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Chapter 1

Fundamental Concepts

Scilab code Exa 1.1 Temperature indicated on same on both Fahrenheit
and Celsius thermometers

1 // s c i l a b 5 . 4 . 1
2 clear;

3 clc;

4 printf(”\ t \ t \ tProblem Number 1 . 1\ n\n\n”);
5 // Chapter 1 : Fundamental Concepts
6 // Problem 1 . 1 ( page no . 8)
7 // S o l u t i o n
8
9 //C=(5/9) ∗ (F−32) ;

10 //F=32+(9∗C/5) ;
11 // L e t t i n g C=F i n e q u a t i o n ;
12 //F=(5/9) ∗ (F−32) ;
13 // T h e r e f o r e
14 F= -160/4; // f a h r e n h e i t
15 disp(F,”F=”);
16 printf(”Both f a h r e n h e i t and c e l s i u s t empera tu re

s c a l e s i n d i c a t e same tempera tu r e at %f”,F);
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Scilab code Exa 1.2 Force And Mass

1 // s c i l a b 5 . 4 . 1
2 clear;

3 clc;

4 printf(”\ t \ t \ tProblem Number 1 . 2\ n\n\n”);
5 // Chapter 1 : Fundamental Concepts
6 // Problem 1 . 2 ( page no . 18)
7 // S o l u t i o n
8
9 // Given

10 Mm =0.0123 // Unit : l b // Mass o f the moon ;
11 Me=1 // Unit : l b // Mass o f the e a r t h ;
12 Dm =0.273 // Unit : f e e t // Diameter o f the moon ;
13 De=1 // Unit : f e e t // Diameter o f the e a r t h ;
14 Rm=Dm/2; // Radius o f the moon ; // Unit : f e e t
15 Re=De/2; // Radius o f the e a r t h ; // Unit : f e e t
16
17 //F=(K∗M1∗M2) /dˆ2 //Law o f u n i v e r s a l g r a v i t a t i o n ;
18 // Fe=(K∗Me∗m) /Re ˆ 2 ; // Fe=Force e x e r t e d on the mass ;
19 //Fm=(K∗Mm∗m) /Rmˆ 2 ; //Fm=Force e x e r t e d on the moon ;
20 F=(Me/Mm)*(Rm/Re)^2; //F=Fe/Fm;
21 printf(” R e l a t i o n o f f o r c e e x e r t e d on e a r t h to mass

i s ”)
22 disp(F,”Fe/Fm =”);

Scilab code Exa 1.3 Calculating weight

1 // s c i l a b 5 . 4 . 1
2 clear;

3 clc;

4 printf(”\ t \ t \ tProblem Number 1 . 3\ n\n\n”);
5 // Chapter 1 : Fundamental Concepts
6 // Problem 1 . 3 ( page no . 20)
7 // S o l u t i o n
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8
9 // Given

10 M=5; // Unit : kg // mass o f body ;
11 g=9.81; // Unit :m/ s ˆ2 // the l o c a l a c c e l e r a t i o n o f

g r a v i t y
12 W=M*g; //W=the we ight o f the body // Unit : Newton // 1

N= 1 kg∗m/ s ˆ2
13 printf(”The we ight o f the body i s %f N”,W);

Scilab code Exa 1.4 Force and mass

1 // s c i l a b 5 . 4 . 1
2 clear;

3 clc;

4 printf(”\ t \ t \ tProblem Number 1 . 4\ n\n\n”);
5 // Chapter 1 : Fundamental Concepts
6 // Problem 1 . 4 ( page no . 21)
7 // S o l u t i o n
8
9 printf(” S o l u t i o n f o r ( a ) \n”);

10 // g i v e n
11 M=10 // Unit : kg // mass o f body ;
12 g=9.5 // Unit :m/ s ˆ2 // the l o c a l a c c e l e r a t i o n o f

g r a v i t y
13 W=M*g; //W=the we ight o f the body ; // Unit : Newton //

1 N= 1 kg∗m/ s ˆ2
14 printf(”The we ight o f the body i s %f N\n\n”,W);
15
16 printf(” S o l u t i o n f o r ( b ) \n”);
17 // Given
18 F=10; // Unit : Newton // H o r i z o n t a l Force
19 a=F/M; // newton ’ s s econd law o f motion
20 printf(”The h o r i z o n t a l a c c e l e r a t i o n o f the body i s

%f m/ s ˆ2\n”,a);
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Scilab code Exa 1.5 The SI Unit

1 // s c i l a b 5 . 4 . 1
2 clear;

3 clc;

4 printf(”\ t \ t \ tProblem Number 1 . 5\ n\n\n”);
5 // Chapter 1 : Fundamental Concepts
6 // Problem 1 . 5 ( page no . 25)
7 // S o l u t i o n
8
9 // Conver s i on Problem

10 // 1 in ch =0.0254 meter so , 1=0.0254 meter / in ch //
Eq . 1

11 // 1 f t =12 inch so , 1=12 inch / f t . . . . . . . . . / / Eq . 2
12 // M u l t i p l y i n g Eq . 1 & Eq . 2 // We g e t 1=0.0254∗12

meter / f t
13 // Taking Square both s i d e
14 // 1ˆ2=(0 .0254∗12) ˆ2 meter ˆ2/ f t ˆ2
15 printf(”1 f t ˆ2=%f meter ˆ2\n” ,(0.0254*12) ^2);

Scilab code Exa 1.7 Pressure

1 // s c i l a b 5 . 4 . 1
2 clear;

3 clc;

4 printf(”\ t \ t \ tProblem Number 1 . 7\ n\n\n”);
5 // Chapter 1 : Fundamental Concepts
6 // Problem 1 . 7 ( page no . 33)
7 // S o l u t i o n
8
9 //The S p e c i f i c g r a v i t y o f mercury i s 1 3 . 6 // Given
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10 // Conver t ing the u n i t o f we ight o f grams per c u b i c
c e n t i m e t e r to pounds per c u b i c f o o t

11 // 1 l b f =454 gram //1 inch= 2 . 5 4 cm
12 // So 1 gram=1/454 l b f and 1 f t =12∗2.54 cm
13 //Gamma=(gram/cmˆ3) ∗ ( l b /gram ) ∗ (cmˆ3/ f t ˆ3)=l b / f t ˆ3
14 //Gamma=(1 gram/cmˆ3) ∗ (1 l b f /454 gram ) ∗ ( 2 . 5 4 ∗ 1 2 ) ˆ3 ∗

cmˆ3/ f t ˆ3
15 Gamma =(1/454) *(2.54*12) ^3; // l b f / f t ˆ3 // c o n v e r s i o n

f a c t o r
16 disp(Gamma ,” Conver s i on Facto r=”);
17 p=(1/12) *(Gamma *13.6); // l b f / f t ˆ2 // gage p r e s s u r e
18 p=(1/12)*Gamma *13.6*(1/144) // f t ˆ2/ in ch ˆ2 // gage

p r e s s u r e
19 printf(”Guage P r e s s u r e i s %f p s i \n”,p);
20 printf(” Loca l a tmosphe r i c p r e s s u r e i s 1 4 . 7 p s i a \n”);
21 P=p+14.7; // P r e s s u r e on the base o f the column //

Unit : p s i a
22 printf(” So P r e s s u r e on the base o f the column i s %f

p s i a ”,P);

Scilab code Exa 1.8 Pressure

1 // s c i l a b 5 . 4 . 1
2 clear;

3 clc;

4 printf(”\ t \ t \ tProblem Number 1 . 8\ n\n\n”);
5 // Chapter 1 : Fundamental Concepts
6 // Problem 1 . 8 ( page no . 34)
7 // S o l u t i o n
8
9 // Given

10 Rho =13.595; // Unit : kg /mˆ3 //The d e n s i t y o f mercury
11 h=25.4; // Unit : mm // Height o f column o f mercury
12 g=9.806; // Unit :m/ s ˆ2 // the l o c a l a c c e l e r a t i o n o f

g r a v i t y
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13 // S o l u t i o n
14 p=Rho*g*h; //P=P r e s s u r e at the base o f a column o f

mercury // Unit : Pa
15 printf(” P r e s s u r e at the base o f a column o f mercury

i s %f Pa”,p);

Scilab code Exa 1.9 Absolute pressure

1 // s c i l a b 5 . 4 . 1
2 clear;

3 clc;

4 printf(”\ t \ t \ tProblem Number 1 . 9\ n\n\n”);
5 // Chapter 1 : Fundamental Concepts
6 // Problem 1 . 9 ( page no . 34)
7 // S o l u t i o n
8
9 // Given

10 Patm =30.0; // i n . // p r e s s u r e o f mercury at s tandard
t empera tu re

11 Vacuum =26.5; // i n . // vaccum p r e s s u r e
12 Pabs=Patm -Vacuum; // Abso lu te p r e s s u r e o f mercury //

i n .
13 // 1 in ch mercury e x e r t s a p r e s s u r e o f 0 . 4 9 1 p s i
14 p=Pabs *0.491; // Abso lu t e p r e s s u r e i n p s i a
15 printf(” Abso lu te p r e s s u r e o f mercury i n i s %f p s i a ”,

p);

Scilab code Exa 1.10 Pressure

1 // s c i l a b 5 . 4 . 1
2 clear;

3 clc;

4 printf(”\ t \ t \ tProblem Number 1 . 1 0\ n\n\n”);
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5 // Chapter 1 : Fundamental Concepts
6 // Problem 1 . 1 0 ( page no . 35)
7 // S o l u t i o n
8
9 // Given

10 Rho =2000; // Unit : kg /mˆ3 //The d e n s i t y o f f l u i d
11 h=-10; // Unit : mm // Height o f column o f f l u i d // the

h e i g h t i s n e g a t i v e because i t i s measured up from
the base

12 g=9.6 // Unit :m/ s ˆ2 // the l o c a l a c c e l e r a t i o n o f
g r a v i t y

13 // S o l u t i o n
14 p=-Rho*g*h; //P=P r e s s u r e at the base o f a column o f

f l u i d // Unit : Pa
15 printf(” P r e s s u r e at the base o f a column o f f l u i d i s

%f Pa”,p);

Scilab code Exa 1.11 Absolute pressure

1 // s c i l a b 5 . 4 . 1
2 clear;

3 clc;

4 printf(”\ t \ t \ tProblem Number 1 . 1 1\ n\n\n”);
5 // Chapter 1 : Fundamental Concepts
6 // Problem 1 . 1 1 ( page no . 35)
7 // S o l u t i o n
8
9 // Given

10 Patm =30.0 // i n . // p r e s s u r e o f mercury at s tandard
t empera tu re

11 Vacuum =26.5 // i n . // vaccum p r e s s u r e
12 Pabs=Patm -Vacuum; // Abso lu te p r e s s u r e o f mercury //

i n .
13 // ( 3 . 5 in ch ∗ ( f t /12 in ch ) ∗ ( 1 3 . 6 ∗ 6 2 . 4 ) LBf/ f t ˆ3 ∗

kg / 2 . 2 LBf ∗ 9 . 8 0 6 N/ kg ) / ( ( 1 2 in ch ˆ2/ f t ˆ2) ∗
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( 0 . 0 2 5 4 m/ inch ) ˆ2)
14 p=(3.5*(1/12) *13.6*62.4*(1/2.2) *9.806)

/(12^2*0.0254^2*1000); //kPa // Abso lu t e p r e s s u r e
i n p s i a

15 printf(” Abso lu te p r e s s u r e o f mercury i s %f kPa”,p)
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Chapter 2

Work energy and heat

Scilab code Exa 2.2 Work

1 clear;

2 clc;

3 printf(”\ t \ t \ tProblem Number 2 . 2\ n\n\n”);
4 // Chapter 2 : Work , Energy , and Heat
5 // Problem 2 . 2 ( page no . 62)
6 // S o l u t i o n
7
8 // Given
9 k=100; // Unit : l b f / i n . //k=s p r i n g c o n s t a n t

10 l=2; // Unit : i n ch // l= l e n g t h o f compre s s i on o f
s t r i n g

11 work =(1/2)*k*l^2; // f o r c e−d i s p l a c e m e n t r e l a t i o n //
Unit : i n ∗ l b f

12 printf(”Workdone i s %f in ch ∗ l b f ”,work);

Scilab code Exa 2.3 Work

1 clear;
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2 clc;

3 printf(”\ t \ t \ tProblem Number 2 . 3\ n\n\n”);
4 // Chapter 2 : Work , Energy , and Heat
5 // Problem 2 . 3 ( page no . 62)
6 // S o l u t i o n
7
8 // Given
9 k=20*1000; // Unit :N/m //k=20kN //k=s p r i n g c o n s t a n t

10 l=0.075; // Unit : meter // l =75 mm // l= l e n g t h o f
compre s s i on o f s t r i n g

11 work =(1/2)*k*l^2; // f o r c e−d i s p l a c e m e n t r e l a t i o n //
Unit :N∗m

12 printf(”Workdone i s %f J u l e ”,work);

Scilab code Exa 2.4 Potential Energy

1 clear;

2 clc;

3 printf(”\ t \ t \ tProblem Number 2 . 4\ n\n\n”);
4 // Chapter 2 : Work , Energy , and Heat
5 // Problem 2 . 4 ( page no . 66)
6 // S o l u t i o n
7
8 // Given
9 Z=600; // Unit : f t //Z=The d i s t a n c e , the body i s r a i s e d

from i t s i n i t i a l p o s i t i o n when the f o r c e i s
a p p l i e d

10 gc =32.174; // Unit : ( lbm∗ f t ) / ( l b f ∗ s ˆ2) // gc i s
c o n s t a n t o f p r o p o r t i o n a l i t y

11 g=gc; // Unit : f t / s ˆ2 // g=The l o c a l g r a v i t y
12 m=1; // Unit : lbm //m=mass
13 PE=(m*g*Z)/gc; // p o t e n t i a l ene rgy // Unit : f t ∗ l b f
14 printf(”%f f t ∗ l b f work i s done l i f t i n g the water to

e l e v a t i o n ”,PE)
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Scilab code Exa 2.5 Potential Energy

1 clear;

2 clc;

3 printf(”\ t \ t \ tProblem Number 2 . 5\ n\n\n”);
4 // Chapter 2 : Work , Energy , and Heat
5 // Problem 2 . 5 ( page no . 66)
6 // S o l u t i o n
7
8
9 m=1; // Unit : kg //m=mass

10 g= 9.81 // Unit :m/ s ˆ2 // g=The l o c a l g r a v i t y
11 Z=50 // Unit :m ////Z=The d i s t a n c e , the body i s r a i s e d

from i t s i n i t i a l p o s i t i o n when the f o r c e i s
a p p l i e d // In t h i s c a s e Z=d e l i v e r e d water from
w e l l to pump

12 PE=m*g*Z; //PE=P o t e n t i a l Energy // Unit : J o u l e
13 printf(”Change i n p o t e n t i a l ene rgy per kg o f water

i s %f J ”,PE); // J=J o u l e=N∗m=kg∗mˆ2/ s ˆ2

Scilab code Exa 2.6 power generated

1 clear;

2 clc;

3 printf(”\ t \ t \ tProblem Number 2 . 6\ n\n\n”);
4 // Chapter 2 : Work , Energy , and Heat
5 // Problem 2 . 6 ( page no . 66)
6 // S o l u t i o n
7
8 Rho =62.4; // Unit : lbm/ f t ˆ3 //Rho=The d e n s i t y o f water
9 A=10000; // Flow =10000; g a l /min
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10 V=(231/1728); // 12 in ch=1 f t //So , 1 f t ˆ3=1728 i n ˆ3
// One Gal lon i s a v o l u m e t r i c measure e q u a l to

231 i n ˆ3
11 //A∗V // Unit : f t ˆ3/ min
12
13 // In example , 2 . 4 :
14 printf(”From example 2 . 4\ n”);
15 Z=600; // Unit : f t //Z=The d i s t a n c e , the body i s r a i s e d

from i t s i n i t i a l p o s i t i o n when the f o r c e i s
a p p l i e d

16 gc =32.174; // Unit : ( lbm∗ f t ) / ( l b f ∗ s ˆ2) // gc i s
c o n s t a n t o f p r o p o r t i o n a l i t y

17 g=gc; // Unit : f t / s ˆ2 // g=The l o c a l g r a v i t y
18 m=1; // Unit : lbm //m=mass
19 PE=(m*g*Z)/gc; // p o t e n t i a l ene rgy // Unit : f t ∗ l b f
20 printf(”%f f t ∗ l b f work i s done l i f t i n g the water to

e l e v a t i o n \n ”,PE);
21
22 //So ,
23 printf(” In example 2 . 5 \n”)
24 M=Rho*A*V; //M=the mass f l o w
25 Power=M*PE; // Unit : f t ∗ l b f / lbm
26 printf(” Generated Power i s %f f t ∗ l b f / lbm \n”,Power);
27 // 1 hor sepower = 33 ,000 f t ∗ l b f /min
28 printf(”Power = %f hp\n”,Power /33000);

Scilab code Exa 2.7 Power

1 clear;

2 clc;

3 printf(”\ t \ t \ tProblem Number 2 . 7\ n\n\n”);
4 // Chapter 2 : Work , Energy , and Heat
5 // Problem 2 . 7 ( page no . 67)
6 // S o l u t i o n
7
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8 printf(” In problem 2 . 5\ n”);
9 m=1; // Unit : kg //m=mass

10 g= 9.81 // Unit :m/ s ˆ2 // g=The l o c a l g r a v i t y
11 Z=50 // Unit :m ////Z=The d i s t a n c e , the body i s r a i s e d

from i t s i n i t i a l p o s i t i o n when the f o r c e i s
a p p l i e d // In t h i s c a s e Z=d e l i v e r e d water from
w e l l to pump

12 PE=m*g*Z; //PE=P o t e n t i a l Energy // Unit : J o u l e
13 printf(”Change i n p o t e n t i a l ene rgy per kg o f water

i s %f J \n”,PE); // J=J o u l e=N∗m=kg∗mˆ2/ s ˆ2
14 // Given data i n problem 2 . 7 i s
15 M=1000; // Unit ; kg /min //M=Water d e n s i t y
16 Power=PE*M*(1/60); // 1 min=60 s e c o n d s // power // u n i t

: J o u l e / s=W
17 printf(”Power i s %f Watt\n”,Power); //Watt=N∗m/ s =

J o u l e / s =Watt
18 // 1 Hp=746 Watt
19 printf(”Power i s %f Horsepower ”,Power /745);

Scilab code Exa 2.8 Kinetic Energy

1 clear;

2 clc;

3 printf(”\ t \ t \ tProblem Number 2 . 8\ n\n\n”);
4 // Chapter 2 : Work , Energy , and Heat
5 // Problem 2 . 8 ( page no . 69)
6 // S o l u t i o n
7
8 m=10; // Unit : l b //m=Mass
9 V1=88; // Unit : / / f t / s V1=V e l o c i t y b e f o r e i t i s s l owed

down
10 V2=10; // Unit ; f t / s //V2=V e l o c i t y a f t e r i t i s s l owed

down
11 gc =32.174; // Unit : ( lbm∗ f t ) / ( l b f ∗ s ˆ2) // gc i s

c o n s t a n t o f p r o p o r t i o n a l i t y
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12
13 KE1=m*V1 ^2/(2* gc); //The k i n e t i c ene rgy o f the body

b e f o r e i t i s s l owed down // Unit : f t ∗ l b f
14 printf(”The k i n e t i c ene rgy o f the body b e f o r e i t i s

s l owed down i s %f f t ∗ l b f \n”,KE1);
15
16 KE2=m*V2 ^2/(2* gc); //The k i n e t i c ene rgy o f the body

b e f o r e i t i s s l owed down // Unit : f t ∗ l b f
17 printf(”The k i n e t i c ene rgy o f the body b e f o r e i t i s

s l owed down i s %f f t ∗ l b f \n”,KE2);
18
19 KE=KE1 -KE2; //KE=Change i n k i n e t i c ene rgy // Unit : f t ∗

l b f
20 printf(”Change i n k i n e t i c ene rgy i s %f f t ∗ l b f ”,KE);

Scilab code Exa 2.9 Change in Kinetic Energy

1 clear;

2 clc;

3 printf(”\ t \ t \ tProblem Number 2 . 9\ n\n\n”);
4 // Chapter 2 : Work , Energy , and Heat
5 // Problem 2 . 9 ( page no . 70)
6 // S o l u t i o n
7
8 m=1500; // Unit : kg //m=mass
9 V1=50; //Km/ hour V1=V e l o c i t y b e f o r e i t i s s l owed

down
10 //V1=(50∗1000 m/ hour ) ˆ2/(3600 s / hour ) ˆ2
11 KE1=(m*(V1 *1000) ^2/3600^2) /2; //KE1= I n i t i a l k i n e t i c

ene rgy // Unit : J o u l e
12
13 // A f t e r s l o w i n g down
14 V2=30; // Unit :KM/ hour //V2=V e l o c i t y a f t e r i t i s

s l owed down
15 //V2=(30∗1000 m/ hour ) ˆ2/(3600 s / hour ) ˆ2
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16 KE2=(m*(V2 *1000) ^2/3600^2) /2; //KE2=A f t e r s l o w i n g
down , the k i n e t i c ene rgy // Unit : J o u l e

17
18 KE=KE1 -KE2; //KE=Change i n k i n e t i c ene rgy // Unit :

J o u l e
19 printf(”Change i n k i n e t i c ene rgy i s %f kJ”,KE /1000);

Scilab code Exa 2.10 Kinetic Energy

1 clear;

2 clc;

3 printf(”\ t \ t \ tProblem Number 2 . 1 0\ n\n\n”);
4 // Chapter 2 : Work , Energy , and Heat
5 // Problem 2 . 1 0 ( page no . 70)
6 // S o l u t i o n
7
8 m=10 // Unit : kg //m=mass
9 Z=10 // Unit :m //Z=The d i s t a n c e , the body i s r a i s e d

from i t s i n i t i a l p o s i t i o n when the f o r c e i s
a p p l i e d

10 g= 9.81 // Unit :m/ s ˆ2 // g=The l o c a l g r a v i t y
11 // There a r e no l o s s e s i n the system
12 //So , i n i t i a l p o t e n t i a l ene rgy p l u s i n i t i a l k i n e t i c

ene rgy e q u a l to sum o f f i n a l p o t e n t i a l ene rgy
p l u s f i n a l k i n e t i c ene rgy

13 //So , PE1+KE1=PE2+KE2
14 //From the f i g u r e , KE1=0; PE2=0;
15 //So , PE1=KE2 ;
16 PE1=m*g*Z; //PE=P o t e n t i a l Energy // Unit : J o u l e
17 //KE2=(m∗v ˆ2) /2
18 v=(PE1*2)/m;

19 V=sqrt(v); // Unit :m/ s // v e l o c i t y
20 printf(” V e l o c i t y = %f m/ s ”,V);
21 KE2=PE1; // k i n e t i c ene rgy // Unit : J o u l e
22 printf(”\ n K i n e t i c ene rgy i s %f N∗m”,PE1);
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Scilab code Exa 2.11 Flow work

1 clear;

2 clc;

3 printf(”\ t \ t \ tProblem Number 2 . 1 1\ n\n\n”);
4 // Chapter 2 : Work , Energy , and Heat
5 // Problem 2 . 1 1 ( page no . 74)
6 // S o l u t i o n
7
8 printf(”At the e n t r a n c e o f dev i c e , \ n”);
9 p1=100; // p r e s s u r e at the en tance // Unit : p s i a , l b f / i n

ˆ2
10 Rho1 =62.4; // Unit : lbm/ f t ˆ3 //Rho=The d e n s i t y
11 v1 =144*(1/ Rho1) // S p e c i f i c Volume at e n t r a n c e or

r e c i p r o c a l o f f l u i d d e n s i t y // 144 i n ˆ2=1 f t ˆ2
12 // 1 Btu = 778 f t ∗ l b f
13 J=778; // Unit : f t ∗ l b f /Btu // c o n v e r s i o n f a c t o r
14 FW1=(p1*v1)/J; // Flow work // Btu/ lbm
15 printf(”Flow work = %f Btu/ lbm\n”,FW1);
16
17 printf(”At the e x i t o f d ev i c e , \ n”);
18 p2=50; // p r e s s u r e at the e x i t // Unit : p s i a , l b f / i n ˆ2
19 Rho2 =30; // Unit : lbm/ f t ˆ3 //Rho=The d e n s i t y
20 v2 =144*(1/ Rho2) // S p e c i f i c Volume at e x i t or

r e c i p r o c a l o f f l u i d d e n s i t y // 144 i n ˆ2=1 f t ˆ2
21 // 1 Btu = 778 f t ∗ l b f
22 J=778; // Unit : f t ∗ l b f /Btu // c o n v e r s i o n f a c t o r
23 FW2=(p2*v2)/J; // Flow work // Btu/ lbm
24 printf(”Flow work = %f Btu/ lbm\n”,FW2);

Scilab code Exa 2.12 Flow work
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1 clear;

2 clc;

3 printf(”\ t \ t \ tProblem Number 2 . 1 2\ n\n\n”);
4 // Chapter 2 : Work , Energy , and Heat
5 // Problem 2 . 1 2 ( page no . 75)
6 // S o l u t i o n
7
8 printf(”At the e n t r a n c e o f dev i c e , \ n”);
9 p1 =200*1000; // 200 kPa∗1000 Pa/kPa // p r e s s u r e at the

e n t r a n c e // Unit :N/mˆ2
10 Rho1 =1000; // kg /mˆ3 // F lu id d e n s i t y at e n t r a n c e
11 v1=1/ Rho1; // S p e c i f i c Volume at e n t r a n c e or

r e c i p r o c a l o f f l u i d d e n s i t y
12 FW1=p1*v1; // Flow work at e n t r a n c e // Unit :N∗m/ kg
13 printf(”Flow work = %fN∗m/ kg\n”,FW1);
14
15 printf(”At the e x i t o f d ev i c e , \ n”);
16 p2 =100*1000; // 200 kPa∗1000 Pa/kPa // p r e s s u r e at the

e x i t // Unit :N/mˆ2
17 Rho2 =250; // kg /mˆ3 // F lu id d e n s i t y at e x i t
18 v2=1/ Rho2; // S p e c i f i c Volume at e n t r a n c e or

r e c i p r o c a l o f f l u i d d e n s i t y
19 FW2=p2*v2; // Flow work at e x i t // Unit :N∗m/ kg
20 printf(”Flow work = %f N∗m/ kg\n”,FW2);

Scilab code Exa 2.14 Work done

1 clear;

2 clc;

3 printf(”\ t \ t \ tProblem Number 2 . 1 4\ n\n\n”);
4 // Chapter 2 : Work , Energy , and Heat
5 // Problem 2 . 1 4 ( page no . 78)
6 // S o l u t i o n
7
8 // I t i s n e c e s s a r y tha t p r e s s u r e be e x p r e s s e d as p s f a
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when the volume i s i n c u b i c f e e t
9 // 100 p s i a = 100∗144 p s f a

10 p1 =100*144; // Unit : p s f a // i n i t i a l p r e s s u r e
11 v1=2; // Unit : f t ˆ3/ l b // I n i t i a l S p e c i f i c Volume
12 v2=1; // Unit : f t ˆ3/ l b // F i n a l S p e c i f i c Volume
13 w=p1*v1*log(v2/v1); // work done on f l u i d // Unit : f t ∗

l b f / lbm
14 printf(”Work done on f l u i d = %f f t ∗ l b f / l b \n”,w);
15 // 1 Btu = 778 f t ∗ l b f
16 printf(”Work done on the f l u i d per pound o f f l u i d i s

%f Btu/ lbm”,w/778);

Scilab code Exa 2.15 Work done

1 clear;

2 clc;

3 printf(”\ t \ t \ tProblem Number 2 . 1 5\ n\n\n”);
4 // Chapter 2 : Work , Energy , and Heat
5 // Problem 2 . 1 5 ( page no . 79)
6 // S o l u t i o n
7
8 // p1∗v1=p2∗v2
9 p1 =200*1000; // p1= I n i t i a l P r e s s u r e // Unit : Pa

10 p2 =800*1000; // p2=F i n a l P r e s s u r e // Unit : Pa
11 v1=0.1; // v1= I n i t i a l S p e c i a l Volume // Unit :mˆ3/ kg
12 v2=(p1/p2)*v1; // v1=f i n a l S p e c i a l Volume // Unit :mˆ3/

kg
13 w=p1*v1*log(v2/v1); // workdone // Unit : kJ/ kg
14 printf(”Work done per k i l o g ram o f gas i s %f kJ/ kg (

i n t o the system ) ”,w/1000);
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Chapter 3

The First Law Of
Thermodynamics

Scilab code Exa 3.1 Change in internal energy

1 clear;

2 clc;

3 printf(”\ t \ t \ tProblem Number 3 . 1\ n\n\n”);
4 // Chapter 3 : The F i r s t Law Of Thermodynamics
5 // Problem 3 . 1 ( page no . 91)
6 // S o l u t i o n
7
8 // For a c o n s t a n t volume p r o c e s s , 10 Btu/ lbm heat i s

added to the system
9 //We can c o n s i d e r t h e t a tank hav ing a f i x e d volume

has heat added to i t
10 // Under t h e s e c o n d i t i o n s , the mechan i ca l work done on

or by the system must be 0
11 //u2−u1=q
12 printf(” Heat has been c o n v e r t e d to i n t e r n a l ene rgy

o f the work ing f l u i d \n”);
13 //So ,
14 printf(” So , Change i n i n t e r n a l ene rgy u2−u1=10 Btu/

Lbm”);
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Scilab code Exa 3.4 Change in internal energy

1 clear;

2 clc;

3 printf(”\ t \ t \ tProblem Number 3 . 1\ n\n\n”);
4 // Chapter 3 : The F i r s t Law Of Thermodynamics
5 // Problem 3 . 1 ( page no . 91)
6 // S o l u t i o n
7
8 printf(” S o l u t i o n For ( a ) \n”);
9 m=10; // Unit : lbm // mass o f water

10 // de la taU=U2−U1
11 Heat =100; // Unit : Btu // heat added
12 deltaU=Heat/m; // Change i n i n t e r n a l ene rgy // u n i t :

Btu/ lbm
13 printf(”Change i n i n t e r n a l ene rgy per pound o f water

i s %f Btu/ lbm\n”,deltaU);
14
15 printf(” S o l u t i o n For ( b ) \n”);
16 printf(” In t h i s p r o c e s s , ene rgy c r o s s e s the boundary

o f the system by means o f f r a c t i o n a l work\n”);
17 printf(”The c o n t e n t s o f the tank w i l l not

d i s t i n g u i s h between the ene rgy i f i t i s added as
heat or the ene rgy added as f r a c t i o n work\n”);

Scilab code Exa 3.5 The mass flow rate and exit velocity

1 clear;

2 clc;

3 printf(”\ t \ t \ tProblem Number 3 . 5\ n\n\n”);
4 // Chapter 3 : The F i r s t Law Of Thermodynamics
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5 // Problem 3 . 5 ( page no . 96)
6 // S o l u t i o n
7
8 P1=100 // Unit : p s i a // P r e s s u r e at the e n t r a n c e to a

steady−f l o w d e v i c e
9 Rho1 =62.4 // Unit : lbm/ f t ˆ3 // the d e n s i t y o f the f l u i d

10 A1V1 =10000 // Unit : f t ˆ3/ min // E nt e r i n g f l u i d
11 A2=2 // Unit : f t ˆ2 // Ex i t a r ea
12 m=Rho1*A1V1; // Unit : lbm/min // mass r a t e o f f l o w per

u n i t t ime
13 printf(”Mass f l o w r a t e i s %f LBm/min\n”,m);
14
15 Rho2=Rho1; // Unit : lbm/ f t ˆ3 // the d e n s i t y o f the

f l u i d
16 //m=Rho2∗A2∗V2
17 //So ,
18 V2=m/(Rho2*A2); // v e l o c i t y at e x i t // Unit : f t /min
19 printf(”The e x i t v e l o c i t y i s %f f t /min”,V2);

Scilab code Exa 3.6 The mass flow rate and the exit velocity

1 clear;

2 clc;

3 printf(”\ t \ t \ tProblem Number 3 . 6\ n\n\n”);
4 // Chapter 3 : The F i r s t Law Of Thermodynamics
5 // Problem 3 . 6 ( page no . 97)
6 // S o l u t i o n
7
8 Rho1 =1000 // Unit : kg /mˆ3 // the d e n s i t y o f the f l u i d

at e n t r a n c e
9 A1V1 =2000 // Unit :mˆ3/ min // Ent e r i ng f l u i d

10 A2=0.5 // Unit : f t ˆ2 // Ex i t a r ea
11 m=Rho1*A1V1; // Unit : kg /min // mass r a t e o f f l o w per

u n i t t ime
12 printf(”Mass f l o w r a t e i s %f kg /min\n”,m);
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13
14 Rho2=Rho1; // Unit : kg /mˆ3 // the d e n s i t y o f the f l u i d

at e x i t
15 //m=Rho2∗A2∗V2
16 //So ,
17 V2=m/(Rho2*A2); //The e x i t v e l o c i t y // Unit :m/min
18 printf(”The e x i t v e l o c i t y i s %f m/min”,V2);

Scilab code Exa 3.7 The mass flow rate

1 clear;

2 clc;

3 printf(”\ t \ t \ tProblem Number 3 . 7\ n\n\n”);
4 // Chapter 3 : The F i r s t Law Of Thermodynamics
5 // Problem 3 . 7 ( page no . 97)
6 // S o l u t i o n
7
8 Rho =62.4 // Unit : lbm/ f t ˆ3 // the d e n s i t y o f the f l u i d
9 V=100 // Unit : f t / s // V e l o c i t y o f f l u i d

10 d=1 // Unit : i n // Diameter
11 // 1 f t ˆ2=144 i n ˆ2 //A=(%pi /4) ∗dˆ2
12 A=(%pi*d^2) /(4*144) // Unit : f t ˆ2 // a r ea
13 m=Rho*A*V; // Unit : lbm/ s // mass r a t e o f f l o w per u n i t

t ime
14 printf(”Mass f l o w r a t e i s %f lbm/ s \n”,m);

Scilab code Exa 3.8 Velocity at inlet and outlet

1 clear;

2 clc;

3 printf(”\ t \ t \ tProblem Number 3 . 8\ n\n\n”);
4 // Chapter 3 : The F i r s t Law Of Thermodynamics
5 // Problem 3 . 8 ( page no . 98)
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6 // S o l u t i o n
7
8 m1 =50000; // Unit :LBm/ hr //An i n l e t steam f l o w
9 v1 =0.831 // Unit : f t ˆ3/LBm // S p e c i f i c volume o f i n l e t

steam
10 d1=6 // Unit : i n // I n l e t d i amete r
11 A1=(%pi*d1^2) /(4*144) // 1 f t ˆ2=144 i n ˆ2 // E nt e r i ng

a r ea
12 V1=(m1*v1)/(A1 *60*60) // (60 min/ hr ∗ 60 s /min ) //To

c o n v e r t hours i n t o s e c o n d s // v e l o c i t y at i n l e t
13 printf(”The v e l o c i t y at i n l e t i s %f f t / s \n”,V1);
14
15
16 m2=m1; // Unit :LBm/ hr //m2=An o u t l e t steam f l o w
17 v2 =1.825 // Unit : f t ˆ3/LBm // S p e c i f i c volume o f o u t l e t

steam
18 d2=8 // Unit : i n // Out l e t d i amete r
19 A2=(%pi*d2^2) /(4*144) // 1 f t ˆ2=144 i n ˆ2 // Ex i t a r ea
20 V2=(m1*v2)/(A2 *60*60) // (60 min/ hr ∗ 60 s /min ) //To

c o n v e r t hours i n t o s e c o n d s // v e l o c i t y at o u t l e t
21 printf(”The v e l o c i t y at o u t l e t i s %f f t / s ”,V2);

Scilab code Exa 3.9 Inlet and outlet velocities

1 clear;

2 clc;

3 printf(”\ t \ t \ tProblem Number 3 . 9\ n\n\n”);
4 // Chapter 3 : The F i r s t Law Of Thermodynamics
5 // Problem 3 . 9 ( page no . 99)
6 // S o l u t i o n
7
8 m1 =10000; // Unit : kg / hr //An i n l e t steam f l o w
9 v1=0.05 // Unit :mˆ3/ kg // S p e c i f i c volume o f i n l e t

steam
10 d1=0.1 // Unit :m // I n l e t d i amete r //100 mm =0.1 m
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11 A1=(%pi/4)*d1^2 // Unit :mˆ2 // E nte r i ng a r ea
12 V1=(m1*v1)/(A1 *60*60) // (60 min/ hr ∗ 60 s /min ) //To

c o n v e r t hours i n t o s e c o n d s // v e l o c i t y at i n l e t //
Unit :m/ s

13 printf(”The v e l o c i t y at i n l e t i s %f m/ s \n”,V1);
14
15
16 m2=m1; // Unit : kg / hr //m2=An o u t l e t steam f l o w
17 v2=0.10 // Unit :mˆ3/ kg // S p e c i f i c volume o f o u t l e t

steam
18 d2=0.2 // Unit :m // Out l e t d i amete r //200 mm = 0 . 2 m
19 A2=(%pi/4)*(d2^2) // Unit :mˆ2 // Ex i t a r ea
20 V2=(m1*v2)/(A2 *60*60) // (60 min/ hr ∗ 60 s /min ) //To

c o n v e r t hours i n t o s e c o n d s // v e l o c i t y at o u t l e t
// Unit :m/ s

21 printf(”The v e l o c i t y at o u t l e t i s %f m/ s ”,V2);

Scilab code Exa 3.10 Workdone

1 clear;

2 clc;

3 printf(”\ t \ t \ tProblem Number 3 . 1 0\ n\n\n”);
4 // Chapter 3 : The F i r s t Law Of Thermodynamics
5 // Problem 3 . 1 0 ( page no . 105)
6 // S o l u t i o n
7
8 Cp =0.22; // Unit : Btu /(LBm∗R) // S p e c i f i c heat f o r

c o n s t a n t p r e s s u r e p r o c e s s
9 Cv =0.17; // Unit : Btu /(LBm∗R) // S p e c i f i c heat f o r

c o n s t a n t volume p r o c e s s
10 q=800/10; // data g i v e n : 8 0 0 Btu as heat i s added to

10 LBm // Unit : Btu/LBm
11 T1=100; // Unit : F a h r e n h e i t // I n i t i a l t empera tu r e //T2

=F i n a l t empera tu r e
12 // For a non−f l ow , c o n s t a n t p r e s s u r e p r o c e s s
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13 //q=d e l t a h=h2−h1=Cp(T2−T1) // d e l t a h=change i n
en tha lpy

14 // de l taT=T2−T1 ;
15 deltaT=q/Cp; // F a h r e n h e i t // change i n t empera tu r e
16 T2=deltaT+T1; // F a h r e n h e i t // f i n a l t empera tu r e
17 // For a c o n s t a n t volume p r e s s u r e
18 //u2−u1=Change i n i n t e r n a l ene rgy //w=workdone
19 //q−w=u2−u1
20 //−w=(u2−u1 )−q = Cv∗ (T2−T1)−q
21 w=-(Cv*(T2-T1)-q); // Unit : Btu/ lbm // workdone
22 printf(”%f Btu/ lbm work i s taken out o f the system

due to workdone by gas \n”,w);
23 printf(”As t h e r e i s 10 lbm i n the system \n”)
24 printf(”%f Btu work i s taken out o f the system due

to workdone by gas \n”,w*10);

Scilab code Exa 3.11 Determine the Power Produced

1 clear;

2 clc;

3 printf(”\ t \ t \ tProblem Number 3 . 1 1\ n\n\n”);
4 // Chapter 3 : The F i r s t Law Of Thermodynamics
5 // Problem 3 . 1 1 ( page no . 111)
6 // S o l u t i o n
7
8 // Given data
9 // I n l e t Out l e t

10 // P r e s s u r e ( p s i a ) 1000 1
11 // Temperature (F) 1000 1 0 1 . 7 4
12 // V e l o c i t y ( f t / s ) 125 430
13 // I n l e t p o s i t i o n ( f t ) +10 0
14 // Enthalpy ( Btu/LBm) 1 5 0 5 . 4 9 4 0 . 0
15 // Steam f l o w r a t e o f 150000 LBm/ hr
16
17 //From the t a b l e ,
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18 Z1=10; V1=125; h1 =1505.4; Z2=0; V2=430; h2 =940.0;

19
20 // Energy e q u a t i o n i s g i v e n by
21 // ( ( Z1/J ) ∗ ( g/ gc ) ) + (V1ˆ2/(2∗ gc ∗J ) ) + h1 + q = ( ( Z2/

J ) ∗ ( g/ gc ) ) + (V2ˆ2/(2∗ gc ∗J ) ) + h2 + w/J
22 printf(” S o l u t i o n f o r ( a ) \n”);
23 q=0; // net heat
24 J=778; // Conver s i on f a c t o r
25 gc =32.174; // Unit : (LBm∗ f t ) / ( LBf∗ s ˆ2) // gc i s

c o n s t a n t o f p r o p o r t i o n a l i t y
26 g=gc; // Unit : f t / s ˆ2 // g=The l o c a l g r a v i t y
27 //W1=w/J ;
28 // Energy e q u a t i o n i s g i v e n by
29 W1=((Z1/J)*(g/gc)) + (V1 ^2/(2* gc*J)) + h1 + q - ((Z2

/J)*(g/gc)) - (V2 ^2/(2* gc*J)) - h2; // Unit : Btu/
LBm

30 printf(” I f heat l o s s e s a r e n e g l i g i b l e , \ n”);
31 printf(” Tota l work o f the t u r b i n e i s %f Btu/LBm\n”,

W1);

32 printf(” Tota l work o f the t u r b i n e i s %f Btu/ hr \n”,W1
*150000);

33 // (W∗150000∗778) / (60∗33000 ) // i n terms o f hor sepower
//1 hr=60 min //1 hp=33000 ( f t ∗LBf )

34 printf(” Tota l work o f the t u r b i n e i s %f hp \n” ,(W1
*150000*778) /(60*33000));

35 // 1 hp =0.746 kW
36 printf(” Tota l work o f the t u r b i n e i s %f kW \n\n” ,((

W1 *150000*778) /(60*33000))*0.746);

37
38
39 printf(”\ n S o l u t i o n f o r ( b ) \n”);
40 // Heat l o s s e s e q u a l 50 ,000 Btu/ hr
41 q=50000/150000; // Unit : Btu/LBm // Heat l o s s
42 W2=((Z1/J)*(g/gc)) + (V1 ^2/(2* gc*J)) + h1 - q - ((Z2

/J)*(g/gc)) - (V2 ^2/(2* gc*J)) - h2; // Unit : Btu/
LBm

43 printf(” I f heat l o s s e s e q u a l 50 ,000 Btu/ hr , Tota l
work o f the t u r b i n e i s %f Btu/LBm\n”,W2);
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Scilab code Exa 3.12 Work output per kg

1 clear;

2 clc;

3 printf(”\ t \ t \ tProblem Number 3 . 1 2\ n\n\n”);
4 // Chapter 3 : The F i r s t Law Of Thermodynamics
5 // Problem 3 . 1 2 ( page no . 112)
6 // S o l u t i o n
7
8 Z1=2; // Unit :m // I n l e t p o s i t i o n
9 g=9.81 // Unit :m/ s ˆ2 // g=The l o c a l g r a v i t y

10 V1=40; // Unit :m/ s // I n l e t v e l o c i t y
11 h1 =3433.8; // Unit : kJ/ kg // I n l e t en tha lpy
12 q=1 // Unit : kJ/ kg // Heat l o s s e s
13 Z2=0; // Out l e t p o s i t i o n // u n i t :m
14 V2=162; // Unit :m/ s // Out l e t v e l o c i t y
15 h2 =2675.5; // Unit : kJ/ kg // Out l e t en tha lpy
16
17 // Energy e q u a t i o n i s g i v e n by
18 // ( ( Z1∗g ) ) + (V1ˆ2/2) + h1 + q = ( ( Z2∗g ) + (V2ˆ2/2)

+ h2 + w
19
20 w= ((Z1*g)/1000) + ((V1^2/2) /1000) + h1 - q - ((Z2*g

)/1000) - ((V2^2/2) /1000) - h2 ; // Unit : kJ/ kg //
C o n e r s a t i o n : 1 kJ=1000 J

21 printf(”The work output per k i l o g ram i s %f kJ/ kg\n”,
w);

Scilab code Exa 3.13 The work output per pound

1 clear;
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2 clc;

3 printf(”\ t \ t \ tProblem Number 3 . 1 3\ n\n\n”);
4 // Chapter 3 : The F i r s t Law Of Thermodynamics
5 // Problem 3 . 1 3 ( page no . 113)
6 // S o l u t i o n
7
8 p1=150; // Unit : p s i a // I n i t i a l p r e s s u r e
9 T1 =1000; // Unit :R // Temperature at p r e s s u r e p1

10 p2=15; // Unit : p s i a // F i n a l p r e s s u r e
11 T2=600; // Unit :R // Temperature at p r e s s u r e p2
12 Cp =0.24; // Unit : Btu /(LBm∗R) // S p e c i f i c heat f o r

c o n s t a n t p r e s s u r e p r o c e s s
13 v1 =2.47; // Unit : f t ˆ3/LBm // S p e c i f i c volume at i n l e t

c o n d i t i o n s
14 v2 =14.8; // Unit : f t ˆ3/LBm // S p e c i f i c volume at o u t l e t

c o n d i t i o n s
15
16 // For a non−f l ow , c o n s t a n t p r e s s u r e p r o c e s s
17 //w/J=d e l t a h=h2−h1=Cp(T2−T1) // d e l t a h=change i n

en tha lpy
18 //W=w/J
19 W=Cp*(T1-T2); //W=Work output // Unit : Btu/LBm
20 printf(”The work output o f the t u r b i n e per pound o f

work ing f l u i d i s %f Btu/LBm”,W);

Scilab code Exa 3.14 The work output per pound

1 clear;

2 clc;

3 printf(”\ t \ t \ tProblem Number 3 . 1 4\ n\n\n”);
4 // Chapter 3 : The F i r s t Law Of Thermodynamics
5 // Problem 3 . 1 4 ( page no . 114)
6 // S o l u t i o n
7
8 // In problem 3 . 1 3 ,
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9 p1=150; // Unit : p s i a // I n i t i a l p r e s s u r e
10 T1 =1000; // Unit :R // Temperature at p r e s s u r e p1
11 p2=15; // Unit : p s i a // F i n a l p r e s s u r e
12 T2=600; // Unit :R // Temperature at p r e s s u r e p2
13 Cp =0.24; // Unit : Btu /(LBm∗R) // S p e c i f i c heat f o r

c o n s t a n t p r e s s u r e p r o c e s s
14 v1 =2.47; // Unit : f t ˆ3/LBm // S p e c i f i c volume at i n l e t

c o n d i t i o n s
15 v2 =14.8; // Unit : f t ˆ3/LBm // S p e c i f i c volume at o u t l e t

c o n d i t i o n s
16
17 // For a non−f l ow , c o n s t a n t p r e s s u r e p r o c e s s
18 //w/J=d e l t a h=h2−h1=Cp(T2−T1) // d e l t a h=change i n

en tha lpy
19 //W=w/J
20 W=Cp*(T1-T2); //W=Work output // Unit : Btu/LBm //h2−h1
21 printf(” In problem 3 . 1 3 , The work output o f the

t u r b i n e per pound o f work ing f l u i d i s %f Btu/LBm
\n \n”,W);

