg r e e c e l c i u s ”)
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Figure 12.2: Engineering Thermodynamics by Onkar Singh Chapter 12 Ex-
ample 2

Scilab code Exa 12.2 Engineering Thermodynamics by Onkar Singh Chap-
ter 12 Example 2

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar S ingh
Chapter 12 Example 2”)

8 h1=40; // ave rage heat t r a n s f e r c o e f f i c i e n t at i n n e r
s u r f a c e i n KJ/mˆ2 hr oc

9 h6=50; // ave rage heat t r a n s f e r c o e f f i c i e n t at ou t e r
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s u r f a c e i n KJ/mˆ2 hr oc
10 deltax_steel =2*10^ -3; // mi ld s t e e l s h e e t s t h i c k n e s s

i n m
11 deltax_wool =5*10^ -2; // t h i c k n e s s o f g l a s s wool

i n s u l a t i o n i n m
12 k_wool =0.16; // therma l c o n d u c t i v i t y o f wool i n KJ/m

hr
13 k_steel =160; // therma l c o n d u c t i v i t y o f s t e e l i n KJ/m

hr
14 T1=25; // k i t c h en tempera tu r e i n d eg r e e c e l c i u s
15 T6=5; // r e f r i g e r a t o r t empera tu r e i n d eg r e e c e l c i u s
16 disp(” he r e therma l r e s i s t a n c e s a r e ”)
17 disp(”R1=therma l r e s i s t a n c e due to c onv e c t i o n

between k i t c h en a i r and ou t e r s u r f a c e o f
r e f r i g e r a t o r wa l l (T1 & T2) ”)

18 disp(”R2=therma l r e s i s t a n c e due to conduc t i on a c r o s s
mi ld s t e e l wa l l between 2 & 3(T2 & T3) ”)

19 disp(”R3=therma l r e s i s t a n c e due to conduc t i on a c r o s s
g l a s s wool between 3 & 4(T3 & T4) ”)

20 disp(”R4=therma l r e s i s t a n c e due to conduc t i on a c r o s s
mi ld s t e e l wa l l between 4 & 5(T4 & T5) ”)

21 disp(”R5=therma l r e s i s t a n c e due to c onv e c t i o n
between i n s i d e r e f r i g e r a t o r wa l l and i n s i d e o f
r e f r i g e r a t o r between 5 & 6(T5 & T6) ”)

22 disp(” o v e r a l l heat t r a n s f e r c o e f f i c i e n t f o r one
d imen t i ona l s t e ady s t a t e heat t r a n s f e r ”)

23 disp(” (1/U)=(1/h1 )+( d e l t a x s t e e l / k s t e e l )+(
d e l t a x woo l / k woo l )+( d e l t a x s t e e l / k s t e e l ) +(1/h6 )
”)

24 disp(” so U=1/((1/ h1 )+( d e l t a x s t e e l / k s t e e l )+(
d e l t a x woo l / k woo l )+( d e l t a x s t e e l / k s t e e l ) +(1/h6 )
) i n KJ/mˆ2 hr oc ”)

25 U=1/((1/ h1)+( deltax_steel/k_steel)+( deltax_wool/

k_wool)+( deltax_steel/k_steel)+(1/h6))

26 U=2.8; // approx .
27 disp(” r a t e o f heat t r a n s f e r (Q)=U∗A∗ (T1−T6) i n KJ/mˆ2

hr ”)
28 disp(” wa l l s u r f a c e a r ea (A) i n mˆ2”)
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29 A=4*(1*0.5)

30 Q=U*A*(T1-T6)

31 disp(” so r a t e o f heat t r a n s f e r =112 KJ/mˆ2 hr ”)
32 disp(”Q=A∗h1 ∗ (T1−T2)=k s t e e l ∗A∗ (T2−T3) / d e l t a x s t e e l=

k woo l ∗A∗ (T3−T4) / d e l t a x woo l ”)
33 disp(”Q=k s t e e l ∗A∗ (T4−T5) / d e l t a x s t e e l=A∗h6 ∗ (T5−T6) ”

)

34 disp(” s u b s t i t u t i n g , T2=T1−(Q/(A∗h1 ) ) i n d eg r e e c e l c i u s
”)

35 T2=T1 -(Q/(A*h1))

36 disp(” so t empera tu r e o f ou t e r wa l l , T2=23.6 oc ”)
37 disp(”T3=T2−(Q∗ d e l t a x s t e e l / ( k s t e e l ∗A) ) i n d eg r e e ”)
38 T3=T2 -(Q*deltax_steel /( k_steel*A))

39 disp(” so t empera tu r e at i n t e r f a c e o f ou t e r s t e e l
wa l l and wool , T3=23.59 oc ”)

40 disp(”T4=T3−(Q∗ d e l t a x woo l /( k woo l ∗A) ) i n d eg r e e
c e l c i u s ”)

41 T4=T3 -(Q*deltax_wool /( k_wool*A))

42 disp(” so t empera tu r e at i n t e r f a c e o f wool and i n s i d e
s t e e l wa l l , T4=6.09 oc ”)

43 disp(”T5=T4−(Q∗ d e l t a x s t e e l / ( k s t e e l ∗A) ) i n d eg r e e
c e l c i u s ”)

44 T5=T4 -(Q*deltax_steel /( k_steel*A))

45 disp(” so t empera tu r e at i n s i d e o f i n n e r s t e e l wa l l ,
T5=6.08 oc ”)

Scilab code Exa 12.3 Engineering Thermodynamics by Onkar Singh Chap-
ter 12 Example 3

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;
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7 disp(” Eng i n e e r i n g Thermodynamics by Onkar S ingh
Chapter 12 Example 3”)

8 k_insulation =0.3; // therma l c o n d u c t i v i t y o f
i n s u l a t i o n i n KJ/m hr oc

9 k_pipe =209; // therma l c o n d u c t i v i t y o f p ip e i n KJ/m hr
oc

10 T1=300; // t empera tu r e o f i n n e r s u r f a c e o f steam p ipe
i n deg r e e c e l c i u s

11 T3=50; // t empera tu r e o f ou t e r s u r f a c e o f i n s u l a t i o n
l a y e r i n d eg r e e c e l c i u s

12 r1 =15*10^ -2/2; // steam p ipe i n n e r r a d i u s wi thout
i n s u l a t i o n i n m

13 r2 =16*10^ -2/2; // steam p ipe ou t e r r a d i u s w i thout
i n s u l a t i o n i n m

14 r3 =22*10^ -2/2; // r a d i u s with i n s u l a t i o n i n m
15 m=0.5; // steam e n t e r i n g r a t e i n kg/min
16 disp(” here , heat conduc t i on i s c o n s i d e r e d i n p ipe

wa l l from 1 to 2 and conduc t i on through
i n s u l a t i o n between 2 and 3 o f one d imen t i ona l
s t e ady s t a t e type . ”)

17 disp(”Q=(T1−T3) ∗2∗%pi∗L/ ( ( 1 / k p i p e ) ∗ l o g ( r2 / r1 ) +(1/
k i n s u l a t i o n ∗ l o g ( r3 / r2 ) ) ) i n KJ/ hr ”)

18 L=1;

19 Q=(T1-T3)*2* %pi*L/((1/ k_pipe)*log(r2/r1)+(1/

k_insulation*log(r3/r2)))

20 disp(” so heat l o s s per meter from p ipe =1479.34 KJ/
hr ”)

21 disp(” heat l o s s from 5 m l eng t h (Q) i n KJ/ hr ”)
22 Q=5*Q

23 disp(” en tha lpy o f s a t u r a t e d steam at 300 oc , h s a t
=2749 KJ/kg=hg from steam t a b l e ”)

24 hg =2749;

25 disp(”mass f l ow o f steam (m) in kg/ hr ”)
26 m=m*60

27 disp(” f i n a l en tha lpy o f steam per kg at e x i t o f 5 m
p ipe ( h ) i n KJ/kg”)

28 h=hg -(Q/m)

29 disp(” l e t q u a l i t y o f steam at e x i t be x , ”)
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Figure 12.3: Engineering Thermodynamics by Onkar Singh Chapter 12 Ex-
ample 3

30 disp(” a l s o at 300 oc , h f =1344 KJ/kg , h fg =1404.9 KJ/kg
from steam t a b l e ”)

31 hf =1344;

32 hfg =1404.9;

33 disp(”h=hf+x∗ h fg ”)
34 disp(” so x=(h−h f ) / h fg ”)
35 x=(h-hf)/hfg

36 disp(” so q u a l i t y o f steam at e x i t =0.8245 ”)

Scilab code Exa 12.4 Engineering Thermodynamics by Onkar Singh Chap-
ter 12 Example 4

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

417



Figure 12.4: Engineering Thermodynamics by Onkar Singh Chapter 12 Ex-
ample 3
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Figure 12.5: Engineering Thermodynamics by Onkar Singh Chapter 12 Ex-
ample 5

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar S ingh
Chapter 12 Example 4”)

8 r1 =150*10^ -2/2; // i n n e r r a d i u s i n m
9 r2 =200*10^ -2/2; // ou t e r r a d i u s i n m
10 k=28; // therma l c o n d u c t i v i t y i n KJ m hr oc
11 T1=200; // i n s i d e s u r f a c e t empera tu r e i n d eg r e e

c e l c i u s
12 T2=40; // ou t e r s u r f a c e t empera tu r e i n d eg r e e c e l c i u s
13 disp(” c o n s i d e r i n g one d imen s i ona l heat t r a n s f e r o f

s t e ady s t a t e type ”)
14 disp(” f o r sphe r e (Q)=(T1−T2) ∗4∗%pi∗k∗ r1 ∗ r2 /( r2−r1 ) i n