22
23 //Now , In problem 3 . 1 4 ,
24 q=1.1; // Unit : Btu/LBm // Heat l o s s e s
25 // For a non−f l ow , c o n s t a n t p r e s s u r e p r o c e s s
26 //q−w/J=d e l t a h=h2−h1=Cp(T2−T1) // d e l t a h=change i n

en tha lpy
27 //W1=w/J
28 W1=-q+W; //W=Work output // Unit : Btu/LBm //W=h2−h1 //

Because q i s out o f the system , i t i s a n e g a t i v e
q u a n t i t y

29 printf(” In problem 3 . 1 4 , heat l o s s e q u a l to 1 . 1 Btu/
LBm, \ n”);

30 printf(”The work output o f the t u r b i n e per pound o f
work ing f l u i d i s %f Btu/LBm \n”,W1);

Scilab code Exa 3.15 Determine the heat transfer
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1 clear;

2 clc;

3 printf(”\ t \ t \ tProblem Number 3 . 1 5\ n\n\n”);
4 // Chapter 3 : The F i r s t Law Of Thermodynamics
5 // Problem 3 . 1 5 ( page no . 115)
6 // S o l u t i o n
7
8 p1=100; // Unit : p s i a // I n i t i a l p r e s s u r e
9 t1=950; // Unit : F a h r e n h e i t // Temperature at p r e s s u r e

p1
10 p2=76; // Unit : p s i a // F i n a l p r e s s u r e
11 t2=580; // Unit : F a h r e n h e i t // Temperature at p r e s s u r e

p2
12 v1=4; // Unit : f t ˆ3/LBm // S p e c i f i c volume at i n l e t

c o n d i t i o n s
13 v2 =3.86; // Unit : f t ˆ3/LBm // S p e c i f i c volume at o u t l e t

c o n d i t i o n s
14 Cv =0.32; // Unit : Btu /(LBm∗R) // S p e c i f i c heat f o r

c o n s t a n t volume p r o c e s s
15
16 T1=t1 +460; // Unit :R // Temperature at p r e s s u r e p1
17 T2=t2 +460; // Unit :R // Temperature at p r e s s u r e p2
18 J=778; // J=Conver s i on f a c t o r
19
20 //Z1=I n l e t p o s i t i o n // Unit :m
21 //V1=I n l e t v e l o c i t y // Unit :m/ s
22 //Z2=Out l e t p o s i t i o n // Unit :m
23 //V2=Out l e t v e l o c i t y Unit :m/ s
24 // u1=i n t e r n a l ene rgy // ene rgy i n
25 // u2=i n t e r n a l ene rgy // ene rgy out
26
27 // Energy e q u a t i o n i s g i v e n by
28 // ( ( Z1/J ) ∗ ( g/ gc ) ) + (V1ˆ2/(2∗ gc ∗J ) ) + u1 + ( ( p1∗v1 ) /

J ) + q = ( ( Z2/J ) ∗ ( g/ gc ) ) + (V2ˆ2/(2∗ gc ∗J ) ) + u2 +
( ( p2∗v2 ) /J ) + w/J ; // Unit : Btu/LBm

29 // Because p ip e i s h o r i z o n t a l and v e l o c i t y terms a r e
to be n e g l e c t e d ,

30 // Also no work c r o s s e s the b o u n d a r i e s o f the system
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, the ene rgy e q u a t i o n i s r educed to
31 // u1 + ( ( p1∗v1 ) /J ) + q = u2 + ( ( p2∗v2 ) /J )
32 //u2−u1=Cv∗ (T2−T1) // For a c o n s t a n t volume p r o c e s s

//u2−u1=Chnage i n i n t e r n a l ene rgy
33 //So ,
34 q=Cv*(T2-T1) + (p2*v2*144)/J - (p1*v1*144)/J; //q=

heat t r a n s f e r //1 f t ˆ2=144 i n ˆ2 // Unit : Btu/LBm
35 printf(”%f Btu/LBm heat i s t r a n s f e r r e d from the gas

\n”,q);

Scilab code Exa 3.16 Determine the heat transfer

1 clear;

2 clc;

3 printf(”\ t \ t \ tProblem Number 3 . 1 6\ n\n\n”);
4 // Chapter 3 : The F i r s t Law Of Thermodynamics
5 // Problem 3 . 1 6 ( page no . 116)
6 // S o l u t i o n
7
8 // In problem 3 . 1 5 ,
9 p1=100; // Unit : p s i a // I n i t i a l p r e s s u r e

10 t1=950; // Unit : F a h r e n h e i t // Temperature at p r e s s u r e
p1

11 p2=76; // Unit : p s i a // F i n a l p r e s s u r e
12 t2=580; // Unit : F a h r e n h e i t // Temperature at p r e s s u r e

p2
13 v1=4; // Unit : f t ˆ3/LBm // S p e c i f i c volume at i n l e t

c o n d i t i o n s
14 v2 =3.86; // Unit : f t ˆ3/LBm // S p e c i f i c volume at o u t l e t

c o n d i t i o n s
15 Cv =0.32; // Unit : Btu /(LBm∗R) // S p e c i f i c heat f o r

c o n s t a n t volume p r o c e s s
16
17 T1=t1 +460; // Unit :R // Temperature at p r e s s u r e p1
18 T2=t2 +460; // Unit :R // Temperature at p r e s s u r e p2
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19 J=778; // J=Conver s i on f a c t o r
20 gc =32.174; // Unit : (LBm∗ f t ) / ( LBf∗ s ˆ2) // gc i s

c o n s t a n t o f p r o p o r t i o n a l i t y
21 g=gc; // Unit : f t / s ˆ2 // g=The l o c a l g r a v i t y
22
23 //Z1=I n l e t p o s i t i o n // Unit :m
24 //V1=I n l e t v e l o c i t y // Unit :m/ s
25 //Z2=Out l e t p o s i t i o n // Unit :m
26 //V2=Out l e t v e l o c i t y Unit :m/ s
27 // u1=i n t e r n a l ene rgy // ene rgy i n
28 // u2=i n t e r n a l ene rgy // ene rgy out
29
30 // Energy e q u a t i o n i s g i v e n by
31 // ( ( Z1/J ) ∗ ( g/ gc ) ) + (V1ˆ2/(2∗ gc ∗J ) ) + u1 + ( ( p1∗v1 ) /

J ) + q = ( ( Z2/J ) ∗ ( g/ gc ) ) + (V2ˆ2/(2∗ gc ∗J ) ) + u2 +
( ( p2∗v2 ) /J ) + w/J ; // Unit : Btu/LBm

32 // In 3 . 1 5 , the e l e v a t i o n o f the p ipe at s e c t i o n 1
makes Z1 = 0

33 // Also no work c r o s s e s the b o u n d a r i e s o f the system
, the ene rgy e q u a t i o n i s r educed to

34 // u1 + ( ( p1∗v1 ) /J ) + q = u2 + ( ( p2∗v2 ) /J ) + ( ( Z2/J )
∗ ( g/ gc ) )

35 // In problrm 3 . 1 6 ,
36 Z2=100; // Given // Unit : f t // Out l e t p o s i t i o n
37 //u2−u1=Cv∗ (T2−T1) // For a c o n s t a n t volume p r o c e s s

//u2−u1=Chnage i n i n t e r n a l ene rgy
38 //So ,
39 q=Cv*(T2-T1) + (p2*v2*144)/J - (p1*v1*144)/J + ((Z2/

J)*(g/gc)) ; //q=heat t r a n s f e r //1 f t ˆ2=144 i n ˆ2
// Unit : Btu/LBm

40 printf(”%f Btu/LBm heat i s t r a n s f e r r e d from the gas
\n”,q);

41 // For t h i s problem , n e g l e c t i n g the e l e v a t i o n term
l e a d s to an i n s i g n i f i c a n t e r r o r
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Scilab code Exa 3.17 The boiler example

1 clear;

2 clc;

3 printf(”\ t \ t \ tProblem Number 3 . 1 7\ n\n\n”);
4 // Chapter 3 : The F i r s t Law Of Thermodynamics
5 // Problem 3 . 1 7 ( page no . 117)
6 // S o l u t i o n
7
8 p1 =1000; // Unit : p s i a // I n i t i a l p r e s s u r e
9 t1=100; // Unit : F a h r e n h e i t // Temperature at p r e s s u r e

p1
10 p2 =1000; // Unit : p s i a // F i n a l p r e s s u r e
11 t2 =1000; // Unit : F a h r e n h e i t // Temperature at p r e s s u r e

p2
12 // f e e d i n 10 ,000 LBm/ hr
13 h1 =70.68 // Unit : Btu/LBm // I n l e t en tha lpy
14 h2 =1505.9 // Unit : Btu/LBm // Out l e t en tha lpy
15
16 T1=t1 +460; // Unit :R // Temperature at p r e s s u r e p1
17 T2=t2 +460; // Unit :R // Temperature at p r e s s u r e p2
18 // Energy e q u a t i o n i s g i v e n by
19 J=778; // J=Conver s i on f a c t o r
20
21 //Z1=I n l e t p o s i t i o n // Unit :m
22 //V1=I n l e t v e l o c i t y // Unit :m/ s
23 //Z2=Out l e t p o s i t i o n // Unit :m
24 //V2=Out l e t v e l o c i t y Unit :m/ s
25 // u1=i n t e r n a l ene rgy // ene rgy i n
26 // u2=i n t e r n a l ene rgy // ene rgy out
27 //h=entha lpy
28
29 // Energy e q u a t i o n i s g i v e n by
30 // ( ( Z1/J ) ∗ ( g/ gc ) ) + (V1ˆ2/(2∗ gc ∗J ) ) + u1 + ( ( p1∗v1 ) /

J ) + q = ( ( Z2/J ) ∗ ( g/ gc ) ) + (V2ˆ2/(2∗ gc ∗J ) ) + u2 +
( ( p2∗v2 ) /J ) + w/J ; // Unit : Btu/LBm

31
32 //we can c o n s i d e r t h i s system as a s i n g l e u n i t with
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f e e d water e n t e r i n g ans steam l e a v i n g .
33 // I t w e l l de s i gned , t h i s u n i t w i l l be t h o r o u g h l y

i n s u l a t e d , and heat l o s s e w i l l be reduced to a
n e g l i g i b l e amount

34 // Alos , no work w i l l be added to the f l u i d dur ing the
t ime i t i s p a s s i n g through the un i t , and k i n e t i c
ene rgy d i f f e r e n c e s w i l l be assumed to be

n e g l i g i b l y s m a l l
35 // D i f f e r e n n c e s i n e l e v a t i o n a l s o be c o n s i d e r e d

n e g l i g i b l e
36 //So , the ene rgy e q u a t i o n i s r educed to
37 // u1 + ( ( p1∗v1 ) /J ) + q = u2 + ( ( p2∗v2 ) /J )
38 // Because h=u+(p∗v/J )
39 q=h2 -h1; //q=net heat l o s s e s // Unit : Btu/LBm
40 printf(” Net heat l o s s e s i s %f Btu/LBm \n”,q);
41 printf(” For 10000 LBm/ hr , \ n”);
42 printf(”%f Btu/ hr ene rgy has been added to the water

to c o n v e r t i t to steam ”,q*10000)

Scilab code Exa 3.18 The final velocity of the nozzle

1 clear;

2 clc;

3 printf(”\ t \ t \ tProblem Number 3 . 1 8\ n\n\n”);
4 // Chapter 3 : The F i r s t Law Of Thermodynamics
5 // Problem 3 . 1 8 ( page no . 119)
6 // S o l u t i o n
7
8 h1=1220 // Unit : Btu/LBm // I n l e t en tha lpy
9 h2=1100 // Unit : Btu/LBm // Out l e t en tha lpy

10
11 //Z1=I n l e t p o s i t i o n // Unit :m
12 //V1=I n l e t v e l o c i t y // Unit :m/ s
13 //Z2=Out l e t p o s i t i o n // Unit :m
14 //V2=Out l e t v e l o c i t y Unit :m/ s

44



15 // u1=i n t e r n a l ene rgy // ene rgy i n
16 // u2=i n t e r n a l ene rgy // ene rgy out
17 J=778; // J=Conver s i on f a c t o r
18 gc =32.174; // Unit : (LBm∗ f t ) / ( LBf∗ s ˆ2) // gc i s

c o n s t a n t o f p r o p o r t i o n a l i t y
19
20 // Energy e q u a t i o n i s g i v e n by
21 // ( ( Z1/J ) ∗ ( g/ gc ) ) + (V1ˆ2/(2∗ gc ∗J ) ) + u1 + ( ( p1∗v1 ) /

J ) + q = ( ( Z2/J ) ∗ ( g/ gc ) ) + (V2ˆ2/(2∗ gc ∗J ) ) + u2 +
( ( p2∗v2 ) /J ) + w/J ; // Unit : Btu/LBm

22
23 // For t h i s dev i c e , d i f f e r e n c e s i n e l e v a t i o n a r e

n e g l i g i b l e . No work i s done on or by the f l u i d ,
f r i c t i o n i s n e g l i g i b l e

24 //And due to the speed o f the f l u i d f l o w i n g and the
s h o r t l e n g t h o f the n oz z l e , heat t r a n s f e r to or
from the s u r r o u n d i n g s i s a l s o n e g l i g i b l e .

25 //So , the ene rgy e q u a t i o n i s r educed to
26 // u1 + ( ( p1∗v1 ) /J ) +(V1ˆ2/(2∗ gc ∗J ) = u2 + ( ( p2∗v2 ) /

J ) + (V2ˆ2/(2∗ gc ∗J )
27 // h1−h2 = ( ( V2ˆ2−V1ˆ2) /(2∗ gc ∗J ) )
28
29 printf(” S o l u t i o n f o r ( a ) \n”);
30 // For n e g l e g i b l e e n t e r i n g v e l o c i t y , V1=0
31 //So ,
32 V2=sqrt ((2*gc*J)*(h1-h2)); // the f i n a l v e l o c i t y //

f t / s
33 printf(” I t the i n i t i a l v e l o c i t y o f the system i s

n e g l i g i b l e , the f i n a l v e l o c i t y i s %f f t / s \n \n”,
V2);

34
35 printf(” S o l u t i o n f o r ( b ) \n”);
36 // I f the i n i t i a l v e l o c i t y i s a p p r e c i a b l e ,
37 V1 =1000; // Unit : f t / s // the i n i t i a l v e l o c i t y
38 V2=sqrt (((h1 -h2)*(2*gc*J)) + V1^2 ) ;

39 printf(” I t the i n i t i a l v e l o c i t y o f the system i s
a p p r e c i a b l e , the f i n a l v e l o c i t y i s %f f t / s \n \n”,
V2);
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Scilab code Exa 3.19 Nozzle

1 clear;

2 clc;

3 printf(”\ t \ t \ tProblem Number 3 . 1 9\ n\n\n”);
4 // Chapter 3 : The F i r s t Law Of Thermodynamics
5 // Problem 3 . 1 9 ( page no . 120)
6 // S o l u t i o n
7
8 h1 =3450*1000 // Unit : J/ kg // Enthalpy o f steam when i t

e n t e r s a n o z z l e
9 h2 =2800*1000 // Unit : J/ kg // Enthalpy o f steam when i t

l e a v e s a n o z z l e
10
11 //V2ˆ2/2=h1−h2 ;
12 V2=sqrt (2*(h1 -h2)); //V2=F i n a l v e l o c i t y // Unit :m/ s
13 printf(” F i n a l v e l o c i t y = %f m/ s \n”,V2);

Scilab code Exa 3.21 The heat exchanger

1 clear;

2 clc;

3 printf(”\ t \ t \ tProblem Number 3 . 2 1\ n\n\n”);
4 // Chapter 3 : The F i r s t Law Of Thermodynamics
5 // Problem 3 . 2 1 ( page no . 125)
6 // S o l u t i o n
7
8 m=400; // Unit :LBm/min // mass o f l u b r i c a t i n g o i l
9 Cp =0.85; // Unit : Btu/LBm∗R // S p e c i f i c heat o f the o i l

10 T1=215; // Temperature when hot o i l i s e n t e r i n g //
Unit : F a h r e n h e i t
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11 T2=125; // Temperature when hot o i l i s l e a v i n g // Unit
: F a h r e n h e i t

12 DeltaT=T2-T1; // Unit : F a h r e n h e i t // change i n
t empera tu re

13 Qoil=m*Cp*DeltaT; // Heat out o f o i l // Btu/min
14 printf(” Heat out o f o i l i s %f Btu/min ( Out o f o i l ) \n

”,Qoil);
15 // Heat out o f o i l i s the heat i n t o the water
16 //Mw=Water f l o w r a t e
17 //M∗Cpw∗DeltaTw=Qo i l
18 Cpw =1.0; // Unit : Btu/LBm∗R // S p e c i f i c heat o f the

water
19 T3=60; // Temperature when water i s e n t e r i n g // Unit :

F a h r e n h e i t
20 T4=90; // Temperature when water i s l e a v i n g // Unit :

F a h r e n h e i t
21 DeltaTw=T4-T3; // Unit : F a h r e n h e i t // change i n

t empera tu re
22 Mw=Qoil/(Cpw*DeltaTw); //The Requ i red water f l o w

r a t e // Unit ; lbm/Min
23 printf(”The Requ i red water f l o w r a t e i s %f lbm/Min\n

”,abs(Mw));
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Chapter 4

The Second Law Of
Thermodynamics

Scilab code Exa 4.1 Efficiency

1 // s c i l a b 5 . 4 . 1
2 clear;

3 clc;

4 printf(”\ t \ t \ tProblem Number 4 . 1\ n\n\n”);
5 // Chapter 4 : The Second Law Of Thermodynamics
6 // Problem 4 . 1 ( page no . 148)
7 // S o l u t i o n
8
9 // g i v e n data

10 t1 =1000; // ( u n i t : f a h r e n h e i t ) // Source t empera tu r e
11 t2=80; // ( u n i t : f a h r e n h e i t ) // S ink t empera tu r e
12 // s o l u t i o n
13 // c o n v e r t i n g t e m p e r a t u r e s to a b s o l u t e t e m p e r a t u r e s ;
14 T1=t1 +460; // Source t empera tu r e // Unit :R
15 T2=t2 +460; // S ink t empera tu r e // Unit :R
16
17 printf(” S o l u t i o n f o r ( a ) \n”);
18 ans =((T1 -T2)/T1)*100; // ( ans i n %) // E f f i c i e n c y o f

the e n g i n e
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19 printf(” E f f i c i e n c y o f the e n g i n e i s %f p e r c e n t a g e \n\
n”,ans);

20
21 printf(” S o l u t i o n f o r ( b ) \n”);
22 T1 =2000+460; // Source t empera tu r e // Unit :R
23 T2=t2 +460; // S ink t empera tu r e // Unit :R
24 ans =((T1 -T2)/T1)*100; // ( ans i n %) // E f f i c i e n c y o f

the e n g i n e
25 printf(”When the upper t e m p r e t r a t u r e i s i n c r e a s e d

upto c e r t a i n , E f f i c i e n c y o f the e n g i n e i s %f
p e r c e n t a g e \n\n”,ans);

26
27 printf(” S o l u t i o n f o r ( c ) \n”);
28 T1=t1 +460; // Source t empera tu r e // Unit :R
29 T2 =160+460; // S ink t empera tu r e // Unit :R
30 ans =((T1 -T2)/T1)*100; // ( ans i n %) // E f f i c i e n c y o f

the e n g i n e
31 printf(”When the l owe r t e m p r e t r a t u r e i s i n c r e a s e d

upto c e r t a i n , E f f i c i e n c y o f the e n g i n e i s %f
p e r c e n t a g e \n\n”,ans);

Scilab code Exa 4.2 Work and the heat removed from reservoir

1 // s c i l a b 5 . 4 . 1
2 clear;

3 clc;

4 printf(”\ t \ t \ tProblem Number 4 . 2\ n\n\n”);
5 // Chapter 4 : The Second Law Of Thermodynamics
6 // Problem 4 . 2 ( page no . 149)
7 // S o l u t i o n
8
9 // g i v e n data

10 Qin =100; // heat added to the c y c l e
11
12 printf(” In problem 4 . 1 , \ n”)
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13 // g i v e n data
14 t1 =1000; // ( u n i t : f a h r e n h e i t ) // Source t empera tu r e
15 t2=80; // ( u n i t : f a h r e n h e i t ) // S ink t empera tu r e
16 // s o l u t i o n
17 // c o n v e r t i n g t e m p e r a t u r e s to a b s o l u t e t e m p e r a t u r e s ;
18 T1=t1 +460; // Source t empera tu r e // Unit :R
19 T2=t2 +460; // S ink t empera tu r e // Unit :R
20 printf(” S o l u t i o n f o r ( a ) \n”);
21 printf(” E f f i c i e n c y o f the e n g i n e i s %f p e r c e n t a g e \n\

n” ,((T1-T2)/T1)*100);
22
23 printf(”Now i n problem 4 . 2 , \ n”)
24 W=0.63* Qin; //W=W/J ; // E f f i c i e n c y i n problem 4 . 1
25 W=Qin*(W/Qin); // amount o f work
26 Qr=Qin -W; // Qin−Qr=W/J //Qr=heat r e j e c t e d by the

c y c l e
27 printf(”The heat removed from the r e s e r v o i r %f u n i t s

”,Qr);

Scilab code Exa 4.3 Minimum input required

1 // s c i l a b 5 . 4 . 1
2 clear;

3 clc;

4 printf(”\ t \ t \ tProblem Number 4 . 3\ n\n\n”);
5 // Chapter 4 : The Second Law Of Thermodynamics
6 // Problem 4 . 3 ( page no . 149)
7 // S o l u t i o n
8
9 // g i v e n data

10 t1=70; // ( u n i t : f a h r e n h e i t ) // Source t empera tu r e
11 t2=15; // ( u n i t : f a h r e n h e i t ) // S ink t empera tu r e
12 Qin =125000; // ( u n i t=Btu/ hr ) // Qin=heat added to the

c y c l e
13 // c o n v e r t i n g t e m p e r a t u r e s to a b s o l u t e t e m p e r a t u r e s ;
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14 T1=t1 +460; // Source t empera tu r e // Unit :R
15 T2=t2 +460; // S ink t empera tu r e // Unit :R
16 Qr=Qin*(T2/T1); //Qr=heat r e j e c t e d by the c y c l e
17 printf(”Qr i s %f i n Btu/ hr \n”,Qr);
18 work=Qin -Qr; // r e v e r s e d c y c l e r e q u i r e s a t l e a s t i nput

// work // btu / hr
19 printf(”Work i s %f i n Btu/ hr \n”,work);
20 // 1 hp = 33000 f t ∗LBf/min
21 // 1 Btu = 778 f t ∗LBf //1 hr = 60 min
22 printf(”Minimum horsepower input r e q u i r e d i s %f hp”,

work *778/(60*33000));

Scilab code Exa 4.4 A Carnot engine

1 // s c i l a b 5 . 4 . 1
2 clear;

3 clc;

4 printf(”\ t \ t \ tProblem Number 4 . 4\ n\n\n”);
5 // Chapter 4 : The Second Law Of Thermodynamics
6 // Problem 4 . 4 ( page no . 150)
7 // S o l u t i o n
8
9 W=(50*33000) /778; // output //W=W/J

10 // 1 hp = 33000 f t ∗LBf/min
11 // 1 Btu = 778 f t ∗LBf
12 printf(” Output i s %f i n Btu/min\n”,W);
13 t1 =1000; // Source t empera tu r e //( u n i t : f a h r e n h e i t )
14 t2=100; // S ink t empera tu r e //( u n i t : f a h r e n h e i t )
15 // c o n v e r t i n g t e m p e r a t u r e s to a b s o l u t e t e m p e r a t u r e s ;
16 T1=t1 +460; // Source t empera tu r e // Unit :R
17 T2=t2 +460; // S ink t empera tu r e // Unit :R
18 n=(1-(T2/T1))*100; // e f f i c i e n c y
19 printf(” E f f i c i e n c y i s %f p e r c e n t a g e \n”,n);// ( i n %)
20 //n=(W/J ) /Qin
21 Qin=W/(n/100);// ( u n i t Btu/ hr ) // Qin=heat added to
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the c y c l e
22 printf(” Heat added to the c y c l e i s %f i n Btu/min\n”

,Qin);

23 Qr=Qin*(1-(n/100));// ( u n i t Btu/ hr ) //Qr=heat
r e j e c t e d by the c y c l e

24 printf(” Heat r e j e c t e d by the c y c l e i s %f i n Btu/min
\n”,Qr);

Scilab code Exa 4.5 The Carnot engine

1 // s c i l a b 5 . 4 . 1
2 clear;

3 clc;

4 printf(”\ t \ t \ tProblem Number 4 . 5\ n\n\n”);
5 // Chapter 4 : The Second Law Of Thermodynamics
6 // Problem 4 . 5 ( page no . 151)
7 // S o l u t i o n
8
9 t1=700; // Source t empera tu r e // Unit : C e l c i u s

10 t2=20; // S ink t empera tu r e // Unit : C e l c i u s
11 // c o n v e r t i n g i n F
12 T1=t1 +273; // Source t empera tu r e // Unit :R
13 T2=t2 +273; // S ink t empera tu r e // Unit :R
14 n=(T1-T2)/T1*100; // E f f i c i e n c y
15 printf(” E f f i c i e n c y i s %f p e r c e n t a g e \n”,n);// ( i n %)
16 output =65; // i n hp // Given
17 work=output *0.746; // ( u n i t kJ/ s ) // 1 hp = 746 W
18 printf(”Work i s %f kJ/ s \n”,work);
19 Qin=work/(n/100);// ( u n i t kJ/ s ) // Qin=heat added to

the c y c l e
20 printf(” Heat added to the c y c l e i s %f kJ/ s \n”,Qin);
21 Qr=Qin*(1-(n/100));// ( u n i t kJ/ s ) //Qr=heat r e j e c t e d

by the c y c l e
22 printf(” Heat r e j e c t e d by the c y c l e i s %f kJ/ s \n”,

Qr);
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Scilab code Exa 4.7 Two Carnot engines

1 // s c i l a b 5 . 4 . 1
2 clear;

3 clc;

4 printf(”\ t \ t \ tProblem Number 4 . 7\ n\n\n”);
5 // Chapter 4 : The Second Law Of Thermodynamics
6 // Problem 4 . 7 ( page no . 152)
7 // S o l u t i o n
8
9 t1=700; // ( u n i t : f a h r e n h e i t ) // Source t empera tu r e

10 t2=200; // ( u n i t : f a h r e n h e i t ) // S ink t empera tu r e
11 // c o n v e r t i n g t e m p e r a t u r e s to a b s o l u t e t e m p e r a t u r e s ;
12 T1=t1 +460; // Source t empera tu r e // Unit :R
13 T2=t2 +460; // S ink t empera tu r e // Unit :R
14 // n1=(T1−Ti ) /T1 and n2=(Ti−T2) / Ti // n1 & n2 a r e

e f f i c i e n c y
15 // (T1−Ti ) /T1=(Ti−T2) / Ti ;
16 Ti=sqrt(T1*T2); // Exhaust t empera tu r e // Unit :R
17 printf(” Exhaust t empera tu r e o f f i r s t e n g i n e i s %f i n

R\n”,Ti);
18 // c o n v e r t i n g a b s o l u t e t empera tu re to normal F

tempera tu re
19 // Ti ( f a h r e n h e i t )=Ti (R) −460;
20 printf(” Exhaust t empera tu r e o f f i r s t e n g i n e i s %f

f a h r e n h e i t \n”,Ti -460);

Scilab code Exa 4.8 Change in entropy

1 // s c i l a b 5 . 4 . 1
2 clear;
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3 clc;

4 printf(”\ t \ t \ tProblem Number 4 . 8\ n\n\n”);
5 // Chapter 4 : The Second Law Of Thermodynamics
6 // Problem 4 . 8 ( page no . 157)
7 // S o l u t i o n
8
9 // For r e v e r s i b l e i s o t h e r m a l p r o c e s s ,

10 q=843.7; // Heat // Unit : Btu // at 200 p s i a
11 t=381.86; // ( u n i t : f a h r e n h e i t ) // t empera tu re
12 // // c o n v e r t i n g t e m p e r a t u r e s to a b s o l u t e t e m p e r a t u r e s

;
13 T=t+460; // t empera tu r e // u n i t :R
14 deltaS =(q/T); // Change i n ent ropy // Unit : Btu/ lbm∗R
15 printf(”Change i n ent ropy i s %f Btu/ lbm∗R\n”,deltaS

); // 1 LBm o f s a t u r a t e d water

Scilab code Exa 4.9 work done per pound and energy rejected

1 // s c i l a b 5 . 4 . 1
2 clear;

3 clc;

4 printf(”\ t \ t \ tProblem Number 4 . 9\ n\n\n”);
5 // Chapter 4 : The Second Law Of Thermodynamics
6 // Problem 4 . 9 ( page no . 158)
7 // S o l u t i o n
8
9 // For r e v e r s i b l e i s o t h e r m a l p r o c e s s ,

10 // In problem 4 . 8 ,
11 q=843.7; // Heat // Unit : Btu // at 200 p s i a
12 t=381.86; // ( u n i t : f a h r e n h e i t )
13 // c o n v e r t i n g t e m p e r a t u r e s to a b s o l u t e t e m p e r a t u r e s ;
14 T=t+460; // Unit :R”
15 deltaS =(q/T); // Change i n ent ropy // Btu/ lbm
16 printf(”Change i n ent ropy i s %f Btu/ lbm∗R\n”,deltaS

); // 1 LBm o f s a t u r a t e d water
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17
18 // In problem 4 . 9
19 t1 =381.86; // ( u n i t : f a h r e n h e i t ) // Source t empera tu r e
20 t2=50; // ( u n i t : f a h r e n h e i t ) // S ink t empera tu r e
21 // c o n v e r t i n g t e m p e r a t u r e s to a b s o l u t e t e m p e r a t u r e s ;
22 T1=t1 +460; // Source t empera tu r e // Unit :R
23 T2=t2 +460; // S ink t empera tu r e // Unit :R
24 qin=q;// heat added to the c y c l e
25 n=(1-(T2/T1))*100; // E f f i c i e n c y
26 printf(” E f f i c i e n c y i s %f p e r c e n t a g e \n”,n);
27 wbyJ=qin*n*0.01; // work output
28 printf(”Work output i s %f Btu/ lbm\n”,wbyJ);
29 Qr=qin -wbyJ; // heat r e j e c t e d
30 printf(” Heat r e j e c t e d i s %f Btu/ lbm\n\n”,Qr);
31 printf(”As an a l t e r n a t i v e s o l u t i o n and r e f e r i n g to

f i g u r e 4 . 1 2 ,\ n”)
32 qin=T1*deltaS; // heat added // btu / lbm
33 Qr=T2*deltaS; // Heat r e j e c t e d // btu / lbm
34 printf(” Heat r e j e c t e d i s %f Btu/ lbm\n”,Qr);
35 wbyJ=qin -Qr; //Work output // Btu/ lbm
36 printf(”Work output i s %f Btu/ lbm\n”,wbyJ);
37 n=(wbyJ/qin)*100; // E f f i c i e n c y
38 printf(” E f f i c i e n c y i s %f p e r c e n t a g e \n”,n);

Scilab code Exa 4.10 Determine the change in entropy

1 // s c i l a b 5 . 4 . 1
2 clear;

3 clc;

4 printf(”\ t \ t \ tProblem Number 4 . 1 0\ n\n\n”);
5 // Chapter 4 : The Second Law Of Thermodynamics
6 // Problem 4 . 1 0 ( page no . 159)
7 // S o l u t i o n
8
9 hfg =1959.7; // Unit : kJ/ kg // Evapo ra t i v e en tha lpy
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10 T=195.07+273; // Converted i n t o Ke lv in // Temperature
11 deltaS=hfg/T; // Change i n ent ropy // kJ/ kg∗K
12 printf(”Change i n ent ropy at 1 . 4MPa f o r the

v a p o r i z a t i o n o f 1 kg i s %f kJ/ kg∗K”,deltaS); //
Values compares very c l o s e l y to the Steam Table s
v a l u e

Scilab code Exa 4.11 Heat rejected

1 // s c i l a b 5 . 4 . 1
2 clear;

3 clc;

4 printf(”\ t \ t \ tProblem Number 4 . 1 1\ n\n\n”);
5 // Chapter 4 : The Second Law Of Thermodynamics
6 // Problem 4 . 1 1 ( page no . 159)
7 // S o l u t i o n
8
9 // Let i s assume tha t a Carnot e n g i n e c y c l e o p e r a t e s

between two t e m p e r a t u r e s i n each c a s e .
10 t=1000; // ( u n i t : f a h r e n h e i t )
11 // c o n v e r t i n g t e m p e r a t u r e s to a b s o l u t e t e m p e r a t u r e s ;
12 T1=t+460;

13 //T1∗ d e l t a S=Qin ;
14 Qin =100; // Unit : Btu // heat added to the c y c l e
15 deltaS=Qin/T1; // Change i n ent ropy // Btu/R
16 T2 =50+460; // c o n v e r t i n g 50 F tempera tu r e to a b s o l u t e

t empera tu re ;
17 Qr=T2*deltaS; // Heat r e j e c t e d // Unit : Btu
18 printf(”%f Btu ene rgy i s u n a v a i l a b l e with r e s p e c t to

a r e c e i v e r at 50 f a h r e n h e i t \n”,Qr);
19 T2 =0+460; // c o n v e r t i n g 0 F tempera tu r e to a b s o l u t e

t empera tu re ;
20 Qr=T2*deltaS; // Heat r e j e c t e d // u n i t : Btu
21 printf(”%f Btu ene rgy i s u n a v a i l a b l e with r e s p e c t to

a r e c e i v e r at 0 f a h r e n h e i t \n”,Qr);
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Scilab code Exa 4.12 energy unavailable at receiver

1 // s c i l a b 5 . 4 . 1
2 clear;

3 clc;

4 printf(”\ t \ t \ tProblem Number 4 . 1 2\ n\n\n”);
5 // Chapter 4 : The Second Law Of Thermodynamics
6 // Problem 4 . 1 2 ( page no . 160)
7 // S o l u t i o n
8
9 Qin =1000; // Unit : J o u l e // heat e n t e r e d to the system

10 t=500; // ( u n i t : C e l c i u s ) // t empera tu re
11 // c o n v e r t i n g t empera tu re
12 T1=t+273; // Unit : Ke lv in
13 deltaS=Qin/T1; // Change i n ent ropy // Unit : J/K
14 printf(” S o l u t i o n f o r ( a ) ,\n”);
15 T2 =20+273; // c o n v e r t e d 20 C e l c i u s t empera tu r e to

Ke lv in ;
16 Qr=T2*deltaS; // Heat r e j e c t e d at 20 c e l c i u s // J o u l e
17 printf(”%f J o u l e ene rgy i s u n a v a i l a b l e with r e s p e c t

to a r e c e i v e r at 20 C e l c i u s \n\n”,Qr);
18
19 printf(” S o l u t i o n f o r ( b ) ,\n”)
20 T2 =0+273; // c o n v e r t e d 0 C e l c i u s t empera tu r e to

Ke lv in
21 Qr=T2*deltaS; // heat r e j e c t e d at 0 c e l c i u s // J o u l e
22 printf(”%f J o u l e ene rgy i s u n a v a i l a b l e with r e s p e c t

to a r e c e i v e r at 0 C e l c i u s \n”,Qr);

Scilab code Exa 4.13 The final temperature
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1 // s c i l a b 5 . 4 . 1
2 clear;

3 clc;

4 printf(”\ t \ t \ tProblem Number 4 . 1 3\ n\n\n”);
5 // Chapter 4 : The Second Law Of Thermodynamics
6 // Problem 4 . 1 3 ( page no . 161)
7 // S o l u t i o n
8
9 // d e l t a s=Cp∗ l n (T2/T1)

10 // M u l t i p l y i n g both the s i d e s o f e q u a t i o n by the mass
m,

11 // De l taS=m∗Cp∗ l n (T2/T1)
12 m=6; // mass // Unit : lbm
13 Cp =0.361; // Btu/ lbm∗R // S p e c i f i c heat c o n s t a n t
14 DeltaS = -0.7062; // Unit : Btu/R // change i n ent ropy
15 t=1440; // ( u n i t : f a h r e n h e i t )
16 // c o n v e r t i n g t e m p e r a t u r e s to a b s o l u t e t e m p e r a t u r e s ;
17 T1=t+460; // Unit :R
18 // Rear rang ing the equat ion ,
19 T2=T1*exp(DeltaS /(m*Cp)); // f i n a l t empera tu r e // Unit

:R
20 printf(” F i n a l t empera tu r e i s %f R”,T2);
21 printf(” or %f f a h r e n h e i t ”,T2 -460);

Scilab code Exa 4.14 Net Change in entropy

1 // s c i l a b 5 . 4 . 1
2 clear;

3 clc;

4 printf(”\ t \ t \ tProblem Number 4 . 1 4\ n\n\n”);
5 // Chapter 4 : The Second Law Of Thermodynamics
6 // Problem 4 . 1 4 ( page no . 162)
7 // S o l u t i o n
8
9 // 1 lbm o f water at 500F i s mixed with 1 lbm o f

58



water at 100F
10 m1=1; // Unit : lbm // mass
11 m2=1; // Unit : lbm // mass
12 c1=1; // S p e c i f i c heat c o n s t a n t
13 c2=1; // S p e c i f i c heat c o n s t a n t
14 t1=500; // ( u n i t : f a h r e n h e i t )
15 t2=100; // ( u n i t : f a h r e n h e i t )
16 cmix =1; // S p e c i f i c heat c o n s t a n t o f mixture
17 //now , m1∗ c1 ∗ t1 +m2∗ c2 ∗ t2 = (m1+m2) ∗ cmix∗ t
18 //So ,
19 t=((m1*c1*t1)+(m2*c2*t2))/((m1+m2)*cmix) // r e s u l t i n g

t empera tu re o f the mixture
20 printf(”The r e s u l t i n g t empera tu r e o f the mixture i s

%f f a h r e n h e i t \n”,t);
21 // For t h i s problem , the hot steam i s c o o l e d
22 deltas=cmix*log((t+460)/(t1+460)); // t e m p e r a t u r e s

c o n v e r t e d to a b s o l u t e t e m p e r a t u r e s ; // d e l t a s=
change i n ent ropy // Unit : Btu /( lbm∗R)

23 //The c o l d steam i s heated
24 deltaS=cmix*log((t+460)/(t2+460)); // t e m p e r a t u r e s

c o n v e r t e d to a b s o l u t e t e m p e r a t u r e s ; // d e l t a S=
change i n ent ropy // Unit : Btu /( lbm∗R)

25 printf(”The net change i n ent ropy i s %f Btu /( lbm∗R) \
n”,deltaS+deltas);

Scilab code Exa 4.15 Change in entropy

1 // s c i l a b 5 . 4 . 1
2 clear;

3 clc;

4 printf(”\ t \ t \ tProblem Number 4 . 1 5\ n\n\n”);
5 // Chapter 4 : The Second Law Of Thermodynamics
6 // Problem 4 . 1 5 ( page no . 163)
7 // S o l u t i o n
8
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9 // In problem 4 . 1 5 ,
10 // 1 lbm o f water at 500F i s mixed with 1 lbm o f

water at 100F
11 m1=1; // Unit : lbm // mass
12 m2=1; // Unit : lbm // mass
13 c1=1; // S p e c i f i c heat c o n s t a n t
14 c2=1; // S p e c i f i c heat c o n s t a n t
15 t1=500; // ( u n i t : f a h r e n h e i t )
16 t2=100; // ( u n i t : f a h r e n h e i t )
17 cmix =1; // S p e c i f i c heat c o n s t a n t o f mixture
18 //now , m1∗ c1 ∗ t1 +m2∗ c2 ∗ t2 = (m1+m2) ∗ cmix∗ t //So ,
19 t=((m1*c1*t1)+(m2*c2*t2))/((m1+m2)*cmix) // r e s u l t i n g

t empera tu re o f the mixture
20 printf(” In problem 4 . 1 4 , The r e s u l t i n g t empera tu r e o f

the mixture i s %f f a h r e n h e i t \n”,t);
21
22 //Now , i n problem 4 . 1 5 , t a k i n g 0F as a r e f e r e n c e

temperature ,
23 // For hot f l u i d ,
24 deltas=cmix*log((t1 +460) /(0+460)); // t e m p e r a t u r e s

c o n v e r t e d to a b s o l u t e t e m p e r a t u r e s ; // d e l t a s=
change i n ent ropy // Unit : Btu /( lbm∗R)

25 // For c o l d f l u i d ,
26 s=cmix*log((t2+460) /(0+460)); // t e m p e r a t u r e s

c o n v e r t e d to a b s o l u t e t e m p e r a t u r e s ; // s=change i n
ent ropy // Unit : Btu /( lbm∗R)

27 //At f i n a l mixture t empera tu r e o f t F , the ent ropy o f
each system above 0F i s , f o r the hot f l u i d

28 s1=cmix*log((t+460) /(0+460)); // t e m p e r a t u r e s
c o n v e r t e d to a b s o l u t e t e m p e r a t u r e s ; // s1=change
i n ent ropy // Unit : Btu /( lbm∗R)

29 // and f o r the c o l d f l u i d ,
30 s2=cmix*log((t+460) /(0+460)); // t e m p e r a t u r e s

c o n v e r t e d to a b s o l u t e t e m p e r a t u r e s ; // s2=change
i n ent ropy // Unit : Btu /( lbm∗R)

31 printf(”The change i n the ent ropy f o r hot f l u i d i s
%f Btu /( lbm∗R) \n”,s1 -deltas);

32 printf(”The change i n the ent ropy f o r c o l d f l u i d i s
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%f Btu /( lbm∗R) \n”,s2 -s);
33 printf(”The t o t a l change i n ent ropy i f %f Btu /( lbm∗R

”,s1 -deltas+s2 -s);
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Chapter 5

Properties Of Liquids And
Gases

Scilab code Exa 5.1 The enthalpy

1 // s c i l a b 5 . 4 . 1
2 clear;

3 clc;

4 printf(”\ t \ t \ tProblem Number 5 . 1\ n\n\n”);
5 // Chapter 5 : P r o p e r t i e s Of L i q u i d s And Gases
6 // Problem 5 . 1 ( page no . 182)
7 // S o l u t i o n
8
9 p=0.6988; // Unit : p s i a // a b s o l u t e p r e s s u r e

10 vg =467.7; // Unit : f t ˆ3/ lbm // S a t u r a t e d vapour
s p e c i f i c volume

11 ug =1040.2; // Unit : Btu/ lbm // S a t u r a t e d vapour
i n t e r n a l ene rgy

12 J=778; // J=Conver s i on f a c t o r
13 // 1 Btu = 778 f t ∗LBf
14 //h=u+(p∗v ) /J
15 hg=ug+((p*vg*144)/J); //The en tha lpy o f s a t u r a t e d

steam //1 f t ˆ2=144 i n ˆ2 // Btu/ lbm
16 printf(”The en tha lpy o f s a t u r a t e d steam at 90 F i s
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%f Btu/ lbm”,hg); //The v a l u e i s matched with the
v a l u e i n t a b l e 1

Scilab code Exa 5.2 Determine the enthalpy of saturated steam

1 // s c i l a b 5 . 4 . 1
2 clear;

3 clc;

4 printf(”\ t \ t \ tProblem Number 5 . 2\ n\n\n”);
5 // Chapter 5 : P r o p e r t i e s Of L i q u i d s And Gases
6 // Problem 5 . 2 ( page no . 187)
7 // S o l u t i o n
8
9 p=4.246; // Unit : kPa // a b s o l u t e p r e s s u r e

10 vg =32.894; // Unit :mˆ3/ kg // s p e c i f i c volume
11 ug =2416.6; // Unit : kJ/ kg // i n t e r n a l ene rgy
12 J=778; // J=Conver s i on f a c t o r
13 // 1 Btu = 778 f t ∗LBf
14 //h=u+(p∗v )
15 hg=ug+(p*vg); //The en tha lpy o f s a t u r a t e d steam //1

f t ˆ2=144 i n ˆ2 // u n i t : kJ/ kg
16 printf(”The en tha lpy o f s a t u r a t e d steam at 30 C i s

%f kJ/ kg ”,hg); //The v a l u e i s matched with the
v a l u e i n t a b l e 1

Scilab code Exa 5.3 Determine hg vg sg and ug

1 // s c i l a b 5 . 4 . 1
2 clear;

3 clc;

4 printf(”\ t \ t \ tProblem Number 5 . 3\ n\n\n”);
5 // Chapter 5 : P r o p e r t i e s Of L i q u i d s And Gases
6 // Problem 5 . 3 ( page no . 188)
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7 // S o l u t i o n
8
9 //The n e c e s s a r y i n t e r p o l a t i o n s a r e b e s t done i n

t a b u l a r forms as shown :
10 // p hg
11 // 115 1 1 9 0 . 4 t a b l e 2
12 // 118 1 1 9 0 . 8 ( hg ) 118=1190.8
13 // 120 1 1 9 1 . 1
14 hg =1190.4+(3/5) *(1191.1 -1190.4); // Btu/ lbm //

en thap ly
15 printf(”The en tha lpy o f s a t u r a t e d steam at 118 p s i a

i s %f Btu/ lbm\n”,hg);
16
17 // p vg
18 // 115 3 . 8 8 4 t a b l e 2
19 // 118 3 . 7 9 2 ( vg ) 118=3.790
20 // 120 3 . 7 3 0
21 vg =3.884 -(3/5) *(3.884 -3.730); // f t ˆ3/ lbm // s p e c i f i c

volume
22 printf(”The s p e c i f i c volume o f s a t u r a t e d steam at

118 p s i a i s %f f t ˆ3/ lbm\n”,vg);
23
24 // p sg
25 // 115 1 . 5 9 2 1 t a b l e 2
26 // 118 1 . 5 9 0 0 ( sg ) 118=1.5900
27 // 120 1 . 5 8 8 6
28 sg =1.5921 -(3/5) *(1.5921 -1.5886); // ent ropy
29 printf(”The ent ropy o f s a t u r a t e d steam at 118 p s i a

i s %f\n”,sg);
30
31 // p ug
32 // 115 1 1 0 7 . 7 t a b l e 2
33 // 118 1 1 0 8 . 0 6 ( ug ) 118=1180.1
34 // 120 1 1 0 8 . 3
35 ug =1107.7 -(3/5) *(1108.3 -1107.7); // i n t e r n a l ene rgy
36 printf(”The i n t e r n a l ene rgy o f s a t u r a t e d steam at

118 p s i a i s %f\n”,ug);
37 //The i n t e r p o l a t i o n p r o c e s s tha t was done i n t a b u l a r
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form f o r t h i s problem can a l s o be demonstated by
r e f e r i n g to f i g u r e 5 . 8 f o r the s p e c i f i c volume .

I t w i l l be
38 // s e en tha t the r e s u l t s o f t h i s problem and the

t a b u l a t e d v a l u e s a r e e s s e n t i a l l y i n e x a c t
agreement and tha t l i n e a r i n t e r p o l a t i o n i s
s a t i s f a c t o r y i n t h e s e t a b l e s .