KJ/ hr ”)
15 Q=(T1-T2)*4* %pi*k*r1*r2/(r2-r1)

16 disp(” so heat t r a n s f e r r a t e =168892.02 KJ/ hr ”)
17 disp(” heat f l u x=Q/A in KJ/mˆ2 hr ”)
18 Q/(4* %pi*r1^2)

19 disp(” so heat f l u x =23893.33 KJ/mˆ2 hr ”)

419



Scilab code Exa 12.5 Engineering Thermodynamics by Onkar Singh Chap-
ter 12 Example 5

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar S ingh
Chapter 12 Example 5”)

8 T1=25; // room tempera tu re i n d eg r e e c e l c i u s
9 T4=2; // w in t e r o u t s i d e t empera tu r e i n d eg r e e c e l c i u s
10 h1=10; // heat t r a n s f e r c o e f f i c i e n t on i n n e r window

s u r f a c e s i n W/mˆ2 oc
11 h4=30; // heat t r a n s f e r c o e f f i c i e n t on ou t e r window

s u r f a c e s i n W/mˆ2 oc
12 k=0.78; // therma l c o n d u c t i v i t y o f g l a s s i n W/mˆ2 oc
13 A=75*10^ -2*100*10^ -2; // a r ea i n mˆ2
14 deltax =10*10^ -3; // g l a s s t h i c k n e s s i n m
15 disp(”R1=therma l r e s i s t a n c e f o r c onv e c t i o n heat

t r a n s f e r between i n s i d e room (1 ) and i n s i d e
s u r f a c e o f g l a s s window ( 2 ) =1/(h1∗A) ”)

16 disp(”R2=therma l r e s i s t a n c e f o r conduc t i on through
g l a s s between i n s i d e o f g l a s s window ( 2 ) to o u t s i d e
s u r f a c e o f g l a s s window ( 3 )=d e l t a x /( k∗A) ”)

17 disp(”R3=therma l r e s i s t a n c e f o r c onv e c t i o n heat
t r a n s f e r between o u t s i d e s u r f a c e o f g l a s s window
( 3 ) to o u t s i d e atmosphere ( 4 ) =1/(h4∗A) ”)

18 disp(” t o t a l the rma l r e s i s t a n c e , R t o t a l=R1+R2+R3 in
oc /W”)

19 R_total =1/(h1*A)+deltax /(k*A)+1/(h4*A)

20 disp(” so r a t e o f heat t r a n s f e r ,Q=(T1−T4) / R t o t a l i n
W”)

21 Q=(T1-T4)/R_total

22 disp(” heat t r a n s f e r r a t e from i n s i d e o f room to
i n s i d e s u r f a c e o f g l a s s window . ”)

23 disp(”Q=(T1−T2) /R1”)
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24 disp(” so T2=T1−Q∗R1 in deg r e e c e l c i u s ”)
25 R1 =(1/7.5);

26 T2=T1-Q*R1

27 disp(”Thus , i n s i d e s u r f a c e o f g l a s s window w i l l be at
t empera tu re o f 9 . 2 6 oc where as room i n s i d e

t empera tu re i s 25 oc ”)

Scilab code Exa 12.6 Engineering Thermodynamics by Onkar Singh Chap-
ter 12 Example 6

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar S ingh
Chapter 12 Example 6”)

8 D=4*10^ -2; // i n n e r d i amete r i n m
9 L=3; // l e n g t h i n m

10 V=1; // v e l o c i t y o f water i n m/ s
11 T1=40; //mean tempera tu r e i n d eg r e e c e l c i u s
12 T2=75; // p ipe wa l l t empera tu r e i n d eg r e e c e l c i u s
13 k=0.6; // c o n du c t i v i t y o f water i n W/m
14 Pr=3; // p r and t l no .
15 v=0.478*10^ -6; // v i s c o c i t y i n mˆ2/ s
16 disp(” r e yn o l d s number , Re=V∗D/v”)
17 Re=V*D/v

18 disp(” s u b s i t u t i n g i n Nu=0.023∗ (Re ) ˆ 0 . 8 ∗ ( Pr ) ˆ 0 . 4 ”)
19 disp(” or ( h∗D/k ) =0.023∗ (Re ) ˆ 0 . 8 ∗ ( Pr ) ˆ 0 . 4 ”)
20 disp(” so h=(k/D) ∗ 0 . 0 2 3∗ ( Re ) ˆ 0 . 8 ∗ ( Pr ) ˆ 0 . 4 i n W/mˆ2 K”

)

21 h=(k/D)*0.023*( Re)^0.8*( Pr)^0.4

22 disp(” r a t e o f heat t r a n s f e r due to convec t i on ,Q in W
”)
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Figure 12.6: Engineering Thermodynamics by Onkar Singh Chapter 12 Ex-
ample 7

23 disp(”Q=h∗A∗ (T2−T1) ”)
24 Q=h*(%pi*D*L)*(T2-T1)

25 disp(” so heat t r a n s f e r r a t e =61259.38 W”)
26 disp(”Q in KW”)
27 Q=Q/1000

Scilab code Exa 12.7 Engineering Thermodynamics by Onkar Singh Chap-
ter 12 Example 7

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
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4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar S ingh
Chapter 12 Example 7”)

8 m=0.5; // hot g a s e s f l ow i n g r a t e i n kg/ s
9 T1=500; // i n i t i a l t empera tu re o f gas i n d eg r e e

c e l c i u s
10 T2=150; // f i n a l t empera tu r e o f gas i n d eg r e e c e l c i u s
11 Cg=1.2; // s p e c i f i c heat o f gas i n KJ/kg K
12 Cw =4.18; // s p e c i f i c heat o f water i n KJ/kg K
13 U=150; // o v e r a l l heat t r a n s f e r c o e f f i c i e n t i n W/mˆ2 K
14 mw=1; //mass o f water i n kg/ s
15 T3=10; // water e n t e r i n g t empera tu r e i n d eg r e e c e l c i u s
16 disp(” Let the t empera tu re o f water at e x i t be T”)
17 disp(”Heat exchanger ,Q=heat r e j e c t e d by g l a s s e s=heat

ga ined by water ”)
18 disp(”Q=m∗Cg∗ (T1−T2)=mw∗Cw∗ (T−T3) ”)
19 disp(” so T=T3+(m∗Cg∗ (T1−T2) /(mw∗Cw) ) i n d eg r e e

c e l c i u s ”)
20 T=T3+(m*Cg*(T1 -T2)/(mw*Cw))

21 disp(”and Q in KJ”)
22 Q=m*Cg*(T1-T2)

23 disp(” d e l t aT i n=T1−T3 in deg r e e c e l c i u s ”)
24 deltaT_in=T1 -T3

25 disp(” d e l t aT ou t=T2−T in deg r e e c e l c i u s ”)
26 deltaT_out=T2 -T

27 disp(” f o r p a r a l l e l f l ow heat exchanger , ”)
28 disp(”LMTD=( de l t aT in−de l t aT ou t ) / l o g ( d e l t aT i n /

d e l t aT ou t ) i n d eg r e e c e l c i u s ”)
29 LMTD=(deltaT_in -deltaT_out)/log(deltaT_in/deltaT_out

)

30 disp(” a l s o ,Q=U∗A∗LMTD”)
31 disp(” so A=Q/(U∗LMTD) in mˆ2”)
32 A=Q*10^3/(U*LMTD)

33 disp(” s u r f a c e area ,A=5.936 mˆ2”)
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Figure 12.7: Engineering Thermodynamics by Onkar Singh Chapter 12 Ex-
ample 8

Scilab code Exa 12.8 Engineering Thermodynamics by Onkar Singh Chap-
ter 12 Example 8

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar S ingh
Chapter 12 Example 8”)

8 mc=20; //mass o f o i l i n kg/min
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9 Tc_out =100; // i n i t i a l t empera tu re o f o i l i n d eg r e e
c e l c i u s

10 Th_in =30; // f i n a l t empera tu r e o f o i l i n d eg r e e
c e l c i u s

11 Th_out =25; // t empera tu r e o f water i n d eg r e e c e l c i u s
12 Cpc =2; // s p e c i f i c heat o f o i l i n KJ/kg K
13 Cph =4.18; // s p e c i f i c heat o f water i n KJ/kg K
14 mh=15; // water f l ow r a t e i n kg/min
15 U=25; // o v e r a l l heat t r a n s f e r c o e f f i c i e n t i n W/mˆ2 K
16 disp(”This o i l c o o l e r has arrangement s i m i l a r to a

coun t e r f l ow heat exchange r . ”)
17 disp(”by heat exchanger ,Q=U∗A∗LMTD=mc∗Cpc ∗ ( Tc out−

Th in )=mh∗Cph∗ ( Tc in−Th out ) ”)
18 disp(” so Q in KJ/min”)
19 Q=mc*Cpc*(Tc_out -Th_in)

20 disp(”and T=Th out+(Q/(mh∗Cph) ) i n d eg r e e c e l c i u s ”)
21 T=Th_out +(Q/(mh*Cph))

22 disp(”LMTD=( de l t aT in−de l t aT ou t ) / l o g ( d e l t aT i n /
d e l t aT ou t ) i n d eg r e e ”)

23 disp(” he r e d e l t aT i n=Tc out−T in deg r e e c e l c i u s ”)
24 deltaT_in=Tc_out -T

25 disp(” d e l t aT ou t=Th in−Th out i n d eg r e e c e l c i u s ”)
26 deltaT_out=Th_in -Th_out

27 disp(” so LMTD in deg r e e c e l c i u s ”)
28 LMTD=(deltaT_in -deltaT_out)/log(deltaT_in/deltaT_out

)