Scilab code Exa 5.4 hfg for saturated steam

1 // s c i l a b 5 . 4 . 1
2 clear;

3 clc;

4 printf(”\ t \ t \ tProblem Number 5 . 4\ n\n\n”);
5 // Chapter 5 : P r o p e r t i e s Of L i q u i d s And Gases
6 // Problem 5 . 4 ( page no . 189)
7 // S o l u t i o n
8
9 //By d e f i n a t i o n ,

10 // hg=ug+(p∗vg ) /J
11 // h f=u f +(p∗ v f ) /J
12 // h fg = hg−h f = ( ug−u f ) + p ∗ ( vg−v f ) /J = ufg + p ∗ ( vg−

v f ) /J
13 //From t a b l e 2 at 115 ps i a ,
14 p=115; // Unit : p s i a // a b s o l u t e p r e s s u r e
15 ufg =798.8; // Unit : Btu/ lbm //Evap . i n t e r n a l ene rgy
16 ug =3.884; // Unit : f t ˆ3/ lbm // S a t u r a t e d vapour

i n t e r n a l ene rgy
17 vf =0.017850; // Unit : f t ˆ3/ lbm // S a t u r a t e d l i q u i d

s p e c i f i c volume
18 J=778; // J=Conver s i on f a c t o r // Unit : f t ∗ l b f /Btu
19 // 1 f t ˆ2=144 i n ˆ2
20 hfg=ufg+(p*144*(ug -vf))/J; //Evap . Enthalpy // Unit :

Btu/ lbm
21 printf(” h fg f o r s a t u r a t e d steam at 115 p s i a i s %f
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Btu/ lbm”,hfg); //The t a b u l a t e d v a l u e s a r e matched

Scilab code Exa 5.5 find hfg

1 // s c i l a b 5 . 4 . 1
2 clear;

3 clc;

4 printf(”\ t \ t \ tProblem Number 5 . 5\ n\n\n”);
5 // Chapter 5 : P r o p e r t i e s Of L i q u i d s And Gases
6 // Problem 5 . 5 ( page no . 190)
7 // S o l u t i o n
8
9 //From t a b l e 2 at 1 . 0 MPa,

10 p=1000; // Unit : kN/mˆ2 // a b s o l u t e p r e s s u r e
11 ufg =1822.0; // Unit : kJ/ kg //Evap . i n t e r n a l ene rgy
12 vf =0.0011273; // Unit :mˆ3/ kg // S a t u r a t e d l i q u i d

s p e c i f i c volume
13 vg =0.19444; // Unit :mˆ3/ kg // S a t u r a t e d vapour

s p e c i f i c volume
14 vfg=vg -vf; //Evap . s p e c i f i c volume //mˆ3/ kg
15 hfg=ufg+(p*vfg); //Evap . Enthalpy // Unit : kJ/ kg
16 printf(” h fg f o r s a t u r a t e d steam at 1 . 0 MPa i s %f kJ/

kg ”,hfg); //The t a b u l a t e d v a l u e s a r e matched

Scilab code Exa 5.6 Determine hfg

1 // s c i l a b 5 . 4 . 1
2 clear;

3 clc;

4 printf(”\ t \ t \ tProblem Number 5 . 6\ n\n\n”);
5 // Chapter 5 : P r o p e r t i e s Of L i q u i d s And Gases
6 // Problem 5 . 6 ( page no . 190)
7 // S o l u t i o n
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8
9 // For cons tant−temperature , r e v e r s i b l e v a p o r i z a t i o n ,

h fg=d e l t a h=T∗ d e l t a s=T∗ s f g
10 hfg =(388.12+460) *(1.1042); //Evap . Enthalpy // Unit :

Btu/ lbm
11 printf(”By c o n s i d e r i n g the p r o c e s s to be a

r e v e r s i b l e , cons tant−temperature , h f g f o r s a t u r a t e d
steam at 115 p s i a i s %f Btu/ lbm”,hfg); // ans i s

wrong i n the book
12 // Values a r e matched with t a b u l a t e d v a l u e s . Use o f

−459.67 F f o r a b s o l u t e zero , which i s the v a l u e
used i n t a b l e , g i v e s a lmost e x a c t agreement .

Scilab code Exa 5.7 Determine sx hx ux and vx

1 // s c i l a b 5 . 4 . 1
2 clear;

3 clc;

4 printf(”\ t \ t \ tProblem Number 5 . 7\ n\n\n”);
5 // Chapter 5 : P r o p e r t i e s Of L i q u i d s And Gases
6 // Problem 5 . 7 ( page no . 192)
7 // S o l u t i o n
8
9 // Using Table 2 ans a q u a l i t y o f 80%( x =0.8) , we have

10 // at 120 p s i a
11 x=0.8;

12 sf =0.49201; // s a t u r a t e d l i q u i d ent ropy // Unit : Btu/
lbm∗R

13 sfg =1.0966; //Evap . Entropy // Unit : Btu/ lbm∗R
14 hf =312.67; // s a t u r a t e d l i q u i d en tha lpy // Unit : Btu/

lbm
15 hfg =878.5; //Evap . Enthalpy // Unit : Btu/ lbm
16 uf =312.27; // s a t u r a t e d l i q u i d i n t e r n a l ene rgy // Unit

: Btu/ lbm
17 ufg =796.0; // Unit : Btu/ lbm //Evap . i n t e r n a l ene rgy
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18 vf =0.017886; // S a t u r a t ed l i q u i d s p e c i f i c volume //
Unit : f t ˆ3/ lbm

19 vfg =(3.730 -0.017886); // evap . s p e c i f i c volume // Unit
: f t ˆ3/ lbm

20 sx=sf+(x*sfg); // ent ropy // Btu/ lbm∗R
21 printf(” Entropy o f a wet steam mixture at 120 p s i a

i s %f Btu/ lbm∗R\n”,sx);
22 hx=hf+(x*hfg); // en tha lpy // Btu/ lbm∗R
23 printf(” Enthalpy o f a wet steam mixture at 120 p s i a

i s %f Btu/ lbm\n”,hx);
24 ux=uf+(x*ufg); // i n t e r n a l ene rgy // Btu/ lbm∗R
25 printf(” I n t e r n a l ene rgy o f a wet steam mixture at

120 p s i a i s %f Btu/ lbm\n”,ux);
26 vx=vf+(x*vfg); // / s p e c i f i c volume // f t ˆ3/ lbm
27 printf(” S p e c i f i c Volume o f a wet steam mixture at

120 p s i a i s %f f t ˆ3/ lbm\n”,vx);
28 //As a check ,
29 J=778; // f t ∗ l b f /Btu // Conver s i on f a c t o r
30 px=120; // p s i a // p r e s s u r e
31 ux=hx -((px*vx*144)/J); // 1 f t ˆ2=144 i n ˆ2 // i n t e r n a l

ene rgy
32 printf(”As a check , \ n”)
33 printf(” I n t e r n a l ene rgy o f a wet steam mixture at

120 p s i a i s %f Btu/ lbm\n”,ux);
34 printf(”Which a g r e e s with the v a l u e s o b t a i n e d above ”

);

Scilab code Exa 5.8 Determine sx hx ux and vx when quality is given

1 // s c i l a b 5 . 4 . 1
2 clear;

3 clc;

4 printf(”\ t \ t \ tProblem Number 5 . 8\ n\n\n”);
5 // Chapter 5 : P r o p e r t i e s Of L i q u i d s And Gases
6 // Problem 5 . 8 ( page no . 193)
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7 // S o l u t i o n
8
9 // Using Table 2 ans a q u a l i t y o f 85%( x =0.85) , we have

10 // at 1 . 0 MPa
11 x=0.85;

12 sf =2.1387; // s a t u r a t e d l i q u i d ent ropy // Unit : kJ/ kg∗K
13 sfg =4.4487; //Evap . Entropy // Unit : kJ/ kg∗K
14 hf =762.81; // s a t u r a t e d l i q u i d en tha lpy // Unit : kJ/ kg
15 hfg =2015.3; //Evap . Enthalpy // Unit : kJ/ kg
16 uf =761.68; // s a t u r a t e d l i q u i d i n t e r n a l ene rgy // Unit

: kJ/ kg
17 ufg =1822.0; // Unit : kJ/ kg //Evap . i n t e r n a l ene rgy
18 vf =1.1273; // S a t u r a t ed l i q u i d s p e c i f i c volume // Unit

:mˆ3/ kg
19 vfg =(194.44 -1.1273); // evap . s p e c i f i c volume // Unit :

mˆ3/ kg
20 sx=sf+(x*sfg); // ent ropy // kJ/ kg∗K
21 printf(” Entropy o f a wet steam mixture at 1 . 0 MPa

i s %f kJ/ kg∗K\n”,sx);
22 hx=hf+(x*hfg); // en tha lpy // kJ/ kg∗K
23 printf(” Enthalpy o f a wet steam mixture at 1 . 0 MPa

i s %f kJ/ kg\n”,hx);
24 ux=uf+(x*ufg); // i n t e r n a l ene rgy // kJ/ kg∗K
25 printf(” I n t e r n a l ene rgy o f a wet steam mixture at

1 . 0 MPa i s %f kJ/ kg\n”,ux);
26 vx=(vf+(x*vfg))*(0.001); // s p e c i f i c volume //mˆ3/ kg
27 printf(” S p e c i f i c Volume o f a wet steam mixture at

1 . 0 MPa i s %f mˆ3/ kg\n”,vx);
28 //As a check ,
29 px =10^6; // p s i a // p r e s s u r e
30 ux=hx -((px*vx)/10^3); // 1 f t ˆ2=144 i n ˆ2 // i n t e r n a l

ene rgy
31 printf(”As a check , \ n”)
32 printf(” I n t e r n a l ene rgy o f a wet steam mixture at

120 p s i a i s %f kJ/ kg\n”,ux);
33 printf(”Which a g r e e s with the v a l u e s o b t a i n e d above ”

);
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Scilab code Exa 5.9 Quality of the steam

1 // s c i l a b 5 . 4 . 1
2 clear;

3 clc;

4 printf(”\ t \ t \ tProblem Number 5 . 9\ n\n\n”);
5 // Chapter 5 : P r o p e r t i e s Of L i q u i d s And Gases
6 // Problem 5 . 9 ( page no . 193)
7 // S o l u t i o n
8
9 // For the wet mixture , hx=hf +(x∗ h fg ) , s o l v i n g f o r x

g i v e s us
10 // Using t a b l e 1 , we have ,
11 hx=900; // Btu/ lbm // Enthalpy o f wet mixture at 90F
12 hf =58.07; // Btu/ lbm // s a t u r a t e d l i q u i d en tha lpy
13 hfg =1042.7; // Btu/ lbm //Evap . Enthalpy
14 x=(hx -hf)/hfg; // q u a l i t y
15 printf(”The q u a l i t y i s %f p e r c e n t a g e o f a wet steam

at 90F\n”,x*100);

Scilab code Exa 5.10 Determine the quality

1 // s c i l a b 5 . 4 . 1
2 clear;

3 clc;

4 printf(”\ t \ t \ tProblem Number 5 . 1 0\ n\n\n”);
5 // Chapter 5 : P r o p e r t i e s Of L i q u i d s And Gases
6 // Problem 5 . 1 0 ( page no . 194)
7 // S o l u t i o n
8
9 // For the wet mixture , hx=hf +(x∗ h fg ) , s o l v i n g f o r x

g i v e s us
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10 // Using t a b l e 1 , we have ,
11 hx =2000; // kJ/ kg // Enthalpy o f wet mixture at 30 C
12 hf =125.79; // kJ/ kg // s a t u r a t e d l i q u i d en tha lpy
13 hfg =2430.5; // //Evap . Enthalpy // kJ/ kg
14 x=(hx-hf)/hfg; // q u a l i t y
15 printf(”The q u a l i t y i s %f p e r c e n t a g e o f a wet steam

at 30 C\n”,x*100);

Scilab code Exa 5.11 Determine h v u and s of superheated steam

1 // s c i l a b 5 . 4 . 1
2 clear;

3 clc;

4 printf(”\ t \ t \ tProblem Number 5 . 1 1\ n\n\n”);
5 // Chapter 5 : P r o p e r t i e s Of L i q u i d s And Gases
6 // Problem 5 . 1 1 ( page no . 197)
7 // S o l u t i o n
8
9 //The v a l u e s o f t empera tu r e and p r e s s u r e a r e l i s t e d

i n Table 3( F i gu r e 5 . 1 0 ) and can be read d i r e c t l y .
10 printf(” S p e c i f i c volume o f s u p e r h e a t e d steam at 330

p s i a and 450F i s v =1.4691 f t ˆ3/ lbm\n”);
11 printf(” I n t e r n a l Energy o f s u p e r h e a t e d steam at 330

p s i a and 450F i s u =1131.8 Btu/ lbm\n”);
12 printf(” Enthalpy o f s u p e r h e a t e d steam at 330 p s i a

and 450F i s h =1221.5 Btu/ lbm\n”);
13 printf(” Entropy o f s u p e r h e a t e d steam at 330 p s i a and

450F i s s =1.5219 Btu/ lbm∗R\n”);

Scilab code Exa 5.12 Determine v u h and s of superheated steam

1 // s c i l a b 5 . 4 . 1
2 clear;
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3 clc;

4 printf(”\ t \ t \ tProblem Number 5 . 1 2\ n\n\n”);
5 // Chapter 5 : P r o p e r t i e s Of L i q u i d s And Gases
6 // Problem 5 . 1 2 ( page no . 197)
7 // S o l u t i o n
8
9 //The v a l u e s o f t empera tu r e and p r e s s u r e a r e l i s t e d

i n Table 3( F i gu r e 5 . 1 0 ) and can be read d i r e c t l y .
10 printf(” S p e c i f i c volume o f s u p e r h e a t e d steam at 2 . 0

MPa and 240 C i s v =0.10845 mˆ3/ lbm\n”);
11 printf(” I n t e r n a l Energy o f s u p e r h e a t e d steam at 2 . 0

MPa and 240 C i s u =2659.6 kJ/ kg\n”);
12 printf(” Enthalpy o f s u p e r h e a t e d steam at 2 . 0 MPa and

240 C i s h =2876.5 kJ/ kg\n”);
13 printf(” Entropy o f s u p e r h e a t e d steam at 2 . 0 MPa and

240 C i s s =6.4952 kJ/ kg∗K\n”);

Scilab code Exa 5.13 Determine v h s and u of superheated steam

1 // s c i l a b 5 . 4 . 1
2 clear;

3 clc;

4 printf(”\ t \ t \ tProblem Number 5 . 1 3\ n\n\n”);
5 // Chapter 5 : P r o p e r t i e s Of L i q u i d s And Gases
6 // Problem 5 . 1 3 ( page no . 197)
7 // S o l u t i o n
8
9

10 //The n e c e s s a r y i n t e r p o l a t i o n s ( between 450F and 460F
at 330 p s i a ) a r e b e s t done i n t a b u l a r forms as

shown :
11 // t v
12 // 460 1 . 4 9 4 5
13 // 455 1 . 4 8 1 8
14 // 450 1 . 4 6 9 1
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15 v=1.4691+(1/2) *(1.4945 -1.4691); // f t ˆ3/ lbm //
s p e c i f i c volume

16 printf(”The s p e c i f i c volume o f s a t u r a t e d steam at
330 p s i a & 455F i s %f f t ˆ3/ lbm\n”,v);

17
18 // t u
19 // 460 1 1 3 7 . 0
20 // 455 1 1 3 4 . 4
21 // 450 1 1 3 1 . 8
22 u=1131.8+(1/2) *(1137.0 -1131.8); // Btu/ lbm // i n t e r n a l

ene rgy
23 printf(”The i n t e r n a l ene rgy o f s a t u r a t e d steam at

330 p s i a & 455F i s %f Btu/ lbm\n”,u);
24
25 // t h
26 // 460 1 2 2 8 . 2
27 // 455 1 2 2 4 . 9
28 // 450 1 2 2 1 . 5
29 h=1221.5+(1/2) *(1228.2 -1221.5); // en thap ly // Btu/ lbm
30 printf(”The en tha lpy o f s a t u r a t e d steam at 330 p s i a

& 455F i s %f Btu/ lbm\n”,h);
31
32 // t s
33 // 460 1 . 5 2 9 3
34 // 455 1 . 5 2 5 6
35 // 450 1 . 5 2 1 9
36 s=1.5219+(1/2) *(1.5293 -1.5219); // ent ropy // Btu/ lbm∗

R
37 printf(”The ent ropy o f s a t u r a t e d steam at 330 p s i a &

455F i s %f Btu/ lbm∗R\n”,s);

Scilab code Exa 5.14 Determine specific volume and enthalpy of super-
heated steam

1 // s c i l a b 5 . 4 . 1
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2 clear;

3 clc;

4 printf(”\ t \ t \ tProblem Number 5 . 1 4\ n\n\n”);
5 // Chapter 5 : P r o p e r t i e s Of L i q u i d s And Gases
6 // Problem 5 . 1 4 ( page no . 198)
7 // S o l u t i o n
8
9 //From Table3 , we f i r s t o b t a i n the p r o p e r t i e s at 337

p s i a and 460 F and then 337 p s i a and 470 F .
10 //The n e c e s s a r y i n t e r p o l a t i o n s a r e b e s t done i n

t a b u l a r forms as shown :
11 // Proc e ed ing with the c a l c u l a t i o n , at 460 F ,
12 // p v // p

h
13 // 340 1 . 4 4 4 8 //

340 1 2 2 6 . 7
14 // 337 1 . 4 5 9 5 //

337 1 2 2 7 . 2
15 // 335 1 . 4 6 9 3 //

335 1 2 2 7 . 5
16 v=1.4696 -(2/5) *(1.4693 -1.4448); h

=1227.5 -(2/5) *(1227.5 -1226.7);

17 // f t ˆ3/ lbm // s p e c i f i c volume // Btu
/ lbm // enthap ly

18
19 //And at 470 F ,
20 // p v // p

h
21 // 340 1 . 4 6 9 3 //

340 1 2 3 3 . 4
22 // 337 1 . 4 8 4 1 //

337 1 2 3 3 . 9
23 // 335 1 . 4 9 4 0 //

335 1 2 3 4 . 2
24 v=1.4640 -(2/5) *(1.4640 -1.4693); h

=1234.2 -(2/5) *(1234.2 -1233.4);

25 // f t ˆ3/ lbm // s p e c i f i c volume // Btu
/ lbm // enthap ly
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26
27 // Ther e f o r e , a t 337 p s i a and 465 F
28 // t v // t

h
29 // 470 1 . 4 8 4 1 // 470

1 2 3 3 . 9
30 // 465 1 . 4 7 1 8 // 465

1 2 3 0 . 7
31 // 460 1 . 4 5 9 5 // 460

1 2 2 7 . 5
32 v=1.4595+(1/2) *(1.4841 -1.4595); h

=1227.5+(1/2) *(1233.9 -1227.5);

33 // f t ˆ3/ lbm // s p e c i f i c volume // Btu/
lbm // en thap ly

34 printf(”At 465 F and 337 ps i a , s p e c i f i c volume=%f f t
ˆ3/ lbm and en tha lpy=%f Btu/ lbm\n”,v,h);

Scilab code Exa 5.15 Determine h s v and u of subcooled water

1 // s c i l a b 5 . 4 . 1
2 clear;

3 clc;

4 printf(”\ t \ t \ tProblem Number 5 . 1 5\ n\n\n”);
5 // Chapter 5 : P r o p e r t i e s Of L i q u i d s And Gases
6 // Problem 5 . 1 5 ( page no . 202)
7 // S o l u t i o n
8
9 //The v a l u e s o f t empera tu r e and p r e s s u r e a r e l i s t e d

i n Table 4( F i gu r e 5 . 1 0 ) and can be read d i r e c t l y .
10 printf(” S p e c i f i c volume o f s u b c o o l e d water at 1000

p s i a and 300F i s v =0.017379 f t ˆ3/ lbm\n”);
11 printf(” I n t e r n a l Energy o f s u b c o o l e d water at 1000

p s i a and 300F i s u =268.24 Btu/ lbm\n”);
12 printf(” Enthalpy o f s u b c o o l e d water at 1000 p s i a and

300F i s h =271.46 Btu/ lbm\n”);
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13 printf(” Entropy o f s u b c o o l e d water at 1000 p s i a and
300F i s s =0.43552 Btu/ lbm∗R\n”);

Scilab code Exa 5.16 Determine enthalpy of subcooled water

1 // s c i l a b 5 . 4 . 1
2 clear;

3 clc;

4 printf(”\ t \ t \ tProblem Number 5 . 1 6\ n\n\n”);
5 // Chapter 5 : P r o p e r t i e s Of L i q u i d s And Gases
6 // Problem 5 . 1 6 ( page no . 202)
7 // S o l u t i o n
8
9 // I t i s n e c e s s a r y to o n t a i n the s a t u r a t i o n v a l u e s

c o r r e s p o n d i n g to 300 F . This i s done by r e a d i n g
Table A. 1 i n Appendix 3 , which g i v e s

10 pf =66.98; // p s i a // p r e s s u r e
11 vf =0.017448; // f t ˆ3/ lbm // s p e c i f i c volume
12 hf =269.73; // Btu/ lbm // en thap ly
13 //Now ,
14 p=1000; // p s i a // p r e s s u r e
15 J=778; // Conver s i on f a c t o r // f t ∗ l b f /Btu
16 //From eq . 5 . 5 ,
17 h=hf+((p-pf)*vf *144)/J; // 1 f t ˆ2=144 i n ˆ2 //The

en tha lpy o f s u b c o o l e d water // Btu/ lbm
18 printf(”The en tha lpy o f s u b c o o l e d water i s %f Btu/

lbm\n”,h);
19 //The d i f f e r e n c e between t h i s v a l u e and the v a l u e

found i n problem 5 . 1 5 , e x p r e s s e d as a p e r c e n t a g e
i s

20 percentoferror =(h -271.46) /271.46;

21 printf(” Percent o f e r r o r i s %f\n”,percentoferror
*100);
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Scilab code Exa 5.25 the enthalpy of saturated steam

1 // s c i l a b 5 . 4 . 1
2 clear;

3 clc;

4 printf(”\ t \ t \ tProblem Number 5 . 2 5\ n\n\n”);
5 // Chapter 5 : P r o p e r t i e s Of L i q u i d s And Gases
6 // Problem 5 . 2 5 ( page no . 211)
7 // S o l u t i o n
8
9 //On a c h a r t i n Appendix 3 , i t i s n e c e s s a r y to

e s t i m a t e the 90 F p o i n t on the s a t u r a t i o n l i n e .
From the c h a r t or the t a b l e i n the upper l e f t o f
the chart , we note tha t 90 F i s between 1 . 4 and
1 . 5 i n . o f mercury . Es t imat ing the i n t e r s e c t i o n o f

t h i s v a l u e with the s a t u r a t i o n curve y i e l d s
10 printf(” Enthalpy o f s a t u r a t e d steam hg=1100 Btu/ lbm\

n”);
11 // This i s a good agreement with r e s u l t s o f problem

5 . 1

Scilab code Exa 5.26 Enthalpy of a wet steam

1 // s c i l a b 5 . 4 . 1
2 clear;

3 clc;

4 printf(”\ t \ t \ tProblem Number 5 . 2 6\ n\n\n”);
5 // Chapter 5 : P r o p e r t i e s Of L i q u i d s And Gases
6 // Problem 5 . 2 6 ( page no . 212)
7 // S o l u t i o n
8
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9 //The M o l l i e r c h a r t has l i n e s o f c o n s t a n t m o i s t u r e
i n the wet r e g i o n which c o r r e s p o n d to (1−x ) .
The r e f o r e , we read at 20% m o i s t u r e (80% Qua l i t y )
and 120 ps i a ,

10 printf(”The en tha lpy o f a wet steam mixture at 120
p s i a hav ing q u a l i t y 80 p e r c e n t i s 1015 Btu/ lbm\n”
);

11 //Which a l s o a g r e e s w e l l with the c a l c u l a t e d v a l u e
i n problem 5 . 7

Scilab code Exa 5.27 quality of a wet steam mixture

1 // s c i l a b 5 . 4 . 1
2 clear;

3 clc;

4 printf(”\ t \ t \ tProblem Number 5 . 2 7\ n\n\n”);
5 // Chapter 5 : P r o p e r t i e s Of L i q u i d s And Gases
6 // Problem 5 . 2 7 ( page no . 213)
7 // S o l u t i o n
8
9 // En t e r i n g the M o l l i e r c h a r t at 900 Btu/ lbm and

e s t i m a t i n g 90 F( near the 1.5− i n . Hg dashed l i n e )
y i e l d s a c o n s t a n t m o i s t u r e p e r c e n t o f 1 9 . 2%.

10 printf(”The q u a l i t y i s %f p e r c e n t \n” ,(1 -0.192) *100);

11 //We show good agreement with the c a l c u l a t e d v a l u e .

Scilab code Exa 5.28 determine the enthalpy of steam

1 // s c i l a b 5 . 4 . 1
2 clear;

3 clc;

4 printf(”\ t \ t \ tProblem Number 5 . 2 8\ n\n\n”);
5 // Chapter 5 : P r o p e r t i e s Of L i q u i d s And Gases
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6 // Problem 5 . 2 8 ( page no . 214)
7 // S o l u t i o n
8
9 //From the char t ,

10 printf(”The en tha lpy o f steam at 330 p s i a i s h=1220
Btu/ lbm\n”);

11 // Compared to 1 2 2 1 . 5 Btu/ lbm found i n problem 5 . 1 1

Scilab code Exa 5.29 Determine the enthalpy and entropy of steam

1 // s c i l a b 5 . 4 . 1
2 clear;

3 clc;

4 printf(”\ t \ t \ tProblem Number 5 . 2 9\ n\n\n”);
5 // Chapter 5 : P r o p e r t i e s Of L i q u i d s And Gases
6 // Problem 5 . 2 9 ( page no . 214)
7 // S o l u t i o n
8
9 //We note tha t the steam i s s u p e r h e a t e d . From the

M o l l i e r c h a r t i n SI u n i t s ,
10 printf(”The en tha lpy h =2876.5 kJ/ kg and ent ropy s

=6.4952 kJ/ kg∗K\n”);
11 // Values a r e matched with problem 5 . 1 2

Scilab code Exa 5.30 Determine the enthalpy of steam

1 // s c i l a b 5 . 4 . 1
2 clear;

3 clc;

4 printf(”\ t \ t \ tProblem Number 5 . 3 0\ n\n\n”);
5 // Chapter 5 : P r o p e r t i e s Of L i q u i d s And Gases
6 // Problem 5 . 3 0 ( page no . 215)
7 // S o l u t i o n
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8
9 // Because n e i t h e r p r e s s u r e nor t empera tu r e i s shown

d i r e c t l y , i t i s n e c e s s a r y to e s t i m a t e to o b t a i n
the d e s i r e d v a l u e .

10 printf(”The en tha lpy o f steam i s h=1231 Btu/ lbm\n”);
11 // In problem 5 . 1 4 , h =1230.7 Btu/lbm , Which i s matched

he r e .

Scilab code Exa 5.31 determine hg

1 // s c i l a b 5 . 4 . 1
2 clear;

3 clc;

4 printf(”\ t \ t \ tProblem Number 5 . 3 1\ n\n\n”);
5 // Chapter 5 : P r o p e r t i e s Of L i q u i d s And Gases
6 // Problem 5 . 3 1 ( page no . 215)
7 // S o l u t i o n
8
9 // Reading the c h a r t at 30 C and s a t u r a t i o n g i v e s us ,

10 printf(”The en tha lpy o f s a t u r a t e d steam i s hg=2556
kJ/ kg\n”);

11 //Which matches with v a l u e o f problem 5 . 2

Scilab code Exa 5.32 Determine hx and sx

1 // s c i l a b 5 . 4 . 1
2 clear;

3 clc;

4 printf(”\ t \ t \ tProblem Number 5 . 3 2\ n\n\n”);
5 // Chapter 5 : P r o p e r t i e s Of L i q u i d s And Gases
6 // Problem 5 . 3 2 ( page no . 215)
7 // S o l u t i o n
8
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9 // Reading the c h a r t i n wet r e g i o n at 1 . 0 MPa and x
=0.85( m o i s t u r e o f 15%) g i v e s us

10 printf(”hx=2476 kJ/ kg and sx =5.92 kJ/ kg∗K\n”);
11 //The c h a r t does not g i v e ux or vx d i r e c t l y

Scilab code Exa 5.33 Determine the quality of steam

1 // s c i l a b 5 . 4 . 1
2 clear;

3 clc;

4 printf(”\ t \ t \ tProblem Number 5 . 3 3\ n\n\n”);
5 // Chapter 5 : P r o p e r t i e s Of L i q u i d s And Gases
6 // Problem 5 . 3 3 ( page no . 215)
7 // S o l u t i o n
8
9 // Locate 30 C on the s a t u r a t i o n l i n e . Now f o l l o w a

l i n e o f c o n s t a n t p r e s s u r e , which i s a l s o a l i n e o f
c o n s t a n t t empera tu r e i n wet r e g i on , u n t i l an

en tha lpy o f 2000 kJ/ kg i s r eached .
10 printf(”The m o i s t u r e c o n t e n t i s 23 p e r c e n t or x=77

p e r c e n t \n”);

Scilab code Exa 5.34 Determine entropy and enthalpy

1 // s c i l a b 5 . 4 . 1
2 clear;

3 clc;

4 printf(”\ t \ t \ tProblem Number 5 . 3 4\ n\n\n”);
5 // Chapter 5 : P r o p e r t i e s Of L i q u i d s And Gases
6 // Problem 5 . 3 4 ( page no . 216)
7 // S o l u t i o n
8
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9 //We e n t e r the c h a r t i n the s u p e r h e a t r e g i o n at 2 . 0
MPa and 240 C to read the en tha lpy and ent ropy .
This p r o c e d u r e g i v e s

10 printf(” Enthalpy h=2877 kJ/ kg and ent ropy s =6.495 kJ
/ kg∗K\n”);

11 //The o t h e r p r o p e r t i e s cant be o b t a i n e d d i r e c t l y
from the c h a r t

Scilab code Exa 5.35 Determine the moisture in the steam flowing in the
pipe

1 // s c i l a b 5 . 4 . 1
2 clear;

3 clc;

4 printf(”\ t \ t \ tProblem Number 5 . 3 5\ n\n\n”);
5 // Chapter 5 : P r o p e r t i e s Of L i q u i d s And Gases
6 // Problem 5 . 3 5 ( page no . 218)
7 // S o l u t i o n
8
9 //As a l r e a d y noted , h1=h2 f o r t h i s p r o c e s s . On the

M o l l i e r char t , h2 i s found to be 1170 Btu/ lbm at
1 4 . 7 p s i a and 250 F . Proc e ed ing to the l e f t on the

char t , the cons tant−en tha lpy v a l u e o f 1170 Btu/
lbm to 150 p s i a y i e l d s a m o i s t u r e o f 3% or a
q u a l i t y o f 97%.

10 // I f we use the t a b l e s to o b t a i n the s o l u t i o n to
t h i s problem , we would f i r s t o b t a i n h2 from the
s u p e r h e a t e d vapor t a b l e s as 1 1 6 8 . 8 Btu/ lbm .
Because hx=hf +(x∗ h fg ) , we o b t a i n x as

11 hx =1168.8; // Btu/ lbm
12 hf =330.75; // Btu/ lbm // v a l u e s o f 150 p s i a
13 hfg =864.2; // Btulbm // v a l u e s o f 150 p s i a
14 x=(hx-hf)/hfg; // Qua l i t y
15 printf(” Moi s tu re i n the steam f l o w i n g i n the p ipe i s

%f p e r c e n t \n” ,(1-x)*100);
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16 printf(” or q u a l i t y o f the steam i s %f p e r c e n t \n”,x
*100);

17 // very o f t en , i t i s n e c e s s a r y to per fo rm m u l t i p l e
i n t e r p o l a t i o n s i f the t a b l e s a r e used , and the
M o l l i e r c h a r t y i e l d s r e s u l t s w i t h i n the r q u i r e d
ac cu ra cy f o r most e n g i n e e r i n g prob lems and s a v e s
c o n s i d e r a b l e t ime .

18 //We can a l s o use the compute r i s ed programs to s o l v e
t h i s program .We f i r s t e n t e r the 250F and 1 4 . 7

p s i a to o b t a i n h o f 1 1 6 8 . 7 Btu/ lbm .We then
c o n t i n u e by e n t e r i n g h o f 1 1 6 8 . 7 Btu/ lbm and p o f

150 p s i a . The p r i n t o u t g i v e s us x o f 0 . 9 6 9 9 or 97
%. While the computer s o l u t i o n i s qu i ck and easy
to use , you shou ld s t i l l s k e t c h out the problem

on an h−s or T−s diagram to show the path o f the
p r o c e s s .

19
20 // S a t u r a t i o n P r o p e r t i e s
21 //−−−−−−−−−−−−−−−−−−−−−−−−−−
22 // T=250.00 degF
23 // P=29.814 p s i a
24 // z z1 zg
25 // v ( f t ˆ3/ lbm ) 0 . 0 1 7 0 0 1 3 . 8 3 0
26 // h ( Btu/ lbm ) 2 1 8 . 6 2 1 1 6 4 . 1
27 // s ( Btu/ lbm∗F) 0 . 3 6 7 8 1 . 7 0 0 1
28 // u ( Btu/ lbm ) 2 1 8 . 5 2 1 0 8 7 . 8
29
30 //Thermo P r o p e r t i e s
31 //−−−−−−−−−−−−−−−−−−−−−−−−
32 // T= 2 5 0 . 0 0 degF
33 // P= 1 4 . 7 0 0 p s i a
34 // v= 2 8 . 4 1 7 f t ˆ3/ lbm
35 // h= 1 1 6 8 . 7 Btu/ lbm
36 // s= 1 . 7 8 3 1 Btu/ lbm∗F
37 // u= 1 0 9 1 . 4 Btu/ lbm
38
39 // S a t u r a t i o n P r o p e r t i e s
40 //−−−−−−−−−−−−−−−−−−−−−−−−−−
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41 // T=340.06 degF
42 // P=118.00 p s i a
43 // z z1 zg
44 // v ( f t ˆ3/ lbm ) 0 . 0 1 7 8 7 3 . 7 8 9 1
45 // h ( Btu/ lbm ) 3 1 1 . 3 9 1 1 9 0 . 7
46 // s ( Btu/ lbm∗F) 0 . 4 9 0 4 1 . 5 8 9 9
47 // u ( Btu/ lbm ) 3 1 1 . 0 0 1 1 0 8 . 0
48
49 //Thermo P r o p e r t i e s
50 //−−−−−−−−−−−−−−−−−−−−−−−−
51 // T= 3 5 8 . 4 9 degF
52 // P= 1 5 0 . 0 0 p s i a
53 // v= 2 . 9 2 4 8 f t ˆ3/ lbm
54 // h= 1 1 6 8 . 7 Btu/ lbm
55 // s= 1 . 5 3 8 4 Btu/ lbm∗F
56 // u= 1 0 8 7 . 5 Btu/ lbm
57 // x= 0 . 9 6 9 9
58
59 // Region : S a t u r a t e d

Scilab code Exa 5.36 The final pressure of the steam and the heat added

1 // s c i l a b 5 . 4 . 1
2 clear;

3 clc;

4 printf(”\ t \ t \ tProblem Number 5 . 3 6\ n\n\n”);
5 // Chapter 5 : P r o p e r t i e s Of L i q u i d s And Gases
6 // Problem 5 . 3 6 ( page no . 219)
7 // S o l u t i o n
8
9 // Because the tank volume i s 10 f t ˆ3 , the f i n a l

s p e c i f i c volume o f the steam i s 10 f t ˆ3/ lbm .
I n t e r p o l a t i o n s i n Table A. 2 y i e l d a f i n a l
p r e s s u r e o f 42 p s i a . The heat added i s s imp ly
d i f f e r e n c e i n i n t e r n a l ene rgy between the two
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s t a t e s .
10 u2 =1093.0; // i n t e r n a l ene rgy // Btu/ lbm
11 u1 =117.95; // i n t e r n a l ene rgy // Btu/ lbm
12 q=u2 -u1; // heat added // Btu/ lbm
13 printf(”The f i n a l p r e s s u r e i s 42 p s i a and the heat

added i s %f Btu/ lbm\n”,q);

Scilab code Exa 5.37 Heat added per unit mass

1 // s c i l a b 5 . 4 . 1
2 clear;

3 clc;

4 printf(”\ t \ t \ tProblem Number 5 . 3 7\ n\n\n”);
5 // Chapter 5 : P r o p e r t i e s Of L i q u i d s And Gases
6 // Problem 5 . 3 7 ( page no . 220)
7 // S o l u t i o n
8
9 //The mass i n the tank i s cons tant , and the heat

added w i l l be the change i n i n t e r n a l ene rgy o f
the c o n t e n t s o f the tank between the two s t a t e s .
The i n i t i a l mass i n the tank i s found as
f o l l o w s :

10 Vf=45; // volume o f water // f t ˆ2
11 vf =0.016715;

12 Vg=15; // Volume o f steam // f t ˆ2
13 vg =26.80;

14 mf=Vf/vf; // lbm
15 mg=Vg/vg; // lbm
16 total=mf+mg; // t o t a l mass
17 //The i n t e r n a l ene rgy i s the sum o f the i n t e r n a l

ene rgy o f the l i q u i d p l u s vapor :
18 ug =1077.6;

19 uf =180.1;

20 Ug=mg*ug; // Btu
21 Uf=mf*uf; // Btu
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22 Total=Ug+Uf; // t o t a l i n t e r n a l ene rgy
23 printf(”The t o t a l i n t e r n a l ene rgy i s %f Btu\n”,Total

);

24 // Because the mass i n the tank i s cons tant , the f i n a l
s p e c i f i c volume must e q u a l the i n i t i a l s p e c i f i c

volume , or
25 vx=(Vf+Vg)/(mf+mg); // f t ˆ3/ lbm
26 // But vx=v f +(x∗ v f g ) . T h e r e f o r e u s i n g t a b l e A. 2 at 800

ps i a ,
27 vx =0.022282;

28 vf =0.02087;

29 vfg =0.5691 -0.02087;

30 x=(vx-vf)/vfg;

31 printf(”The f i n a l amount o f vapor i s %f lbm\n”,x*
total); //x∗ t o t a l mass

32 mg=x*total;

33 printf(”The f i n a l amount o f l i q u i d i s %f lbm\n”,
total -(x*total)); // t o t a l mass minus f i n a l amount

o f vapor
34 mf=total -(x*total);

35 //The f i n a l i n t e r n a l ene rgy i s found as b e f o r e :
36 ug =1115.0;

37 uf =506.6;

38 Ug=mg*ug; // Btu
39 Uf=mf*uf; // Btu
40 Total1=Ug+Uf;

41 difference=Total1 -Total; // f i n a l i n t e r n a l energy−
i n i t i a l i n t e r n a l ene rgy

42 // per u n i t mass heat added i s ,
43 printf(”The heat added per u n i t i s %f Btu/ lbm\n”,

difference/total); // the d i f f e r e n c e o f i n t e r n a l
ene rgy / t o t a l mass

Scilab code Exa 5.38 Determine the change in enthalpy
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1 // s c i l a b 5 . 4 . 1
2 clear;

3 clc;

4 printf(”\ t \ t \ tProblem Number 5 . 3 8\ n\n\n”);
5 // Chapter 5 : P r o p e r t i e s Of L i q u i d s And Gases
6 // Problem 5 . 3 8 ( page no . 222)
7 // S o l u t i o n
8
9 //As shown i n Fig . 5 . 2 1 b , the p r o c e s s d s c r i b e d i n

t h i s problem i s a v e r t i c a l l i n e on the M o l l i e r
Chart . For 800 p s i a and 600F , the M o l l i e r c h a r t
y e i l d s h1=1270 Btu/ lbm and s1 =1 .485 . Proc e ed ing
v e r t i c a l l y down the c h a r t at c o n s t a n t s to 200
p s i a y i e l d s a f i n a l en tha lpy h2=1148 Btu/ lbm . The
change i n e n t h a l y u s i n g the p r o c e s s i s
1270−1148=122 Btu/ lbm .

10 //We may a l s o s o l v e t h i s problem u s i n g the steam
t a b l e s i n Appendix 3 . Thus , the en tha lpy at 800
p s i a and 600 F i s 1 2 7 0 . 4 Btu/lbm , and i t s en t ropy
i s 1 . 4 8 6 1 Btu/ lbm∗R.

11 // Because the p r o c e s s i s i s e n t r o p i c , the f i n a l
en t ropy at 200 p s i a must be 1 . 4 8 6 1 . From the
s a a t u r a t i o n t a b l e , the ent ropy o f s a t u r a t e d steam
at 200 p s i a i s 1 . 5 4 6 4 , which i n d i c a t e s the f i n a l
steam c o n d i t i o n must be wet because the ent ropy
o f the f i n a l steam i s l e s s than the ent ropy o f
s a t u r a t i o n . Using the wet steam r e l a t i o n y i e l d s ,

12 // sx=s f +(x∗ s f g )
13 h1 =1270.4; sx =1.4861; sf =0.5440; sfg =1.0025 ;hf

=355.6; hfg =843.7;

14 x=(sx-sf)/sfg; // Qua l i t y
15 // Ther e f o r e , the f i n a l en tha lpy i s
16 hx=hf+(x*hfg); // Btu/ lbm
17 printf(”The f i n a l en tha lpy i s %f Btu/ lbm\n”,hx);
18 printf(”The change i n en tha lpy i s %f Btu/ lbm\n”,h1 -

hx); // Note the agreement with the M o l l i e r c h a r t
s o l u t i o n

19 //we can a l s o use the computer program to s o l v e t h i s
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problem . For 600F and 800 ps i a , h =1270. Btu/ lbm
and s =1.4857 Btu/ lbm∗R. Now u s i n g p=200 p s i a and s
=1.4857 , we o b t a i n

20 //h =1148.1 Btu/ lbm . The change i n en tha lpy i s
1270 .0 −1148 .1=121 .9 Btu/ lbm . Note the e f f o r t saved

u s i n g e i t h e r the M o l l i e r c h a r t or the computer
program .

21
22 // S a t u r a t i o n P r o p e r t i e s
23 //−−−−−−−−−−−−−−−−−−−−−−−−−−
24 // T=600.00 degF
25 // P=1541.7 p s i a
26 // z z1 zg
27 // v ( f t ˆ3/ lbm ) 0 . 0 2 3 6 2 0 . 2 6 7 5
28 // h ( Btu/ lbm ) 6 1 6 . 5 9 1 1 6 6 . 2
29 // s ( Btu/ lbm∗F) 0 . 8 1 2 9 1 . 3 3 1 6
30 // u ( Btu/ lbm ) 6 0 9 . 8 5 1 0 8 9 . 9
31
32 //Thermo P r o p e r t i e s
33 //−−−−−−−−−−−−−−−−−−−−−−−−
34 // T= 6 0 0 . 0 0 degF
35 // P= 8 0 0 . 0 0 p s i a
36 // v= 0 . f t ˆ3/ lbm
37 // h= 1 1 6 8 . 7 Btu/ lbm
38 // s= 1 . 5 3 8 4 Btu/ lbm∗F
39 // u= 1 0 8 7 . 5 Btu/ lbm
40 // Region : Superheated
41
42 // S a t u r a t i o n P r o p e r t i e s
43 //−−−−−−−−−−−−−−−−−−−−−−−−−−
44 // T=381.87 degF
45 // P=200.00 p s i a
46 // z z1 zg
47 // v ( f t ˆ3/ lbm ) 0 . 0 1 8 3 9 2 . 2 8 8 3
48 // h ( Btu/ lbm ) 3 5 5 . 6 0 1 1 9 9 . 0
49 // s ( Btu/ lbm∗F) 0 . 5 4 4 0 1 . 5 4 6 2
50 // u ( Btu/ lbm ) 3 5 4 . 9 2 1 1 1 4 . 3
51
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52 //Thermo P r o p e r t i e s
53 //−−−−−−−−−−−−−−−−−−−−−−−−
54 // T= 3 8 1 . 8 7 degF
55 // P= 2 0 0 . 0 0 p s i a
56 // v= 2 . 1 5 1 2 f t ˆ3/ lbm
57 // h= 1 1 4 8 . 1 Btu/ lbm
58 // s= 1 . 4 8 5 7 Btu/ lbm∗F
59 // u= 1 0 6 8 . 5 Btu/ lbm
60 // x= 0 . 9 3 9 6
61
62 // Region : S a t u r a t e d

Scilab code Exa 5.39 Determine the final state of the steam

1 // s c i l a b 5 . 4 . 1
2 clear;

3 clc;

4 printf(”\ t \ t \ tProblem Number 5 . 3 9\ n\n\n”);
5 // Chapter 5 : P r o p e r t i e s Of L i q u i d s And Gases
6 // Problem 5 . 3 9 ( page no . 226)
7 // S o l u t i o n
8
9 //As r e f e r i n g to f i g u r e 5 . 2 1 , i t w i l l be s e en tha t

the f i n a l t empera tu re and en tha lpy w i l l both be
h i g h e r than f o r the i s e n t r o p i c c a s e .