29 disp(” s u b s t i t u t i n g in ,Q=U∗A∗LMTD”)
30 disp(”A=(Q∗10ˆ3/60) /(U∗LMTD) in mˆ2”)
31 A=(Q*10^3/60) /(U*LMTD)

32 disp(” so s u r f a c e a r ea =132.85 mˆ2”)

Scilab code Exa 12.9 Engineering Thermodynamics by Onkar Singh Chap-
ter 12 Example 9

1 // D i sp l ay mode
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Figure 12.8: Engineering Thermodynamics by Onkar Singh Chapter 12 Ex-
ample 10

2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar S ingh
Chapter 12 Example 9”)

8 T1 =(1200+273);// t empera tu r e o f body in K
9 T2 =(600+273);// t empera tu r e o f b l a ck su r r ound ing i n K
10 epsilon =0.4; // em i s s i v i t y o f body at 1200 deg r e e

c e l c i u s
11 sigma =5.67*10^ -8; // s t ephen boltzman con s t an t i n W/m

ˆ2 Kˆ4
12 disp(” r a t e o f heat l o s s by r a d i a t i o n (Q)=wps i l on ∗

s igma ∗A∗ (T1ˆ4−T2ˆ4) ”)
13 disp(” heat l o s s per un i t a r ea by r a d i a t i o n (Q) i n W”)
14 disp(”Q=e p s i l o n ∗ s igma ∗ (T1ˆ4−T2ˆ4) ”)
15 Q=epsilon*sigma *(T1^4-T2^4)

16 disp(”Q in KW”)
17 Q=Q/1000
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Scilab code Exa 12.10 Engineering Thermodynamics by Onkar Singh Chap-
ter 12 Example 10

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar S ingh
Chapter 12 Example 10 ”)

8 V=16; // v o l t a g e drop in V
9 I=5; // c u r r e n t i n c a b l e i n A

10 r2 =8*10^ -3/2; // ou t e r c a b l e r a d i u s i n m
11 r3 =3*10^ -3/2; // copper w i r e r a d i u s i n m
12 k=0.16; // therma l c o n d u c t i v i t y o f copper w i r e i n W/m

oc
13 L=5; // l e n g t h o f c a b l e i n m
14 h1=15; // heat t r a n s f e r c o e f f i c i e n t o f c a b l e i n W/mˆ2

oc
15 T1=40; // t empera tu r e o f s u r r ound ing i n d eg r e e c e l c i u s
16 disp(” Let us c a r r y out one d imen t i ona l a n a l y s i s f o r

s t e ady s t a t e . Due to f l ow o f e l e c t r i c i t y the heat
g en e r a t ed can be g i v en as : ”)

17 disp(”Q=V∗ I i n W”)
18 Q=V*I

19 disp(”For s t eady s t a t e which means t h e r e shou ld be
no change i n t empera tu r e o f c a b l e due to
e l e c t r i c i t y f low , the heat g en e r a t ed shou ld be
t r a n s f e r r e d out to s u r r ound i n g s . The r e f o r e , heat
t r a n s f e r a c r o s s t a b l e shou ld be 80 W”)

20 disp(” s u r f a c e a r ea f o r heat t r a n s f e r , A2=2∗%pi∗ r ∗L in
mˆ2”)

21 A2=2*%pi*r2*L
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22 A2 =0.125; // approx .
23 disp(”R1=therma l r e s i s t a n c e due to c onv e c t i o n

between su r r ound i n g s and c ab l e ou t e r s u r f a c e
, (1−2) =1/(h1∗A2) ”)

24 disp(”R2=therma l r e s i s t a n c e due to conduc t i on a c r o s s
p l a s t i c i n s u l a t i o n (2−3)=l o g ( r2 / r3 ) /(2∗%pi∗k∗L) ”)

25 disp(” Tota l r e s i s t a n c e , R t o t a l=R1+R2 in oc /W”)
26 R_total =(1/(h1*A2))+(log(r2/r3)/(2* %pi*k*L))

27 disp(”Q=(T3−T1) / R t o t a l ”)
28 disp(” so T3=T1+Q∗R to t a l i n d eg r e e c e l c i u s ”)
29 T3=T1+Q*R_total

30 disp(” so t empera tu r e at i n t e r f a c e =125.12 d eg r e e
c e l c i u s ”)

31 disp(” c r i t i c a l r a d i u s o f i n s u l a t i o n , r c=k/h in m”)
32 rc=k/h1

33 disp(” r c i n mm”)
34 rc=rc *1000

35 disp(”This r c i s more than ou t e r r a d i u s o f c a b l e so
the i n c r e a s e i n t h i c k n e s s o f i n s u l a t i o n upon r c
=110.66 mmwould i n c r e a s e r a t e o f heat t r a n s f e r .
Doubl ing i n s u l a t i o n t h i c k n e s s means new ou t e r
r a d i u s would be r1 =1.5+5=6.5 mm. Hence doub l i ng (
i n c r e a s e ) o f i n s u l a t i o n t h i c k n e s s would i n c r e a s e
heat t r a n s f e r and thus t empera tu r e at i n t e r f a c e
would d e c r e a s e i f o t h e r pa ramete r s r eamins
c on s t an t . ”)