10 // 80% o f the i s e n t r o p i c en tha lpy d i f f e r e n c e
11 deltah =0.8*122; // change i n en tha lpy // Btu/ lbm
12 h1 =1270; // Btu/ lbm // i n i t i a l en tha lpy
13 h2=h1-deltah; // the f i n a l en tha lpy // Btu/ lbm
14 printf(”The f i n a l en tha lpy i s %f Btu/ lbm\n”,h2);
15 printf(”and the f i n a l p r e s s u r e i s 200 p s i a \n”);
16 printf(”The M o l l i e r c h a r t i n d i c a t e s the f i n a l s t a t e

to be i n the wet r eg i o n , \ n”);
17 printf(” with 3 . 1 p e r c e n t m o i s t u r e c o n t e n t and an

ent ropy o f 1 . 5 1 4 Btu/ lbm∗R”);
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Scilab code Exa 5.40 Change in enthalpy

1 // s c i l a b 5 . 4 . 1
2 clear;

3 clc;

4 printf(”\ t \ t \ tProblem Number 5 . 4 0\ n\n\n”);
5 // Chapter 5 : P r o p e r t i e s Of L i q u i d s And Gases
6 // Problem 5 . 4 0 ( page no . 226)
7 // S o l u t i o n
8
9 // Using the M o l l i e r char t ,

10 h1 =2942; // kJ/ kg // i n i t i a l en tha lpy
11 // Proc e ed ing as shown i n f i g u r e 5 . 2 1 b , tha t i s ,

v e r t i c a l l y at c o n s t a n t ent ropy to a p r e s s u r e o f
0 . 1 MPa, g i v e s us

12 h2 =2512; // kJ/ kg // f i n a l en tha lpy
13 printf(” N e g l e c t i n g k i n e t i c & p o t e n t i a l energy , The

change i n en tha lpy o f the steam i s %f kJ/ kg ”,h1 -
h2);

Scilab code Exa 5.41 Determine Final velocity of the steam

1 // s c i l a b 5 . 4 . 1
2 clear;

3 clc;

4 printf(”\ t \ t \ tProblem Number 5 . 4 1\ n\n\n”);
5 // Chapter 5 : P r o p e r t i e s Of L i q u i d s And Gases
6 // Problem 5 . 4 1 ( page no . 226)
7 // S o l u t i o n
8
9 //From the c o n d i t i o n s g i v e n i n problem 5 . 3 8 , the

i s e n t r o p i c change i n en tha lpy i s 122 Btu/ lbm
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10 //So ,
11 h1minush2 =122; // Btu/ lbm // change i n en tha lpy
12 J=778; // Conver s i on f a c t o r
13 gc =32.17; // lbm∗ f t / l b f ∗ s ˆ2 // c o n s t a n t o f

p r o p o r t i o n a l i t y
14 V2=sqrt (2*gc*J*( h1minush2)); // f i n a l v e l o c i t y // f t / s
15 printf(”As the steam l e a v e s the no z z l e , The f i n a l

v e l o c i t y i s %f f t / s ”,V2);

Scilab code Exa 5.42 Determine the final velocity

1 // s c i l a b 5 . 4 . 1
2 clear;

3 clc;

4 printf(”\ t \ t \ tProblem Number 5 . 4 2\ n\n\n”);
5 // Chapter 5 : P r o p e r t i e s Of L i q u i d s And Gases
6 // Problem 5 . 4 2 ( page no . 227)
7 // S o l u t i o n
8
9 // Because the p r o c e s s i s i r r e v e r s i b l e , we cannot show

i t on the M o l l i e r diagram . However , the a n a l y s i s
o f problem 3 . 2 2 f o r the n o z z l e i s s t i l l v a l i d , and

a l l t ha t i s needed i s the en tha lpy at the
b e g i n n i n g and the end o f the expans i on . From the
problem 5 . 3 8 ,

10 h1 =1270; // Btu/ lbm // i n i t i a l en tha lpy
11 // For h2 we l o c a t e the s t a t e p o i n t on the M o l l i e r

diagram as be ing s a t u r a t e d vapor at 200 p s i a . This
g i v e s us

12 h2 =1199; // Btu/ lbm // f i n a l en tha lpy
13 J=778; // Conver s i on f a c t o r
14 gc =32.17; // lbm∗ f t / l b f ∗ s ˆ2 // c o n s t a n t o f

p r o p o r t i o n a l i t y
15 V2=sqrt (2*gc*J*(h1-h2)); // f i n a l v e l o c i t y // Ft/ s
16 printf(”As the steam l e a v e s the no z z l e , The f i n a l
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v e l o c i t y i s %f f t / s ”,V2);

Scilab code Exa 5.43 Heat added per pound

1 // s c i l a b 5 . 4 . 1
2 clear;

3 clc;

4 printf(”\ t \ t \ tProblem Number 5 . 4 3\ n\n\n”);
5 // Chapter 5 : P r o p e r t i e s Of L i q u i d s And Gases
6 // Problem 5 . 4 3 ( page no . 229)
7 // S o l u t i o n
8
9 //From the s a t u r a t i o n t a b l e , 5 0 0 p s i a c o r r e s p o n d s to

a t empera tu r e o f 4 6 7 . 1 3F , and the s a t u r a t e d vapor
has an en tha lpy o f 1 2 0 5 . 3 Btu/ lbm . At 500 p s i a and

800 F , the s a t u r a t e d vapor has an en tha lpy
o f 1 4 1 2 . 1 Btu/ lbm . Because t h i s p r o c e s s i s a
s teady−f l o w p r o c e s s at c o n s t a n t p r e s s u r e , the
ene rgy e q u a t i o n becomes q=h2−h1 , assuming tha t
d i f f e r e n c e s i n the k i n e t i c ene rgy and p o t e n t i a l
ene rgy terms a r e n e g l i g i b l e . The r e f o r e ,

10 h2 =1412.1; // Btu/ lbm // f i n a l en tha lpy
11 h1 =1205.3; // Btu/ lbm // i n i t i a l en tha lpy
12 q=h2 -h1; // heat added // Btu/ lbm
13 printf(”%f Btu/ lbm heat per pound o f steam was added

\n”,q);

Scilab code Exa 5.44 Heat removed

1 // s c i l a b 5 . 4 . 1
2 clear;

3 clc;

4 printf(”\ t \ t \ tProblem Number 5 . 4 4\ n\n\n”);
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5 // Chapter 5 : P r o p e r t i e s Of L i q u i d s And Gases
6 // Problem 5 . 4 4 ( page no . 229)
7 // S o l u t i o n
8
9 //From the s a t u r a t i o n t a b l e at 1 ps i a ,

10 hf =69.74; // Btu/ lbm // s a t u r a t e d l i q u i d en tha lpy
11 hfg =1036.0; // Btu/ lbm //Evap . Enthalpy
12 hg =1105.8; // Btu/ lbm //The en tha lpy o f s a t u r a t e d

steam
13 x=0.97; // Qua l i t y
14 // Because the c o n d e n s a t i o n p r o c e s s i s c a r r i e d out at

c o n s t a n t p r e s s u r e , the ene rgy e q u a t i o n i s q=
d e l t a h .

15 hx=hf+(x*hfg); // the i n i t i a l en tha lpy // Btu/ lbm
16 printf(”The i n i t i a l en tha lpy i s %f Btu/ lbm\n”,hx);
17 //The f i n a l en tha lpy i s h f =69 .74 . So ,
18 deltah=hx-hf; //The en tha lpy d i f f e r e n c e // Btu/ lbm
19 printf(”At 1 ps i a , The en tha lpy d i f f e r e n c e i s %f Btu/

lbm\n”,deltah);
20 printf(”By the computer s o l u t i o n , the en tha lpy

d i f f e r e n c e i s 1 0 0 4 . 6 Btu/ lbm”);
21 // S a t u r a t i o n P r o p e r t i e s
22 //−−−−−−−−−−−−−−−−−−−−−−−−−−
23 // T=101.71 degF
24 // P=1.0000 p s i a
25 // z z1 zg
26 // v ( f t ˆ3/ lbm ) 0 . 0 1 6 1 4 3 3 3 . 5 5
27 // h ( Btu/ lbm ) 6 9 . 7 2 5 1 1 0 5 . 4
28 // s ( Btu/ lbm∗F) 0 . 1 3 2 6 1 . 9 7 7 4
29 // u ( Btu/ lbm ) 6 9 . 7 2 2 1 0 4 3 . 6
30
31 //Thermo P r o p e r t i e s
32 //−−−−−−−−−−−−−−−−−−−−−−−−
33 // T= 1 0 1 . 7 1 degF
34 // P= 1 . 0 0 0 0 p s i a
35 // v= 3 2 3 . 5 5 f t ˆ3/ lbm
36 // h= 1 0 7 4 . 3 Btu/ lbm
37 // s= 1 . 9 2 2 1 Btu/ lbm∗F
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38 // u= 1 0 1 4 . 4 Btu/ lbm
39 // x= 0 . 9 7 0 0
40
41 // Region : S a t u r a t e d
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Chapter 6

The Ideal Gas

Scilab code Exa 6.1 Boyles law

1 clear;

2 clc;

3 printf(”\ t \ t \ tProblem Number 6 . 1\ n\n\n”);
4 // Chapter 6 : The I d e a l Gas
5 // Problem 6 . 1 ( page no . 241)
6 // S o l u t i o n
7
8 P1=100; // P r e s s u r e at volume V1=100 f t ˆ3 // Unit : p s i a
9 V1=100; // Unit : f t ˆ3 //V1=Volume at 100 p s i a

10 P2=30 // Reduced P r e s s u r e // Unit : p s i a
11 // Boyle ’ s law , P1∗V1=P2∗V2
12 V2=(P1*V1)/P2; // Volume o c c u p i e d by the gas // f t ˆ3
13 printf(”Volume o c c u p i e d by the gas = %f f t ˆ3 ”,V2);

Scilab code Exa 6.2 Boyles law

1 clear;

2 clc;
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3 printf(”\ t \ t \ tProblem Number 6 . 2\ n\n\n”);
4 // Chapter 6 : The I d e a l Gas
5 // Problem 6 . 2 ( page no . 241)
6 // S o l u t i o n
7
8 P1 =10^6; // P r e s s u r e at volume V1=2 mˆ3 // Unit : Pa
9 V1=2; // Unit :mˆ3 //V1=Volume at 10ˆ6 Pa

10 P2 =8*10^6 // I n c r e a s e d P r e s s u r e // Unit : Pa
11 // Boyle ’ s law , P1∗V1=P2∗V2
12 V2=(P1*V1)/P2; // Volume o c c u p i e d by gas // u n i t :mˆ3
13 printf(”Volume o c c u p i e d by gas = %f mˆ3 ”,V2);

Scilab code Exa 6.3 Charles law

1 clear;

2 clc;

3 printf(”\ t \ t \ tProblem Number 6 . 3\ n\n\n”);
4 // Chapter 6 : The I d e a l Gas
5 // Problem 6 . 3 ( page no . 242)
6 // S o l u t i o n
7
8 T1 =32+460; // Temperature at volume V1=150 f t ˆ3 //

Unit :R
9 V1=150; // Unit : f t ˆ3 //V1=Volume at 32 F

10 T2 =100+460 // I n c r e a s e d Temperature // Unit :R
11 // Char l e s ’ s law , V1/V2 = T1/T2
12 V2=(T2*V1)/T1; // Volume o c c u p i e d by gas // u n i t :mˆ3
13 printf(”Volume o c c u p i e d by gas = %f mˆ3 ”,V2);

Scilab code Exa 6.4 Percent increase in ideal gas

1 clear;

2 clc;
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3 printf(”\ t \ t \ tProblem Number 6 . 4\ n\n\n”);
4 // Chapter 6 : The I d e a l Gas
5 // Problem 6 . 4 ( page no . 242)
6 // S o l u t i o n
7
8 // I f f o r t h i s p r o c e s s T2=1.25∗T1 ,
9 // T2/T1 = 1 . 2 5

10 // Ther e f o r e ,
11 // p2/p1 = T2/T1 // Char l e s ’ s law ( volume c o n s t a n t )
12 //Thus ,
13 printf(”The a b s o l u t e gas p r e s s u r e i n c r e a s e s by 25

p e r c e n t \n”);

Scilab code Exa 6.5 Determine Final volume

1 clear;

2 clc;

3 printf(”\ t \ t \ tProblem Number 6 . 5\ n\n\n”);
4 // Chapter 6 : The I d e a l Gas
5 // Problem 6 . 5 ( page no . 242)
6 // S o l u t i o n
7
8 V1=4; //mˆ3 // i n i t i a l volume
9 T2 =0+273; // c e l s i u s c o n v e r t e d to k e l v i n // gas i s

c o o l e d to 0 C // f i n a l t empera tu r e
10 T1 =100+273; // c e l s i u s c o n v e r t e d to k e l v i n // i n i t i a l

t empera tu re
11 V2=V1*(T2/T1); // f i n a l volume // Char l e s ’ s law (

p r e s s u r e c o n s t a n t ) // u n i t :mˆ3
12 printf(”The f i n a l volume i s %f mˆ3 ”,V2);

Scilab code Exa 6.6 The gas in the container
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1 clear;

2 clc;

3 printf(”\ t \ t \ tProblem Number 6 . 6\ n\n\n”);
4 // Chapter 6 : The I d e a l Gas
5 // Problem 6 . 6 ( page no . 245)
6 // S o l u t i o n
7
8 // Let us f i r s t put each o f the g i v e n v a r i a b l e s i n t o

a c o n s i s t e n t s e t o f u n i t s :
9 p=(200+14.7) *(144); // Unit : p s f a ∗ ( l b f / f t ˆ2) //1 f t

ˆ2=144 i n ˆ2 // p r e s s u r e
10 T=(460+73); // F a h r e n h e i t t empera tu r e c o n v e r t e d to

a b s o l u t e t empera tu r e // u n i t :R
11 V=120/1728; // 1 f t ˆ3=1728 i n ˆ3 // t o t a l volume //

u n i t : f t ˆ3
12 R=1545/28; // Unit : f t ∗ l b f / lbm∗R // because the

m o l e c u l a r we ight o f n i t r o g e n i s 28 // c o n s t a n t o f
p r o p o r t i o n a l i t y

13 // Applying , p∗v=R∗T, // i d e a l gas law
14 v=(R*T)/p; // Unit : f t ˆ3/ lbm // s p e c i f i c volume
15 printf(”The s p e c i f i c volume i s %f f t ˆ3/ lbm\n”,v);
16 //The mass o f gas i s the t o t a l volume d i v i d e d by the

s p e c i f i c volume
17 printf(”The gas i n the c o n t a i n e r i s %f lbm\n”,V/v);
18 //The same r e s u l t i s o b t a i n e d by d i r e c t use o f eq . p

∗V=m∗R∗T
19 m=(p*V)/(R*T); //The gas i n the c o n t a i n e r // u n i t : lbm

// i d e a l gas law
20 printf(”The gas i n the c o n t a i n e r i s %f lbm\n”,m);

Scilab code Exa 6.7 Determine final pressure

1 clear;

2 clc;

3 printf(”\ t \ t \ tProblem Number 6 . 7\ n\n\n”);
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4 // Chapter 6 : The I d e a l Gas
5 // Problem 6 . 7 ( page no . 245)
6 // S o l u t i o n
7
8 // Apply ing , ( p1∗V1) /T1 = ( p2∗V2) /T2
9 // and p2=p1 ∗ (T2/T1) because V1=V2

10 p1 =200+14.7; // Unit : p s i a // i n i t i a l p r e s s u r e
11 T2 =460+200; // f i n a l t empera tu r e i s 200 F //

F a h r e n h e i t t empera tu r e c o n v e r t e d to a b s o l u t e
t empera tu re // u n i t :R

12 T1 =460+73; // F a h r e n h e i t t empera tu r e c o n v e r t e d to
a b s o l u t e t empera tu r e // u n i t :R

13 p2=p1*(T2/T1); // f i n a l p r e s s u r e // Unit : p s i a //
Char l e s ’ s law ( volume c o n s t a n t )

14 printf(”The f i n a l p r e s s u r e i s %f p s i a ”,p2);

Scilab code Exa 6.8 Determine the gas in the tank

1 clear;

2 clc;

3 printf(”\ t \ t \ tProblem Number 6 . 8\ n\n\n”);
4 // Chapter 6 : The I d e a l Gas
5 // Problem 6 . 8 ( page no . 246)
6 // S o l u t i o n
7
8 // For CO2 ,
9 R=8.314/44; // Unit : kJ/ kg∗K // c o n s t a n t o f

p r o p o r t i o n a l i t y // Mo l e cu l a r we ight o f CO2=44
10 p=500; // Unit : kPa // p r e s s u r e
11 V=0.5; // Unit :mˆ3 // volume
12 T=(100+273); // Unit :K // C e l s i u s c o n v e r t e d to k e l v i n
13 // Apply ing p∗V=m∗R∗T ,
14 m=(p*V)/(R*T); // mass // kg // i d e a l gas law
15 printf(”The mass o f gas i n the tank i s %f kg\n”,m);
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Scilab code Exa 6.9 Determine the mean specific heat

1 clear;

2 clc;

3 printf(”\ t \ t \ tProblem Number 6 . 9\ n\n\n”);
4 // Chapter 6 : The I d e a l Gas
5 // Problem 6 . 9 ( page no . 252)
6 // S o l u t i o n
7
8 T2 =500+460; // a b s o l u t e f i n a l t empera tu r e // u n i t :R
9 T1 =80+460; // a b s o l u t e i n i t i a l t empera tu r e // u n i t :R

10 //The e q u a t i o n cpbar= 0 .338 − (1 . 24∗10ˆ2/T)
+(4 .15∗10ˆ4) /Tˆ2 has a form , cbar= Adash+(Bdash/
T) +(Ddash/Tˆ2)

11 //So ,
12 Adash =0.338; // c o n s t a n t
13 Bdash = -1.24*10^2; // c o n s t a n t
14 Ddash =4.15*10^4; // c o n s t a n t
15 // Ther e f o r e , from equat ion , cbar=Adash +(( Bdash∗ l o g (T2/

T1) ) /(T2−T1) ) +(Ddash /(T2∗T1) )
16 cpbar=Adash +(( Bdash*log(T2/T1))/(T2-T1))+(Ddash/(T2*

T1)); //The mean s p e c i f i c heat // Btu/ lbm∗R
17 printf(”The mean s p e c i f i c heat at c o n s t a n t p r e s s u r e

between 80F and 500F i s %f Btu/ lbm∗R\n”,cpbar);

Scilab code Exa 6.10 The mean specific heat at constant pressure

1 clear;

2 clc;

3 printf(”\ t \ t \ tProblem Number 6 . 1 0\ n\n\n”);
4 // Chapter 6 : The I d e a l Gas
5 // Problem 6 . 1 0 ( page no . 252)
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6 // S o l u t i o n
7
8 //The t a b l e i n Appendix 3 does not g i v e us the

en tha lpy data at 960R and 540R tha t we need .
I n t e r p o l a t i n g y i e l d s

9 // T hbar T hbar
10 // 537 3 7 2 9 . 5 900 6 2 6 8 . 1
11 // 540 3 7 5 0 . 4 960 6 6 9 4 . 0
12 // 600 4 1 6 7 . 9 1000 6 9 7 7 . 9
13 //So ,
14 hbar540 =3729.5+(3/63) *(4167.9 -3729.5); // en tha lpy //

u n i t : Btu/ lbm
15 hbar960 =6268.1+(60/100) *(6977.9 -6268.1); // en tha lpy

// u n i t : Btu/ lbm
16 // Note tha t hbar i s g i v e n f o r a mass o f 1 l b mole . To

o b t a i n the en tha lpy per pound , i t i s n e c e s s a r y to
d i v i d e the v a l u e s og h by the m o l e c u l a r weight

, 2 8 .
17 h2 =6694.0; // en tha lpy // u n i t : Btu/ lbm
18 h1 =3750.4; // en tha lpy // u n i t : Btu/ lbm
19 T2 =500+460; // a b s o l u t e f i n a l t empera tu r e // u n i t :R
20 T1 =80+460; // a b s o l u t e i n i t i a l t empera tu r e // u n i t :R
21 cbar=(h2-h1)/(28*(T2-T1)); //The mean s p e c i f i c heat

at c o n s t a n t p r e s s u r e // u n i t : Btu/ lbm∗R
22 printf(”The mean s p e c i f i c heat at c o n s t a n t p r e s s u r e

i s %f Btu/ lbm∗R\n”,cbar);
23 // With the more e x t e s i v e Gas t a b l e s , t h e s e

i n t e r p o l a t i o n s a r e avo ided . The Gas Tab le s p r o v i d e
a r e l a t i v e l y ea sy and a c c u r a t e method o f

o b t a i n i n g ave rage s p e c i f i c h e a t s . Also , t h e s e
t a b l e s have been compute r i z ed f o r e a s e o f
a p p l i c a t i o n .

Scilab code Exa 6.11 Determine the mean specific heat
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1 clear;

2 clc;

3 printf(”\ t \ t \ tProblem Number 6 . 1 1\ n\n\n”);
4 // Chapter 6 : The I d e a l Gas
5 // Problem 6 . 1 1 ( page no . 253)
6 // S o l u t i o n
7
8 T2 =500+460; // a b s o l u t e f i n a l t empera tu r e // u n i t :R
9 T1 =80+460; // a b s o l u t e i n i t i a l t empera tu r e // u n i t :R

10 // cp =0.219 + (3.42∗10ˆ−5∗T) − (2 .93∗10ˆ−9∗Tˆ2) ; //
Unit : Btu/ lbm∗R

11 // Comparing with c=A+(B∗T) +(D∗Tˆ2)
12 A=0.219; // c o n s t a n t
13 B=3.42*10^ -5; // c o n s t a n t
14 D=2.93*10^ -9; // c o n s t a n t
15 // Using t h e s e v a l u e s and e q u a t i o n cbar=A+((B/2) (T2+

T1) ) +((D/3) ∗ (T2ˆ2+(T2∗T1)+T1ˆ2) )
16 cpbar=A+((B/2)*(T2+T1))+((D/3)*(T2^2+(T2*T1)+T1^2));

//The mean s p e c i f i c heat // Btu/ lbm∗R
17 printf(”The mean s p e c i f i c heat at c o n s t a n t p r e s s u r e

f o r a i r between 80F and 500F i s %f Btu/ lbm∗R\n”,
cpbar);

Scilab code Exa 6.12 Determine cv

1 clear;

2 clc;

3 printf(”\ t \ t \ tProblem Number 6 . 1 2\ n\n\n”);
4 // Chapter 6 : The I d e a l Gas
5 // Problem 6 . 1 2 ( page no . 255)
6 // S o l u t i o n
7
8 //The m o l e c u l a r we ight o f oxygen i s 3 2 . The r e f o r e ,
9 R=1545/32; // Unit : f t ∗ l b f / lbm∗R // c o n s t a n t o f

p r o p o r t i o n a l i t y
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10 J=778; // c o n v e r s i o n f a c t o r
11 cp =0.24; // Unit : Btu/ lbm∗R // s p e c i f i c heat at

c o n s t a n t p r e s s u r e
12 // cp−cv=R/J
13 cv=cp -(R/J); // s p e c i f i c heat at c o n s t a n t volume //

u n i t : Btu/ lbm∗R
14 printf(” S p e c i f i c heat at c o n s t a n t volume i s %f Btu/

lbm∗R\n”,cv);

Scilab code Exa 6.13 Determine cv and cp in SI units

1 clear;

2 clc;

3 printf(”\ t \ t \ tProblem Number 6 . 1 3\ n\n\n”);
4 // Chapter 6 : The I d e a l Gas
5 // Problem 6 . 1 3 ( page no . 255)
6 // S o l u t i o n
7
8 //From equat ion , cv=R/( k−1) ,
9 R=8.314/32; // c o n s t a n t o f p r o p o r t i o n a l i t y // kJ/ kg∗K

//The m o l e c u l a r we ight o f oxygen i s 32
10 k=1.4 // f o r oxygen // g i v e n //k=cp / cv
11 cv=R/(k-1); // S p e c i f i c heat at c o n s t a n t volume //

u n i t : kJ/ kg∗K
12 printf(” S p e c i f i c heat at c o n s t a n t volume i s %f kJ/ kg

∗K\n”,cv);
13 cp=k*cv; // s p e c i f i c heat at c o n s t a n t p r e s s u r e // Unit

: kJ/ kg∗K
14 printf(” S p e c i f i c heat at c o n s t a n t p r e s s u r e i s %f kJ/

kg∗K\n”,cp);

Scilab code Exa 6.14 Determine k cp and cv for the gas
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1 clear;

2 clc;

3 printf(”\ t \ t \ tProblem Number 6 . 1 4\ n\n\n”);
4 // Chapter 6 : The I d e a l Gas
5 // Problem 6 . 1 4 ( page no . 255)
6 // S o l u t i o n
7
8 R=60; // Unit : f t ∗ l b f / lbm∗R // c o n s t a n t o f

p r o p o r t i o n a l i t y
9 deltah =500; // Btu/ lbm // change i n en tha lpy

10 deltau =350; // Btu/ lbm // change i n i n t e r n a l ene rgy
11 J=778; // c o n v e r s i o n f a c t o r
12 // Because de l t ah −(cp∗ de l taT ) and d e l t a u=cv ∗ de l taT
13 // d e l t a h / d e l t a u =(cp∗ de l taT ) /( cv ∗ de l taT )=cp / cv=k
14 k=deltah/deltau; // Rat io o f s p e c i f i c h e a t s
15 printf(” Rat io o f s p e c i f i c h e a t s k i s %f\n”,k);
16 //From e q u a t i o n cv=R/( J ∗ ( k−1) )
17 cv=R/(J*(k-1)); // s p e c i f i c heat at c o n s t a n t volume

// Btu/ lbm∗R
18 printf(” S p e c i f i c heat at c o n s t a n t volume i s %f Btu/

lbm∗R\n”,cv);
19 cp=k*cv; // S p e c i f i c heat at c o n s t a n t p r e s s u r e // Btu/

lbm∗R
20 printf(” S p e c i f i c heat at c o n s t a n t p r e s s u r e i s %f Btu

/ lbm∗R\n”,cp);

Scilab code Exa 6.15 Find the specific heat at constant pressure

1 clear;

2 clc;

3 printf(”\ t \ t \ tProblem Number 6 . 1 5\ n\n\n”);
4 // Chapter 6 : The I d e a l Gas
5 // Problem 6 . 1 5 ( page no . 256)
6 // S o l u t i o n
7
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8 //When s o l v i n g t h i s type o f problem , i t i s n e c e s s a r y
to note c a r e f u l l y the i n f o r m a t i o n g i v e n and to
w r i t e the c o r r e c t ene rgy e q u a t i o n f o r t h i s
p r o c e s s . Because the p r o c e s s i s c a r r i e d out at
c o n s t a n t volume , the heat added e q u a l s the change
i n i n e r n a l ene rgy . Because the change i n i n t e r n a l
ene rgy per pound f o r the i d e a l gas i s cv ∗ (T2
−T1) , the t o t a l change i n i n t e r n a l ene rgy f o r m
pounds must e q u a l s the heat added . Thus ,

9 // data g i v e n
10 Q=0.33; // heat
11 // I n i t i a l c o n d i t i o n s
12 V=60; // i n ˆ3 // volume
13 m=0.0116; // l b s // mass
14 p1=90; // p s i a // p r e s s u r e
15 T1 =460+40; // F a h r e n h e i t t empera tu r e c o n v e r t e d to

a b s o l u t e t empera tu r e
16 // F i n a l c o n d i t i o n= I n i t i a l c o n d i t i o n + heat
17 V=60; // i n ˆ3 // volume
18 m=0.0116; // l b s // mass
19 p2=108; // p s i a // p r e s s u r e
20 T2 =460+140; // F a h r e n h e i t t empera tu r e c o n v e r t e d to

a b s o l u t e t empera tu r e // u n i t :R
21 //Q=m∗ ( u2−u1 )=m∗ cv ∗ (T2−T1)
22 cv=Q/(m*(T2 -T1)); // s p e c i f i c heat at c o n s t a n t volume

// Btu/ lbm∗R
23 printf(” S p e c i f i c heat at c o n s t a n t volume i s %f Btu/

lbm∗R\n”,cv);
24 //To o b t a i n cp , i t i s f i r s t n e c e s s a r y to o b t a i n R.

Enough i n f o r m a t i o n was g i v e n i n the i n i t i a l
c o n d i t i o n s o f the problem to apply eqn . p∗V=m∗R∗T

25 R=(144* p1*(V/1728))/(m*T1); // 1 f t ˆ2=144 i n ˆ2 //1 f t
ˆ3=1728 i n ˆ3 // Unit : f t ∗ l b f / lbm∗R // c o n s t a n t o f
p r o p o r t i o n a l i t y

26 printf(” Constant o f p r o p o r t i o n a l i t y R i s %f f t ∗ l b f /
lbm∗R\n”,R);

27 // cp−cv=(R/J )
28 J=778; // c o n v e r s i o n f a c t o r
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29 cp=cv+(R/J); // S p e c i f i c heat at c o n s t a n t p r e s s u r e //
Btu/ lbm∗R

30 printf(” S p e c i f i c heat at c o n s t a n t p r e s s u r e i s %f Btu
/ lbm∗R\n”,cp);

Scilab code Exa 6.16 Determine the change in entropy

1 clear;

2 clc;

3 printf(”\ t \ t \ tProblem Number 6 . 1 6\ n\n\n”);
4 // Chapter 6 : The I d e a l Gas
5 // Problem 6 . 1 6 ( page no . 260)
6 // S o l u t i o n
7
8 // data
9 cp =0.24; // S p e c i f i c heat at c o n s t a n t p r e s s u r e // Btu/

lbm∗R
10 p2=15; // p s i a // f i n a l p r e s s u r e
11 p1=100; // p s i a // i n i t i a l p r e s s u r e
12 T2 =460+0; // a b s o l u t e f i n a l t empera tu r e // u n i t :R
13 T1 =460+100; // a b s o l u t e i n i t i a l t empera tu r e // u n i t :R
14 J=778; // c o n v e r s i o n f a c t o r
15 R=1545/29; // m o l e c u l e r we ight =29 // Unit : f t ∗ l b f / lbm∗R

// c o n s t a n t o f p r o p o r t i o n a l i t y
16 //On the b a s i s o f the data g iven ,
17 deltas =(cp*(log(T2/T1))) -((R/J)*(log(p2/p1))); //

change i n ent ropy // Btu/ lbm∗R
18 printf(”The change i n en tha lpy i s %f Btu/ lbm∗R\n”,

deltas);

Scilab code Exa 6.17 Determine change in entropy

1 clear;
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2 clc;

3 printf(”\ t \ t \ tProblem Number 6 . 1 7\ n\n\n”);
4 // Chapter 6 : The I d e a l Gas
5 // Problem 6 . 1 7 ( page no . 261)
6 // S o l u t i o n
7
8 // data o f problem6 . 1 6
9 cp =0.24; // S p e c i f i c heat at c o n s t a n t p r e s s u r e // Btu/

lbm∗R
10 p2=15; // p s i a // f i n a l p r e s s u r e
11 p1=100; // p s i a // i n i t i a l p r e s s u r e
12 T2 =460+0; // a b s o l u t e f i n a l t empera tu r e // u n i t :R
13 T1 =460+100; // a b s o l u t e i n i t i a l t empera tu r e // u n i t :R
14 J=778; // c o n v e r s i o n f a c t o r
15 R=1545/29; // m o l e c u l e r we ight =29 // Unit : f t ∗ l b f / lbm∗R

// c o n s t a n t o f p r o p o r t i o n a l i t y
16 // Because cp and R ar e g iven , l e t us f i r s t s o l v e f o r

cv ,
17 // cp=(R∗k ) /( J ∗ ( k−1) )
18 k=(cp*J)/((cp*J)-R); //k=cp / cv // r a t i o o f s p e c i f i c

h e a t s
19 printf(” Rat io o f s p e c i f i c h e a t s k i s %f\n”,k);
20 //k=cp / cv
21 cv=cp/k; // S p e c i f i c heat at c o n s t a n t volume // Btu/

lbm∗R
22 printf(” S p e c i f i c heat at c o n s t a n t volume i s %f Btu/

lbm∗R\n”,cv);
23 //Now , d e l t a s =(cv ∗ l o g ( p2/p1 ) ) +(cp∗ l o g ( v2 / v1 ) ) ;
24 //But , v2 / v1=(T2∗p1 ) /(T1∗p2 )
25 v2byv1 =(T2*p1)/(T1*p2); // v2 / v1 // u n i t l e s s
26 deltas =(cv*log(p2/p1))+(cp*log(v2byv1)); //The

change i n en tha lpy // u n i t : Btu/ lbm∗R
27 printf(”The change i n en tha lpy i s %f Btu/ lbm∗R\n”,

deltas);

28 //The agreement i s ve ry good .
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Scilab code Exa 6.18 Determine the change in entropy

1 clear;

2 clc;

3 printf(”\ t \ t \ tProblem Number 6 . 1 8\ n\n\n”);
4 // Chapter 6 : The I d e a l Gas
5 // Problem 6 . 1 8 ( page no . 261)
6 // S o l u t i o n
7
8 // data ,
9 cp =0.9093; // S p e c i f i c heat at c o n s t a n t p r e s s u r e // kJ

/ kg∗R
10 p2=150; //kPa // f i n a l p r e s s u r e
11 p1=500; //kPa // i n i t i a l p r e s s u r e
12 T2 =273+0; // f i n a l t empera tu r e // C e l s i u s c o n v e r t e d

to k e l v i n
13 T1 =273+100; // i n i t i a l t empera tu re // C e l s i u s

c o n v e r t e d to k e l v i n
14 // J =778; // c o n v e r s i o n f a c t o r
15 R=8.314/32; // m o l e c u l e r we ight o f oxygen=32 // Unit :

f t ∗ l b f / lbm∗R // c o n s t a n t o f p r o p o r t i o n a l i t y
16 // Using equat ion , and dropp ing J g i v e s ,
17 deltas =(cp*(log(T2/T1))) -((R)*(log(p2/p1))); //

change i n ent ropy // kJ/ kg∗K
18 // For 2 kg ,
19 deltaS =2* deltas; //The change i n en tha lpy i n kJ/K
20 printf(” For 2 kg oxygen , The change i n en tha lpy i s %f

kJ/K\n”,deltaS);

Scilab code Exa 6.19 Determine the increase in pressure

1 clear;
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2 clc;

3 printf(”\ t \ t \ tProblem Number 6 . 1 9\ n\n\n”);
4 // Chapter 6 : The I d e a l Gas
5 // Problem 6 . 1 9 ( page no . 262)
6 // S o l u t i o n
7
8 // from the equat i on , d e l t a s / cv = ( k∗ l o g ( v2 / v1 ) )+ l o g

( p2/p1 ) // change i n ent ropy
9 k=1.4; //k=cp / cv // r a t i o o f s p e c i f i c h e a t s

10 // d e l t a s =(1/4) ∗ cv // so ,
11 // 1/4= ( k∗ l o g ( v2 / v1 ) )+ l o g ( p2/p1 )
12 v2=1/2; // Because , v2 =(1/2) ∗v1 // i n i t i a l s p e c i f i c

volume
13 v1=1; // f i n a l s p e c i f i c volume
14 p2byp1=exp ((1/4) -(k*log(v2/v1))); // i n c r e a s e i n

p r e s s u r e
15 printf(”p2/p1=%f\n”,p2byp1);
16 printf(”So , i n c r e a s e i n p r e s s u r e i s %f ”,p2byp1);

Scilab code Exa 6.20 Determine change in entropy

1 clear;

2 clc;

3 printf(”\ t \ t \ tProblem Number 6 . 2 0\ n\n\n”);
4 // Chapter 6 : The I d e a l Gas
5 // Problem 6 . 2 0 ( page no . 264)
6 // S o l u t i o n
7
8 // data
9 T2 =460+270; // F a h r e n h e i t t empera tu r e c o n v e r t e d to

a b s o l u t e f i n a l t empera tu r e // u n i t :R
10 T1 =460+70; // F a h r e n h e i t t empera tu r e c o n v e r t e d to

a b s o l u t e i n i t i a l t empera tu r e // u n i t :R
11 cv =0.17; // s p e c i f i c heat at c o n s t a n t volume // Btu/

lbm∗R
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12 //Now ,
13 deltas=cv*log(T2/T1); // change i n ent ropy // Unit : Btu

/ lbm∗R
14 // For 1/2 lb ,
15 deltaS =(1/2)*deltas; //The change i n en tha lpy i n Btu

/R
16 printf(” For 1/2 l b o f gas , The change i n en tha lpy i s

%f Btu/R\n”,deltaS);

Scilab code Exa 6.21 Determine the change in entropy

1 clear;

2 clc;

3 printf(”\ t \ t \ tProblem Number 6 . 2 1\ n\n\n”);
4 // Chapter 6 : The I d e a l Gas
5 // Problem 6 . 2 1 ( page no . 264)
6 // S o l u t i o n
7
8 // data
9 T2 =100+273; // C e l s i u s t empera tu r e c o n v e r t e d to

Ke lv in // f i n a l t empera tu r e
10 T1 =20+273; // C e l s i u s t empera tu r e c o n v e r t e d to Ke lv in

// i n i t i a l t empera tu re
11 cv =0.7186; // s p e c i f i c heat at c o n s t a n t volume // kJ/

kg∗K
12 //Now ,
13 deltas=cv*log(T2/T1); // change i n ent ropy // Unit : kJ/

kg∗K
14 // For 0 . 2 kg ,
15 deltaS =(0.2)*deltas; //The change i n en tha lpy i n kJ/

K
16 printf(” For 0 . 2 kg o f a i r , The change i n en tha lpy i s

%f kJ/K\n”,deltaS);
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Scilab code Exa 6.22 Determine the higher temperature

1 clear;

2 clc;

3 printf(”\ t \ t \ tProblem Number 6 . 2 2\ n\n\n”);
4 // Chapter 6 : The I d e a l Gas
5 // Problem 6 . 2 2 ( page no . 264)
6 // S o l u t i o n
7
8 // data
9 deltas =0.0743; // change i n ent ropy // Unit : Btu/ lbm∗R

10 T1 =460+100; // F a h r e n h e i t t empera tu r e c o n v e r t e d to
a b s o l u t e i n i t i a l t empera tu r e

11 cv =0.219; // s p e c i f i c heat at c o n s t a n t volume // Btu/
lbm∗R

12 //Now ,
13 // d e l t a s=cv ∗ l o g (T2/T1) ;
14 T2=T1*exp(deltas/cv); // h i g h e r t empera tu r e //

a b s o l u t e t empera tu r e // u n i t :R
15 printf(”The h i g h e r t empera tu r e i s %f R\n”,T2)

Scilab code Exa 6.23 Determine the initial temperature

1 clear;

2 clc;

3 printf(”\ t \ t \ tProblem Number 6 . 2 3\ n\n\n”);
4 // Chapter 6 : The I d e a l Gas
5 // Problem 6 . 2 3 ( page no . 265)
6 // S o l u t i o n
7
8 // data
9 deltaS =0.4386; // change i n ent ropy // Unit : kJ/K
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10 T2 =273+425; // C e l s i u s t empera tu r e c o n v e r t e d to
k e l v i n // i n i t i a l t empera tu re

11 cv =0.8216; // s p e c i f i c heat at c o n s t a n t volume // kJ/
kg∗K

12 m=1.5; // mass // kg
13 //Now ,
14 // d e l t a s=m∗ cv ∗ l o g (T2/T1) ;
15 T1=T2/(exp(deltaS /(m*cv))) // i n i t i a l t empera tu re //

u n i t :K
16 printf(”The i n i t i a l t empera tu re o f the p r o c e s s i s %f

K or %f C\n”,T1 ,T1 -273)

Scilab code Exa 6.24 Determine deltas deltas and flow work

1 clear;

2 clc;

3 printf(”\ t \ t \ tProblem Number 6 . 2 4\ n\n\n”);
4 // Chapter 6 : The I d e a l Gas
5 // Problem 6 . 2 4 ( page no . 267)
6 // S o l u t i o n
7
8 // data g i v e n
9 T2 =460+400; // F a h r e n h e i t t empera tu r e c o n v e r t e d to

a b s o l u t e f i n a l t empera tu r e // u n i t :R
10 T1 =460+70; // F a h r e n h e i t t empera tu r e c o n v e r t e d to

a b s o l u t e i n i t i a l t empera tu r e // u n i t :R
11 cp =0.24; // s p e c i f i c heat at c o n s t a n t p r e s s u r e // Btu/

lbm∗R
12 J=778; // c o n v e r s i o n f a c t o r
13 R=1545/29; // m o l e c u l e r we ight =29 // Unit : f t ∗ l b f / lbm∗R

// c o n s t a n t o f p r o p o r t i o n a l i t y
14 //From the ene rgy e q u a t i o n f o r the cons tant−p r e s s u r e

p r o c e s s , the heat t r a n s f e r r e d i s d e l t a h . The r e f o r e
,

15 //q=d e l t a h=cp ∗ (T2−T1)
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16 deltah=cp*(T2-T1); // heat t r a n s f e r r e d // Btu/ l b //
i n t o system

17 printf(”The heat t r a n s f e r r e d i s %f Btu/ l b ( i n t o
system ) \n”,deltah);

18 deltas=cp*log(T2/T1); // i n c r e a s e i n ent ropy // Btu/
lbm∗R

19 printf(”The i n c r e a s e i n ent ropy i s %f Btu/ lbm∗R\n”,
deltas);

20 //The f l o w work change i s ( p2∗v2 ) /J − ( p1∗v1 ) /J = (R
/J ) ∗ (T2−T1)

21 flowworkchange =(R/J)*(T2-T1); // Btu/ lbm //The f l o w
work change per pound o f a i r

22 printf(”The f l o w work change per pound o f a i r i s %f
Btu/ lbm\n”,flowworkchange);

23 // In a d d i t i o n to each o f the a s sumpt ions made i n a l l
the p r o c e s s be ing c o n s i d e r e d , i t has f u r t h e r been
t a c i t l y assumed tha t t h e s e p r o c e s s e s a r e c a r r i e d
out quas i− s t a t i c a l l y and wi thout f r i c t i o n .

Scilab code Exa 6.25 Determine the heat transferred and the increase in
entropy per kg of air

1 clear;

2 clc;

3 printf(”\ t \ t \ tProblem Number 6 . 2 5\ n\n\n”);
4 // Chapter 6 : The I d e a l Gas
5 // Problem 6 . 2 5 ( page no . 268)
6 // S o l u t i o n
7
8 // data g i v e n
9 T2 =500+273; // C e l s i u s t empera tu r e c o n v e r t e d to

Ke lv in // f i n a l t empera tu r e
10 T1 =20+273; // C e l s i u s t empera tu r e c o n v e r t e d to Ke lv in

// i n i t i a l t empera tu re
11 cp =1.0062; // s p e c i f i c heat at c o n s t a n t p r e s s u r e // kJ
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/ kg∗K
12 //From the ene rgy e q u a t i o n f o r the cons tant−p r e s s u r e

p r o c e s s , the heat t r a n s f e r r e d i s d e l t a h . The r e f o r e
,

13 //q=d e l t a h=cp ∗ (T2−T1)
14 deltah=cp*(T2-T1); // heat t r a n s f e r r e d // kJ/ kg // i n t o

system
15 printf(”The heat t r a n s f e r r e d i s per k i l og ram o f a i r

%f kJ/ kg\n”,deltah);
16 deltas=cp*log(T2/T1); // i n c r e a s e i n ent ropy // kJ/ kg∗

K
17 printf(”The i n c r e a s e i n ent ropy per k i l og ram o f a i r

i s %f kJ/ kg∗K\n”,deltas);

Scilab code Exa 6.26 Determine the heat added and work out of the sys-
tem

1 clear;

2 clc;

3 printf(”\ t \ t \ tProblem Number 6 . 2 6\ n\n\n”);
4 // Chapter 6 : The I d e a l Gas
5 // Problem 6 . 2 6 ( page no . 270)
6 // S o l u t i o n
7
8 // data g i v e n
9 v2=2; // Because , v2 =(2) ∗v1 // volume i n c r e a s e s to i t s

t w i c e i t s f i n a l volume
10 v1=1; // i n i t i a l volume
11 T=460+200; // F a h r e n h e i t t empera tu r e c o n v e r t e d to

a b s o l u t e t empera tu r e
12 J=778; // c o n v e r s i o n f a c t o r
13 R=1545/28; // m o l e c u l e r we ight o f n i t r o g e n =28 // Unit :

f t ∗ l b f / lbm∗R // c o n s t a n t o f p r o p o r t i o n a l i t y
14 //From the equat i on , w/J=q=T∗ d e l t a s =((R∗T) /J ) ∗ l o g ( v2

/ v1 )
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15 q=((R*T)/J)*log(v2/v1); // Btu/ lbm // the heat added
to system

16 // For 0 . 1 lb ,
17 Q=0.1*q; // Btu // the heat added to system
18 printf(”The heat added to system i s %f Btu\n”,Q);
19 //The work out o f the system i s e q u a l to the heat

added ; thus ,
20 WbyJ=Q; //The work out o f the system ( out o f the

system ) // u n i t : Btu
21 printf(”The work out o f the system i s %f Btu ( out o f

the system ) \n”,WbyJ);

Scilab code Exa 6.27 Determine the heat added and workout of the sys-
tem

1 clear;

2 clc;

3 printf(”\ t \ t \ tProblem Number 6 . 2 7\ n\n\n”);
4 // Chapter 6 : The I d e a l Gas
5 // Problem 6 . 2 7 ( page no . 270)
6 // S o l u t i o n
7
8 // data g i v e n
9 T=50+273; // C e l s i u s t empera tu r e c o n v e r t e d to Ke lv in

// f i n a l t empera tu r e // u n i t :K
10 v2=1/2; // Because , v2 =(1/2) ∗v1 // volume i n c r e a s e s to

i t s h a l f i t s f i n a l volume
11 v1=1;

12 R=8.314/32; // m o l e c u l e r we ight o f oxygen=32 // Unit :
kJ/ kg∗K // c o n s t a n t o f p r o p o r t i o n a l i t y

13 //From the equat i on , q=((R∗T) ) ∗ l o g ( v2 / v1 )
14 q=R*T*log(v2/v1); // heat added // kJ/ kg
15 printf(”The heat added to system i s %f kJ/ kg ( heat

out o f system ) \n”,q);
16 //The work out o f the system i s e q u a l to the heat
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added ; thus ,
17 W=q; //The work out o f the system // u n i t : kJ/ kg
18 printf(”The work out o f the system i s %f kJ/ kg ( i n t o

system ) \n”,W);

Scilab code Exa 6.28 Determine the change in entropy

1 clear;

2 clc;

3 printf(”\ t \ t \ tProblem Number 6 . 2 8\ n\n\n”);
4 // Chapter 6 : The I d e a l Gas
5 // Problem 6 . 2 8 ( page no . 271)
6 // S o l u t i o n
7
8 // data g i v e n i n problem 6 . 2 7
9 T=50+273; // C e l s i u s t empera tu r e c o n v e r t e d to Ke lv in

// f i n a l t empera tu r e
10 v2=1/2; // Because , v2 =(1/2) ∗v1 // volume i n c r e a s e s to

i t s h a l f i t s f i n a l volume
11 v1=1;

12 R=8.314/32; // m o l e c u l e r we ight o f oxygen=32 // Unit :
kJ/ kg∗K // c o n s t a n t o f p r o p o r t i o n a l i t y

13 //From the equat i on , q=((R∗T) ) ∗ l o g ( v2 / v1 )
14 q=R*T*log(v2/v1); // heat added // kJ/ kg
15 printf(”The heat added to system i s %f kJ/ kg ( heat

out o f system ) \n”,q);
16 // For a c o n s t a n t temperature ,
17 deltas=q/T; // Change i n ent ropy // u n i t : kJ/ kg∗K
18 printf(”The change i n ent ropy i s %f kJ/ kg∗K\n”,

deltas);

Scilab code Exa 6.29 Determine the final state and work done by the air
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1 clear;

2 clc;

3 printf(”\ t \ t \ tProblem Number 6 . 2 9\ n\n\n”);
4 // Chapter 6 : The I d e a l Gas
5 // Problem 6 . 2 9 ( page no . 274)
6 // S o l u t i o n
7
8 // data g i v e n
9 T1 =1000; // a b s o l u t e i n i t i a l t empera tu r e // u n i t :R

10 p2=1; // u n i t : atm // a b s o l u t e f i n a l p r e s s u r e
11 p1=5; // u n i t : atm // a b s o l u t e i n i t i a l p r e s s u r e
12 J=778; // c o n v e r s i o n f a c t o r
13 R=1545/29; // m o l e c u l e r we ight =29 // Unit : f t ∗ l b f / lbm∗R

// c o n s t a n t o f p r o p o r t i o n a l i t y
14 k=1.4; //k=cp / cv // r a t i o o f s p e c i f i c h e a t s
15 //From the equat i on ,
16 T2=T1*((p2/p1)^((k-1)/k)); // Unit :R //The a b s o l u t e

f i n a l t empera tu r e
17 printf(”The a b s o l u t e f i n a l t empera tu r e i s %f R\n”,T2

);

18 work=(R*(T2-T1))/(J*(1-k)); // Btu/ lbm //The work
done by a i r ( out )

19 printf(”The work done by a i r i s %f Btu/ lbm ( out ) \n”,
work)

Scilab code Exa 6.30 Determine the final state and work done

1 clear;

2 clc;

3 printf(”\ t \ t \ tProblem Number 6 . 3 0\ n\n\n”);
4 // Chapter 6 : The I d e a l Gas
5 // Problem 6 . 3 0 ( page no . 274)
6 // S o l u t i o n
7
8 // data g i v e n
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9 // mass o f 1 kg
10 T1 =500+273; // C e l s i u s t empera tu r e c o n v e r t e d to

Ke lv in // f i n a l t empera tu r e
11 p2=1; //atm // a b s o l u t e f i n a l p r e s s u r e
12 p1=5; //atm // a b s o l u t e i n i t i a l p r e s s u r e
13 J=778; // c o n v e r s i o n f a c t o r
14 R=8.314/29; // m o l e c u l e r we ight =29 // Unit : kJ/ kg∗K //

c o n s t a n t o f p r o p o r t i o n a l i t y
15 k=1.4; //k=cp / cv // r a t i o o f s p e c i f i c heat
16 //From the equat i on ,
17 T2=T1*((p2/p1)^((k-1)/k)); // Unit : Ke lv in //The

a b s o l u t e f i n a l t empera tu r e
18 printf(”The a b s o l u t e f i n a l t empera tu r e i s %f K or %f

C\n”,T2 ,T2 -273);
19 work=(R*(T2-T1))/((1-k)); // kJ/ kg //The work done by

a i r ( out )
20 printf(”The work done by a i r i s %f kJ/ kg ( out ) \n”,

work)

Scilab code Exa 6.31 Determine value of k

1 clear;

2 clc;

3 printf(”\ t \ t \ tProblem Number 6 . 3 1\ n\n\n”);
4 // Chapter 6 : The I d e a l Gas
5 // Problem 6 . 3 1 ( page no . 275)
6 // S o l u t i o n
7
8 // data g i v e n
9 T1 =800+273; // C e l s i u s t empera tu r e c o n v e r t e d to

Ke lv in // i n i t i a l t empera tu r e
10 T2 =500+273; // C e l s i u s t empera tu r e c o n v e r t e d to

Ke lv in // f i n a l t empera tu r e
11 p2=1; //atm // a b s o l u t e f i n a l p r e s s u r e
12 p1=5; //atm // a b s o l u t e i n i t i a l p r e s s u r e
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13 //A gas expands i s e n t r o p i c a l l y
14 //From the equat i on ,
15 //T2/T1=(( p2/p1 ) ˆ ( ( k−1)/k ) ) ;
16 // r e a r r a n g i n g ,
17 k=inv(1-((log(T2/T1)/log(p2/p1)))); //k=cp / cv //

Rat io o f s p e c i f i c h e a t s
18 printf(” Rat io o f s p e c i f i c h e a t s ( k ) i s %f\n”,k);

Scilab code Exa 6.32 Determine q work and change in entropy

1 clear;

2 clc;

3 printf(”\ t \ t \ tProblem Number 6 . 3 2\ n\n\n”);
4 // Chapter 6 : The I d e a l Gas
5 // Problem 6 . 3 2 ( page no . 279)
6 // S o l u t i o n
7
8 // data g i v e n
9 n=1.3; //p∗v ˆ1.3= c o n s t a n t

10 k=1.4; //k=cp / cv Rat io o f s p e c i f i c h e a t s
11 cp =0.24; // s p e c i f i c heat at c o n s t a n t p r e s s u r e // Btu/

lbm∗R
12 T2=600; // a b s o l u t e f i n a l t empera tu r e // u n i t :R
13 T1 =1500; // a b s o l u t e i n i t i a l t empera tu r e // u n i t :R
14 R=53.3; // Unit : f t ∗ l b f / lbm∗R // c o n s t a n t o f

p r o p o r t i o n a l i t y
15 J=778; // c o n v e r s i o n f a c t o r
16 cv=cp/k; // s p e c i f i c heat at c o n s t a n t volume // Btu/

lbm∗R
17 // Ther e f o r e ,
18 cn=cv*((k-n)/(1-n)); // P o l y t r o p i c s p e c i f i c heat //

Btu/ lbm∗R
19 printf(” P o l y t r o p i c s p e c i f i c heat ( cn ) i s %f Btu/ lbm∗R

\n”,cn);
20 //The n e g a t i v e s i g n o f cn i n d i c a t e s tha t e i t h e r the
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heat t r a n s f e r f o r the p r o c e s s comes from the
system or t h e r e i s a n e g a t i v e t empera tu r e change
w h i l e heat i s t r a n s f e r r e d to the system .