36 disp(”NOTE=>In t h i s q u e s t i o n va lu e o f R t o t a l i s
c a l c u l a t e d wrong in book , hence i t i s c o r r e c t l y
s o l v e above , so the v a l u e s o f R t o t a l and T3 may
vary . ”)

Scilab code Exa 12.11 Engineering Thermodynamics by Onkar Singh Chap-
ter 12 Example 11

1 // D i sp l ay mode
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2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar S ingh
Chapter 12 Example 11 ”)

8 r_wire =3; // r a d i u s o f e l e c t r i c w i r e i n mm
9 k=0.16; // therma l c o n d u c t i v i t y i n W/m oc

10 T_surrounding =45; // t empera tu r e o f s u r r ound ing i n
d eg r e e c e l c i u s

11 T_surface =80; // t empera tu r e o f s u r f a c e i n d eg r e e
c e l c i u s

12 h=16; // heat t r a n s f e r c o o e f f i c i e n t i n W/mˆ2 oc
13 disp(” f o r maximum heat t r a n s f e r the c r i t i c a l r a d i u s

o f i n s u l a t i o n shou ld be used . ”)
14 disp(” c r i t i c a l r a d i u s o f i n s u l a t i o n ( r c )=k/h in mm”)
15 rc=k*1000/h

16 disp(” e conomi ca l t h i c k n e s s o f i n s u l a t i o n ( t )=rc−
r w i r e i n mm”)

17 t=rc -r_wire

18 disp(” so e conomi ca l t h i c k n e s s o f i n s u l a t i o n=7 mm”)
19 disp(” heat convec t ed from cab l e s u r f a c e to

environment ,Q in W”)
20 disp(”Q=2∗%pi∗ r c ∗L∗h ∗ ( T su r f a c e−T sur round ing ) ”)
21 L=1; // l e n g t h i n mm
22 Q=2*%pi*rc*L*h*(T_surface -T_surrounding)*10^ -3

23 disp(” so heat t r a n s f e r r e d per un i t l e n g t h =35.2 W”)

Scilab code Exa 12.12 Engineering Thermodynamics by Onkar Singh Chap-
ter 12 Example 12

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
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4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar S ingh
Chapter 12 Example 12 ”)

8 T1 =( -150+273);// t empera tu r e o f a i r i n s i d e i n K
9 T2 =(35+273);// t empera tu r e o f ou t e r s u r f a c e i n K

10 epsilon1 =0.03; // em i s s i v i t y
11 epsilon2=epsilon1;

12 D1=25*10^ -2; // d iamete r o f i n n e r sphe r e i n m
13 D2=30*10^ -2; // d iamete r o f ou t e r sphe r e i n m
14 sigma =2.04*10^ -4; // s t ephen boltzmann con s t an t i n KJ/

mˆ2 hr Kˆ4
15 disp(” heat t r a n s f e r through c o n c e n t r i c sphere ,Q in

KJ/ hr ”)
16 disp(”Q=(A1∗ s igma ∗ (T1ˆ4−T2ˆ4) ) / ( ( 1 / e p s i l o n 1 ) +((A1/A2

) ∗ ( ( 1 / e p s i l o n 2 )−1) ) ) ”)
17 A1=4*%pi*D1^2/4;

18 A2=4*%pi*D2^2/4;

19 Q=(A1*sigma*(T1^4-T2^4))/((1/ epsilon1)+((A1/A2)*((1/

epsilon2) -1)))

20 disp(” so heat exchange =6297.1 KJ/ hr ”)

430



Chapter 13

One Dimensional Compressible
Fluid Flow

Scilab code Exa 13.1 Engineering Thermodynamics by Onkar Singh Chap-
ter 13 Example 1

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar S ingh
Chapter 13 Example 1”)

8 To =(27+273);// s t a g n a t i o n t empera tu r e i n K
9 P=0.4*10^5; // s t a t i c p r e s s u r e i n pa

10 m=3000/3600; // a i r f l ow i n g r a t e i n kg/ s
11 d=80*10^ -3; // d iamete r o f duct i n m
12 R=287; // gas c on s t an t i n J/kg K
13 y=1.4; // expans i on c on s t an t
14 disp(”mass f l ow r a t e (m)=rho ∗A∗C”)
15 disp(” so rho ∗C=4∗m/(%pi∗d ˆ2) ”)
16 4*m/(%pi*d^2)

17 disp(” so rho =165.79/C”)
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18 disp(”now us i ng p e r f e c t gas equat i on , p=rho ∗R∗T”)
19 disp(”T=P/( rho ∗R)=P/ ( ( 1 6 5 . 7 9 /C) ∗R) ”)
20 disp(”C/T=165.79∗R/P”)
21 165.79*R/P