21 //The heat t r a n s f e r r e d i s cn ∗ (T2−T1) . The r e f o r e ,
22 q=cn*(T2-T1); // heat t r a n s f e r r e d // Btu/ lbm ( to the

system )
23 printf(”The heat t r a n s f e r r e d i s %f Btu/ lbm ( to the

system ) \n”,q);
24 //The work done can be found u s i n g equat i on ,
25 w=(R*(T2-T1))/(J*(1-n)); // Btu/ lbm // the workdone (

from the system )
26 printf(”The work done i s %f Btu/ lbm ( from the system )

\n”,w);
27 deltas=cn*log(T2/T1)’ // change i n ent ropy // Btu/ lbm∗

R
28 printf(”The change i n en tha lpy i s %f Btu/ lbm∗R\n”,

deltas);

Scilab code Exa 6.33 Ratio of inlet pressure to outlet pressure

1 clear;

2 clc;

3 printf(”\ t \ t \ tProblem Number 6 . 3 3\ n\n\n”);
4 // Chapter 6 : The I d e a l Gas
5 // Problem 6 . 3 3 ( page no . 279)
6 // S o l u t i o n
7
8 // data g i v e n i n problem 6 . 3 2 ,
9 n=1.3; //p∗v ˆ1.3= c o n s t a n t

10 k=1.4; //k=cp / cv // r a t i o o f s p e c i f i c h e a t s
11 cp =0.24; // s p e c i f i c heat at c o n s t a n t p r e s s u r e // Btu/

lbm∗R
12 T2=600; // a b s o l u t e f i n a l t empera tu r e // u n i t :R
13 T1 =1500; // a b s o l u t e i n i t i a l t empera tu r e // u n i r :R
14 R=53.3; // Unit : f t ∗ l b f / lbm∗R // c o n s t a n t o f
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p r o p o r t i o n a l i t y
15 J=778; // c o n v e r s i o n f a c t o r
16 // Equation ,
17 // T1/T2=(( p1/p2 ) ˆ ( ( n−1)/n ) ) ;
18 // r e a r r a n g i n g ,
19 p1byp2=exp(log(T1/T2)/((n-1)/n)); //The r a t i o o f

i n l e t to o u t l e t p r e s s u r e
20 printf(”The r a t i o o f i n l e t to o u t l e t p r e s s u r e i s %f\

n”,p1byp2);

Scilab code Exa 6.34 Change in enthalpy internal energy and entropy

1 clear;

2 clc;

3 printf(”\ t \ t \ tProblem Number 6 . 3 4\ n\n\n”);
4 // Chapter 6 : The I d e a l Gas
5 // Problem 6 . 3 4 ( page no . 284)
6 // S o l u t i o n
7
8 //From the t a b l e at 1000 R: //

From the t a b l e at 500 R:
9 h2 =240.98; h1

=119.48;

10 // Btu/ lbm // en tha lpy //
Btu/ lbm // en tha lpy

11 u2 =172.43; u1

=85.20;

12 // Btu/ lbm // i n t e r n a l ene rgy //
Btu/ lbm // i n t e r n a l ene rgy

13 fy2 =0.75042; fy1

=0.58233;

14 // Btu/ lbm∗R //
Btu/ lbm∗R

15
16 //The change i n en tha lpy i s
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17 deltah=h2-h1; // Btu/ lbm
18 //The change i n i n t e r n a l ene rgy i s
19 deltau=u2-u1; // Btu/ lbm
20 printf(”The change i n en tha lpy i s %f Btu/ lbm & the

change i n i n t e r n a l ene rgy i s %f Btu/ lbm\n”,deltah
,deltau);

21 // Because i n the cons tant−p r e s s u r e p r o c e s s −R∗ l o g ( p2
/p1 ) i s ze ro ,

22 deltas=fy2 -fy1; // Btu/ lbm∗R //The ent ropy when a i r
i s heated at c o n s t a n t p r e s s u r e

23 printf(”The ent ropy when a i r i s heated at c o n s t a n t
p r e s s u r e i s %f Btu/ lbm/R\n”,deltas);

Scilab code Exa 6.35 Determine final temperature and workdone

1 clear;

2 clc;

3 printf(”\ t \ t \ tProblem Number 6 . 3 5\ n\n\n”);
4 // Chapter 6 : The I d e a l Gas
5 // Problem 6 . 3 5 ( page no . 285)
6 // S o l u t i o n
7
8 // In t h i s problem , the a i r expands from 5 atm

a b s o l u t e to 1 atm a b s o l u t e from an i n i t i a l
t empera tu re o f 1000R,

9 pr =12.298; // r e l a t i v e p r e s s u r e // u n i t : atm
10 h=240.98; // Btu/ lbm // en tha lpy
11 pr =12.298/5; //The v a l u e o f the f i n a l r e l a t i v e

p r e s s u r e // u n i t : atm
12 // I n t e r p o l a t i o n i n the a i r t a b l e y i e l d s the

f o l l o w i n g :
13 // T pr
14 // 620 2 . 2 4 9
15 // 2 . 4 5 9 6
16 // 640 2 . 5 1 4
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17 T=620+(((2.4596 -2.249) /(2.514 -2.249))*20); // the
f i n a l t empera tu r e // u n i t :R

18 printf(”The a b s o l u t e f i n a l t empera tu r e i s %f R\n”,T)
;

19 u1 =172.43; // i n i t i a l i n t e r n a l ene rgy // Btu/ lbm
20 u2 =108.51; // f i n a l i n t e r n a l ene rgy // Btu/ lbm
21 work=u1-u2; // Btu/ lbm The work done by a i r i n an

i s e n t r o p i c non f low expans i on // where the v a l u e o f
u2 i s o b t a i n e d by i n t e r p o l a t i o n at T

tempera tu re and the v a l u e o f u1 i s r ead from the
a i r t a b l e at 1000 R.

22 printf(”The work done by a i r i n an i s e n t r o p i c
non f low expans i on i s %f Btu/ lbm ( out ) \n”,work)

Scilab code Exa 6.36 Determine the velocity of sound air and hydrogen

1 clear;

2 clc;

3 printf(”\ t \ t \ tProblem Number 6 . 3 6\ n\n\n”);
4 // Chapter 6 : The I d e a l Gas
5 // Problem 6 . 3 6 ( page no . 288)
6 // S o l u t i o n
7
8 T=1000+460; // F a h r e n h e i t t empera tu r e c o n v e r t e d to

a b s o l u t e t empera tu r e
9 //The v e l o c i t y o f sound i n a i r at 1000 F i s

10 Va =49.0* sqrt(T); // v e l o c i t y // f t / s
11 printf(”The v e l o c i t y o f sound a i r at 1000 F i s %f f t

/ s \n”,Va);
12 // Hydrogen has a s p e c i f i c heat r a t i o o f 1 . 4 1 and R

=766 .53 . The r e f o r e ,
13 khydrogen =1.41; // s p e c i f i c h e a t s r a t i o f o r a i r
14 kair =1.40; // s p e c i f i c h e a t s r a t i o f o r a i r
15 Rhydrogen =766.53; // gas c o n s t a n t // f t ∗ l b f / lbm∗R
16 Rair =53.36; // gas c o n s t a n t // f t ∗ l b f / lbm∗R
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17 // Vahydrogen / Vaa i r = s q r t ( ( Rhydrogen∗ khydrogen ) /(
Ra i r ∗ k a i r ) )

18 // r e a r r a n g i n g ,
19 Vahydrogen=Va*sqrt(( Rhydrogen*khydrogen)/(Rair*kair)

); //The v e l o c i t y o f sound i n hydrogen at 1000 F
// u n i t : f t / s

20 printf(”The v e l o c i t y o f sound i n hydrogen at 1000 F
i s %f f t / s \n”,Vahydrogen);

Scilab code Exa 6.37 Determine the mach number

1 clear;

2 clc;

3 printf(”\ t \ t \ tProblem Number 6 . 3 7\ n\n\n”);
4 // Chapter 6 : The I d e a l Gas
5 // Problem 6 . 3 7 ( page no . 288)
6 // S o l u t i o n
7
8 T=200+460; // F a h r e n h e i t t empera tu r e c o n v e r t e d to

a b s o l u t e t empera tu r e // u n i t :R
9 V=1500; // f t / s // the l o c a l v e l o c i t y

10 Va =49.0* sqrt(T); // v e l o c i t y o f sound a i r at 200 F
// u n i t : f t / s

11 printf(”The v e l o c i t y o f sound a i r at 200 F i s %f f t /
s \n”,Va);

12 M=V/Va; //The Mach number=the l o c a l v e l o c i t y /
v e l o c i t y o f sound // u n i t l e s s

13 printf(”The Mach number i s %f\n”,M);

Scilab code Exa 6.38 Determine the total enthalpy

1 clear;

2 clc;
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3 printf(”\ t \ t \ tProblem Number 6 . 3 8\ n\n\n”);
4 // Chapter 6 : The I d e a l Gas
5 // Problem 6 . 3 8 ( page no . 290)
6 // S o l u t i o n
7
8 // data g i v e n
9 V=1000; // f t / s // the f l u i d v e l o c i t y

10 gc =32.17; // Unit : (LBm∗ f t ) / ( LBf∗ s ˆ2) // gc i s c o n s t a n t
o f p r o p o r t i o n a l i t y

11 J=778; // c o n v e r s i o n f a c t o r
12 h=1204.4; // Btu/ lbm // en tha lpy o f s a t u r a t e d steam
13 //h0−h=Vˆ2/(2∗ gc ∗J )
14 h0=h+((V^2) /(2*gc*J)); // Btu/ lbm // h0=s t a g n a t i o n

en tha lpy
15 printf(”The t o t a l en tha lpy i s %f Btu/ lbm\n”,h0);
16 // I t w i l l be noted f o r t h i s problem tha t i f the

i n i t i a l v e l o c i t y had been 100 f t / s , d e l t a h would
have been 0 . 2 Btu/lbm , and f o r most p r a c t i c a l
purpposes , the t o t a l p r o p e r t i e s and t h o s e o f
the f l o w i n g f l u i d would have been e s s e n t i a l l y the

same . Thus , f o r low−v e l o c i t y f l u i d s , the d i f f e r e n c e
i n t o t a l and steam p r o p e r t i e s can be

n e g l e c t e d .

Scilab code Exa 6.39 Converging and Diverging Nozzles

1 clear;

2 clc;

3 printf(”\ t \ t \ tProblem Number 6 . 3 9\ n\n\n”);
4 // Chapter 6 : The I d e a l Gas
5 // Problem 6 . 3 9 ( page no . 297)
6 // S o l u t i o n
7
8 k=1.4; // the s p e c i f i c h e a t s r a t i o //k=cp / cv
9 M=1; // ( t a b l e 6 . 5 ) //The Mach number=the l o c a l
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v e l o c i t y / v e l o c i t y o f sound
10 T0=800; // a b s o l u t e t empera tu r e // u n i t :R
11 gc =32.17; // Unit : (LBm∗ f t ) / ( LBf∗ s ˆ2) // gc i s c o n s t a n t

o f p r o p o r t i o n a l i t y
12 R=53.35; // gas c o n s t a n t // f t ∗ l b f / lbm∗R
13 p0=300; // p s i a // p r e s s u r e
14
15 // ∗ or ” s t a r ” s u b s c r i p t s to c o n d i t i o n s i n which M

=1;
16 // ”0” s u b s c r i p t r e f e r s to i s e n t r o p i c s t a g n a t i o n
17 // Re f e r to f i g u r e 6 . 2 6 ,
18 // Tstar /T0=0.8333
19 Tstar=T0 *0.8333; // t empera tu r e when M=1 // u n i t :R
20 printf(” I f the mach number at the o u t l e t i s un i ty ,

t empera tu re i s %f R\n”,Tstar);
21 Vat=sqrt(gc*R*Tstar*k); // f t / s // Vat=V2 // l o c a l

v e l o c i t y o f sound
22 printf(” I f the mach number at the o u t l e t i s un i ty ,

v e l o c i t y i s %f f t / s \n\n”,Vat)
23
24 // For A/ Astar =2.035
25 //The t a b l e y i e l d s
26 M1=0.3; //mach number at i n l e t
27 printf(”At i n l e t , The mach number i s %f\n”,M1)
28 // p s t a r /p0 =0.52828
29 pstar=p0 *0.52828; // p r e s s u r e when M=1 // p s i a
30 // a l s o ,
31 //T1/T0=0.98232 and p1/p0 =0.93947
32 // Ther e f o r e ,
33 T1=T0 *0.982332; // u n i t :R //T1=tempera tu r e at i n l e t
34 printf(”At i n l e t , The t empera tu r e i s %f R\n”,T1);
35 p1=p0 *0.93947; // p s i a // p1=p r e s s u r e at i n l e t
36 printf(”At i n l e t , The p r e s s u r e i s %f p s i a \n”,p1);
37 //From the i n l e t c o n d i t i o n s de r i v ed ,
38 Va1=sqrt(gc*k*R*T1); // f t / s //V1=v e l o c i t y at i n l e t
39 V1=M1*Va1; // f t / s // v e l o c i t y
40 printf(”At i n l e t , The v e l o c i t y i s %f f t / s \n”,V1);
41 //The s p e c i f i c volume at i n l e t i s found from the
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e q u a t i o n o f s t a t e f o r an i d e a l gas :
42 v=(R*T1)/(p1*144); // f t ˆ3/ lbm //1 f t ˆ2=144 i n ˆ2( f o r

c o n v e r s i o n o f u n i t ) // s p e c i f i c volume
43 rho=inv(v); // i n v e r s e o f s p e c i f i c volume // d e n s i t y
44 A=2.035; // a r ea // f t ˆ2
45 m=rho*A*V1; // mass f l o w // u n i t : lbm/ s
46 printf(”At i n l e t , The mass f l o w i s %f lbm/ s \n”,m);

Scilab code Exa 6.40 Converging and Diverging Nozzles

1 clear;

2 clc;

3 printf(”\ t \ t \ tProblem Number 6 . 4 0\ n\n\n”);
4 // Chapter 6 : The I d e a l Gas
5 // Problem 6 . 4 0 ( page no . 299)
6 // S o l u t i o n
7
8 // ∗ or ” s t a r ” s u b s c r i p t s to c o n d i t i o n s i n which M

=1;
9 // ”0” s u b s c r i p t r e f e r s to i s e n t r o p i c s t a g n a t i o n

10 // This problem w i l l be s o l v e d by two methods (A and B
)

11 printf(”Method A\n”); //By e q u a t i o n s :
12 k=1.4; // the s p e c i f i c heat r a t i o //k=cp / cv
13 R=53.3; // gas c o n s t a n t // f t ∗ l b f / lbm∗R
14 M=2.5; //mach number=the l o c a l v e l o c i t y / v e l o c i t y o f

sound
15 printf(” S o l u t i o n f o r ( a ) \n”);
16 // T/ Tstar = ( k+1) / ( 2∗ ( 1 + ( ( 1 / 2 ) ∗ ( k−1)∗Mˆ2) ) )
17 // Tstar /T0=2/(k+1)
18 // Ther e f o r e ,
19 // ( Tstar /T0) ∗ (T/ Tstar ) = (T/T0) =1/(1+((1/2) ∗ ( k−1)∗M

ˆ2) )
20 T0=560; // a b s o l u t e t empera tu r e or s t a g n a t i o n

t empera tu re // u n i t :R
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21 T=T0 /(1+((1/2) *(k-1)*M^2)); // t empera tu r e at M=2.5
22 printf(”The tempera tu r e i s %f R\n\n”,T);
23 printf(” S o l u t i o n f o r ( b ) \n”);
24 p=0.5; // s t a t i c p r e s s u r e // u n i t : p s i a
25 // p0/p = (T0/T) ˆ( k /( k−1) )
26 p0=p*14.7*(( T0/T)^(k/(k-1))); // p r e s s u r e at M=2.5 //

u n i t : p s i a
27 printf(”The p r e s s u r e i s %f p s i a \n\n”,p0);
28 printf(” S o l u t i o n f o r ( c ) \n”);
29 gc =32.17; // Unit : (LBm∗ f t ) / ( LBf∗ s ˆ2) // gc i s c o n s t a n t

o f p r o p o r t i o n a l i t y
30 Va=sqrt(gc*k*R*T); // f t / s // l o c a l v e l o c i t y o f sound
31 V=M*Va; // v a l o c i t y at M=2.5 // u n i t : f t / s
32 printf(”The v e l o c i t y i s %f f t / s \n\n”,V);
33 printf(” S o l u t i o n f o r ( d ) \n”);
34 v=(R*T)/(p*14.7*144); // f t ˆ3/ lbm //1 f t ˆ2=144 i n ˆ2

// s p e c i f i c volume at M=2.5
35 printf(”The s p e c i f i c volume i s %f f t ˆ3/ lbm\n\n”,v);
36 printf(” S o l u t i o n f o r ( e ) \n”);
37 // Mass v e l o c i t y i s d e f i n r d as the mass f l o w per u n i t

a r ea
38 // m/A=(A∗V) /( v∗A)=V/v
39 printf(”The mass v e l o c i t y i s %f lbm /( s ∗ f t ˆ2) \n\n\n”,

V/v); // mass v e l o c i t y at M=2.5
40
41
42 printf(”Method B\n”); //By the gas t a b l e s : // t a b l e

6 . 5 g i v e s
43 M=2.5; //mach number=the l o c a l v e l o c i t y / v e l o c i t y o f

sound
44 printf(” S o l u t i o n f o r ( a ) \n”);
45 T0=560; // a b s o l u t e t empera tu r e or s t a g n a t i o n

t empera tu re
46 //T/T0=0.44444
47 T=T0 *0.44444; // t empera tu r e at M=2.5
48 printf(”The tempera tu r e i s %f R\n\n”,T)
49 printf(” S o l u t i o n f o r ( b ) \n”);
50 p=0.5; // s t a t i c p r e s s u r e
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51 //p/p0 =0.05853
52 p0=(p*14.7) /0.05853; // p r e s s u r e at M=2.5
53 printf(”The p r e s s u r e i s %f p s i a \n\n”,p0);
54 printf(” S o l u t i o n f o r ( c ) \n”);
55 printf(”As b e f o r e %f f t / s \n\n”,V)
56 printf(” S o l u t i o n f o r ( d ) \n”);
57 printf(”As b e f o r e %f f t ˆ3/ lbm\n\n”,v)
58 printf(” S o l u t i o n f o r ( e ) \n”);
59 printf(”As b e f o r e %f lbm /( s ∗ f t ˆ1) \n”,V/v)

Scilab code Exa 6.41 Real Gases

1 clear;

2 clc;

3 printf(”\ t \ t \ tProblem Number 6 . 4 1\ n\n\n”);
4 // Chapter 6 : The I d e a l Gas
5 // Problem 6 . 4 1 ( page no . 304)
6 // S o l u t i o n
7
8 // For Methane (CH4 ,MW=16)
9 p=500; // e v a l u a t e s p e c i f i c volume at p p r e s s u r e //

Unit : p s i a
10 pc=674; // c r i t i c a l t empera tu r e // Unit : p s i a
11 T=50+460; // e v a l u a t e s p e c i f i c volume at T

tempera tu re // Unit :R
12 Tc=343; // c r i t i c a l t empera tu r e // Unit :R
13 R=1545/16; // gas c o n s t a n t R = 1545/ Mo l e cu l a r Weight

// f t ∗ l b f / lbm∗R
14 pr=p/pc; // reduced p r e s s u r e // u n i t : p s i a
15 Tr=T/Tc; // reduced tempera tu re // u n i t :R
16 // Reading f i g u r e 6 . 2 8 at t h e s e v a l u e s g i v e s
17 Z=0.93; // c o m p r e s s i b i l i t y f a c t o r
18 //Z=(p∗v ) /(R∗T)
19 v=Z*((R*T)/(p*144)); // f t ˆ3/ lbm //1 f t ˆ2=144 i n ˆ2(

f o r c o n v e r s i o n o f u n i t ) // s p e c i f i c volume
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20 printf(” Using the v a l u e o f Z=0.93 , the s p e c i f i c
volume i s %f f t ˆ3/ lbm\n”,v);

21 // For i d e a l gas ,
22 v=(R*T)/(p*144); // f t ˆ3/ lbm //1 f t ˆ2=144 i n ˆ2( f o r

c o n v e r s i o n o f u n i t ) // s p e c i f i c volume
23 printf(” For the i d e a l gas , the s p e c i f i c volume i s %f

f t ˆ3/ lbm\n”,v);
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Chapter 7

Mixtures Of Ideal Gases

Scilab code Exa 7.1 Dry air mixture of oxygen and nitrogen

1 // s c i l a b 5 . 4 . 1
2 clear;

3 clc;

4 printf(”\ t \ t \ tProblem Number 7 . 1\ n\n\n”);
5 // Chapter 7 : Mixture s Of I d e a l Gases
6 // Problem 7 . 1 ( page no . 322)
7 // S o l u t i o n
8
9 //As the b a s i s o f the c a l c u l a t i o n , assume tha t we

have 1 lbm o f mixture . Also , t ake the m o l e c u l a r
we ight o f oxygen to be 3 2 . 0 0 and n i t r o g e n to be
2 8 . 0 2 . ( from t a b l e 7 . 1 )

10 printf(” S o l u t i o n f o r ( a ) \n”);
11 nO2 =0.2315/32; // no o f moles o f oxygen=r a t i o o f mass

and m o l e c u l a r we ight / / 0 . 2 3 1 5 l b o f oxygen per
pound

12 printf(”The moles o f oxygen i s %f mole / lbm o f
mixture \n”,nO2);

13 nN2 =0.7685/28.02; // no o f moles o f n i t r o g e n=r a t i o o f
mass and m o l e c u l a r we ight / / 0 . 7 6 8 5 l b o f

n i t r o g e n per pound

131



14 printf(”The moles o f n i t r o g e n i s %f mole / lbm o f
mixture \n”,nN2);

15 nm=nO2+nN2; // Unit : Mole / lbm // number o f moles o f gas
mixture i s sum o f the moles o f i t s c o n s t i t u e n t

g a s e s
16 printf(”The t o t a l number o f moles i s %f mole / lbm\n”,

nm);

17 xO2=nO2/nm; // mole f r a c t i o n o f oxygen=r a t i o o f no o f
moles o f oxygen and t o t a l moles i n mixture

18 xN2=nN2/nm; // mole f r a c t i o n o f n i t r o g e n=r a t i o o f no
o f moles o f oxygen and t o t a l moles i n mixture

19 printf(”The mole f r a c t i o n o f oxygen i s %f and the
mole f r a c t i o n o f n i t r o g e n i s %f\n”,xO2 ,xN2);

20 // ( Check : xO2+xN2=1)
21 printf(”xO2+xN2=%f\n\n”,xO2+xN2);
22
23 printf(” S o l u t i o n f o r ( b ) \n”);
24 // the a i r i s a t 1 4 . 7 p s i a
25 pO2=xO2 *14.7; // the p a r t i a l p r e s s u r e o f oxygen=

p r e s s u r e o f a i r ∗ the mole f r a c t i o n o f oxygen //
p s i a

26 printf(”The p a r t i a l p r e s s u r e o f oxygen i s %f p s i a \n”
,pO2);

27 pN2=xN2 *14.7; // the p a r t i a l p r e s s u r e o f n i t r o g e n=
p r e s s u r e o f a i r ∗ the mole f r a c t i o n o f n i t r o g e n
// p s i a

28 printf(”The p a r t i a l p r e s s u r e o f n i t r o g e n i s %f p s i a \
n\n”,pN2);

29
30 printf(” S o l u t i o n f o r ( c ) \n”);
31 MWm=(xO2 *32) + (xN2 *28.02); // the m o l e c u l a r we ight

o f a i r=sum o f p r o d u c t s o f mole f r a c t i o n o f each
gas component

32 printf(”The m o l e c u l a r we ight o f a i r i s %f\n\n”,MWm);
33
34 printf(” S o l u t i o n f o r ( d ) \n”);
35 Rm =1545/ MWm; // the gas c o n s t a n t o f a i r
36 printf(”The gas c o n s t a n t o f a i r i s %f\n\n”,Rm);
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Scilab code Exa 7.2 Determine molecular weight and partial pressure

1 // s c i l a b 5 . 4 . 1
2 clear;

3 clc;

4 printf(”\ t \ t \ tProblem Number 7 . 2\ n\n\n”);
5 // Chapter 7 : Mixture s Of I d e a l Gases
6 // Problem 7 . 2 ( page no . 323)
7 // S o l u t i o n
8
9 // For Gaseous Freon−12 ( CCl2F2 )

10 //MW o f a i r =29 & MW o f f r eon −12=120.9
11 // i n i t i a l p r e s s u r e i n tank i s a tmosphe r i c p r e s s u r e

tha t i s 1 4 . 7 p s i a
12 // f i n a l p r e s s u r e o f tank i s 1000 p s i a
13 //The p a r t i a l p r e s s u r e o f the Freon−12 i s 1000−14.7
14 printf(”The p a r t i a l p r e s s u r e o f the Freon−12 i s %f\n

” ,1000 -14.7)

15 // the mole f r a c t i o n o f a i r=the i n i t i a l p r e s s u r e /
f i n a l p r e s s u r e

16 printf(”The mole f r a c t i o n o f a i r i s %f\n” ,14.7/1000)

17 // the mole f r a c t i o n o f f r e o n=the p a r t i a l p r e s s u r e o f
f r e o n / the f i n a l p r e s s u r e

18 printf(”The mole f r a c t i o n o f Freon−12 i s %f\n”
,(1000 -14.7) /1000)

19 MWm =((14.7/1000) *29) + (((1000 -14.7) /1000) *120.9);//
the m o l e c u l a r we ight o f mixture=sum o f p r o d u c t s
o f mole f r a c t i o n o f each gas component

20 printf(”The m o l e c u l a r we ight o f the mixture i s %f”,
MWm);
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Scilab code Exa 7.3 Determine moles moles fraction molecular weight and
gas constant

1 // s c i l a b 5 . 4 . 1
2 clear;

3 clc;

4 printf(”\ t \ t \ tProblem Number 7 . 3\ n\n\n”);
5 // Chapter 7 : Mixture s Of I d e a l Gases
6 // Problem 7 . 3 ( page no . 323)
7 // S o l u t i o n
8
9 //Ten pounds o f a i r , 1 l b o f carbon d i o x i d e , and 5 l b

o f n i t r o g e n a r e mixed at c o n s t a n t t empera tu r e
u n t i l the mixture p r e s s u r e i s c o n s t a n t

10 nair =10/29; // no o f moles o f a i r=r a t i o o f mass and
m o l e c u l a r we ight //10 l b o f n i t r o g e n per pound //
m o l e c u l a r we ight o f a i r =29

11 printf(”The moles o f a i r i s %f mole / lbm o f mixture \n
”,nair);

12 nCO2 =1/44; // no o f moles o f carbon d i o x i d e=r a t i o o f
mass and m o l e c u l a r we ight //1 l b o f per pound //
m o l e c u l a r we ight o f CO2=44

13 printf(”The moles o f carbon d i o x i d e i s %f mole / lbm
o f mixture \n”,nCO2);

14 nN2 =5/28; // no o f moles o f n i t r o g e n=r a t i o o f mass
and m o l e c u l a r we ight //5 l b o f n i t r o g e n per pound

// m o l e c u l a r we ight o f N2=28
15 printf(”The moles o f n i t r o g e n i s %f mole / lbm o f

mixture \n”,nN2);
16 nm=nair+nCO2+nN2; // Unit : Mole / lbm // number o f moles

o f gas mixture i s sum o f the moles o f i t s
c o n s t i t u e n t g a s e s

17 printf(”The t o t a l number o f moles i s %f mole / lbm\n\n
”,nm);

18
19 xair=nair/nm // mole f r a c t i o n o f a i r=r a t i o o f no o f

moles o f a i r and t o t a l moles i n mixture
20 xCO2=nCO2/nm; // mole f r a c t i o n o f carbon d i o x i d e=
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r a t i o o f no o f moles o f carbon d i o x i d e and t o t a l
moles i n mixture

21 xN2=nN2/nm; // mole f r a c t i o n o f n i t r o g e n=r a t i o o f no
o f moles o f oxygen and t o t a l moles i n mixture

22 printf(”The mole f r a c t i o n o f a i r i s %f \n”,xair);
23 printf(”The mole f r a c t i o n o f carbon d i o x i d e i s %f\n”

,xCO2)

24 printf(”The mole f r a c t i o n o f n i t r o g e n i s %f\n\n”,xN2
);

25
26 // f i n a l p r e s s u r e o f i s 100 p s i a
27 pair=xair *100; // the p a r t i a l p r e s s u r e o f a i r= f i n a l

p r e s s u r e ∗ the mole f r a c t i o n o f a i r // p s i a
28 printf(”The p a r t i a l p r e s s u r e o f a i r i s %f p s i a \n”,

pair);

29 pCO2=xCO2 *100; // the p a r t i a l p r e s s u r e o f carbon
d i o x i d e= f i n a l p r e s s u r e ∗ the mole f r a c t i o n o f
CO2 // p s i a

30 printf(”The p a r t i a l p r e s s u r e o f carbon d i o x i d e i s %f
p s i a \n”,pCO2);

31 pN2=xN2 *100; // the p a r t i a l p r e s s u r e o f n i t r o g e n=
f i n a l p r e s s u r e ∗ the mole f r a c t i o n o f n i t r o g e n //
p s i a

32 printf(”The p a r t i a l p r e s s u r e o f n i t r o g e n i s %f p s i a \
n\n”,pN2);

33
34 // the m o l e c u l a r we ight o f mixture=sum o f p r o d u c t s o f

mole f r a c t i o n o f each gas component
35 MWm=(xair *29) + (xCO2 *44) + (xN2 *28); //The

m o l e c u l a r we ight o f a i r
36 printf(”The m o l e c u l a r we ight o f a i r i s %f\n\n”,MWm);
37
38 Rm =1545/ MWm; // the gas c o n s t a n t o f a i r
39 printf(”The gas c o n s t a n t o f a i r i s %f\n\n”,Rm);
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Scilab code Exa 7.4 Volume of a mixture

1 // s c i l a b 5 . 4 . 1
2 clear;

3 clc;

4 printf(”\ t \ t \ tProblem Number 7 . 4\ n\n\n”);
5 // Chapter 7 : Mixture s Of I d e a l Gases
6 // Problem 7 . 4 ( page no . 325)
7 // S o l u t i o n
8
9 // f i v e moles o f oxygen and 10 moles o f hydrogen a r e

mixed
10 //The t o t a l number o f moles i s 10+5=15. The r e f o r e ,

mole f r a c t i o n o f each c o n s t i t u e n t i s
11 xO2 =5/15; //The mole f r a c t i o n o f oxygen
12 xH2 =10/15; //The mole f r a c t i o n o f hydrogen
13 printf(”The mole f r a c t i o n o f oxygen i s %f and o f

hydrogen i s %f\n”,xO2 ,xH2);
14 // the m o l e c u l a r we ight o f mixture=sum o f p r o d u c t s o f

mole f r a c t i o n o f each gas component (MW o f O2=32
and MW o f H2=2.016)

15 printf(”The m o l e c u l a r we ight o f the f i n a l mixture i s
%f\n” ,((5/15) *32) +((10/15) *2.016));

16 R=1545/32; // the gas c o n s t a n t o f oxygen
17 T=460+70; // a b s o l u t e t empera tu r e // Unit :R
18 p=14.7; // p r e s s u r e // p s i a
19 //The p a r t i a l volume o f the oxygen can be found as

f o l l o w s : per pound o f oxygen ,
20 //p∗vO2=R∗T;
21 vO2=(R*T)/(p*144); // f t ˆ3/ lbm //1 i n ˆ2=144 f t ˆ2
22 // Because t h e r e a r e 5 moles o f oxygen , each

c o n t a i n i n g 32 lbm ,
23 VO2=vO2 *5*32; // f t ˆ3 // p a r t i a l volume o f oxygen
24 printf(”The p a r t i a l volume o f oxygen i s %f f t ˆ3\n”,

VO2);

25 // For the hydrogen , we can s i m p l i f y the p r o c e du r e by
n o t i n g tha t the f r a c t i o n o f the t o t a l volume
o c c u p i e d by the oxygen i s the same as i t s mole
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f r a c t i o n . The r e f o r e ,
26 Vm=3*VO2; // t o t a l volume o c c u p i e d // f t ˆ3
27 printf(”The mixture volume i s %f f t ˆ3\n”,Vm);
28 // and the hydrogen volume
29 VH2=Vm -VO2; // Ft ˆ2 // p a r t i a l volume o f hydrogen
30 printf(”From s i m p l i f i e d procedure , The p a r t i a l volume

o f hydrogen i s %f f t ˆ3\n”,VH2);
31
32 //We cou ld o b t a i n the p a r t i a l volume o f hydrogen by

p r o c e e d i n g as we d id f o r the oxygen . Thus ,
33 //p∗vH2=R∗T;
34 R=1545/2.016; // the gas c o n s t a n t o f hydrogen
35 vH2=(R*T)/(p*144); // f t ˆ3/ lbm //1 i n ˆ2=144 f t ˆ2
36 // Because t h e r e a r e 10 moles o f hydrogen , each

c o n t a i n i n g 2 . 0 1 6 lbm ,
37 VH2=vH2 *10*2.016; // f t ˆ3 // p a r t i a l volume o f

hydrogen
38 printf(”The p a r t i a l volume o f hydrogen i s %f f t ˆ3\n\

n”,VH2);
39 //Which ch e ck s our p r e v i o u s v a l u e s .
40
41
42 printf(”From anothe r method , \ n”);
43 //As an a l t e r n a t i v e to the f o r e g o i n g , we cou ld a l s o

use the f a c t tha t at 1 4 . 7 p s i a and 32F a mole o f
any gas o c c u p i e s a volume o f 358 f t ˆ 3 .

44 printf(”At 70F and 1 4 . 7 ps i a , a mole o c c u p i e s %f f t
ˆ3\n” ,358*((460+70) /(460+32)));

45 // Ther e f o r e , 5 moles o f oxygen o c c u p i e s
46 VO2 =5*358*((460+70) /(460+32)); //The p a r t i a l volume

o f oxygen // f t ˆ3
47 printf(”The p a r t i a l volume o f oxygen i s %f f t ˆ3\n”,

VO2);

48 // and 10 moles o f hydrogen o c c u p i e s
49 VH2 =10*358*((460+70) /(460+32)); //The p a r t i a l volume

o f hydrogen // f t ˆ3
50 printf(”The p a r t i a l volume o f hydrogen i s %f f t ˆ3\n”

,VH2);
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51 // Both v a l u e s a r e i n good agreement with the
p r e v i o u s c a l c u l a t i o n s .

Scilab code Exa 7.5 The volume of a mixture

1 // s c i l a b 5 . 4 . 1
2 clear;

3 clc;

4 printf(”\ t \ t \ tProblem Number 7 . 5\ n\n\n”);
5 // Chapter 7 : Mixture s Of I d e a l Gases
6 // Problem 7 . 5 ( page no . 326)
7 // S o l u t i o n
8
9 // R e f e r r i n g to f i g u r e 7 . 3 , we have f o r CO2 ,

10 nCO2 =10/44; // mole // no o f moles o f carbon d i o x i d e=
r a t i o o f mass and m o l e c u l a r we ight //10 l b o f per
pound // m o l e c u l a r we ight o f CO2=44

11 // and f o r N2 ,
12 nN2 =5/28.02; // mole // no o f moles o f n i t r o g e n=r a t i o

o f mass and m o l e c u l a r we ight //5 l b o f n i t r o g e n
per pound

13 printf(”The t o t a l number o f moles i n the mixture i s
%f mole \n”,nCO2+nN2);

14 // Ther e f o r e ,
15 xCO2=nCO2/(nCO2+nN2); // mole f r a c t i o n o f carbon

d i o x i d e=r a t i o o f no o f moles o f carbon d i o x i d e
and t o t a l moles i n mixture

16 xN2=nN2/(nCO2+nN2); // mole f r a c t i o n o f n i t r o g e n=
r a t i o o f no o f moles o f oxygen and t o t a l moles i n

mixture
17 printf(”The mole f r a c t i o n o f carbon d i o x i d e i s %f

and the mole f r a c t i o n o f n i t r o g e n i s %f\n”,xCO2 ,
xN2);

18 // the m o l e c u l a r we ight o f mixture=sum o f p r o d u c t s o f
mole f r a c t i o n o f each gas component
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19 MWm=(xCO2 *44) + (xN2 *28.02); // the m o l e c u l a r we ight
o f mixture

20 printf(”The m o l e c u l a r we ight o f a i r i s %f\n”,MWm);
21 // Because the mixture i s 15 lbm (10CO2 + 5N2) , the

volume o f the mixture i s found from pm∗Vm=mm∗Rm∗
Tm

22 pm=100; // mixture p r e s s u r e // p s i a
23 Tm =460+70; // mixture t empera tu r e //R( a b s o l u t e

t empera tu re )
24 Rm =1545/37.0; // gas c o n s t a n t o f mixture
25 mm=15; // mass o f mixture // Unit : l b
26 //So , r e a r r a n g i n g the equat i on , g i v e s
27 Vm=(mm*Rm*Tm)/(pm *144); // mixture volume // f t ˆ3 //1

i n ˆ2= 144 f t ˆ2
28 printf(”The mixture volume i s %f f t ˆ3\n”,Vm);
29 // the p a r t i a l volume o f carbon d i o x i d e i s the t o t a l

volume m u l t i p l i e d by the mole f r a c t i o n . Thus ,
30 VCO2=Vm*xCO2; // the p a r t i a l volume o f CO2 // f t ˆ3
31 printf(”The p a r t i a l volume o f carbon d i o x i d e i s %f

f t ˆ3\n”,VCO2);
32 VN2=Vm*xN2; // the p a r t i a l volume o f N2 // f t ˆ3
33 printf(”The p a r t i a l volume o f n i t r o g e n i s %f f t ˆ3\n”

,VN2);

34 //The p a r t i a l p r e s s u r e o f each c o n s t i t u e n t i s
p r o p o r t i o n a l to i t s mole f r a c t i o n , f o r t h e s e
c o n d i t i o n s ,

35 pCO2=pm*xCO2; // the p a r t i a l p r e s s u r e o f carbon
d i o x i d e= f i n a l p r e s s u r e ∗ the mole f r a c t i o n o f
CO2 // p s i a

36 printf(”The p a r t i a l p r e s s u r e o f carbon d i o x i d e i s %f
p s i a \n”,pCO2);

37 pN2=pm*xN2; // the p a r t i a l p r e s s u r e o f n i t r o g e n=f i n a l
p r e s s u r e ∗ the mole f r a c t i o n o f n i t r o g e n // p s i a

38 printf(”The p a r t i a l p r e s s u r e o f n i t r o g e n i s %f p s i a \
n\n”,pN2);
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Scilab code Exa 7.6 Mixture composition

1 // s c i l a b 5 . 4 . 1
2 clear;

3 clc;

4 printf(”\ t \ t \ tProblem Number 7 . 6\ n\n\n”);
5 // Chapter 7 : Mixture s Of I d e a l Gases
6 // Problem 7 . 6 ( page no . 327)
7 // S o l u t i o n
8
9 //we w i l l assume tha t we have 100 volumes o f gas

mixture and s e t up t a b l e 7 . 2 . In f i r s t coloumn , we
t a b u l a t e the gas , and i n the second coloumn , we
t a b u l a t e the g i v e n volume f r a c t i o n s . Because the

mole f r a c t i o n e q u a l s to volume f r a c t i o n , the
v a l u e s i n coloumn 3 a r e the same as t h o s e i n
coloumn 2 .

10 //The m o l e c u l a r we ight i s o b t a i n e d from t a b l e 7 . 1 .
Because the MW o f the mixture i s the sum o f the
i n d i v i d u a l mole f r a c t i o n m u l t i p l i e d by the
r e s p e c t i v e m o l e c u l a r we ights , the next
coloumn t a b u l a t e s the product o f the mole
f r a c t i o n m u l t i p l i e d by m o l e c u l a r we ight ( 3∗4 ) . The
sum o f t h e s e e n t r i e s i s the m o l e c u l a r we ight o f
the mixture , which f o r t h i s c a s e i s 3 3 . 4 .

11 printf(” B a s i s : 1 0 0 volumes o f gas mixture \n\n”)
12 printf(” gas Volume Mole Mo l e cu l a r

mass \n”)
13 printf(” f r a c t i o n f r a c t i o n x we ight MW

( x )MW f r a c t i o n \n”)
14 printf(”CO2 0 . 4 0 0 . 4 0 4 4 . 0

%f %f\n” ,(0.40*44.0)

,(0.40*44.0) /33.4)

15 printf(”N2 0 . 1 0 0 . 1 0 2 8 . 0 2
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%f %f \n”
,(28.02*0.10) ,(28.02*0.10) /33.4)

16 printf(”H2 0 . 1 0 0 . 1 0 2 . 0 1 6
%f %f \n”

,(0.10*2.016) ,(0.10*2.016) /33.4)

17 printf(”O2 0 . 4 0 0 . 4 0 3 2 . 0
%f %f \n”

,(0.40*32.0) ,(0.40*32.0) /33.4)

18 printf(” 1 . 0 0 1 . 0 0
33.4=MWm =

1 . 0 0 0 \n ”)

Scilab code Exa 7.7 Mixture Composition

1 // s c i l a b 5 . 4 . 1
2 clear;

3 clc;

4 printf(”\ t \ t \ tProblem Number 7 . 7\ n\n\n”);
5 // Chapter 7 : Mixture s Of I d e a l Gases
6 // Problem 7 . 7 ( page no . 328)
7 // S o l u t i o n
8
9 //We w i l l t ake as a b a s i s 100 lbm o f mixture .

10 // D i v i d i n g colomn 2 by 3 g i v e s us mass / m o l e c u l a r
we ight or moles o f each c o n s t i t u e n t s . The t o t a l
number o f moles i n the mixture i s the sum o f
coloumn 4 , and the m o l e c u l a r we ight o f the
mixture i s the mass o f the mixture (100 lbm )
d i v i d e d by the number o f moles

11 // In coloumn 5 , mole f r a c t i o n i s g i v e n by moles / t o t a l
mole

12
13 printf(” B a s i s : 1 0 0 pounds o f gas mixture \n\n”)
14 printf(” gas Mass Mo l e cu l a r Moles

Mole Per c en t \n”)
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15 printf(” lbm we ight MW
f r a c t i o n Volume

\n”)
16 printf(”CO2 5 2 . 7 4 4 . 0 1 . 2

%f %f \n” ,(1.2/3)

,(1.2/3) *100)

17 printf(”N2 8 . 4 2 8 . 0 2 0 . 3
%f %f \n” ,(0.3/3)

,(0.3/3) *100)

18 printf(”H2 0 . 6 2 . 0 1 6 0 . 3
%f %f \n” ,(0.3/3)

,(0.3/3) *100)

19 printf(”O2 3 8 . 3 3 2 . 0 1 . 2
%f %f \n” ,(1.2/3)

,(1.2/3) *100)

20 printf(” =100.0 =3.0
=1.00 = 100

\n ”)
21 printf(” MWm=100/3=33.3

”)

Scilab code Exa 7.8 Mixture Composition

1 // s c i l a b 5 . 4 . 1
2 clear;

3 clc;

4 printf(”\ t \ t \ tProblem Number 7 . 8\ n\n\n”);
5 // Chapter 7 : Mixture s Of I d e a l Gases
6 // Problem 7 . 8 ( page no . 329)
7 // S o l u t i o n
8
9 //We w i l l t ake as a b a s i s 100 lbm o f mixture .

10 // D i v i d i n g colomn 2 by 3 g i v e s us mass / m o l e c u l a r
we ight or moles o f each c o n s t i t u e n t s . The t o t a l
number o f moles i n the mixture i s the sum o f
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coloumn 4 , and the m o l e c u l a r we ight o f the
mixture i s the mass o f the mixture (100 lbm )
d i v i d e d by the number o f moles

11 // In coloumn 5 , mole f r a c t i o n i s g i v e n by moles / t o t a l
mole

12
13 printf(” B a s i s : 1 0 0 pounds o f gas mixture \n\n”)
14 printf(” gas Mass Mo l e cu l a r Moles

Mole Per c en t \n”)
15 printf(” lbm we ight MW

f r a c t i o n Volume
\n”)

16 printf(”O2 2 3 . 1 8 3 2 . 0 0 0 . 7 2 4
%f %f \n”

,(0.724/3.45) ,(0.724/3.45) *100)

17 printf(”N2 7 5 . 4 7 2 8 . 0 2 2 . 6 9 3
%f %f \n”

,(2.692/3.45) ,(2.692/3.45) *100)

18 printf(”A 1 . 3 0 3 9 . 9 0 0 . 0 3 3
%f %f \n”

,(0.033/3.45) ,(0.033/3.45) *100)

19 printf(”CO2 0 . 0 5 4 4 . 0 0 −
− − \n”)

20 printf(” =100.00 =3.45
=1.00 = 100

\n ”)
21 printf(” MWm

=100/3.45=28.99 ”)

Scilab code Exa 7.9 Thermodynamic properties of a gas mixture

1 // s c i l a b 5 . 4 . 1
2 clear;

3 clc;

4 printf(”\ t \ t \ tProblem Number 7 . 9\ n\n\n”);
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5 // Chapter 7 : Mixture s Of I d e a l Gases
6 // Problem 7 . 9 ( page no . 331)
7 // S o l u t i o n
8
9 // Given : cp o f oxygen i s 0 . 2 3 Btu/ lbm∗R. cp o f

n i t r o g e n i s 0 . 2 5 Btu/ lbm∗R. 160 lbm/ hr o f oxygen
and 196 lbm/ hr o f n i t r o g e n a r e mixed . oxygen i s at

500 F and n i t r o g e n i s at 200 F .
10
11 //The ene rgy e q u a t i o n f o r the steady−f l ow , a d i a a t i c

mix ing p r o c e s s g i v e s us the r e q u i r e m e n t tha t the
en tha lpy o f the mixture must e q u a l to the
e n t h a l p i e s o f the components , b ecause d e l t a h=
q=0.An a l t e r n a t i v e s ta t ement o f t h i s r e q u i r e m e n t
i s tha t the ga in i n en tha lpy o f the n i t r o g e n must

e q u a l the d e c r e a s e i n en tha lpy o f the oxygen .
Using the l a t t e r s tatement , tha t the change i n
en tha lpy o f n i t r o g e n , y i e l d s

12 // (160∗0 .23∗ (500 − tm) ) = ( 1 9 6 ∗ 0 . 2 5 ∗ ( tm−200) ) where
tm=mixture t empera tu r e

13 // where m∗ cp∗ d e l t a t has been used f o r d e l t a h . // cp=
s p e c i f i c heat at c o n s t a n t p r e s s u r e // Unit f o r cp
i s Btu/ lbm∗R

14 // r e a r r a n g i n g the above equat i on ,
15 tm =((500*160*0.23) +(196*0.25*200))/((196*0.25)

+(160*0.23)); //tm=mixture t empera tu r e // Unit :
f a h r e n h e i t

16 printf(”The f i n a l t empera tu r e o f the mixture i s %f F
\n”,tm);

17 // Using the r e q u i r e m e n t tha t the en tha lpy o f the
mixture must e q u a l to the sum o f the e n t h a l p i e s
o f the components y i e l d s an a l t e r n a t i v e s o l u t i o n
to t h i s problem . Let us assume tha t at 0 F , the
en tha lpy o f each gas and o f the mixture i s z e r o .
The en tha lpy o f the e n t e r i n g oxygen i s
(160∗0 .23∗ (500 −0) ) , and the en tha lpy o f the

e n t e r i n g n i t r o g e n i s (196∗0 .25∗ (200 −0) ) .
The en tha lpy o f the mixture i s ( (160+196) ∗cpm∗ ( tm
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−0) )
18 // Ther e f o r e , ( 1 6 0∗ 0 . 2 3∗ 5 0 0 ) +(196∗0 .25∗200) =

((160+196) ∗cpm∗tm)
19 cpm =((160/(160+196))*0.23) +((196/(160+196))*0.25);

// s p e c i f i c heat at c o n s t a n t p r e s s u r e f o r gas
mixture // Btu/ lbm∗R

20 printf(” For mixture , S p e c i f i c heat at c o n s t a n t
p r e s s u r e i s %f Btu/ lbm∗R\n”,cpm);

21 // t h e r e f o r e ,
22 tm =((160*0.23*500) +(196*0.25*200))/(cpm *(160+196));

//tm=mixture t empera tu re // Unit : f a h r e n h e i t
23 printf(”By u s i n g v a l u e o f cpm , The f i n a l t empera tu r e

o f the mixture i s %f F\n”,tm);
24 //The use o f 0 F as a base was a r b i t r a r y but

c o n v e n i e n t . Any base would y i e l d the same r e s u l t s .
25 //The answer o f cpm i s wrong i n the book .

Scilab code Exa 7.10 The final temperature of the mixture

1 // s c i l a b 5 . 4 . 1
2 clear;

3 clc;

4 printf(”\ t \ t \ tProblem Number 7 . 1 0\ n\n\n”);
5 // Chapter 7 : Mixture s Of I d e a l Gases
6 // Problem 7 . 1 0 ( page no . 332)
7 // S o l u t i o n
8
9 // Problem 7 . 9 i s c a r r i e d out as a nonf low mixing

p r o c e s s .
10 // Given i n problem 7 . 9 , : cp o f oxygen i s 0 . 2 3 Btu/

lbm∗R. cp o f n i t r o g e n i s 0 . 2 5 Btu/ lbm∗R. 160 lbm/
hr o f oxygen and 196 lbm/ hr o f n i t r o g e n a r e mixed
. oxygen i s at 500F and n i t r o g e n i s at 200 F . //
cp=s p e c i f i c heat at c o n s t a n t p r e s s u r e

11 // Given i n problem 7 . 1 0 , : cv o f oxygen i s 0 . 1 6 4 Btu/
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lbm∗R. cv o f n i t r o g e n i s 0 . 1 7 8 Btu/ lbm∗R. // cv=
s p e c i f i c heat at c o n s t a n t volume

12
13 // Because t h i s i s a nonf low p r o c e s s , the ene rgy

e q u a t i o n f o r t h i s p r o c e s s r e q u i r e s the i n t e r n a l
ene rgy o f the mixture to e q u a l to the sum o f the
i n t e r n a l ene rgy o f i t s components .

14 // A l t e r n a t i v e l y , the d e c r e a s e i n i n t e r n a l ene rgy o f
the oxygen must e q u a l the i n c r e a s e i n i n t e r n a l
ene rgy o f the n i t r o g e n . Using l a t t e r s ta t ement
g i v e s us ,

15 // (160∗0 .164∗ (500 − tm) ) = ( 1 9 6∗ 0 . 1 7 8∗ ( tm−200) )
16 // where m∗ cv ∗ d e l t a t has been used f o r d e l t a u . // Unit

f o r cp & cv i s Btu/ lbm∗R
17 // r e a r r a n g i n g the above equat i on ,
18 tm =((500*160*0.164) +(196*0.178*200))/((196*0.178)

+(160*0.164)); //tm=mixture t empera tu re // Unit :
f a h r e n h e i t

19 printf(”The f i n a l t empera tu r e o f the mixture i s %f F
\n”,tm);

Scilab code Exa 7.12 The change in entropy

1 // s c i l a b 5 . 4 . 1
2 clear;

3 clc;

4 printf(”\ t \ t \ tProblem Number 7 . 1 2\ n\n\n”);
5 // Chapter 7 : Mixture s Of I d e a l Gases
6 // Problem 7 . 1 2 ( page no . 334)
7 // S o l u t i o n
8
9 //The change i n ent ropy o f the mixture i s the sum o f

the changes i n ent ropy o f each component .
10 // Given i n problem 7 . 9 , : cp o f oxygen i s 0 . 2 3 Btu/

lbm∗R. cp o f n i t r o g e n i s 0 . 2 5 Btu/ lbm∗R. 160 lbm/
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hr o f oxygen and 196 lbm/ hr o f n i t r o g e n a r e mixed
. oxygen i s at 500F and n i t r o g e n i s at 200 F . //
cp=s p e c i f i c heat at c o n s t a n t p r e s s u r e

11 // In 7 . 9 , f o r the oxygen , the t empera tu r e s t a r t s at
500F(960 R) and d e c r e a s e s to 3 2 8 . 7 F . For the
n i t r o g e n , the t empera tu re s t a r t s at 200F(660 R)
and i n c r e a s e to 3 2 8 . 7 F .

12 // d e l t a s = ( cp∗ l o g (T2/T1) ) ; // Unit : Btu/ lbm∗R //
change i n ent ropy

13
14 // For the oxygen ,
15 cp =0.23; // s p e c i f i c heat at c o n s t a n t p r e s s u r e // Unit

: Btu/ lbm∗R
16 T2 =328.7+460; // Unit :R // f i n a l t empera tu r e
17 T1 =500+460; // Unit :R // s t a r t i n g t empera tu re
18 deltas =(cp*log(T2/T1)); // Unit : Btu/ lbm∗R // change i n

ent ropy f o r oxygen
19 DeltaS =160* deltas; // Btu/R //The t o t a l change i n

ent ropy o f the oxygen
20 printf(”The t o t a l change i n ent ropy o f the oxygen i s

%f Btu/R\n”,DeltaS);
21
22 // For the n i t r o g e n ,
23 cp =0.25; // s p e c i f i c heat at c o n s t a n t p r e s s u r e // Unit

: Btu/ lbm∗R
24 T2 =328.7+460; // Unit :R // f i n a l t empera tu r e
25 T1 =200+460; // Unit :R // s t a r t i n g t empera tu re
26 deltas =(cp*log(T2/T1)); // Unit : Btu/ lbm∗R // change i n

ent ropy f o r n i t r o g e n
27 deltaS =196* deltas; // Btu/R //The t o t a l change i n

ent ropy o f the n i t r o g e n
28 printf(”The t o t a l change i n ent ropy o f the n i t r o g e n

i s %f Btu/R\n”,deltaS);
29 deltaS=deltaS+DeltaS; // the t o t a l change i n ent ropy

f o r the mixture // Btu/ lbm∗R
30 printf(”The t o t a l change i n ent ropy f o r the mixture

i s %f Btu/R\n”,deltaS);
31
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32 // Per pound o f mixture ,
33 deltasm=deltaS /(196+160); // i n c r e a s e i n ent ropy per

pound mass o f mixture
34 printf(” I n c r e a s e i n ent ropy per pound mass o f

mixture i s %f Btu/ lbm∗R\n\n”,deltasm);
35
36
37 printf(”An a l t e r n a t i v e s o l u t i o n : \ n”);
38 //As an a l t e r n a t i v e s o l u t i o n , assume an a r b i t r a r y

datum o f 0 F(460 R) .
39 cp =0.23; // s p e c i f i c heat at c o n s t a n t p r e s s u r e // Unit

: Btu/ lbm∗R
40 // For i n i t i a l en t ropy o f oxygen ,
41 T2 =500+460; // Unit :R // f i n a l t empera tu r e
42 T1 =0+460; // Unit :R // s t a r t i n g t empera tu re
43 deltas=cp*log(T2/T1); // the i n i t i a l change i n

ent ropy f o r oxygen // Btu/ lbm∗R
44 printf(”The i n i t i a l change i n ent ropy f o r oxygen i s

%f Btu/ lbm∗R\n”,deltas);
45 // For f i n a l en t ropy o f oxygen ,
46 T2 =328.7+460; // Unit :R // f i n a l t empera tu r e
47 T1 =0+460; // Unit :R // s t a r t i n g t empera tu re
48 Deltas=cp*log(T2/T1); // the f i n a l change i n ent ropy

f o r oxygen // Btu/ lbm∗R
49 printf(”The f i n a l change i n ent ropy f o r oxygen i s %f

Btu/ lbm∗R\n”,Deltas);
50 deltaS=Deltas -deltas; //The ent ropy change o f the

oxygen // Btu/ lbm∗R
51 printf(”The ent ropy change o f the oxygen i s %f Btu/

lbm∗R\n”,deltaS);
52
53 // For n i t r o g e n ,
54 cp =0.25; // s p e c i f i c heat at c o n s t a n t p r e s s u r e // Unit

: Btu/ lbm∗R
55 // For i n i t i a l en t ropy o f n i t r o g e n ,
56 T2 =200+460; // Unit :R // f i n a l t empera tu r e
57 T1 =0+460; // Unit :R // s t a r t i n g t empera tu re
58 deltas=cp*log(T2/T1); // the i n i t i a l change i n
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ent ropy f o r n i t r o g e n // Btu/ lbm∗R
59 printf(”The i n i t i a l change i n ent ropy f o r n i t r o g e n

i s %f Btu/ lbm∗R\n”,deltas);
60 // For f i n a l en t ropy o f n i t r o g e n ,
61 T2 =328.7+460; // Unit :R // f i n a l t empera tu r e
62 T1 =0+460; // Unit :R // s t a r t i n g t empera tu re
63 Deltas=cp*log(T2/T1); // the f i n a l change i n ent ropy

f o r n i t r o g e n // Btu/ lbm∗R
64 printf(”The f i n a l change i n ent ropy f o r n i t r o g e n i s

%f Btu/ lbm∗R\n”,Deltas);
65 deltaS=Deltas -deltas; //The ent ropy change o f the

n i t r o g e n // Btu/ lbm∗R
66 printf(”The ent ropy change o f the n i t r o g e n i s %f Btu

/ lbm∗R\n”,deltaS);
67
68 //The rema inder o f the problem i s as b e f o r e . The

advantage o f u s i n g t h i s a l t e r n a t i v e method i s the
n e g a t i v e l o g a r i t h m s a r e avo ided by c h o o s i n g a

r e f e r e n c e t empera tu re l owe r than any
o t h e r t empera tu r e i n the system

Scilab code Exa 7.13 The dew point temperature

1 // s c i l a b 5 . 4 . 1
2 clear;

3 clc;

4 printf(”\ t \ t \ tProblem Number 7 . 1 3\ n\n\n”);
5 // Chapter 7 : Mixture s Of I d e a l Gases
6 // Problem 7 . 1 3 ( page no . 338)
7 // S o l u t i o n
8
9 // R e f e r r i n g to f i g u r e 7 . 6 , i t w i l l be s e en tha t the

c o o l i n g o f an a i r−water vapor mixture from B to A
p r o c e e d s at c o n s t a n t p r e s s u r e u n t i l the

s a t u r a t i o n curve i s r ea ched .
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10 //At 80 F( the mixture t empera tu re ) , the Steam Table s
g i v e us a s a t u r a t i o n p r e s s u r e o f a 0 . 5 0 7 3 ps i a ,
and because the r e l a t i v e humid i ty i s 50%, the
vapor p r e s s u r e o f the water i s 0 . 5∗0 . 5 0 7 3 = 0 . 2 5 3 7

p s i a .
11 // Using the steam t a b l e s , the s a t u r a t i o n t empera tu r e

c o r r e s p o n d i n g to 0 . 2 5 3 7 p s i a i s 60 F .
12 //So ,
13 printf(”The dew p o i n t t empera tu r e o f the a i r i s 60 F

\n”)

Scilab code Exa 7.14 Air water vapor mixture

1 // s c i l a b 5 . 4 . 1
2 clear;

3 clc;

4 printf(”\ t \ t \ tProblem Number 7 . 1 4\ n\n\n”);
5 // Chapter 7 : Mixture s Of I d e a l Gases
6 // Problem 7 . 1 4 ( page no . 338)
7 // S o l u t i o n
8
9 //To s o l v e t h i s probelm , i t i s n e c e s s a r y to de t e rmine

the p r o p e r t i e s o f the s a t u r a t e d mixture 90 F . I f
the a i r i s s a t u r a t e d at 90 F , the p a r t i a l p r e s s u r e

o f the water vapor i s found d i r e c t l y from the
Steam Table s as 0 . 6 9 8 8 ps i a , and the s p e c i f i c
volume o f the water vapor i s 4 6 7 . 7 f t ˆ3/ lbm o f
vapor .

10 printf(”The p a r t i a l p r e s s u r e o f the dry a i r i s %f
p s i a \n” ,14.7 -0.6988); // the mixture i s at 1 4 . 7
p s i a

11 R=1545/28.966; // gas c o n s t a n t o f dry a i r =1545/
Mo l e cu l a r we ight

12 T=90+460; // t empera tu r e o f dry a i r // Unit :R
13 pdryair =14.0; // p s i a // p r e s s u r e o f dry a i r
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14 // Apply ing the i d e a l gas e q u a t i o n to the a i r ,
15 vdryair =(R*T)/( pdryair *144); // volume o f dry a i r //

f t ˆ3/ lbm //1 i n ˆ2=144 Ft ˆ2
16 // the mass o f dry a i r i n the 4 6 7 . 7 f t ˆ3 c o n t a i n e r
17 printf(”The mass o f dry a i r i n the 4 6 7 . 7 f t ˆ3

c o n t a i n e r i s %f lbm\n” ,467.7/ vdryair);

18 //To o b t a i n r e l a t i v e humid i ty ( phy ) , i t i s n e c e s s a r y
to de t e rmine the mole f r a c t i o n o f water vapor f o r

both the s a t u r a t e d mixture and the mixture i n
q u e s t i o n .

19 //The s a t u r a t e d mixture c o n t a i n s 1 lbm o f water
vapor or 1 / 1 8 . 0 1 6 moles =0.055 mole o f water
vapor and ( 4 6 7 . 7 / v d r y a i r ) /28 . 966=1 .109 moles o f
dry a i r .

20 // For the s a t u r a t e d mixture , the r a t i o o f moles o f
water vapor to moles o f mixture i s
0 . 0 5 5 / ( 0 . 0 5 5 + 1 . 1 0 9 ) =0.0477

21 // For the a c t u a l mixture , the moles o f water vapor
per pound o f dry a i r i s 0 . 0 0 5 / 1 8 . 0 1 6 = 0 . 0 0 0 2 7 8 and

1 lbm o f dry a i r i s 1/28 . 966=0 .0345 mole . So , the
mole o f water vapor per mole o f mixture at the
c o n d i t i o n s o f the mixture i s
0 . 0 0 0 2 7 8 / ( 0 . 0 3 4 5 + 0 . 0 0 0 2 7 8 ) =0.00799

22 //From the d e f i n a t i o n o f r e l a t i v e humidity ,
23 printf(”The r e l a t i v e humid i ty o f the mixture i s %f \

n” ,(0.00799/0.0477) *100);

24
25 // Because the mole r a t i o i s a l s o the r a t i o o f the

p a r t i a l p r e s s u r e s f o r the i d e a l gas , phy can be
e x p r e s s e d as the r a t i o o f the p a r t i a l p r e s s u r e o f

the water vapor i n the mixture to the p a r t i a l
p r e s s u r e o f the water vapor at s a t u r a t i o n .
The r e f o r e ,

26 printf(”The p a r t i a l p r e s s u r e o f the vapor at
s a t u r a t i o n i s %f p s i a \n” ,(0.00799/0.0477) *0.6988)

;

27 printf(”And the p a r t i a l p r e s s u r e o f the dry a i r i n
the mixture i s %f p s i a \n” ,14.7 -((0.00799/0.0477)
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*0.6988)); // 14.7−The p a r t i a l p r e s s u r e o f the
vapor at s a t u r a t i o n

28 //The dew p o i n t t empera tu r e i s the s a t u r a t i o n
t empera tu re c o r r e s p o n d i n g to the p a r t i a l p r e s s u r e

o f the water vapor i n the mixture . So ,
29 printf(”The dew p o i n t t empera tu r e c o r r e s p o n d i n g to

%f p s i a i s 39F\n” ,(0.00799/0.0477) *0.6988);

Scilab code Exa 7.15 Determine partial pressure and relative humidity
and dew point temperature

1 // s c i l a b 5 . 4 . 1
2 clear;

3 clc;

4 printf(”\ t \ t \ tProblem Number 7 . 1 5\ n\n\n”);
5 // Chapter 7 : Mixture s Of I d e a l Gases
6 // Problem 7 . 1 5 ( page no . 343)
7 // S o l u t i o n
8
9 // Problem 7 . 1 4 u s i n g eq ua t i on s , Rm=((ma/(ma+mv) ) ∗Ra)

+((mv/(ma+mv) ) ∗Rv) and phy∗pvs=pv
10 W=0.005; // Humidity r a t i o
11 pm =14.7; // mixture i s at 1 4 . 7 p s i a
12 //W=0.622∗ ( pv /(pm−pv ) )
13 // Rearrang ing ,
14 pv=(W*pm)/(0.622+W); // the p a r t i a l p r e s s u r e o f the

water vapor
15 printf(”The p a r t i a l p r e s s u r e o f the water vapor i s

%f p s i a \n”,pv);
16 pa=pm-pv; // pa=the p a r t i a l p r e s s u r e o f the dry a i r

i n the mixture
17 printf(”The p a r t i a l p r e s s u r e o f dry a i r i s %f p s i a \n

”,pa);
18 // I t i s n e c e s s a r y to o b t a i n pvs from the Steam

Table s at 90 F . This i s 0 . 6 9 8 8 p s i a .
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19 pvs =0.6988; // s a t u r a t i o n p r e s s u r e o f water vapor at
the t empera tu r e o f mixture

20 printf(”The p a r t i a l p r e s s u r e o f the water vapor at
s a t u r a t i o n i s %f p s i a \n”,pvs);

21 // Ther e f o r e ,
22 phy=pv/pvs; // r e l a t i v e humid i ty
23 printf(”The r e l a t i v e humid i ty i s %f p e r c e n t \n”,phy

*100);

24 //The dew p o i n t t empera tu r e i s the s a t u r a t i o n
t empera tu re c o r r e s p o n d i n g to 0 . 1 1 7 ps i a , which i s
found from the Steam Table s to be 39 F .

25 printf(”The dew p o i n t t empera tu r e o f the mixture i s
39 F\n”);

26 //The r e s u l t s o f t h i s problem and problem 7 . 1 4 a r e
i n good agreement

Scilab code Exa 7.16 Determine how much water was removed from the
air

1 // s c i l a b 5 . 4 . 1
2 clear;

3 clc;

4 printf(”\ t \ t \ tProblem Number 7 . 1 6\ n\n\n”);
5 // Chapter 7 : Mixture s Of I d e a l Gases
6 // Problem 7 . 1 6 ( page no . 343)
7 // S o l u t i o n
8
9 pm =14.7; // the barometer i s a t 1 4 . 7 p s i a // mixture

i s at 1 4 . 7 p s i a
10 //The amount o f water vapor removed ( per pound o f

dry a i r ) i s the d i f f e r e n c e between the humid i ty
r a t i o ( s p e c i f i c humid i ty ) at i n l e t and o u t l e t o f
the c o n d i t i o n i n g u n i t .We s h a l l t h e r e f o r e
e v a l u t e W f o r both s p e c i f i e d c o n d i t i o n s . Because
phy=pv/ pvs ,
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11 //At 90F :
12 phy =0.7; // r e l a t i v e humid i ty
13 pvs =0.6988; // p s i a // s a t u r a t i o n p r e s s u r e o f water

vapor at the t empera tu r e o f mixture
14 pv=phy*pvs; // p s i a // the p a r t i a l p r e s s u r e o f the

water vapor
15 pa=pm-pv; // p s i a // pa=the p a r t i a l p r e s s u r e o f the

dry a i r i n the mixture
16 W=0.622*( pv/pa); // Humidity r a t i o
17
18 //At 80F :
19 phy =0.4; // r e l a t i v e humid i ty
20 pvs =0.5073; // p s i a // s a t u r a t i o n p r e s s u r e o f water

vapor at the t empera tu r e o f mixture
21 pv=phy*pvs; // p s i a // the p a r t i a l p r e s s u r e o f the

water vapor
22 pa=pm-pv; // p s i a // pa=the p a r t i a l p r e s s u r e o f the

dry a i r i n the mixture
23 w=0.622*( pv/pa); // Humidity r a t i o
24
25 printf(”The amount o f water removed per pound o f dry

a i r i s %f\n”,W-w);

Scilab code Exa 7.17 Determine dew point temperature using psychro-
metric chart

1 // s c i l a b 5 . 4 . 1
2 clear;

3 clc;

4 printf(”\ t \ t \ tProblem Number 7 . 1 7\ n\n\n”);
5 // Chapter 7 : Mixture s Of I d e a l Gases
6 // Problem 7 . 1 7 ( page no . 347)
7 // S o l u t i o n
8
9 // Problem 7 . 1 3 u s i n g the p s y c h r o m e t r i c c h a r t
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10 // En t e r i n g f i g u r e 7 . 1 1 at a dry−bulb t empera tu r e o f
80 F , we proce ed v e r t i c a l l y u n t i l we r each 50%
humidity curve . At t h i s i n t e r s e c t i o n , we proce ed
h o r i z o n t a l l y and read the dew−p o i n t
t empera tu re as approx imate l y 60 F .

11 printf(”The dew p o i n t t empera tu r e o f a i r i s 60 F\n”)
;

Scilab code Exa 7.18 Determine partial pressure and relative humidity
and dew point temperature using psychrometric chart

1 // s c i l a b 5 . 4 . 1
2 clear;

3 clc;

4 printf(”\ t \ t \ tProblem Number 7 . 1 8\ n\n\n”);
5 // Chapter 7 : Mixture s Of I d e a l Gases
6 // Problem 7 . 1 8 ( page no . 347)
7 // S o l u t i o n
8
9 // Problem 7 . 1 4 u s i n g the p s y c h r o m e t r i c c h a r t

10 // In t h i s problem , we a r e g i v e n the m o i s t u r e c o n t e n t
o f the a i r to be 0 . 0 0 5 l b per pound o f dry a i r .

11 // This c o r r e s p o n d s to 0 .005∗7000=35 g r a i n s per pound
o f dry a i r .

12 // En t e r i n g the c h a r t at 90F and p r o c e e d i n g v e r t i c a l y
to 35 g r a i n s per pound o f dry a i r , we f i n d the

dew p o i n t to be 39F by p r o c e e d i n g h o r i z o n t a l l y to
the i n t e r s e c t i o n with the s a t u r a t i o n curve .

13 printf(”The dew−p o i n t t empera tu r e o f the mixture i s
39 F\n”);

14 printf(”The r e l a t i v e humid i ty i s approx imate l y 17
p e r c e n t \n”);

15 //From the l e f t m o s t s c a l e , we read the p r e s s u r e o f
water vapor to be 0 . 1 2 p s i a .

16 printf(”The p a r t i a l p r e s s u r e o f the a i r i s %f p s i a \n
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” ,14.7 -0.12);

17 // Comparing t h e s e r e s u l t s to problem 7 . 1 4 , i n d i c a t e d
good agreement between the r e s u l t s o b t a i n e d by
c h a r t and by c a l c u l a t i o n

Scilab code Exa 7.19 Determine water removed from the air using psy-
chrometric chart

1 // s c i l a b 5 . 4 . 1
2 clear;

3 clc;

4 printf(”\ t \ t \ tProblem Number 7 . 1 9\ n\n\n”);
5 // Chapter 7 : Mixture s Of I d e a l Gases
6 // Problem 7 . 1 9 ( page no . 348)
7 // S o l u t i o n
8
9 // Problem 7 . 1 6 u s i n g the p s y c h r o m e t r i c c h a r t

10 //The i n i t i a l c o n d i t i o n s a r e 90 F and 70% r e l a t i v e
humid i ty

11 // En t e r i n g the c h a r t at 90 F dry bulb t empera tu r e
and p r o c e e d i n g v e r t i c a l l y to 70% r e l a t i v e
humidity , we f i n d the a i r to have 150 g r a i n s water

vapor per pound o f dry a i r . At the f i n a l
c o n d i t i o n o f 80F and 40% r e l a t i v e humidity , we
read 61 g r a i n s o f water / l b o f dry a i r .

12 //So ,
13 printf(”The water removed i s %f g r a i n s per pound o f

dry a i r \n” ,150-61);
14 printf(”Or %f l b o f water per pound o f dry a i r i s

removed\n” ,(150-61) /7000);

Scilab code Exa 7.20 Determine the heat required
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1 // s c i l a b 5 . 4 . 1
2 clear;

3 clc;

4 printf(”\ t \ t \ tProblem Number 7 . 2 2\ n\n\n”);
5 // Chapter 7 : Mixture s Of I d e a l Gases
6 // Problem 7 . 2 2 ( page no . 349)
7 // S o l u t i o n
8
9 // dry bulb t empera tu r e i s 50 F

10 // r e l a t i v e humid i ty i s 50 p e r c e n t
11 //We f i r s t l o c a t e 50 F and 50 p e r c e n t r e l a t i v e

humid i ty on f i g u r e 7 . 1 1 . At t h i s s t a t e , we read 26
g r a i n s o f water per pound o f dry a i r and a t o t a l
heat o f 1 6 . 1 Btu per pound o f a dry a i r .

12 //We now proceed h o r i z o n t a l l y to 80 F at a c o n s t a n t
v a l u e o f 26 g r a i n s o f water per pound o f dry a i r
and read a t o t a l heat o f 2 3 . 4 Btu per pound o f
dry a i r .

13 printf(”The heat r e q u i r e d i s %f Btu per pound o f dry
a i r ” ,23.4 -16.1)

Scilab code Exa 7.21 Determine relative humidity

1 // s c i l a b 5 . 4 . 1
2 clear;

3 clc;

4 printf(”\ t \ t \ tProblem Number 7 . 2 1\ n\n\n”);
5 // Chapter 7 : Mixture s Of I d e a l Gases
6 // Problem 7 . 2 1 ( page no . 352)
7 // S o l u t i o n
8
9 //An e v a p o r a t i v e c o o l i n g p r o c e s s

10 // Because the e x i t a i r i s s a t u r a t e d , we f i n d the e x i t
c o n d i t i o n on the curve c o r r e s p o n d i n g to a wet−

bulb t empera tu r e o f 50 F . The p r o c e s s i s c a r r i e d
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out at c o n s t a n t t o t a l entha lpy , which i s a l ong
a l i n e o f c o n s t a n t wet−bulb t empera tu r e .

11 // Proc e ed ing a l ong the 50 F wet−bulb t empera tu r e
l i n e o f f i g u r e 7 . 1 1 d i a g o n a l l y to the r i g h t u n t i l

i t i n t e r s e c t s with the v e r t i c a l 80 F dry−bulb
t empera tu re l i n e y i e l d s a r e l a t i v e humid i ty o f

approx imate l y 4 %
12 printf(” For An e v a p o r a t i v e c o o l i n g p r o c e s s , The

r e l a t i v e humid i ty o f the e n t e r i n g a i r i s 4
p e r c e n t ”);

Scilab code Exa 7.22 The final mixture composition

1 // s c i l a b 5 . 4 . 1
2 clear;

3 clc;

4 printf(”\ t \ t \ tProblem Number 7 . 2 2\ n\n\n”);
5 // Chapter 7 : Mixture s Of I d e a l Gases
6 // Problem 7 . 2 2 ( page no . 356)
7 // S o l u t i o n
8
9 //As noted from f i g u r e 7 . 2 7 , 1 l b o f mixture , 4 / 5 l b

o f i n d o o r a i r , and 1/5 l b o f outdoor a i r a r e mixed
per pound o f mixture .

10 //We now l o c a t e the two end s t a t e s on the
p s y c h r o m e t r i c c h a r t and connec t them with a
s t r a i g h t l i n e . The l i n e c o n n e c t i n g the end s t a t e s
i s d i v i d e d i n t o 5 e q u a l p a r t s . Us ing the r e s u l t s

o f equat i on , ( ha−ha2 ) /( ha−ha1 ) = (W2−W) /(W−W1) =
ma1/ma2 = l 1 / l 2 , we now proceed from the 75 F

i n d o o r a i r s t a t e 1 pa r t toward the 90F outdoor
a i r s t a t e . This L o c a t e s

11 printf(”The f i n a l mixture , which i s found to be a dry
−bulb t empera tu r e o f approx imate l y 78 F , a wet−
bulb t empera tu r e o f 66 F and r e l a t i v e humid i ty o f
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54 p e r c e n t \n”);

Scilab code Exa 7.23 The cooling tower

1 // s c i l a b 5 . 4 . 1
2 clear;

3 clc;

4 printf(”\ t \ t \ tProblem Number 7 . 2 3\ n\n\n”);
5 // Chapter 7 : Mixture s Of I d e a l Gases
6 // Problem 7 . 2 3 ( page no . 358)
7 // S o l u t i o n
8
9 //The c o o l i n g tower

10 //From the Steam t a b l e s ,
11 // For water :
12 h100F =68.05; // Btu/ lbm // en tha lpy at 100 F
13 h70F =38.09; // Btu/ lbm // en tha lpy at 70 F
14 // For a i r :
15 h=20.4; // Unit : Btu/ l b // at i n l e t , t o t a l heat / l b dry

a i r
16 w=38.2; // Unit : g r a i n s / l b // at i n l e t , m o i s t u r e p ickup

/ l b dry a i r ( at 60F D.B . and 50% R.H . )
17 H=52.1; // Unit : Btu/ l b // at o u t l e t , t o t a l heat / l b dry

a i r
18 W=194.0; // Unit : g r a i n s / l b // at o u t l e t , m o i s t u r e

p ickup / l b dry a i r ( at 90F D.B . and 90% R.H . )
19
20 // Per pound o f dry a i r , the heat i n t e r c h a n g e i s H−h

Btu per pound o f dry a i r .
21 // Per pound o f dry a i r , the m o i s t u r e i n c r e a s e i s (W−w

) /7000 l b per pound o f dry a i r .
22 //From the equat i on , ma∗ (H−h ) = 200000∗ h100F − mwout

∗h70F //ma=mass o f a i r mwout=mass o f
c o o l e d water

23 // and ma∗ ( (W−w) /7000) = 200000 − mwout
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24 // S o l v i n g the l a t t e r e q u a t i o n f o r mwout , we have
mwout=200000−(ma∗ ( (W−w) /7000) )

25 // S u b s t i t u t i n g t h i s i n t o the heat b a l a n c e y i e l d s ,
26 // ma∗ (H−h ) = 200000∗ h100F − 200000∗ h70F + ma∗h70F

∗ ( (W−w) /7000)
27 // S o l v i n g g i v e s us ,
28 ma =(200000*( h100F -h70F))/((H-h)-(h70F *((W-w)/7000)))

; //The amount o f a i r r e q u i r e d per hour // Unit :
lbm/ hr o f dry a i r

29 printf(”The amount o f a i r r e q u i r e d per hour i s %f
lbm/ hr o f dry a i r \n”,ma);

30 printf(”The amount o f water l o s t per hour due to
e v a p o r a t i o n i s %f lbm/ hr \n”,ma*((W-w)/7000));

31 // note tha t the water evapo ra t ed i s s l i g h t l y ove r 2%
o f the incoming water , and t h i s i s the makeup

tha t has to be f u r n i s h e d to the tower .
32 // answer a r e s l i g h t l y d i f f e r because o f v a l u e o f (W−

w) /7000 i s g i v e n 0 . 0 2 3 3 i n s t e a d o f 0 . 0 2 2 5
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Chapter 8

Vapor Power Cycles

Scilab code Exa 8.1 Thermal efficiency neglecting pump work and includ-
ing pump work

1 // s c i l a b 5 . 4 . 1
2 clear;

3 clc;

4 printf(”\ t \ t \ tProblem Number 8 . 1\ n\n\n”);
5 // Chapter 8 : Vapor Power Cyc l e s
6 // Problem 8 . 1 ( page no . 380)
7 // S o l u t i o n
8
9 //From the Steam Table s or M o l l i e r c h a r t i n Appendix

3 , we f i n d tha t
10 hf =340.49; // Unit : kJ/ kg // at 50kPa // en tha lpy
11 h1=hf; // at 50kPa // h f=entha lpy o f s a t u r a t e d l i q u i d

// Unit : kJ/ kg
12 h4 =3230.9; // Unit : kJ/ kg // en tha lpy
13 h5 =2407.4; // Unit : kJ/ kg //// en tha lpy
14 // Here , p o i n t 5 i s i n the wet steam r e g i o n .
15 printf(” S o l u t i o n f o r ( a ) \n”);
16 // N e g l e c t i n g pump work ( h2=h1 ) g i v e s
17 nR=(h4-h5)/(h4-h1); // Thermal e f f i c i e n c y o f the

c y c l e

161



18 printf(”The therma l e f f i c i e n c y o f the c y c l e i s %f
p e r c e n t a g e \n\n”,nR *100);

19
20 printf(” S o l u t i o n f o r ( b ) \n”);
21 p2 =3000; // Unit : kPa // Upper p r e s s u r e
22 p1=50; // Unit : kPa // Lower p r e s s u r e
23 vf =0.001030; // S p e c i f i c volume o f s a t u r a t e d l i q u i d

//mˆ3/ kg
24 Pumpwork =(p2 -p1)*vf; // Unit : kJ/ kg //pump work
25 //The e f f i c i e n c y o f the c y c l e i n c l u d i n g pump work i s
26 nR=((h4-h5)-Pumpwork)/((h4-h1)-Pumpwork); // Thermal

e f f i c i e n c y o f the c y c l e
27 printf(”The therma l e f f i c i e n c y o f the c y c l e

i n c l u d i n g pump work i s %f p e r c e n t a g e \n\n”,nR *100)
;

Scilab code Exa 8.2 Thermal efficiency using computer disk property val-
ues

1 // s c i l a b 5 . 4 . 1
2 clear;

3 clc;

4 printf(”\ t \ t \ tProblem Number 8 . 2\ n\n\n”);
5 // Chapter 8 : Vapor Power Cyc l e s
6 // Problem 8 . 2 ( page no . 381)
7 // S o l u t i o n
8
9 // Using the computer d i s k to o b t a i n the n e c c e s a r y

p r o p e r t i e s
10 printf(” S o l u t i o n f o r ( a ) \n”);
11 // For the c o n d i t i o n s g i v e n i n problem8 . 1 , the

p r o p e r t i e s a r e found to be
12 hf =340.49; // Unit : kJ/ kg // at 50kPa // en tha lpy
13 h1=hf; // at 50kPa // h f=entha lpy o f s a t u r a t e d l i q u i d
14 h2=h1; // Enthalpy // Unit : kJ/ kg
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15 h4 =3230.9; // Unit : kJ/ kg // en tha lpy
16 h5 =2407.4; // Unit : kJ/ kg // en tha lpy
17 // N e g l e c t i n g pump work
18 nR=(h4-h5)/(h4-h2); // Thermal e f f i c i e n c y o f the

c y c l e
19 printf(”The therma l e f f i c i e n c y o f the c y c l e i s %f

p e r c e n t a g e \n\n”,nR *100);
20
21 printf(” S o l u t i o n f o r ( b ) \n”);
22 // For the pump work , we do not need the approx imat ion

, because the compute r i z ed t a b l e s g i v e us the
n e c e s s a r y v a l u e s d i r e c t l y .

23 // Assuming tha t the conden sa t e l e a v i n g the c ond en s e r
i s s a t u r a t e d l i q u i d g i v e s us an en tha lpy o f

3 4 0 . 5 4 kJ/ kg and an ent ropy o f 1 . 0 9 1 2 kJ/ kg∗K f o r
an i s e n t r o p i c compres s ion , the f i n a l cond− i t i o n

i s the b o i l e r p r e s s u r e o f 3Mpa and an ent ropy o f
1 . 0 9 1 2 kJ/ kg∗K. For t h e s e va lue s , the program
y i e l d s an en tha lpy o f 3 4 3 . 5 9 kJ/ kg∗K. The
i s e n t r o p i c pump work i s e q u a l to

24 Pumpwork =343.59 -340.54; // Unit : kJ/ kg //pumpwork
25 //The e f f i c i e n c y o f the c y c l e i n c l u d i n g pump work i s
26 nR=((h4-h5)-Pumpwork)/((h4-h1)-Pumpwork); // Thermal

e f f i c i e n c y o f the c y c l e
27 printf(”The therma l e f f i c i e n c y o f the c y c l e

i n c l u d i n g pump work i s %f p e r c e n t a g e \n\n”,nR *100)
;

28 // F i n a l r e s u l t s i n t h i s problem a g r e e with the
r e s u l t i n problem8 . 1

Scilab code Exa 8.3 Thermal efficiency

1 // s c i l a b 5 . 4 . 1
2 clear;

3 clc;
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4 printf(”\ t \ t \ tProblem Number 8 . 3\ n\n\n”);
5 // Chapter 8 : Vapor Power Cyc l e s
6 // Problem 8 . 3 ( page no . 382)
7 // S o l u t i o n
8
9 // S o l u t i o n f o r ( a )

10 // F i g u r r e 8 . 3 with the c y c l e e x t e n d i n g i n t o the
s u p e r h e a t r e g i o n and expanding a l ong 4−>5 i s the
a p p r o p r i a t e diagram f o r t h i s p r o c e s s .

11
12 printf(” S o l u t i o n f o r ( b ) \n”);
13 // This problem can be s o l v e d e i t h e r by use o f the

M o l l i e r c h a r t or the Steam Table s . I f the c h a r t i s
used , 1 4 . 6 9 6 p s i a i s f i r s t l o c a t e d on the

s a t u r a t e d vapor l i n e . Because the expans ion ,4−>5 ,
i s i s e n t r o p i c , a v e r t i c a l l i n e on the c h a r t i s the
path o f the p r o c e s s . The p o i n t c o r r e s p o n d i n g to 4
i n f i g u r e 8 . 3 i s found where t h i s v e r t i c a l l i n e

i n t e r s e c t s 400 p s i a . At t h i s po int , the ent−ha lpy
i s 1515 Btu/lbm , and the c o r r e s p o n d i n g t empera tu r e

i s a p p r o x i m a t e l t y 980F . S a t u r a t e d vapor at 1 4 . 6 9 6
p s i a has an en tha lpy o f 1 1 5 0 . 5 Btu/ lbm ( from the
M o l l i e r c h a r t ) . The Steam Table s sh−ow tha t

s a t u r a t e d l i q u i d at 1 4 . 6 9 6 p s i a has an en tha lpy
o f 1 8 0 . 1 5 Btu/ lbm . In terms o f f i g u r e 8 . 3 , and
n e g l e c t i n g pump work , we have

14 h1 =180.15; // Unit : Btu/ lbm // en tha lpy
15 h2=h1; // Enthalpy // Unit : Btu/ lbm
16 h4 =1515; // Unit : Btu/ lbm // en tha lpy
17 h5 =1150.5; // Unit : kJ/ kg // en tha lpy
18 // N e g l e c t i n g pump work y i e l d s
19 nR=(h4-h5)/(h4-h2); // Thermal e f f i c i e n c y o f the

c y c l e
20 printf(” N e g l e c t i n g the pump work , The therma l

e f f i c i e n c y o f the c y c l e i s %f p e r c e n t a g e \n\n”,nR
*100);

21 p2=400; // Unit : Ps i a // Upper p r e s s u r e
22 p1 =14.696; // Unit : Ps i a // Lower p r e s s u r e
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23 vf =0.01167; // S p e c i f i c volume o f s a t u r a t e d l i q u i d
// f t ˆ3/ lbm

24 J=778; // Conver s i on f a c t o r
25 Pumpwork =((p2 -p1)*vf*144)/J; // Unit : Btu/ lbm //1 f t

ˆ2=144 i n ˆ2 //pumpwork
26 //The e f f i c i e n c y o f the c y c l e i n c l u d i n g pump work i s
27 nR=((h4-h5)-Pumpwork)/((h4-h1)-Pumpwork); // Thermal

e f f i c i e n c y o f the c y c l e
28 printf(”The therma l e f f i c i e n c y o f the c y c l e

i n c l u d i n g pump work i s %f p e r c e n t a g e \n\n”,nR *100)
;

29 // where the denominator i s h4−h2=h4−h1−(h2−h1 ) .
N e g l e c t i n g pump work i s o b v i o u s l y j u s t i f i e d i n
t h i s c a s e . An a l t e r n a t i v e s o l u t i o n i s o b t a i n e d by
u s i n g the Steam Table s : a t 1 4 . 6 9 6 p s i a ans sat−
ura t i on , sg =1.7567 ; at 400 ps i a , s= 1 . 7 5 6 7 . From
Table 3( at 400 p s i a )

30 // s h t
31 // 1 . 7 6 3 2 1 5 2 3 . 6 1000
32 // 1 . 7 5 6 7 1 5 1 4 . 2 9 8 2 . 4
33 // 1 . 7 5 5 8 1 5 1 2 . 9 980

Scilab code Exa 8.4 Thermal efficiency using computer generated prop-
erty values

1 // s c i l a b 5 . 4 . 1
2 clear;

3 clc;

4 printf(”\ t \ t \ tProblem Number 8 . 4\ n\n\n”);
5 // Chapter 8 : Vapor Power Cyc l e s
6 // Problem 8 . 4 ( page no . 383)
7 // S o l u t i o n
8
9 // Re f e r to f i g u r e 8 . 3 . The d e s i r e d q u a n t i t i e s a r e

o b t a i n e d as f o l l o w s :
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10 // at 1 4 . 6 9 6 ps i a , s a t u r a t e d vapor ( x=1) , s =1.7566 Btu/
lbm∗R

11 h5 =1150.4; // Unit : Btu/ lbm // en thap ly
12 // at 1 4 . 6 9 6 ps i a , s a t u r a t e d l i q u i d ( x=0) , s =0.3122 Btu

/ lbm∗R
13 h2 =180.17; // Unit : Btu/ lbm // en thap ly
14 h1=h2;

15 // at 400 ps i a , s =1.7566 Btu/ lbm∗R,
16 h4 =1514.0; // Unit : Btu/ lbm // Enthalpy
17 t=982.07; // Unit : F // tempeara tu re
18 // at 400 ps i a , s =0.3122 Btu/ lbm∗R, // s=ent ropy
19 h=181.39; // Unit : Btu/ lbm // Enthalpy
20 // Note the agreement o f t h e s e v a l u e s with the ones

o b t a i n e d f o r problem8 . 4 . Alos , note the t empera tu r e
o f 9 8 2 . 0 7F compared to 9 8 2 . 4F . Cont inu ing ,

21 // N e g l e c t i n g pump work
22 nR=(h4-h5)/(h4-h2); // Thermal e f f i c i e n c y o f the

c y c l e
23 printf(” N e g l e c t i n g the pump work , The therma l

e f f i c i e n c y o f the c y c l e i s %f p e r c e n t a g e \n\n”,nR
*100);

24 Pumpwork=h-h2; // Unit : kJ/ kg /// pumpwork
25 //The e f f i c i e n c y o f the c y c l e i n c l u d i n g pump work i s
26 nR=((h4-h5)-Pumpwork)/((h4-h2)-Pumpwork); // Thermal

e f f i c i e n c y o f the c y c l e
27 printf(”The therma l e f f i c i e n c y o f the c y c l e

i n c l u d i n g pump work i s %f p e r c e n t a g e \n\n”,nR *100)
;

Scilab code Exa 8.5 Carnot cycle efficiency and type efficiency

1 // s c i l a b 5 . 4 . 1
2 clear;

3 clc;

4 printf(”\ t \ t \ tProblem Number 8 . 5\ n\n\n”);
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5 // Chapter 8 : Vapor Power Cyc l e s
6 // Problem 8 . 5 ( page no . 385)
7 // S o l u t i o n
8
9 //The Carnot c y c l e would o p e r a t e between 9 8 2 . 4F and

212F .
10 T1 =982.4+460; // t empera tu r e c o n v e r t e d to a b s o l u t e

t empera tu re // Unit :R
11 T2 =212+460; // t empera tu r e c o n v e r t e d to a b s o l u t e

t empera tu re // Unit :R
12 nc=((T1-T2)/T1)*100; // E f f i c i e n c y o f c a r n o t c y c l e
13 printf(”The e f f i c i e n c y i s %f p e r c e n t a g e \n”,nc);
14 // In problem 8 . 3 ,
15 nR =27.3; // Thermal e f f i c i e n c y o f the c y c l e

n e g l e c t i n g the pump work
16 typen=(nR/nc)*100; // Type e f f i c i e n c y=i d e a l the rma l

e f f i c i e n c y / e f f i c i e n c y o f c a r n o t c y c l e o p e r a t i n g
between min and max tempera tu r e l i m i t s

17 printf(”The type e f f i c i e n c y o f the i d e a l Rankine
c y c l e i s %f p e r c e n t a g e \n”,typen);

Scilab code Exa 8.6 Efficiency of Rankine cycle

1 // s c i l a b 5 . 4 . 1
2 clear;

3 clc;

4 printf(”\ t \ t \ tProblem Number 8 . 6\ n\n\n”);
5 // Chapter 8 : Vapor Power Cyc l e s
6 // Problem 8 . 6 ( page no . 385)
7 // S o l u t i o n
8
9 // For the upper t empera tu re o f the c y c l e , we have 400

C, and f o r 50kPa , the steam t a b l e s g i v e us a
s a t u r a t i o n t empera tu r e o f 8 1 . 3 3C. The e f f i c i e n c y
o f a Carnot c y c l e o p e r a t i n g between the l i m i t s
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would be
10 T1 =400+273; // C e l c i u s t empera tu r e c o n v e r t e d to

f a h r e n h e i t t empera tu r e
11 T2 =81.33+273; // t empera tu r e c o n v e r t e d to f a h r e n h e i t

t empera tu re
12 nc=((T1-T2)/T1)*100; // E f f i c i e n c y o f c a r n o t c y c l e
13 printf(”The e f f i c i e n c y i s %f p e r c e n t a g e \n”,nc);
14 // In problem 8 . 1 ,
15 nR =28.5; // Thermal e f f i c i e n c y o f the c y c l e

n e g l e c t i n g the pump work
16 typen=(nR/nc)*100; // Type e f f i c i e n c y=i d e a l the rma l

e f f i c i e n c y / e f f i c i e n c y o f c a r n o t c y c l e o p e r a t i n g
between min and max tempera tu r e l i m i t s

17 printf(”The type e f f i c i e n c y o f the i d e a l Rankine
c y c l e i s %f p e r c e n t a g e \n”,typen);

Scilab code Exa 8.7 Thermal efficiency

1 // s c i l a b 5 . 4 . 1
2 clear;

3 clc;

4 printf(”\ t \ t \ tProblem Number 8 . 7\ n\n\n”);
5 // Chapter 8 : Vapor Power Cyc l e s
6 // Problem 8 . 7 ( page no . 386)
7 // S o l u t i o n
8
9 //From problem 8 . 3 ,

10 work =1515 -1150.5; // Unit : Btu/ lbm o f steam //pump
work i s n e g l e c t e d // U s e f u l i d e a l work

11 // Because o f the heat l o s s e s , 50 Btu/ lbm o f the
3 6 4 . 5 Btu/ lbm becomes u n a v a i l a b l e .