22 disp(” so C=1.19∗T”)
23 disp(”we know ,Cˆ2=((2∗y∗R) /( y−1) ) ∗ (To−T) ”)
24 disp(”Cˆ2=(2∗1 .4∗287) ∗(300−T) /(1 .4 −1) ”)
25 disp(”Cˆ2=602.7∗10ˆ3−2009∗T”)
26 disp(”Cˆ2+1688.23∗C−602.7∗10ˆ3=0”)
27 disp(” s o l v i n g we get ,C=302.72 m/ s and T=254.39 K”)
28 C=302.72;

29 T=254.39;

30 disp(” u s i n g s t a g n a t i o n p r ope r t y r e l a t i o n , ”)
31 disp(”To/T=1+(y−1)∗Mˆ2/2 ”)
32 disp(” so M=s q r t ( ( ( To/T)−1) / ( ( y−1) /2) ) ”)
33 M=sqrt (((To/T) -1)/((y-1)/2))

34 M=0.947; // approx .
35 disp(” s t a g n a t i o n p r e s s u r e , Po=P∗(1+(y−1)∗Mˆ2/2) i n bar

”)
36 Po=P*(1+(y-1)*M^2/2) /10^5

37 disp(” so mach number=0.947 , s t a g n a t i o n p r e s s u r e =0.472
bar , v e l o c i t y =302.72 m/ s ”)

Scilab code Exa 13.2 Engineering Thermodynamics by Onkar Singh Chap-
ter 13 Example 2

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar S ingh
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Figure 13.1: Engineering Thermodynamics by Onkar Singh Chapter 13 Ex-
ample 2

433



Chapter 13 Example 2”)
8 To =(273+1100);// s t a g n a t i o n t empera tu r e i n K
9 a=45; //mach ang l e ove r e x i t c r o s s−s e c t i o n i n d eg r e e
10 Po =1.01; // p r e s s u r e at upstream s i d e o f n o z z l e i n bar
11 P=0.25; // s t s t i c p r e s s u r e i n bar
12 y=1.4; // expans i on c on s t an t
13 R=287; // gas c on s t an t i n J/kg K
14 disp(”mach number , M a=(1/ s i n ( a ) )=s q r t ( 2 ) ”)
15 M_a=sqrt (2)

16 M_a =1.414; // approx .
17 disp(” here ,P/Po=0 . 25/1 . 01=0 . 2475 . Cor r e spond ing to

t h i s P/Po r a t i o the mach number and T/To can be
s e en from a i r t a b l e as M=1.564 and T/To=0.6717 ”)

18 M=1.564;

19 disp(”T=To ∗0 . 6717 i n K”)
20 T=To *0.6717

21 disp(”and C max=M∗ s q r t ( y∗R∗T) in m/ s ”)
22 C_max=M*sqrt(y*R*T)

23 disp(” c o r r e s p ond i n g to mach number (M a=1.414) as
ob ta i n ed from expe r imen t a l ob s e r v a t i on , the T/To
can be s e en from a i r t a b l e and i t comes out as (T
/To) =0.7145 ”)

24 disp(” so T=0.7145∗To in K”)
25 T=0.7145* To

26 disp(”and C av=M a∗ s q r t ( y∗R∗T) in m/ s ”)
27 C_av=M_a*sqrt(y*R*T)

28 disp(” r a t i o o f k i n e t i c ene rgy =((1/2) ∗C av ˆ2) / ( ( 1 / 2 ) ∗
C maxˆ2) ”)

29 ((1/2)*C_av ^2) /((1/2)*C_max ^2)

30 disp(” so r a t i o o f k i n e t i c ene rgy =0.869 ”)

Scilab code Exa 13.3 Engineering Thermodynamics by Onkar Singh Chap-
ter 13 Example 3

1 // D i sp l ay mode
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2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar S ingh
Chapter 13 Example 3”)

8 C=300; // a i r c r a f t f l y i n g speed i n m/ s
9 P=0.472*10^5; // a l t i t u d e p r e s s u r e i n Pa
10 rho =0.659; // d e n s i t y i n kg/mˆ3
11 y=1.4; // expans i on c on s t an t
12 R=287; // gas c on s t an t i n J/kg K
13 disp(”From b e r n o u l l i equat i on , Po−P=(1/2) ∗ rho ∗Cˆ2”)
14 disp(” so Po=P+(1/2) ∗ rho ∗Cˆ2 in N/mˆ2”)
15 Po=P+(1/2)*rho*C^2

16 disp(” speed i n d i c a t o r r e ad i n g s h a l l be g i v en by mach
no . s ”)

17 disp(”mach no . ,M=C/a=C/ s q r t ( y∗R∗T) ”)
18 disp(” u s i n g p e r f e c t gas equat i on ,P=rho ∗R∗T”)
19 disp(” so T=P/( rho ∗R) in K”)
20 T=P/(rho*R)

21 disp(” so mach no . ,M”)
22 M=C/sqrt(y*R*T)