12 available =364.5 -50; // Unit : Btu/ lbm
13 n=available /(1515 -180.15); // Thermal e f f i c i e n c y o f

the c y c l e n e g l e c t i n g pump work h4 =1515; // Unit :
Btu/ lbm // en tha lpy & h1 =180 .15 ; // Unit : Btu/ lbm //
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en tha lpy
14 printf(”The therma l e f f i c i e n c y o f the c y c l e

n e g l e c t i n g pump work i s %f p e r c e n t a g e \n\n”,n*100)
;

Scilab code Exa 8.8 Heat rate and steam rate per kilowatt hour

1 // s c i l a b 5 . 4 . 1
2 clear;

3 clc;

4 printf(”\ t \ t \ tProblem Number 8 . 8\ n\n\n”);
5 // Chapter 8 : Vapor Power Cyc l e s
6 // Problem 8 . 8 ( page no . 387)
7 // S o l u t i o n
8
9 // N e g l e c t i n g the pump work , we have

10 heatrate =3413/0.273; // Unit : Btu/kWh //0.273=
e f f i c i e n c y //1 kWh=3413 // heat r a t e

11 printf(”The heat r a t e i s %f Btu/kWh\n”,heatrate);
12 // Per pound o f steam ,1515 −1150 .5=364 .5 Btu i s

d e l i v e r e d .
13 // Because 1 kWh=3413
14 printf(”The steam r a t e i s %f lbm o f steam per

k i l o w a t t−hour \n” ,3413/(1515 -1150.5));

Scilab code Exa 8.9 Efficiency of reheat cycle

1 // s c i l a b 5 . 4 . 1
2 clear;

3 clc;

4 printf(”\ t \ t \ tProblem Number 8 . 9\ n\n\n”);
5 // Chapter 8 : Vapor Power Cyc l e s
6 // Problem 8 . 9 ( page no . 388)
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7 // S o l u t i o n
8
9 //The M o l l i e r c h a r t p r o v i d e s a c o n v e n i e n t way o f

s o l v i n g t h i s problem . Expanding from 980F , 4 0 0 ps i a
, s =1.7567 to 200 p s i a y i e l d s a f i n a l en tha lpy o f
1413 Btu/ lbm . Expanding from 200 p s i a ans an
en tha lpy o f 1515 Btu/ lbm to 1 4 . 6 9 6 p s i a y i e l d s a
f i n a l en thap ly o f 1205 Btu/ lbm .

10 h4 =1515; // Unit : Btu/ lbm // en tha lpy
11 h5 =1205; // Unit : Btu/ lbm // en tha lpy
12 h7 =1413; // Unit : Btu/ lbm // en tha lpy
13 h1 =180.15; // Unit : Btu/ lbm // en tha lpy
14 nreheat =((h4-h5)+(h4-h7))/((h4 -h1)+(h4 -h7)); //The

e f f i c i e n c y o f the r e h e a t c y c l e
15 printf(”The e f f i c i e n c y o f the r e h e a t c y c l e i s %f

p e r c e n t a g e ”,nreheat *100);
16 // I t i s apparent tha t f o r the c o n d i t i o n s o f t h i s

problem , the i n c r e a s e i n e f f i c i e n c y i s not very
l a r g e . The f i n a l c o n d i t i o n o f the f l u i d a f t e r the
second expans i on i s s u p e r h e a t e d steam at

17 // 1 4 . 6 9 6 p s i a . By conden s ing at t h i s r e l a t i v e l y h igh
p r e s s u r e c o n d i t i o n , a l a r g e amount o f heat i s
r e j e c t e d to the c ond en s e r c o o l i n g water . 7

Scilab code Exa 8.10 efficiency of reheat cycle by computerized properties

1 // s c i l a b 5 . 4 . 1
2 clear;

3 clc;

4 printf(”\ t \ t \ tProblem Number 8 . 1 0\ n\n\n”);
5 // Chapter 8 : Vapor Power Cyc l e s
6 // Problem 8 . 1 0 ( page no . 389)
7 // S o l u t i o n
8
9 //Some o f the p r o p e r t y data r e q u i r e d was found i n
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problem8 . 4 . In a d d i t i o n we have ,
10 // at 200 ps i a , s =1.7566 Btu/ lbm∗R,
11 h7 =1413.6; // Unit : Btu/ lbm // Enthalpy
12 // at 200 ps i a , s =1.8320 Btu/ lbm∗R,
13 h4 =1514.0; // Unit : Btu/ lbm // Enthalpy
14 // at 1 4 . 6 9 6 ps i a , s =1.8320 Btu/ lbm∗R,
15 h5 =1205.2; // Unit : Btu/ lbm // Enthalpy
16 h1 =180.17; // Unit : Btu/ lbm // en tha lpy
17 // Using t h e s e data ,
18 nreheat =((h4-h5)+(h4-h7))/((h4 -h1)+(h4 -h7)); //The

e f f i c i e n c y o f the r e h e a t c y c l e
19 printf(”The e f f i c i e n c y o f the r e h e a t c y c l e i s %f

p e r c e n t a g e ”,nreheat *100);

Scilab code Exa 8.11 Efficiency of Rankine and regenerative cycle

1 // s c i l a b 5 . 4 . 1
2 clear;

3 clc;

4 printf(”\ t \ t \ tProblem Number 8 . 1 1\ n\n\n”);
5 // Chapter 8 : Vapor Power Cyc l e s
6 // Problem 8 . 1 1 ( page no . 394)
7 // S o l u t i o n
8
9 printf(” S o l u t i o n f o r ( a ) \n”);

10 // For the r a n k i n e c y c l e , the M o l l i e r c h a r t g i v e s
11 h4 =1505; // Enthalpy // Unit : Btu/ lbm
12 h5=922; // Enthalpy // Unit : Btu/ lbm
13 h6=h5; // Enthalpy // Unit : Btu/ lbm
14 // and at the condense r ,
15 h1 =69.74; // en tha lpy // Unit : Btu/ lbm
16 nR=(h4-h5)/(h4-h1); // e f f i c i e n c y o f r a n k i n e c y c l e
17 printf(”The e f f i c i e n c y o f r a n k i n e c y c l e i s %f

p e r c e n t a g e \n\n”,nR *100);
18
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19 printf(” S o l u t i o n f o r ( b ) \n”);
20 // F igu r e 8 . 1 6 shows the r e g e n e r a t i v e c y c l e . A f t e r

do ing work ( i s e n t r o p i c a l l y ) ,W l b s o f steam a r e
b l ed from the t u r b i n e at 50 p s i a f o r each lbm o f
steam l e a v i n g the steam g e n e r a t o r , and (1−W)
pound goe s through the t u r b i n e and i s condensed
i n the co nde n s e r to s a t u r a t e d l i q u i d at 1 p s i a .
This conden sa t e i s pumped to the hea t e r , where i t
mixes with the e x t r a c e d steam and l e a v e s as
s a t u r a t e d l i q u i d at 50 p s i a . The r e q u i r e d
e n t h a l p i e s a r e :

21 // Leav ing t u r b i n e :
22 h5 =1168; // Btu/ lbm at 50 p s i a
23 // Leav ing co nde n s e r :
24 h7 =69.74; // Btu/ lbm at 1 p s i a // i s e q u a l to h8 i f

pump work i s n e g l e c t e d
25 // Leav ing h e a t e r :
26 h1 =250.24; // Btu/ lbm at 50 p s i a // i s e q u a l to h2 i f

pump work i s n e g l e c t e d ( s a t u r a t e d l i q u i d )
27 //A Heat b a l a n c e around the h e a t e r g i v e s
28 //W∗h5 + (1−W) ∗h7 = 1∗h1
29 W=((1* h1)-h7)/(h5-h7); // Unit : lbm //W l b o f steam
30 printf(”W=%f lbm\n”,W);
31 work=(1-W)*(h4 -922) + W*(h4 -h5); // h5=922 from the

m o l l i e r c h a r t // Unit : Btu/ lbm //The work output
32 printf(”The work output i s %f Btu/ lbm\n”,work);
33 // Heat i n t o steam g e n e r a t o r e q u a l s the en tha lpy

l e a v i n g minus the en tha lpy o f the s a t u r a t e d
l i q u i d e n t e r i n g at 50 p s i a :

34 qin=h4 -h1; // Unit : Btu/ lbm // Heat i n
35 n=work/qin; // E f f i c i e n c y o f r e g e n e r a t i v e c y c l e
36 printf(”The e f f i c i e n c y o f r e g e n e r a t i v e c y c l e i s %f

p e r c e n t a g e \n”,n*100);
37 //The e f f i c i e n c y o f a r e g e n e r a t i v e c y c l e with one

open h e a t e r i s g i v e n by
38 n=1-(((h5-h1)*(h6-h7))/((h4-h1)*(h5 -h7))); //

e f f i c i e n c y o f a r e g e n e r a t i v e c y c l e
39 W=(h1 -h7)/(h5 -h7); // Unit : lbm //W l b o f steam
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40 printf(”When the r a n k i n e c y c l e i s compared with
r e g e n e r a t i v e c y c l e , \ n”);

41 printf(”W=%f lbm and the e f f i c i e n c y o f a
r e g e n e r a t i v e c y c l e with one open h e a t e r i s g i v e n
by %f p e r c e n t a g e \n”,W,n*100);

Scilab code Exa 8.12 The efficiency of the cycle

1 // s c i l a b 5 . 4 . 1
2 clear;

3 clc;

4 printf(”\ t \ t \ tProblem Number 8 . 1 2\ n\n\n”);
5 // Chapter 8 : Vapor Power Cyc l e s
6 // Problem 8 . 1 2 ( page no . 396)
7 // S o l u t i o n
8
9 // F igu r e 8 . 1 6 ( a ) shows the c y c l e . For t h i s c y c l e ,W2

pounds a r e e x t r a c t e d at 100 ps i a , and W1 pounds
a r e e x t r a c t e d at 50 p s i a f o r each pound produced
by the steam g e n e r a t o r . The e n t h a l p i e s tha t a r e
r e q u i r e d a r e :

10 // Leav ing t u r b i n e : 922 // Btu/ lbm at 1 p s i a
11 // Leav ing co nde n s e r : 6 9 . 7 4 // Btu/ lbm at 1 p s i a (

s a t u r a t e d l i q u i d )
12 // Leav ing low p r e s s u r e h e a t e r : 2 5 0 . 2 4 // Btu/ lbm at

50 p s i a ( s a t u r a t e d l i q u i d )
13 // Leav ing h igh p r e s s u r e h e a t e r : 2 9 8 . 6 1 // Btu/ lbm at

100 p s i a
14 //At low p r e s s u r e e x t r a c t i o n : 1168 // Btu/ lbm at 50

p s i a
15 //At h igh p r e s s u r e e x t r a c t i o n : 1 2 2 8 . 6 // Btulbm at

100 p s i a
16 // En t e r i n g t u r b i n e : 1505 // Btu/ lbm
17 //The heat b a l a n c e around the h igh p r e s s u r e h e a t e r

g i v e s us
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18 //W2∗1 2 2 8 . 6 + (1−W2) ∗2 5 0 . 2 4 = 1∗2 98 . 6 1
19 W2 =((1*298.61) -250.24) /(1228.6 -250.24); // lbm //W2

pounds a r e e x t r a c t e d at 100 p s i a
20 printf(”W2=%f lbm\n”,W2);
21 //A heat b a l a n c e around the low p r e s s u r e h e a t e r

y i e l d s
22 //W1∗1168 + (1−W1−W2) ∗6 9 . 7 4 = (1−W2) ∗2 5 0 . 2 4
23 W1=(((1-W2)*250.24) -69.74+(W2 *69.74))/(1168 -69.74);

// lbm //W1 pounds a r e e x t r a c t e d at 50 p s i a
24 printf(”W1=%f lbm\n”,W1);
25 work =((1505 -1228.6) *1)+((1-W2)*(1228.6 -1168))+((1-W1

-W2)*(1168 -922)); //The work output // Btu/ lbm
26 printf(”The work output i s %f Btu/ lbm\n”,work);
27 // Heat i n t o the steam g e n e r a t o r e q u a l s the en tha lpy

l e a v i n g minus the en tha lpy o f s a t u r a t e d l i q u i d at
100 p s i a :

28 qin =1505 -298.61; // Btu/ lbm // Heat i n
29 printf(” Heat i n = %f Btu/ lbm\n”,qin);
30 n=work/qin; //The e f f i c i e n c y
31 printf(”The e f f i c i e n c y i s %f p e r c e n t a g e \n”,n*100);
32 // In terms o f f i g u r e 8 . 1 6 a ,
33 //W2=(h1−h11 ) /( h5−h11 )
34 //W1=(h5−h1/h6−h9 ) ∗ ( h10−h9/h5−h10 ) n e g l e c t i n g the

pump work
35 //n=1−(h7−h8/h4−h1 ) ∗ ( h5−h1/h5−h10 ) ∗ ( h6−h10 /h6−h8 )
36 // For t h i s problem , h8=h9 , h10=h11 and h1=h2 . Thus
37 W2 =(298.61 -250.24) /(1228.6 -250.24); // lbm //W2

pounds a r e e x t r a c t e d at 100 p s i a
38 printf(” Comparing the r e s u l t s , \ n”);
39 printf(”W2=%f lbm\n”,W2);
40 W1 =((1228.6 -298.61) *(250.24 -69.74))/((1168 -69.74)

*(1228.6 -250.24)); // lbm //W1 pounds a r e
e x t r a c t e d at 50 p s i a

41 printf(”W1=%f lbm\n”,W1);
42 n=1 -(((922 -69.74) *(1228.6 -298.61) *(1168 -250.24))

/((1505 -298.61) *(1228.6 -250.24) *(1168 -69.74)));

// E f f i c i e n c y
43 printf(”The e f f i c i e n c y i s %f p e r c e n t a g e \n”,n*100);
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Scilab code Exa 8.13 efficiency of cycle and comparision

1 // s c i l a b 5 . 4 . 1
2 clear;

3 clc;

4 printf(”\ t \ t \ tProblem Number 8 . 1 3\ n\n\n”);
5 // Chapter 8 : Vapor Power Cyc l e s
6 // Problem 8 . 1 3 ( page no . 398)
7 // S o l u t i o n
8
9 // R e g e n e r a t i v e c y c l e

10 // Assume tha t 1 lbm o f steam l e a v e s the steam
g e n e r a t o r and tha t W1 lbm i s b l ed o f f to the
c l o s e d h e a t e r at 100 p s i a and tha t W2 lbm i s b l ed
o f f to the open h e a t e r at 50 p s i a . Alos , assume
tha t the f e e d w a t e r l e a v i n g the c l o s e d h e a t e r at
310F , 1 8 F l e s s than the s a t u r a t i o n t empera tu r e
c o r r e s p o n d i n g to 100 p s i a . For c a l c u l a t i o n
purposes , we w i l l use h f at 310 F f o r t h i s
en tha lpy . Using the M o l l i e r diagram and the steam
t a b l e s , we f i n d the f o l l o w i n g v a l u e s o f en tha lpy :

11
12 //h to t u r b i n e =1505 Btu/ lbm ( at 1000 p s i a and 1000F)
13 //h at f i r s t e x t r a c t i o n =1228 Btu/ lbm ( i s e n t r o p i c a l l y

to 100 p s i a )
14 //h at second e x t r a c t i o n =1168 Btu/ lbm ( i s e n t r o p i c a l l y

to 100 p s i a )
15 //h at t u r b i n e e x i t =922 Btu/ lbm ( i s e n t r o p i c a l l y to 1

p s i a )
16 // h f =298.61 Btu/ lbm ( at 100 p s i a )
17 // h f =250.24 Btu/ lbm ( at 50 p s i a )
18 // h f =280.06 Btu/ lbm ( at 310 F)
19 // h f =69.74 Btu/ lbm ( at 1 p s i a )
20 //A heat b a l a n c e around the h igh p r e s s u r e h e a t e r
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g i v e s us
21 //W1∗ (1228 −298 .61) = 1∗ ( 280 . 06 −250 . 24 )
22 W1 =((1*(280.06 -250.24)))/(1228 -298.61); // lbm //W1

lbm i s e x t r a c t e d at 100 p s i a
23 printf(”W1=%f lbm\n”,W1);
24 //A heat b a l a n c e around the open h e a t e r g i v e s us
25 //W2∗1168 +(1−W1−W2) ∗6 9 . 7 4 + W1∗2 6 8 . 6 1 = 1∗2 50 . 2 4
26 W2 =((1*250.24) -(W1 *268.61) -69.74+(W1 *69.74))

/(1168 -69.74); // lbm //W2 lbm i s e x t r a c t e d at 50
p s i a

27 printf(”W2=%f lbm\n”,W2);
28 //The work output o f the c y c l e c o n s i s t s o f the work

tha t 1 lbm does i n expanding i s e n t r o p i c a l l y to
100 ps i a , p l u s the work done by (1−W1) lbm
expanding i s e n t r o p i c a l y from 100 to 50 ps i a , p l u s
the work done by (1−W1−W2) lbm expanding
i s e n t r o p i c a l l y from 50 to 1 p s i a .

29 // Numer i ca l l y , the work i s
30 workoutput =(1*(1505 -1228))+((1-W1)*(1228 -1168))+((1-

W1 -W2)*(1168 -922)); // Btu/ lbm // the work output
31 printf(”The work output i s %f Btu/ lbm\n”,workoutput)

;

32 heatinput =1505 -280.06; // Btu/ lbm // the heat input
33 printf(”The heat input i s %f Btu/ lbm\n”,heatinput);
34 n=workoutput/heatinput; // E f f i c i e n c y
35 printf(”The e f f i c i e n c y i s %f p e r c e n t a g e \n”,n*100);
36 //When compared to 8 . 1 1 , we c o n c l u d e tha t the

a d d i t i o n o f a d d i t i o n a l c l o s e d h e a t e r r a i s e s the
e f f i c i e n c y .

Scilab code Exa 8.14 efficiency of energy utilization and thermal efficiency

1 // s c i l a b 5 . 4 . 1
2 clear;

3 clc;
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4 printf(”\ t \ t \ tProblem Number 8 . 1 4\ n\n\n”);
5 // Chapter 8 : Vapor Power Cyc l e s
6 // Problem 8 . 1 4 ( page no . 426)
7 // S o l u t i o n
8
9 //From problem 8 . 1 1 ,

10 // Leav ing t u r b i n e :
11 h5 =1168; // Btu/ lbm at 50 p s i a
12 // For the r a n k i n e c y c l e , the M o l l i e r c h a r t g i v e s
13 h4 =1505; // Enthalpy // Unit : Btu/ lbm
14 h6=922; // Enthalpy // Unit : Btu/ lbm // h6=h5 ;
15 // and at the condense r ,
16 h1 =69.74; // en tha lpy // Unit : Btu/ lbm
17 // Leav ing co nde n s e r :
18 h7 =69.74; // Btu/ lbm at 1 p s i a // i s e q u a l to h8 i f

pump work i s n e g l e c t e d
19 // Leav ing h e a t e r :
20 h2 =250.24; // Btu/ lbm at 50 p s i a // i s e q u a l to h1 i f

pump work i s n e g l e c t e d ( s a t u r a t e d l i q u i d )
21 //A Heat b a l a n c e around the h e a t e r g i v e s
22 //W∗h5 + (1−W) ∗h7 = 1∗h1
23 W=((1* h2)-h7)/(h5-h7); // Unit : lbm
24 liquidleaving =(W*h2)+(1-W)*h1; // Btu/ lbm // l i q u i d

l e a v i n g the hea texchange
25
26 // Using t h e s e data , ,
27 heatin=h4-liquidleaving; // Btu/ lbm // heat i n the

b o i l e r
28 printf(” Heat i n at b o i l e r i s %f Btu/ lbm\n”,heatin);
29 workout =((1-W)*(h4 -h6))+(W*(h4 -h5)); // Btu/ lbm //The

work out o f t u r b i n e
30 printf(”The work out o f t u r b i n e i s %f Btu/ lbm\n”,

workout);

31 n=workout/heatin; // e f f i c i e n c y //The c o n v e n t i o n a l
the rma l e f f i c i e n c y

32 printf(”The c o n v e n t i o n a l the rma l e f f i c i e n c y i s %f
p e r c e n t a g e \n”,n*100);

33 // I f a t t h i s t ime we have d e f i n e the e f f i c i e n c y o f
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ene rgy u t i l i z a t i o n to be the r a t i o o f the work
out p l u s the u s e f u l heat out d i v i d e d by the heat
input to the c y c l e , n e n e r g y u t i l i z a t i o n =((w+
q o u t u s e f u l ) / q in ) ∗100

34 qout=W*(h5-h2); // heat out // Btu/ lbm
35 n=( workout+qout)/heatin; // e f f i c i e n c y o f ene rgy

u t i l i z a t i o n
36 printf(” E f f i c i e n c y o f ene rgy u t i l i z a t i o n i s %f

p e r c e n t a g e \n”,n*100);
37 // Comparing with 8 . 1 1 , we s e e tha t c o n v e n t i o n a l

the rma l e f f i c i e n c y i s d e c r e a s e d and e f f i c i e n c y o f
ene rgy u t i l i z a t i o n i s i n c r e a s e d
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Chapter 9

Gas Power Cycles

Scilab code Exa 9.1 The efficiency of Otto cycle and Carnot cycle

1 // s c i l a b 5 . 4 . 1
2 clear;

3 clc;

4 printf(”\ t \ t \ tProblem Number 9 . 1\ n\n\n”);
5 // Chapter 9 : Gas Power Cyc l e s
6 // Problem 9 . 1 ( page no . 462)
7 // S o l u t i o n
8
9 Rc=7; // Compress ion Rat io Rc=v2 / v3

10 k=1.4; // I t i s apparent i n c e r e a s e i n compre s s i on
r a t i o y i e l d s an i n c r e a s e d c y c l e e f f i c i e n c y

11 notto =(1 -(1/Rc)^(k-1))*100; // E f f i c i e n c y o f an o t t o
e n g i n e

12 printf(”The e f f i c i e n c y o f the o t t o c y c l e i s %f
p e r c e n t a g e \n”,notto);

13 // For the c a r n o t c y c l e ,
14 //Nc=1−(T2/T4) // e f f i c i e n c y f o r the c a r n o t c y c l e //

T2=l o w e s t t empera tu r e //T4=Highe s t t empera tu r e
15
16 T2 =70+460; // f o r c o n v e r t i n g to R // Conver s i on o f

u n i t
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17 //At 700 F
18 T4 =700+460; // t e m p e r a t u r e s c o n v e r t e d to a b s o l u t e

t e m p e r a t u r e s ;
19 nc=(1-(T2/T4))*100; // e f f i c i e n c y o f the c a r n o t c y c l e
20 printf(”When peak tempera tu re i s 700 f a h r e n h e i t ,

e f f i c i e n c y o f the c a r n o t c y c l e i s %f p e r c e n t a g e \n
”,nc);

21
22 //At 1000 F
23 T4 =1000+460; // t e m p e r a t u r e s c o n v e r t e d to a b s o l u t e

t e m p e r a t u r e s ;
24 nc=(1-(T2/T4))*100; // e f f i c i e n c y o f the c a r n o t c y c l e
25 printf(”When peak tempera tu re i s 1000 f a h r e n h e i t ,

e f f i c i e n c y o f the c a r n o t c y c l e i s %f p e r c e n t a g e \n
”,nc);

26
27 //At 3000 F
28 T4 =3000+460; // t e m p e r a t u r e s c o n v e r t e d to a b s o l u t e

t e m p e r a t u r e s ;
29 nc=(1-(T2/T4))*100; // e f f i c i e n c y o f the c a r n o t c y c l e
30 printf(”When peak tempera tu re i s 3000 f a h r e n h e i t ,

e f f i c i e n c y o f the c a r n o t c y c l e i s %f p e r c e n t a g e \n
”,nc);

Scilab code Exa 9.2 Efficiency and net work out

1 // s c i l a b 5 . 4 . 1
2 clear;

3 clc;

4 printf(”\ t \ t \ tProblem Number 9 . 2\ n\n\n”);
5 // Chapter 9 : Gas Power Cyc l e s
6 // Problem 9 . 2 ( page no . 463)
7 // S o l u t i o n
8
9 cv =0.172; // Unit : Btu /( lbm∗R) // S p e c i f i c heat
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c o n s t a n t
10 Rc=7; // Compress ion Rat io Rc=v2 / v3
11 k=1.4; // I t i s apparent i n c e r e a s e i n compre s s i on

r a t i o y i e l d s an i n c r e a s e d c y c l e e f f i c i e n c y
12 T2 =70+460; // f o r c o n v e r t i n g to R // Conver s i on o f

u n i t
13 // For 1000 F
14 T4 =1000+460; // t e m p e r a t u r e s c o n v e r t e d to a b s o l u t e

t e m p e r a t u r e s ;
15 T3byT2=Rc^(k-1); // Unit l e s s
16 T3=T3byT2*T2;

17 qin=cv*(T4-T3); // Unit : Btu/ lbm // Heat added
18 //Qr=cv ∗ (T5−T2) ∗ (T5/T4) =(v2 / v3 ) ˆ( k−1)
19 Qr=(inv(Rc))^(k-1); // Unit : Btu/ lbm // Heat r e j e c t e d
20 T5=T4*Qr;

21 Qr=cv*(T5-T2); // Unit : Btu/ lbm // Heat r e j e c t e d
22 printf(”The net work out i s %f Btu/ lbm\n”,qin -Qr);
23 notto =((qin -Qr)/qin)*100; //The e f f i c i e n c y o f o t t o

c y c l e
24 printf(”The e f f i c i e n c y o f o t t o c y c l e i s %f

p e r c e n t a g e ”,notto);
25 //The v a l u e a g r e e s with the r e s u l t s o f problem 9 . 1

Scilab code Exa 9.3 Determine the Peak temperature

1 // s c i l a b 5 . 4 . 1
2 clear;

3 clc;

4 printf(”\ t \ t \ tProblem Number 9 . 3\ n\n\n”);
5 // Chapter 9 : Gas Power Cyc l e s
6 // Problem 9 . 3 ( page no . 464)
7 // S o l u t i o n
8
9 cv =0.7186; // Unit : kJ /( kg∗K) // S p e c i f i c heat c o n s t a n t

f o r c o n s t a n t volume p r o c e s s
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10 Rc=8; // Compress ion Rat io Rc=v2 / v3
11 k=1.4; // I t i s apparent i n c e r e a s e i n compre s s i on

r a t i o y i e l d s an i n c r e a s e d c y c l e e f f i c i e n c y
12 T2 =20+273; // 20 C c o n v e r t e d to i t s k e l v i n v a l u e
13 qin =50; // Heat added // Unit : kJ
14 T3byT2=Rc^(k-1);

15 T3=T3byT2*T2; // Unit :K
16 // q in=cv ∗ (T4−T3) // heat added // Unit : kJ
17 T4=(qin/cv)+T3; //The peak tempera tu re o f the c y c l e

// Unit :K
18 printf(”The peak tempera tu r e o f the c y c l e i s %f

Ke lv in i . e . %f C e l c i u s ”,T4 ,T4 -273);

Scilab code Exa 9.4 Determine temperature pressure and specific volume
at each point

1 // s c i l a b 5 . 4 . 1
2 clear;

3 clc;

4 printf(”\ t \ t \ tProblem Number 9 . 4\ n\n\n”);
5 // Chapter 9 : Gas Power Cyc l e s
6 // Problem 9 . 4 ( page no . 465)
7 // S o l u t i o n
8
9 // For an Otto c y c l e ,

10 rc=7; // Compress ion Rat io Rc=v2 / v3
11 q=50; // Unit : Btu/ lbm // Heat added
12 p2 =14.7; // Unit : p s i a // p r e s s u r e at p o i n t 2
13 T2 =60+460; // t e m p e r a t u r e s c o n v e r t e d to a b s o l u t e

t e m p e r a t u r e s ; // Unit :R
14 cp =0.24; // Unit : Btu /( lbm∗R) // S p e c i f i c heat c o n s t a n t

f o r c o n s t a n t p r e s s u r e p r o c e s s
15 cv =0.171; // Unit : Btu /( lbm∗R) // S p e c i f i c heat

c o n s t a n t f o r c o n s t a n t volume p r o c e s s
16 R=53.3; // Unit : f t ∗ l b f / lbm∗R // c o n s t a n t o f
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p r o p o r t i o n a l i t y
17 k=1.4; // I t i s apparent i n c e r e a s e i n compre s s i on

r a t i o y i e l d s an i n c r e a s e d c y c l e e f f i c i e n c y
18 // R e f e r i n g to f i g u r e 9 . 9 ,
19 //At ( 2 ) , we need v2 .
20 // p2∗v2=R∗T2
21 v2=(R*T2)/(p2*144); // Unit : f t ˆ3/ lbm //1 f t ˆ2=144 i n ˆ2

// s p e c i f i c volume at p o i n t 2
22 printf(”At p o i n t ( 2 ) ,\ n s p e c i f i c volume v2=%f f t ˆ3/

lbm\n\n”,v2);
23 // For The i s e n t r o p i c path ( 2 ) &(3) , p3∗v3 ˆk=p2∗v2 ˆk , so
24 //So , p3=p2 ∗ ( v2 / v3 ) ˆk ;
25 p3=p2*rc^k; // Unit : p s i a // p r e s s u r e at p o i n t 3
26 printf(”At path ( 2 ) &(3) \n”);
27 printf(” p r e s s u r e p3=%f p s i a \n”,p3);
28 v3=v2/rc; // Unit : f t ˆ3/ lbm // s p e c i f i c volume at p o i n t

3
29 printf(” s p e c i f i c volume v3=%f f t ˆ3/ lbm\n”,v3);
30 T3=(p3*v3*144)/R; // Unit :R //1 f t ˆ2=144 i n ˆ2 //

t empera tu re at p o i n t 3
31 printf(” t empera tu r e T3=%f R\n\n”,T3);
32 printf(”At p o i n t ( 4 ) ,\n”);
33 //To o b t a i n the v a l u e s at ( 4 ) , we note
34 v4=v3; // Unit : f t ˆ3/ lbm // s p e c i f i c volume at p o i n t 4
35 printf(” s p e c i f i c volume v4=%f f t ˆ3/ lbm\n”,v4);
36 // q in=cv ∗ (T4−T3)
37 T4=T3+(q/cv); // Unit :R // tempera tu r e at p o i n t 4
38 printf(” t empera tu r e T4=%f R\n”,T4);
39 // For p4 ,
40 p4=(R*T4)/(144* v4); // Unit : p s i a //1 f t ˆ2=144 i n ˆ2 //

p r e s s u r e at p o i n t 4
41 printf(” p r e s s u r e p4=%f p s i a \n\n”,p4);
42 //The l a s t p o i n t has the same s p e c i f i c volume as ( 2 )

, g i v i n g
43 printf(”At l a s t po int , \ n”);
44 v5=v2; // Unit : f t ˆ3/ lbm // s p e c i f i c volume at p o i n t 5
45 printf(” s p e c i f i c volume v5=%f f t ˆ3/ lbm\n”,v5);
46 //The i s e n t r o p i c path equat i on , p5∗v5 ˆk=p4∗v4 ˆk , so
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47 p5=p4*(v4/v5)^k; // Unit : p s i a // p r e s s u r e at p o i n t 5
48 printf(” p r e s s u r e p5=%f p s i a \n”,p5);
49 T5=(p5*v5*144) /(R); // Unit :R //1 f t ˆ2=144 i n ˆ2

t empera tu re at p o i n t 5
50 printf(” t empera tu r e T5=%f R\n\n”,T5);
51 n=(((T4-T3)-(T5 -T2))/(T4 -T3))*100; //The e f f i c i e n c y

o f the c y c l e
52 printf(”The e f f i c i e n c y o f the c y c l e i s %f p e r c e n t a g e

”,n);

Scilab code Exa 9.7 Determine the horsepower

1 // s c i l a b 5 . 4 . 1
2 clear;

3 clc;

4 printf(”\ t \ t \ tProblem Number 9 . 7\ n\n\n”);
5 // Chapter 9 : Gas Power Cyc l e s
6 // Problem 9 . 7 ( page no . 468)
7 // S o l u t i o n
8
9 // For f o u r c y c l e eng ine ,

10 // Using the r e s u l t s o f problem 9 . 6 ,
11 pm =1000; // Unit : kPa //mean e f f e c t i v e p r e s s u r e // Unit

: p s i a
12 N=4000/2; // Power s t r o k e s per minute //2L e n g i n e //

Unit : rpm
13 LA=2 //Mean // Unit : l i t e r s
14 hp=(pm*LA*N)/44760; //The hor sepower // Unit : hp
15 printf(”The hor sepower i s %f hp”,hp);

Scilab code Exa 9.9 Compression ratio

1 // s c i l a b 5 . 4 . 1
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2 clear;

3 clc;

4 printf(”\ t \ t \ tProblem Number 9 . 9\ n\n\n”);
5 // Chapter 9 : Gas Power Cyc l e s
6 // Problem 9 . 9 ( page no . 469)
7 // S o l u t i o n
8
9 //An o t t o e n g i n e

10 c=0.2; // c l e a r a n c e e q u a l to 20% o f i t s d i s p l a c e m e n t
11 // Using r e s u l t s o f problem 9 . 8 ,
12 rc=(1+c)/c; //The compre s s i on r a t i o
13 printf(”The compre s s i on r a t i o i s %f”,rc);

Scilab code Exa 9.10 Determine the mean effective pressure

1 // s c i l a b 5 . 4 . 1
2 clear;

3 clc;

4 printf(”\ t \ t \ tProblem Number 9 . 1 0\ n\n\n”);
5 // Chapter 9 : Gas Power Cyc l e s
6 // Problem 9 . 1 0 ( page no . 470)
7 // S o l u t i o n
8
9 // For f o u r c y c l e , s i x c y l i n d e r eng ine ,

10 // Using the r e s u l t s o f problem 9 . 5 ,
11 hp=100; // Horsepower // Unit : hp
12 L=4/12; // Unit : f t // s t r o k e i s 4 i n .
13 A=(%pi/4) *(3) ^2*6; // C y l i n d e r bore i s 3 i n .
14 N=4000/2; // Power s t r o k e s per minute //2L e n g i n e //

Unit : rpm
15 //hp=(pm∗LA∗N) / 3 3 0 0 0 ;
16 pm=(hp *33000) /(L*A*N); //The mean e f f e c t i v e p r e s s u r e

// p s i a
17 printf(”The mean e f f e c t i v e p r e s s u r e i s %f p s i a ”,pm);
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Scilab code Exa 9.11 The mean effective pressure

1 // s c i l a b 5 . 4 . 1
2 clear;

3 clc;

4 printf(”\ t \ t \ tProblem Number 9 . 1 1\ n\n\n”);
5 // Chapter 9 : Gas Power Cyc l e s
6 // Problem 9 . 1 1 ( page no . 470)
7 // S o l u t i o n
8
9 // s i x c y l i n d e r eng ine , with d i s p l a c e m e n t 3 . 3 L

10 // Using the r e s u l t s o f problem 9 . 5 ,
11 hp=230; // Horsepower // Unit : hp
12 // 3 . 3 L∗1000 cmˆ3/L∗ ( i n / 2 . 5 4 cm) ˆ3
13 LA =3.3*1000*(1/2.54) ^3; //mean // i n ˆ3
14 N=5500/2; // Power s t r o k e s per minute //2L e n g i n e //

Unit : rpm
15 //hp=(pm∗LA∗N) / 3 3 0 0 0 ;
16 pm=(hp *33000*12) /(LA*N); // 1 f t =12 inch //The mean

e f f e c t i v e p r e s s u r e // p s i a
17 printf(”The mean e f f e c t i v e p r e s s u r e i s %f p s i a ”,pm);

Scilab code Exa 9.12 Efficiency and temperature of the exhaust

1 // s c i l a b 5 . 4 . 1
2 clear;

3 clc;

4 printf(”\ t \ t \ tProblem Number 9 . 1 2\ n\n\n”);
5 // Chapter 9 : Gas Power Cyc l e s
6 // Problem 9 . 1 2 ( page no . 478)
7 // S o l u t i o n
8
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9 //An a i r−s t andard D i e s e l e n g i n e
10 rc=16; // Compress ion Rat io Rc=v2 / v3
11 v4byv3 =2; // C u t o f f r a t i o=v4 / v3
12 k=1.4; // with the c y c l e s t a r t i n g at 14 p s i a and 100

F // I t i s apparent i n c e r e a s e i n compre s s i on
r a t i o y i e l d s an i n c r e a s e d c y c l e e f f i c i e n c y

13 T2 =100+460; // t e m p e r a t u r e s c o n v e r t e d to a b s o l u t e
t e m p e r a t u r e s ;

14 ndiesel =1-((inv(rc))^(k-1) *((( v4byv3)^k-1)/(k*(

v4byv3 -1)))); //The e f f i c i e n c y o f the d i e s e l
e n g i n e

15 printf(”The e f f i c i e n c y o f the d i e s e l e n g i n e i s %f
p e r c e n t a g e \n”,ndiesel *100);

16 // T3/T2=r c ˆk−1 and T5/T4=(1/ r e ˆk−1) // r e=expans i on
r a t i o=v5 / v4

17 // But T4/T3=v4 / v3=r c / r e
18 //So ,
19 T5=T2*( v4byv3)^k; //The tempera tu re o f the exhaus t

o f the c y c l e // Unit :R
20 printf(”The tempera tu r e o f the exhaus t o f the c y c l e

i s %f R i . e . %f F”,T5 ,T5 -460);

Scilab code Exa 9.13 Determine net work and mean effective pressure

1 // s c i l a b 5 . 4 . 1
2 clear;

3 clc;

4 printf(”\ t \ t \ tProblem Number 9 . 1 3\ n\n\n”);
5 // Chapter 9 : Gas Power Cyc l e s
6 // Problem 9 . 1 3 ( page no . 479)
7 // S o l u t i o n
8
9 //Now , i n problem 9 . 1 2 ,

10 //An a i r−s t andard D i e s e l e n g i n e
11 rc=16; // Compress ion Rat io Rc=v2 / v3
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12 v4byv3 =2; // C u t o f f r a t i o=v4 / v3
13 k=1.4; // with the c y c l e s t a r t i n g at 14 p s i a and 100

F // I t i s apparent i n c e r e a s e i n compre s s i on
r a t i o y i e l d s an i n c r e a s e d c y c l e e f f i c i e n c y

14 T2=100; // Unit : F // t empera tu re
15 T5 =1018; // Unit : F // Found i n 9 . 1 2 //The tempera tu re

o f the exhaus t o f the c y c l e // Unit :R
16 ndiesel =0.614 // E f f i c i e n c y o f the d i e s e l e n g i n e //

Found i n 9 . 1 2
17 //Now , i n problem 9 . 1 3 ,
18 cp =0.24; // Unit : Btu /( lbm∗R) // S p e c i f i c heat c o n s t a n t

f o r c o n s t a n t p r e s s u r e p r o c e s s
19 cv =0.172; // Unit : Btu /( lbm∗R) // S p e c i f i c heat

c o n s t a n t f o r c o n s t a n t volume p r o c e s s
20
21 Qr=cv*(T5-T2); // Heat r e j e c t e d // Unit : Btu/ lbm
22 // n d e i s e l =1−(Qr/ q in ) ; // E f f i c i e n c y=n d e i s e l // q in=

heat added
23 qin=Qr/(1- ndiesel); // Unit : Btu/ lbm
24 J=778; // J=Conver s i on f a c t o r
25 networkout=J*(qin -Qr); // ( f t ∗ l b f ) / lbm // Net work out

per pound o f gas
26 printf(” Net work out per pound o f gas i s %f ( f t ∗ l b f )

/ lbm\n”,networkout);
27 //The mean e f f e c t i v e p r e s s u r e i s net work d i v i d e d by

( v2−v3 ) :
28 mep=networkout /((16 -1) *144); // 1 f t ˆ2=144 i n ˆ2 // Unit

: p s i a //The mean e f f e c t i v e p r e s s u r e
29 printf(”The mean e f f e c t i v e p r e s s u r e i s %f p s i a ”,mep)

;

Scilab code Exa 9.14 Ddetermine Heat in and heat rejected

1 // s c i l a b 5 . 4 . 1
2 clear;
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3 clc;

4 printf(”\ t \ t \ tProblem Number 9 . 1 4\ n\n\n”);
5 // Chapter 9 : Gas Power Cyc l e s
6 // Problem 9 . 1 4 ( page no . 489)
7 // S o l u t i o n
8
9 //A Brayton c y c l e

10 rc=7; // Compress ion Rat io Rc=v2 / v3
11 k=1.4; // I t i s apparent i n c e r e a s e i n compre s s i on

r a t i o y i e l d s an i n c r e a s e d c y c l e e f f i c i e n c y
12 cp =0.24; // Unit : Btu /( lbm∗R) // S p e c i f i c heat c o n s t a n t

f o r c o n s t a n t p r e s s u r e p r o c e s s
13 T3 =1500; // ( u n i t : f a h r e n h e i t ) // peak tempeature
14 p1 =14.7; // Unit : p s i a // I n i t i a l c o n d i t i o n
15 T1 =70+460; // t e m p e r a t u r e s c o n v e r t e d to a b s o l u t e

t e m p e r a t u r e s ; // I n i t i a l c o n d i t i o n
16 R=53.3; // Unit : f t ∗ l b f / lbm∗R // c o n s t a n t o f

p r o p o r t i o n a l i t y
17 nBrayton =1-((inv(rc))^(k-1)); //A Brayton c y c l e

e f f i c i e n c y
18 printf(”A Brayton c y c l e e f f i c i e n c y i s %f p e r c e n t a g e \

n”,nBrayton *100);
19 // I f we base our c a l c u l a t i o n on 1 lbm o f gas and use

s u b s c r i p t s tha t c o r r e s p o n d s to p o i n t s ( 1 ) , ( 2 )
, ( 3 ) and ( 4 ) o f f i g . 9 . 2 2 , we have

20 v1=(R*T1)/p1; // Unit : f t ˆ3/ lbm // s p e c i f i c volume at
p o i n t 1

21 // Because r c=7 then ,
22 v2=v1/rc; // Unit : f t ˆ3/ lbm // s p e c i f i c volume at p o i n t

2
23 // A f t e r the i s e n t r o p i c compres s ion , T2∗v2 ˆk−1 = T1∗

v1 ˆk−1
24 T2=T1*(v1/v2)^(k-1); // Unit :R // tempera tu r e at p o i n t

2
25 T2=T2 -460; // Unit : f a h r e n h e i t // t empera tu r e at p o i n t

2
26 qin=cp*(T3-T2); // Heat i n // Unit : Btu/ lbm
27 printf(”The heat i n i s %f Btu/ lbm\n”,qin);
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28 // Because e f f i c i e n c y can be s t a t e d to be work out
d i v i d e d by heat in ,

29 wbyJ=nBrayton*qin; //The work out // Unit : Btu/ lbm
30 printf(”The work out i s %f Btu/ lbm\n”,wbyJ); //

Answer i s wrong i n the book . cau s e they have taken
e f f i c i e n c y v a l u e wrong

31 printf(”The heat r e j e c t e d i s %f Btu/ lbm\n”,qin -wbyJ)
; // Anser i s a f f e c t e d because o f v a l u e o f wbyJ
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Chapter 10

Refrigeration

Scilab code Exa 10.1 A Carnot Refrigeration Cycle

1 // s c i l a b 5 . 4 . 1
2 clear;

3 clc;

4 printf(”\ t \ t \ tProblem Number 1 0 . 1\ n\n\n”);
5 // Chapter 10 : R e f r i g e r a t i o n
6 // Problem 1 0 . 1 ( page no . 503)
7 // S o l u t i o n
8
9 T1 =70+460; // 70F=70+460 R // Energy f l o w s i n t o the

system at r e s e r v o i r at c o n s t a n t t empera tu r e T1(
u n i t :R)