23 M=0.947; // approx .
24 disp(” c o n s i d e r i n g c omp r e s s i b i l i t y e f f e c t , Po/P=(1+(y

−1)∗Mˆ2/2) ˆ( y /( y−1) ) ”)
25 disp(” so s t a g n a t i o n p r e s s u r e , Po=P∗ ( (1+(y−1)∗Mˆ2/2) ˆ(

y /( y−1) ) ) i n N/mˆ2”)
26 Po=P*((1+(y-1)*M^2/2)^(y/(y-1)))

27 disp(” a l s o Po−P=(1+k ) ∗ ( 1 /2 ) ∗ rho ∗Cˆ2”)
28 disp(” s u b s t i t u t i o n y i e l d s , k=”)
29 k=((Po-P)/((1/2)*rho*C^2))-1

30 disp(” so c om p r e s s i b i l i t y c o r r e c t i o n f a c t o r , k=0.2437 ”
)
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Scilab code Exa 13.4 Engineering Thermodynamics by Onkar Singh Chap-
ter 13 Example 4

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar S ingh
Chapter 13 Example 4”)

8 Po=2; // t o t a l p r e s s u r e i n bar
9 P=0.3; // s t a t i c p r e s s u r e i n bar
10 y=1.4; // expans i on c on s t an t
11 disp(”we know that , Po/P=(1+(y−1)∗Mˆ2/2) ˆ ( ( y ) /( y−1) ) ”

)

12 disp(” so M=s q r t ( ( exp ( l o g (Po/P) /( y /( y−1) ) )−1) / ( ( y−1)
/2) ) ”)

13 M=sqrt((exp(log(Po/P)/(y/(y-1))) -1)/((y-1) /2))

14 disp(” so mach number ,M=1.89 ”)

Scilab code Exa 13.5 Engineering Thermodynamics by Onkar Singh Chap-
ter 13 Example 5

1 // D i sp l ay mode
2 mode (0);

3 // D i sp l ay warning f o r f l o a t i n g po i n t e x c e p t i o n
4 ieee (1);

5 clear;

6 clc;

7 disp(” Eng i n e e r i n g Thermodynamics by Onkar S ingh
Chapter 13 Example 5”)

8 To=305; // s t a g n a t i o n t empera tu r e o f a i r s t ream in K
9 y=1.4; // expans i on c on s t an t

10 R=287; // gas c on s t an t i n J/kg K
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11 disp(” a c t u a l s t a t i c p r e s s u r e (P)=1+0.3 i n bar ”)
12 P=1+0.3

13 disp(” I t i s a l s o g i v en that , Po−P=0.6 , ”)
14 disp(” so Po=P+0.6 i n bar ”)
15 Po=P+0.6

16 disp(” a i r v e l o c i t y , ao=s q r t ( y∗R∗To) i n m/ s ”)
17 ao=sqrt(y*R*To)

18 disp(” d e n s i t y o f a i r , r ho o=Po/(R∗To) i n ”)
19 rho_o=Po *10^5/(R*To)

20 disp(” c o n s i d e r i n g a i r to be in−c ompr e s s i b l e , ”)
21 disp(”Po=P+rho o ∗Cˆ2/2 ”)
22 disp(” so C=s q r t ( ( Po−P) ∗2/ rho o ) i n m/ s ”)
23 C=sqrt((Po-P)*10^5*2/ rho_o)

24 disp(” f o r c omp r e s s i b l e f l u i d , Po/P=(1+(y−1)∗Mˆ2/2) ˆ( y
/( y−1) ) ”)

25 disp(” so M=s q r t ( ( exp ( l o g (Po/P) /( y /( y−1) ) )−1) / ( ( y−1)
/2) ) ”)

26 M=sqrt((exp(log(Po/P)/(y/(y-1))) -1)/((y-1) /2))

27 M=0.7567; // approx .
28 disp(” c om p r e s s i b i l i t y c o r r e c t i o n f a c t o r , k”)
29 disp(”k=(Mˆ2/4)+((2−y ) /24) ∗Mˆ4”)
30 k=(M^2/4) +((2-y)/24)*M^4

31 disp(” s t a g n a t i o n temperature , To/T=1+((y−1) /2) ∗Mˆ2”)
32 disp(” so T=To/(1+(( y−1) /2) ∗Mˆ2) i n K”)
33 T=To /(1+((y-1)/2)*M^2)

34 disp(” den s i t y , rho=P/(R∗T) in kg/mˆ3”)
35 rho=P*10^5/(R*T)

36 disp(” s u b s t i t u t i n g Po−P=(1/2) ∗ rho ∗Cˆ2(1+k ) ”)
37 disp(”C=s q r t ( ( Po−P) / ( ( 1 / 2 ) ∗ rho ∗(1+k ) ) ) i n m/ s ”)
38 C=sqrt((Po-P)*10^5/((1/2)*rho *(1+k)))

39 disp(” so C=250.95 m/ s ”)
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