10 T2 =32+460; // 32F=32+460 R // Heat i s r e j e c t e d to the
c o n s t a n t t empera tu r e T2( Unit :R)

11 printf(” S o l u t i o n f o r ( a ) ,\n”);
12 COP=T2/(T1-T2); // C o e f f i c i e n t o f pe r f o rmance
13 printf(” C o e f f i c i e n t o f pe r f o rmance (COP) o f the c y c l e

i s %f\n\n”,COP);
14 printf(” S o l u t i o n f o r ( b ) ,\n”);
15 Qremoved =1000; // Unit : Btu/min // heat removal
16 WbyJ=Qremoved/COP; //The power r e q u i r e d // Unit : Btu/

min

191



17 printf(”The power r e q u i r e d i s %f Btu/min\n\n”,WbyJ);
18 printf(” S o l u t i o n f o r ( c ) ,\n”);
19 Qrej=Qremoved+WbyJ; //The r a t e o f heat r e j e c t e d to

the room // Unit : Btu/min
20 printf(”The r a t e o f heat r e j e c t e d to the room i s %f

Btu/min”,Qrej);

Scilab code Exa 10.2 A carnot refrigeration cycle

1 // s c i l a b 5 . 4 . 1
2 clear;

3 clc;

4 printf(”\ t \ t \ tProblem Number 1 0 . 2\ n\n\n”);
5 // Chapter 10 : R e f r i g e r a t i o n
6 // Problem 1 0 . 2 ( page no . 504)
7 // S o l u t i o n
8
9 T1 =20+273; // 20C=20+273 R // Energy f l o w s i n t o the

system at r e s e r v o i r at c o n s t a n t t empera tu r e T1(
u n i t :R)

10 T2= -5+273; //−5C=−5+273 R // Heat i s r e j e c t e d to the
c o n s t a n t t empera tu r e T2( Unit :R)

11 printf(” S o l u t i o n f o r ( a ) ,\n”);
12 COP=T2/(T1-T2); // C o e f f i c i e n t o f pe r f o rmance
13 printf(” C o e f f i c i e n t o f pe r f o rmance (COP) o f the c y c l e

i s %f\n\n”,COP);
14 printf(” S o l u t i o n f o r ( b ) ,\n”);
15 Qremoved =30; // Unit :kW // heat removal
16 W=Qremoved/COP; // power r e q u i r e d // u n i t :kW
17 printf(”The power r e q u i r e d i s %f kW \n\n”,W);
18 printf(” S o l u t i o n f o r ( c ) ,\n”);
19 Qrej=Qremoved+W; //The r a t e o f heat r e j e c t e d to the

room // Unit :kW
20 printf(”The r a t e o f heat r e j e c t e d to the room i s %f

kW”,Qrej);
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Scilab code Exa 10.3 Defined Ratings

1 // s c i l a b 5 . 4 . 1
2 clear;

3 clc;

4 printf(”\ t \ t \ tProblem Number 1 0 . 3\ n\n\n”);
5 // Chapter 10 : R e f r i g e r a t i o n
6 // Problem 1 0 . 3 ( page no . 505)
7 // S o l u t i o n
8
9 T1 =70+460; // 70F=70+460 R // Energy f l o w s i n t o the

system at r e s e r v o i r at c o n s t a n t t empera tu r e T1(
u n i t :R)

10 T2 =20+460; // 20F=20+460 R // Heat i s r e j e c t e d to the
c o n s t a n t t empera tu r e T2( Unit :R)

11 printf(” S o l u t i o n f o r ( a ) ,\n”);
12 COP=T2/(T1-T2); // C o e f f i c i e n t o f pe r f o rmance
13 printf(” C o e f f i c i e n t o f pe r f o rmance (COP) o f the c y c l e

i s %f\n\n”,COP);
14 printf(” S o l u t i o n f o r ( b ) ,\n”);
15 HPperTOR =4.717/ COP; // Horsepower per ton o f

r e f r i g e r a t i o n // Unit : hp/ ton
16 COPactual =2; // Actua l C o e f f i c i e n t o f pe r f o rmance (COP

) i s s t a t e d to be 2
17 HPperTORactual =4.717/ COPactual; // Horsepower per ton

o f r e f r i g e r a t i o n ( a c t u a l ) // Unit : hp/ ton
18 printf(”The hor sepower r e q u i r e d by the a c t u a l c y c l e

ove r the minimum i s %f hp/ ton ”,HPperTORactual -
HPperTOR);

Scilab code Exa 10.4 Defined Ratings
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1 // s c i l a b 5 . 4 . 1
2 clear;

3 clc;

4 printf(”\ t \ t \ tProblem Number 1 0 . 4\ n\n\n”);
5 // Chapter 10 : R e f r i g e r a t i o n
6 // Problem 1 0 . 4 ( page no . 506)
7 // S o l u t i o n
8
9 COP =4.5; // C o e f f i c i e n t o f pe r f o rmance //From problem

1 0 . 1
10 HPperTOR =4.717/ COP; // Horsepower per ton o f

r e f r i g e r a t i o n // Unit : hp/ ton
11 Qremoved =1000; // Unit : Btu/min //From problem 1 0 . 1
12 // 1000 Btu/min /200 Btu/min ton = 5 tons o f

r e f r i g e r a t i o n
13 HPrequired=HPperTOR *5; //The hor sepower r e q u i r e d //

u n i t : hp
14 printf(”The hor sepower r e q u i r e d i s %f hp\n”,

HPrequired);

15 // In problem 1 0 . 1 , 7 7 . 2 Btu/min was r e q u i r e d
16 printf(”The power r e q u i r e d i s %f hp\n” ,77.2*778* inv

(33000)); // 1 Btu=778 f t ∗ l b f //1 min∗hp = 33000
f t ∗ l b f

17 //The r a t i o o f the power r e q u i r e d i n each problem i s
the same as the i n v e r s e r a t i o o f the COP v a l u e

18 // Ther e f o r e ,
19 printf(”The power r e q u i r e d i s %f hp\n” ,(COP /12.95)*

HPrequired); //COP( i n problem 1 0 . 1 ) =12.95
20 printf(” This che ck s our r e s u l t s ”)

Scilab code Exa 10.5 Defined Ratings

1 // s c i l a b 5 . 4 . 1
2 clear;

3 clc;
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4 printf(”\ t \ t \ tProblem Number 1 0 . 5\ n\n\n”);
5 // Chapter 10 : R e f r i g e r a t i o n
6 // Problem 1 0 . 5 ( page no . 506)
7 // S o l u t i o n
8
9 COP =10.72; // In the problem 1 0 . 2 // C o e f f i c i e n t o f

pe r f o rmance
10 P=2.8; // In the problem 1 0 . 2 //The power was 2 . 8 kW
11 COPactual =3.8; // Actua l C o e f f i c i e n t o f pe r f o rmance (

COP)
12 power=P*COP/COPactual; //The power r e q u i r e d // u n i t :

kW
13 printf(”The power r e q u i r e d i s %f kW”,power)

Scilab code Exa 10.6 Refrigeration cycles

1 // s c i l a b 5 . 4 . 1
2 clear;

3 clc;

4 printf(”\ t \ t \ tProblem Number 1 0 . 6\ n\n\n”);
5 // Chapter 10 : R e f r i g e r a t i o n
6 // Problem 1 0 . 6 ( page no . 509)
7 // S o l u t i o n
8
9 //From Appendix 3 , a t 120 ps i a , the c o r r e s p o n d i n g

s a t u r a t i o n t empera tu r e i s 66 F , e n t h a l p i e s a r e
10 h1 =116.0; // Unit : Btu/ lbm // en tha lpy
11 h2 =116.0; // Unit : Btu/ lbm // T h r o t t l i n g g i v e s h1=h2 //

en tha lpy
12 h3 =602.4; // Unit : Btu/ lbm // en tha lpy
13 //From the c o n s i d e r a t i o n tha t s3=s4 , h4 i s found at

15 ps i a ,
14 s3 =1.3938; // s=ent ropy // Unit : Btu /( lbm∗F)
15 // T h e r e f o r e by i n t e r p o l a t i o n i n the s u p e r h e a t t a b l e s

at 120 ps i a ,

195



16 t4 =237.4; // Unit : f a h r e n h e i t // t empera tu r e
17 h4 =733.4; // Unit : Btu/ lbm // en tha lpy
18 printf(” S o l u t i o n f o r ( a ) ,\n”);
19 COP=(h3 -h1)/(h4 -h3); // C o e f f i c i e n t o f pe r f o rmance
20 printf(” C o e f f i c i e n t o f pe r f o rmance i s %f\n\n”,COP);
21 printf(” S o l u t i o n f o r ( b ) ,\n”);
22 printf(”The work o f compre s s i on i s %f Btu/ lbm\n\n”,

h4 -h3);

23 printf(” S o l u t i o n f o r ( c ) ,\n”);
24 printf(”The r e f r i g a t e r i n g e f f e c t i s %f Btu/ lbm\n\n”,

h3 -h1);

25 printf(” S o l u t i o n f o r ( d ) ,\n”);
26 tons =30; // c a p a c i t y o f 30 ton s i s d e s i r e d
27 printf(”The pounds per minute o f ammonia r e q u i r e d

f o r c i c u l a t i o n i s %f lbm/min\n\n” ,(200* tons)/(h3 -
h1));

28 printf(” S o l u t i o n f o r ( e ) ,\n”);
29 printf(”The i d e a l hor sepower per ton o f

r e f r i g e r a t i o n i s %f hp/ ton \n\n” ,4.717*((h4-h3)/(

h3 -h1)));

Scilab code Exa 10.7 Refrigeration cycles

1 // s c i l a b 5 . 4 . 1
2 clear;

3 clc;

4 printf(”\ t \ t \ tProblem Number 1 0 . 7\ n\n\n”);
5 // Chapter 10 : R e f r i g e r a t i o n
6 // Problem 1 0 . 7 ( page no . 510)
7 // S o l u t i o n
8
9 //From Appendix 3 ,110 p s i g c o r r e s p o n d s to 96 F ,

e n t h a l p i e s a r e
10 h1 =30.14; // Unit : Btu/ lbm // en tha lpy
11 h2 =30.14; // Unit : Btu/ lbm // T h r o t t l i n g g i v e s h1=h2 //
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en tha lpy
12 h3 =75.110; // Unit : Btu/ lbm // en tha lpy
13 //From the c o n s i d e r a t i o n tha t s3=s4 , at −20F ,
14 s3 =0.17102; // Unit : Btu /( lbm∗F) // s=ent ropy
15 // T h e r e f o r e by i n t e r p o l a t i o n i n the Freon−12

s u p e r h e a t t a b l e at t h e s e va lue s ,
16 h4 =89.293; // Unit : Btu/ lbm // en tha lpy
17 printf(” S o l u t i o n f o r ( a ) ,\n”);
18 COP=(h3 -h1)/(h4 -h3); // C o e f f i c i e n t o f pe r f o rmance
19 printf(” C o e f f i c i e n t o f pe r f o rmance i s %f\n\n”,COP);
20 printf(” S o l u t i o n f o r ( b ) ,\n”);
21 printf(”The work o f compre s s i on i s %f Btu/ lbm\n\n”,

h4 -h3);

22 printf(” S o l u t i o n f o r ( c ) ,\n”);
23 printf(”The r e f r i g a t e r i n g e f f e c t i s %f Btu/ lbm\n\n”,

h3 -h1);

24 printf(” S o l u t i o n f o r ( d ) ,\n”);
25 tons =30; // c a p a c i t y o f 30 ton s i s d e s i r e d
26 printf(”The pounds per minute o f ammonia r e q u i r e d

f o r c i c u l a t i o n i s %f lbm/min\n\n” ,(200* tons)/(h3 -
h1));

27 printf(” S o l u t i o n f o r ( e ) ,\n”);
28 printf(”The i d e a l hor sepower per ton o f

r e f r i g e r a t i o n i s %f hp/ ton \n\n” ,4.717*((h4-h3)/(

h3 -h1)));

Scilab code Exa 10.8 An ideal Refrigeration cycle

1 // s c i l a b 5 . 4 . 1
2 clear;

3 clc;

4 printf(”\ t \ t \ tProblem Number 1 0 . 8\ n\n\n”);
5 // Chapter 10 : R e f r i g e r a t i o n
6 // Problem 1 0 . 8 ( page no . 517)
7 // S o l u t i o n
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8
9 //From Appendix 3 , u s i n g the Freon−12 t a b l e s ,

e n t h a l p i e s a r e
10 h1 =28.713; // Unit : Btu/ lbm // en tha lpy
11 h2 =28.713; // Unit : Btu/ lbm // T h r o t t l i n g g i v e s h1=h2

// en tha lpy
12 h3 =78.335; // Unit : Btu/ lbm // en tha lpy
13 //From the c o n s i d e r a t i o n tha t s3=s4 ,
14 s3 =0.16798; // Unit : Btu /( lbm∗F) // s=ent ropy
15 // T h e r e f o r e by i n t e r p o l a t i o n i n the s u p e r h e a t t a b l e s

at 90 F ,
16 s=0.16798; // ent ropy at 90F // Btu/ lbm∗F
17 h4 =87.192; // Unit : Btu/ lbm // en tha lpy
18 printf(”The heat e x t r a c t e d i s %f Btu/ lbm\n\n”,h3 -h1)

;

19 printf(”The work r e q u i r e d i s %f Btu/ lbm\n\n”,h4 -h3);
20 COP=(h3 -h1)/(h4 -h3); // C o e f f i c i e n t o f pe r f o rmance
21 printf(”The C o e f f i c i e n t o f pe r f o rmance (COP) o f t h i s

i d e a l c y c l e i s %f”,COP);

Scilab code Exa 10.9 Coefficient of performance

1 // s c i l a b 5 . 4 . 1
2 clear;

3 clc;

4 printf(”\ t \ t \ tProblem Number 1 0 . 9\ n\n\n”);
5 // Chapter 10 : R e f r i g e r a t i o n
6 // Problem 1 0 . 9 ( page no . 518)
7 // S o l u t i o n
8
9 //From Appendix 3 , u s i n g the HFC−134a t a b l e s ,

e n t h a l p i e s a r e
10 h1 =41.6; // Unit : Btu/ lbm // en tha lpy
11 h2 =41.6; // Unit : Btu/ lbm // T h r o t t l i n g g i v e s h1=h2 //

en tha lpy
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12 h3 =104.6; // Unit : Btu/ lbm // en tha lpy
13 //From the c o n s i d e r a t i o n tha t s3=s4 ,
14 s3 =0.2244; // Unit : Btu /( lbm∗F) // s=ent ropy
15 h4 =116.0; // Unit : Btu/ lbm // en tha lpy
16 printf(”The heat e x t r a c t e d i s %f Btu/ lbm\n\n”,h3 -h1)

;

17 printf(”The work r e q u i r e d i s %f Btu/ lbm\n\n”,h4 -h3);
18 COP=(h3 -h1)/(h4 -h3); // C o e f f i c i e n t o f pe r f o rmance
19 printf(”The C o e f f i c i e n t o f pe r f o rmance (COP) o f t h i s

i d e a l c y c l e i s %f”,COP);

Scilab code Exa 10.10 total work and mass

1 // s c i l a b 5 . 4 . 1
2 clear;

3 clc;

4 printf(”\ t \ t \ tProblem Number 1 0 . 1 0\ n\n\n”);
5 // Chapter 10 : R e f r i g e r a t i o n
6 // Problem 1 0 . 1 0 ( page no . 518)
7 // S o l u t i o n
8
9 printf(” S o l u t i o n f o r ( a ) \n”);

10 //By d e f i n a t i o n , the e f f i c i e n c y o f the compre s so r i s
the r a t i o o f the i d e a l c ompre s s i on work to a c t u a l

compre s s i on work .
11 // Based on the p o i n t s on f i g . 1 0 . 1 2 , //n=(h4−h3 ) /( h4

’−h3 ) ;
12 // There i s c l o s e c o r r e s p o n d e n c e between 5 . 3 p s i a and

−60F f o r s a t u r a t e d c o n d i t i o n s . The r e f o r e , s t a t e 3
i s a s u p e r h e a t e d vapour at 5 . 3 p s i a and
approx imate l y −20F , because the problem s t a t e s

13 // tha t s t a t e 3 has a 40F s u p e r h e a t . I n t e r p o l a t i o n i n
the Freon t a b l e s i n Appendix 3 y i e l d s

14 T=-20; // Unit : F // t empera tu r e
15 // p h s
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16 // 7 . 5 7 5 . 7 1 9 0 . 1 8 3 7 1
17 // 5 . 3 7 6 . 8 8 5 0 . 1 8 9 8 5 h3 =75.886 Btu/ lbm
18 // 5 . 0 7 5 . 9 9 0 0 . 1 9 0 6 9
19
20 //At 100 p s i a and s =0.18985 ,
21 // t s h
22 // 170F 0 . 1 8 9 9 6 1 0 0 . 5 7 1
23 // 1 6 9 . 6F 0 . 1 8 9 8 5 1 0 0 . 5 h4 =100.5 Btu/ lbm
24 // 160F 0 . 1 8 7 2 6 9 8 . 8 8 4
25
26 //The we ight o f r e f r i g e r a n t i s g i v e n by
27 // 200( ton s ) /( h3−h1 ) = ( 2 0 0∗5 ) /(75.886− h1 )
28 // In the s a t u r a t e d t a b l e s , h1 i s
29 // p h
30 // 1 0 1 . 8 6 2 6 . 8 3 2
31 // 100 p s i a 2 6 . 5 4 2
32 // 9 8 . 8 7 2 6 . 3 6 5
33
34 //m=mass f l o w /min
35 h1 =26.542; // en tha lpy // Unit : Btu/ lbm
36 n=0.8; // E f f i c i e n c y
37 h4 =100.5; // en tha lpy // Unit : Btu/ lbm
38 h3 =75.886; // en tha lpy // Unit : Btu/ lbm
39 m=(200*5) /(75.886 -h1); // mass
40 h4dashminush3 =(h4-h3)/n;

41 // Tota l work o f compre s s i on=m∗ ( h4minush3 )
42 J=778; // J=Conver s i on f a c t o r
43 work=( h4dashminush3*m*J)/33000; // 1 hor sepower =

33 ,000 f t ∗LBf/min // Unit : hp // work
44 printf(”%f hor sepower i s r e q u i r e d to d r i v e the

compre s so r i f i t has a mechan i ca l e f f i c i e n c y 100
p e r c e n t a g e \n\n”,work);

45
46 printf(” S o l u t i o n f o r ( b ) \n”);
47 // Assuming a s p e c i f i c heat o f the water as un i ty , we

o b t a i n
48 //From par t ( a ) ,
49 //h4 ’−h3=h4minush3
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50 h4dash=h4dashminush3+h3; // Unit : Btu/ lbm
51 mdot=(m*(h4dash -h1))/(70 -60); // water e n t e r s at 60F

and l e a v e s at 70F // the r e q u i r e d c a p a c i t y i n lbm/
min

52 printf(”%f lbm/min o f c o o l i n g water i . e . %f g a l /min
i s the r e q u i r e d c a p a c i t y o f c o o l i n g water to pump
”,mdot ,mdot /8.3);

Scilab code Exa 10.11 Work and mass

1 // s c i l a b 5 . 4 . 1
2 clear;

3 clc;

4 printf(”\ t \ t \ tProblem Number 1 0 . 1 1\ n\n\n”);
5 // Chapter 10 : R e f r i g e r a t i o n
6 // Problem 1 0 . 1 1 ( page no . 521)
7 // S o l u t i o n
8
9 printf(” S o l u t i o n f o r ( a ) \n”);

10 //From appendix3 , r e a d i n g the p−h diagram d i r e c t l y , we
have

11 h3 =76.2; // Unit : Btu/ lbm // Enthalpy
12 h4 =100.5; // Unit : Btu/ lbm // Enthalpy
13 n=0.8; // E f f i c i e n c y //From 1 0 . 1 0
14 work=(h4-h3)/n; //Work o f compre s s i on // Unit : Btu/ lbm
15 //The en tha lpy o f s a t u r a t e d l i q u i d at 100 p s i a i s

g i v e n at 2 6 . 1 Btu/ lbm . Proc e ed ing as b e f o r e y i e l d s
16 m=(200*5) /(h3 -26.1); // Unit : lbm/min //m=mass f l ow /min
17 J=778; // J=Conver s i on f a c t o r
18 totalwork =(m*work*J)/33000; // 1 hor sepower = 33 ,000

f t ∗LBf/min // t o t a l i d e a l work // u n i t : hp
19 printf(” Tota l i d e a l work o f compre s s i on i s %f hp\n\n

”,totalwork);
20
21 printf(” S o l u t i o n f o r ( b ) \n”);
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22 h4dash=h3+work; // Btu/ lbm
23 mdot=(m*(h4dash -26.5))/(70 -60); // water e n t e r s at 60

F and l e a v e s at 70F // the r e q u i r e d c a p a c i t y i n
lbm/min

24 printf(”%f lbm/min o f c o o l i n g water i . e . %f g a l /min
i s the r e q u i r e d c a p a c i t y o f c o o l i n g water to pump
”,mdot ,mdot /8.3);

Scilab code Exa 10.12 Determine the airflow required per ton of refriger-
ation

1 // s c i l a b 5 . 4 . 1
2 clear;

3 clc;

4 printf(”\ t \ t \ tProblem Number 1 0 . 1 2\ n\n\n”);
5 // Chapter 10 : R e f r i g e r a t i o n
6 // Problem 1 0 . 1 2 ( page no . 526)
7 // S o l u t i o n
8
9 COP =2.5; // C o e f f i c i e n t o f pe r f o rmance

10 cp =0.24; // Unit : Btu /( lbm∗R) // S p e c i f i c heat c o n s t a n t
f o r c o n s t a n t p r e s s u r e p r o c e s s

11 T1= -100+460; // t e m p e r a t u r e s c o n v e r t e d to a b s o l u t e
t e m p e r a t u r e s ; // Unit :R // l o w e s t t empera tu re o f
the c y c l e

12 T3 =150+460; // t e m p e r a t u r e s c o n v e r t e d to a b s o l u t e
t e m p e r a t u r e s ; // Unit :R // Upper t empera tu r e o f the

c y c l e
13 //T1/T4−T1 = COP
14 T4 =(3.5* T1)/COP; // Unit :R // tempera tu r e at p o i n t 4
15 //T2/T3−T2 =COP
16 T2=(COP*T3)/3.5; // Unit :R // tempera tu r e at p o i n t 2
17 printf(”The work o f the expander i s %f Btu/ lbm o f

a i r \n”,cp*(T4-T1));
18 printf(”The work o f the compre s so r i s %f Btu/ lbm o f
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a i r \n”,cp*(T3-T2));
19 printf(”The net work r e q u i r e d by the c y c l e i s %f Btu

/ lbm\n” ,(cp*(T3 -T2)) -(cp*(T4 -T1)));
20 printf(” Per ton o f r e f r i g e r a t i o n , the r e q u i r e d

a i r f l o w i s %f lbm/min per ton \n” ,200/(cp*(T2-T1))
);

Scilab code Exa 10.13 A vacuum Refrigeration system

1 // s c i l a b 5 . 4 . 1
2 clear;

3 clc;

4 printf(”\ t \ t \ tProblem Number 1 0 . 1 3\ n\n\n”);
5 // Chapter 10 : R e f r i g e r a t i o n
6 // Problem 1 0 . 1 3 ( page no . 536)
7 // S o l u t i o n
8
9 //A VACUUM REFRIGERATION SYSTEM

10 //A vacuum r e f r i g e r a t i o n system i s used to c o o l
water from 90F to 45F

11 h1 =58.07; // Unit : Btu/ lbm // en tha lpy
12 h2 =13.04; // Unit : Btu/ lbm // en tha lpy
13 h3 =1081.1; // Unit : Btu/ lbm // en tha lpy
14 m1=1; // mass // u n i t : lbm
15 //m2=1−m3 // u n i t : lbm
16 //Now , m1∗h1 = m2∗h2 + m3∗h3
17 // Put t ing the v a l u e s and a r r a n g i n g the equat i on ,
18 m3=(m1*h1-h2)/(h3+h2); //The mass o f vapour tha t

must be removed per pound // u n i t : lbm
19 printf(”The mass o f vapour tha t must be removed per

pound o f e n t e r i n g water i s %f lbm”,m3);

Scilab code Exa 10.14 A vacuum Refrigeration system
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1 // s c i l a b 5 . 4 . 1
2 clear;

3 clc;

4 printf(”\ t \ t \ tProblem Number 1 0 . 1 4\ n\n\n”);
5 // Chapter 10 : R e f r i g e r a t i o n
6 // Problem 1 0 . 1 4 ( page no . 536)
7 // S o l u t i o n
8
9 // In problem 1 0 . 1 3 ,

10 //A VACUUM REFRIGERATION SYSTEM
11 //A vacuum r e f r i g e r a t i o n system i s used to c o o l

water from 90F to 45F
12 h1 =58.07; // Unit : Btu/ lbm // en tha lpy
13 h2 =13.04; // Unit : Btu/ lbm // en tha lpy
14 h3 =1081.1; // Unit : Btu/ lbm // en tha lpy
15 m1=1; // mass // lbm
16 //m2=1−m3 // u n i t : lbm
17 //Now , m1∗h1 = m2∗h2 + m3∗h3
18 // Put t ing the v a l u e s and a r r a n g i n g the equat i on ,
19 m3=(m1*h1-h2)/(h3+h2); //The mass o f vapour tha t

must be removed per pound // u n i t : lbm
20 m2=1-m3; // mass // u n i t : lbm
21 printf(”The mass o f vapour tha t must be removed per

pound o f e n t e r i n g water i s %f lbm\n”,m3);
22 //Now , i n problem 1 0 . 1 4 ,
23 //The r e f r i g e r a t i o n e f f e c t can be dete rmined as m3∗ (

h3−h1 ) or m2∗ ( h1−h2 )
24 printf(”The r e f r i g e r a t i o n e f f e c t u s i n g eqn m3∗ ( h3−h1

) i s %f Btu/ lbm\n”,m3*(h3-h1));
25 printf(”The r e f r i g e r a t i o n e f f e c t u s i n g eqn m2∗ ( h1−h2

) i s %f Btu/ lbm\n”,m2*(h1-h2));

Scilab code Exa 10.15 The heat pump

1 // s c i l a b 5 . 4 . 1
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2 clear;

3 clc;

4 printf(”\ t \ t \ tProblem Number 1 0 . 1 5\ n\n\n”);
5 // Chapter 10 : R e f r i g e r a t i o n
6 // Problem 1 0 . 1 5 ( page no . 539)
7 // S o l u t i o n
8
9 //THE HEAT PUMP

10 T1 =70+460; // 70F=70+460 R // Energy f l o w s i n t o the
system at r e s e r v o i r at c o n s t a n t t empera tu r e T1(
u n i t :R) // from problem 1 0 . 1

11 T2 =32+460; // 32F=32+460 R // Heat i s r e j e c t e d to the
c o n s t a n t t empera tu r e T2( Unit :R) // from problem
1 0 . 1

12 COP=T1/(T1-T2); // C o e f f i c i e n t o f pe r f o rmance f o r
c a r n o t heat pump

13 printf(” C o e f f i c i e n t o f pe r f o rmance (COP) o f the
c a r n o t c y c l e i s %f\n”,COP);

14 printf(”The COP can a l s o be o b t a i n e d from the ene rgy
i t ems s o l v e d f o r i n problem 1 0 . 1\ n”)

15 // In problem 1 0 . 1 , The power was found to be 7 7 . 2
Btu/min and the t o t a l t a r e o f heat r e j e c t i o n was
1 0 7 7 . 2 Btu/min

16 // Ther e f o r e ,
17 printf(” C o e f f i c i e n t o f pe r f o rmance (COP) o f the c y c l e

i s %f\n” ,1077.2/77.2);

Scilab code Exa 10.16 The heat pump

1 // s c i l a b 5 . 4 . 1
2 clear;

3 clc;

4 printf(”\ t \ t \ tProblem Number 1 0 . 1 6\ n\n\n”);
5 // Chapter 10 : R e f r i g e r a t i o n
6 // Problem 1 0 . 1 6 ( page no . 539)
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7 // S o l u t i o n
8
9 // Let us f i r s t c o n s i d e r the c y c l e as a r e f r i g e r a t i o n

c y c l e
10 // In problem 1 0 . 1
11 T1 =70+460; // 70F=70+460 R // Energy f l o w s i n t o the

system at r e s e r v o i r at c o n s t a n t t empera tu r e T1(
u n i t :R)

12 T2 =0+460; // 0F=32+460 R // Heat i s r e j e c t e d to the
c o n s t a n t t empera tu r e T2( Unit :R)

13 COP=T2/(T1-T2); // C o e f f i c i e n t o f pe r f o rmance
14 printf(” C o e f f i c i e n t o f pe r f o rmance (COP) o f the c y c l e

i s %f\n\n”,COP);
15 Qremoved =1000; // Unit : Btu/min // heat removal
16 WbyJ=Qremoved/COP; // the power input // u n i t : Btu/min
17 printf(”The power input i s %f Btu/min\n\n”,WbyJ);
18 Qrej=Qremoved+WbyJ; //The r a t e o f heat r e j e c t e d to

the room // Unit : Btu/min
19 printf(”The r a t e o f heat r e j e c t e d to the room i s %f

Btu/min\n”,Qrej);
20 printf(”The COP as a heat pump i s %f\n”,Qrej/WbyJ);
21 printf(”As a check ,COP o f heat pump i s %f = 1 + COP

o f c a r n o t c y c l e %f”,Qrej/WbyJ ,COP);
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Chapter 11

Heat Transfer

Scilab code Exa 11.1 Heat transfer per square foot of wall

1 clear;

2 clc;

3 printf(”\ t \ t \ tProblem Number 1 1 . 1\ n\n\n”);
4 // Chapter 1 1 : Heat T r a n s f e r
5 // Problem 1 1 . 1 ( page no . 553)
6 // S o l u t i o n
7
8
9 deltaX =6/12; // 6 in ch = 6/12 f e e t // de l taX=l e n g t h //

u n i t : f e e t
10 k=0.40; // Unit : Btu /( hr ∗ f t ∗F) //k=p r o p o r t i o n a l i t y

c o n s t a n t //k=therma l c o n d u c t i v i t y //From the
t a b l e

11 T1=150; // t empera tu r e ma inta ined at one f a c e //
f a h r e n h e i t

12 T2=80; // t empeta tu r e ma inta ined at o t h e r f a c e //
f a h r e n h e i t

13 deltaT=T2-T1; // f a h r e n h e i t // Change i n t empera tu r e
14 Q=(-k*deltaT)/deltaX; // Heat t r a n s f e r per s qua r e

f o o t o f w a l l // Unit : Btu/ hr ∗ f t ˆ2
15 printf(” Heat t r a n s f e r per squa r e f o o t o f w a l l i s %f
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Btu/ hr ∗ f t ˆ2 ”,Q);

Scilab code Exa 11.2 Heat transfer per unit wall area

1 clear;

2 clc;

3 printf(”\ t \ t \ tProblem Number 1 1 . 2\ n\n\n”);
4 // Chapter 1 1 : Heat T r a n s f e r
5 // Problem 1 1 . 2 ( page no . 553)
6 // S o l u t i o n
7
8 deltaX =0.150; // Given , 1 5 0 mm =0.150 meter // //

de l taX=l e n g t h // Unit : meter
9 k=0.692; // Unit :W/(m∗ c e l c i u s ) //k=p r o p o r t i o n a l i t y

c o n s t a n t //k=therma l c o n d u c t i v i t y
10 T1=70; // t empera tu r e ma inta ined at one f a c e //

c e l c i u s
11 T2=30; // t empeta tu r e ma inta ined at o t h e r f a c e //

c e l c i u s
12 deltaT=T2-T1; // c e l c i u s // change i n t empera tu r e
13 Q=(-k*deltaT)/deltaX; // Heat t r a n s f e r per s qua r e

f o o t o f w a l l // u n i t :W/mˆ2
14 printf(” Heat t r a n s f e r per squa r e f o o t o f w a l l i s %f

W/mˆ2 ”,Q);

Scilab code Exa 11.3 determine the resistance needed

1 // s c i l a b 5 . 4 . 1
2 clear;

3 clc;

4 printf(”\ t \ t \ tProblem Number 1 1 . 3\ n\n\n”);
5 // Chapter 11 : Heat T r a n s f e r
6 // Problem 1 1 . 3 ( page no . 556)
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7 // S o l u t i o n
8
9 //From example 1 1 . 1 ,

10 deltaX =6/12; // 6 in ch = 6/12 f e e t // de l taX=l e n g t h //
u n i t : f e e t

11 A=1; // a r ea // f t ˆ2
12 k=0.40; // Unit : Btu /( hr ∗ f t ∗F) //k=p r o p o r t i o n a l i t y

c o n s t a n t //k=therma l c o n d u c t i v i t y //From the
t a b l e

13
14 Rt=deltaX /(k*A); // Thermal r e s i s t a n c e // Unit : ( hr ∗ f ) /

Btu
15
16 //Q=de l taT /Rt //Q=heat t r a n s f e r //ohm ’ s law ( f o u r i e r

’ s e q u a t i o n )
17 // i=de l t aE /Re // i=c u r r e n t i n amperes // de l t aE=The

p o t e n t i a l d i f f e r e n c e //Re=the e l e c t r i c a l
r e s i s t a n c e //ohm ’ s law

18 // Q/ i = ( de l taT /Rt ) ∗ ( de l t aE /Re )
19 //Q/ i =100; // Given // 1 A c o r r e s p o n d to 100 Btu /( hr ∗

f t ˆ2)
20 deltaE =9; // Unit : Vo l t // p o t e n t i a l d i f f e r e n c e
21 T1=150; // t empera tu r e ma inta ined at one f a c e //

f a h r e n h e i t
22 T2=80; // t empeta tu r e ma inta ined at o t h e r f a c e //

f a h r e n h e i t
23 deltaT=T2-T1; // f a h r e n h e i t // Change i n t empera tu r e
24 Re =(100* deltaE*Rt)/deltaT; // Unit : Ohms //The

e l e c t r i c a l r e s i s t a n c e needed
25 printf(”The e l e c t r i c a l r e s i s t a n c e needed i s %f ohms\

n”,abs(Re));
26 i=deltaE/Re; // c u r r e n t // Unit : amperes
27 Q=100*i; // Heat t r a n s f e r per s qua r e f o o t o f w a l l //

Unit : Btu/ hr ∗ f t ˆ2
28 printf(” Heat t r a n s f e r per squa r e f o o t o f w a l l i s %f

Btu/ hr ∗ f t ˆ2 ”,abs(Q));
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Scilab code Exa 11.4 Heat transfer per sqr foot of wall

1 // s c i l a b 5 . 4 . 1
2 clear;

3 clc;

4 printf(”\ t \ t \ tProblem Number 1 1 . 4\ n\n\n”);
5 // Chapter 11 : Heat T r a n s f e r
6 // Problem 1 1 . 4 ( page no . 558)
7 // S o l u t i o n
8
9 // For Brick ,

10 deltaX =6/12; // 6 in ch = 6/12 f e e t // de l taX=l e n g t h //
u n i t : f t

11 A=1; // a r ea // u n i t : f t ˆ2
12 k=0.40; // Unit : Btu /( hr ∗ f t ∗F) //k=p r o p o r t i o n a l i t y

c o n s t a n t //k=therma l c o n d u c t i v i t y //From the
t a b l e

13 R=deltaX /(k*A); // Thermal r e s i s t a n c e // Unit : ( hr ∗ f ) /
Btu

14 printf(” For b r i ck , \ n”);
15 printf(”The r e s i s t a n c e i s %f ( hr ∗F) /Btu\n\n”,R);
16 R1=R;

17
18 // For Concrete ,
19 deltaX =(1/2) /12; // ( 1 / 2 ) i n ch = ( 1 / 2 ) /12 f e e t //

de l taX=l e n g t h // u n i t : f t
20 A=1; // a r ea // f t ˆ2
21 k=0.80; // Unit : Btu /( hr ∗ f t ∗F) //k=p r o p o r t i o n a l i t y

c o n s t a n t //k=therma l c o n d u c t i v i t y //From the
t a b l e

22 R=deltaX /(k*A); // Thermal r e s i s t a n c e // Unit : ( hr ∗ f ) /
Btu

23 printf(” For Concrete , \ n”);
24 printf(”The r e s i s t a n c e i s %f ( hr ∗F) /Btu\n\n”,R);
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25 R2=R;

26
27 // For p l a s t e r ,
28 deltaX =(1/2) /12; // ( 1 / 2 ) i n ch = 6/12 f e e t // de l taX=

l e n g t h // u n i t : f t
29 A=1; // a r ea // f t ˆ2
30 k=0.30; // Unit : Btu /( hr ∗ f t ∗F) //k=p r o p o r t i o n a l i t y

c o n s t a n t //k=therma l c o n d u c t i v i t y //From the
t a b l e

31 R=deltaX /(k*A); // Thermal r e s i s t a n c e // Unit : ( hr ∗ f ) /
Btu

32 printf(” For p l a s t e r , \ n”);
33 printf(”The r e s i s t a n c e i s %f ( hr ∗F) /Btu\n\n”,R);
34 R3=R;

35
36 Rot=R1+R2+R3; // Rot=The o v e r a l l r e s i s t a n c e // u n i t : (

hr ∗F) /Btu
37 printf(”The o v e r a l l r e s i s t a n c e i s %f ( hr ∗F) /Btu\n\n”

,Rot);

38 T1=70; // t empera tu r e ma inta ined at one f a c e //
f a h r e n h e i t

39 T2=30; // t empeta tu r e ma inta ined at o t h e r f a c e //
f a h r e n h e i t

40 deltaT=T2-T1; // f a h r e n h e i t // Change i n t empera tu r e
41 Q=deltaT/Rot; //Q=Heat t r a n s f e r // Unit : Btu /( hr ∗ f t ˆ2)

; //ohm ’ s law ( f o u r i e r ’ s e q u a t i o n )
42 printf(” Heat t r a n s f e r per squa r e f o o t o f w a l l i s %f

Btu/ hr ∗ f t ˆ2 ”,abs(Q));

Scilab code Exa 11.5 The interface temperatures

1 // s c i l a b 5 . 4 . 1
2 clear;

3 clc;

4 printf(”\ t \ t \ tProblem Number 1 1 . 5\ n\n\n”);
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5 // Chapter 11 : Heat T r a n s f e r
6 // Problem 1 1 . 5 ( page no . 558)
7 // S o l u t i o n
8
9 printf(” In problem 1 1 . 4 ,\ n”);

10 //From example 1 1 . 4 , , ,
11 // For Brick ,
12 deltaX =6/12; // 6 in ch = 6/12 f e e t // de l taX=l e n g t h //

u n i t : f t
13 A=1; // a r ea // u n i t : f t ˆ2
14 k=0.40; // Unit : Btu /( hr ∗ f t ∗F) //k=p r o p o r t i o n a l i t y

c o n s t a n t //k=therma l c o n d u c t i v i t y //From the
t a b l e

15 R=deltaX /(k*A); // Thermal r e s i s t a n c e // Unit : ( hr ∗ f ) /
Btu

16 printf(” For b r i ck , \ n”);
17 printf(”The r e s i s t a n c e i s %f ( hr ∗F) /Btu\n\n”,R);
18 R1=R;

19
20 // For Concrete ,
21 deltaX =(1/2) /12; // ( 1 / 2 ) i n ch = ( 1 / 2 ) /12 f e e t //

de l taX=l e n g t h // u n i t : f t
22 A=1; // a r ea // f t ˆ2
23 k=0.80; // Unit : Btu /( hr ∗ f t ∗F) //k=p r o p o r t i o n a l i t y

c o n s t a n t //k=therma l c o n d u c t i v i t y //From the
t a b l e

24 R=deltaX /(k*A); // Thermal r e s i s t a n c e // Unit : ( hr ∗ f ) /
Btu

25 printf(” For Concrete , \ n”);
26 printf(”The r e s i s t a n c e i s %f ( hr ∗F) /Btu\n\n”,R);
27 R2=R;

28
29 // For p l a s t e r ,
30 deltaX =(1/2) /12; // ( 1 / 2 ) i n ch = 6/12 f e e t // de l taX=

l e n g t h // u n i t : f t
31 A=1; // a r ea // f t ˆ2
32 k=0.30; // Unit : Btu /( hr ∗ f t ∗F) //k=p r o p o r t i o n a l i t y

c o n s t a n t //k=therma l c o n d u c t i v i t y //From the
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t a b l e
33 R=deltaX /(k*A); // Thermal r e s i s t a n c e // Unit : ( hr ∗ f ) /

Btu
34 printf(” For p l a s t e r , \ n”);
35 printf(”The r e s i s t a n c e i s %f ( hr ∗F) /Btu\n\n”,R);
36 R3=R;

37
38 Rot=R1+R2+R3; // Rot=The o v e r a l l r e s i s t a n c e // u n i t : (

hr ∗F) /Btu
39 printf(”The o v e r a l l r e s i s t a n c e i s %f ( hr ∗F) /Btu\n\n”

,Rot);

40 T1=70; // t empera tu r e ma inta ined at one f a c e //
f a h r e n h e i t

41 T2=30; // t empeta tu r e ma inta ined at o t h e r f a c e //
f a h r e n h e i t

42 deltaT=T2-T1; // f a h r e n h e i t // Change i n t empera tu r e
43 Q=deltaT/Rot; //Q=Heat t r a n s f e r // Unit : Btu /( hr ∗ f t ˆ2)

;
44 printf(” Heat t r a n s f e r per squa r e f o o t o f w a l l i s %f

Btu/ hr ∗ f t ˆ2 ”,abs(Q));
45
46 printf(”Now i n problem 1 1 . 5 ,\ n”);
47 deltaT=R*Q //ohm ’ s law ( f o u r i e r ’ s e q u a t i o n ) // Change

i n t empera tu r e // f a h r e n h e i t
48 // For Brick ,
49 deltaT=Q*R1; // Unit : f a h r e n h e i t //ohm ’ s law ( f o u r i e r ’

s e q u a t i o n ) // Change i n t empera tu r e
50 t1=deltaT;

51 // For Concrete ,
52 deltaT=Q*R2; // Unit : f a h r e n h e i t //ohm ’ s law ( f o u r i e r ’

s e q u a t i o n ) // Change i n t empera tu r e
53 t2=deltaT;

54 // For p l a s t e r ,
55 deltaT=Q*R3; // Unit : f a h r e n h e i t //ohm ’ s law ( f o u r i e r ’

s e q u a t i o n ) // Change i n t empera tu r e
56 t3=deltaT;

57
58 deltaTo=t1+t2+t3; // O v e r a l l Change i n t empera tu r e //
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f a h r e n h e i t
59 printf(”The o v e r a l l change i n t empera tu r e i s %f F\n”

,abs(deltaTo));

60 //The i n t e r f a c e t empera tu re a r e :
61 printf(”The i n t e r f a c e t empera tu r e a r e : \ n”);
62 printf(” For b r i ck−c o n c r e t e : %f f a h r e n h e i t \n”,abs(T2

)+abs(t1));

63 printf(” For c o n c r e t e−p l a s t e r : %f f a h r e n h e i t \n”,abs(
T2)+abs(t1)+abs(t2));

Scilab code Exa 11.6 Heat transfer per square meter of wall

1 // s c i l a b 5 . 4 . 1
2 clear;

3 clc;

4 printf(”\ t \ t \ tProblem Number 1 1 . 6\ n\n\n”);
5 // Chapter 11 : Heat T r a n s f e r
6 // Problem 1 1 . 6 ( page no . 559)
7 // S o l u t i o n
8
9 // For Brick ,

10 deltaX =0.150; // Unit :m //150 mm = 0 . 1 5 0 m // de l taX=
l e n g t h // u n i t : meter

11 A=1; // a r ea // u n i t :mˆ2
12 k=0.692; // Unit :W/(m∗C) //k=p r o p o r t i o n a l i t y c o n s t a n t

//k=therma l c o n d u c t i v i t y //From the t a b l e
13 R=deltaX /(k*A); // Thermal r e s i s t a n c e // Unit :C/W
14 printf(” For b r i ck , \ n”);
15 printf(”The r e s i s t a n c e i s %f C e l c i u s /W\n\n”,R);
16 R1=R;

17
18 // For Concrete ,
19 deltaX =0.012; // Unit :m //12 mm = 0 . 0 1 2 0 m // de l taX=

l e n g t h // u n i t : meter
20 A=1; // a r ea // u n i t :mˆ2
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21 k=1.385; // Unit :W/(m∗C) //k=p r o p o r t i o n a l i t y c o n s t a n t
//k=therma l c o n d u c t i v i t y //From the t a b l e

22 R=deltaX /(k*A); // Thermal r e s i s t a n c e // Unit :C/W
23 printf(” For Concrete , \ n”);
24 printf(”The r e s i s t a n c e i s %f C e l c i u s /W\n\n”,R);
25 R2=R;

26
27 // For p l a s t e r ,
28 deltaX =0.0120; // Unit :m //12 mm = 0 . 0 1 2 0 m // de l taX=

l e n g t h // u n i t : meter
29 A=1; // a r ea // u n i t :mˆ2
30 k=0.519; // Unit :W/(m∗C) //k=p r o p o r t i o n a l i t y c o n s t a n t

//k=therma l c o n d u c t i v i t y //From the t a b l e
31 R=deltaX /(k*A); // Thermal r e s i s t a n c e // Unit :C/W
32 printf(” For p l a s t e r , \ n”);
33 printf(”The r e s i s t a n c e i s %f C e l c i u s /W\n\n”,R);
34 R3=R;

35
36 Ro=R1+R2+R3; // Rot=The o v e r a l l r e s i s t a n c e // u n i t :C/W
37 printf(”The o v e r a l l r e s i s t a n c e i s %f C e l c i u s /W\n”,Ro

);

38 T1=0; // t empera tu r e ma inta ined at one f a c e // C e l c i u s
39 T2=20; // t empeta tu r e ma inta ined at o t h e r f a c e //

C e l c i u s
40 deltaT=T2-T1; // Change i n t empera tu r e // C e l c i u s
41 Q=deltaT/Ro; //Q=Heat t r a n s f e r // Unit :W/mˆ 2 ; //ohm ’ s

law ( f o u r i e r ’ s e q u a t i o n )
42 printf(” Heat t r a n s f e r per squa r e meter o f w a l l i s %f

W/mˆ2 ”,abs(Q));

Scilab code Exa 11.7 The temperature at the interfaces

1 // s c i l a b 5 . 4 . 1
2 clear;

3 clc;
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4 printf(”\ t \ t \ tProblem Number 1 1 . 7\ n\n\n”);
5 // Chapter 11 : Heat T r a n s f e r
6 // Problem 1 1 . 7 ( page no . 560)
7 // S o l u t i o n
8
9 printf(” In problem 1 1 . 6 ,\ n”);

10 // For Brick ,
11 deltaX =0.150; // Unit :m //150 mm = 0 . 1 5 0 m // de l taX=

l e n g t h // u n i t : meter
12 A=1; // a r ea // u n i t : meter ˆ2
13 k=0.692; // Unit :W/(m∗C) //k=p r o p o r t i o n a l i t y c o n s t a n t

//k=therma l c o n d u c t i v i t y //From the t a b l e
14 R=deltaX /(k*A); // Thermal r e s i s t a n c e // Unit : C e l c i u s /

W
15 printf(” For b r i ck , \ n”);
16 printf(”The r e s i s t a n c e i s %f C e l c i u s /W\n\n”,R);
17 R1=R;

18
19 // For Concrete ,
20 deltaX =0.012; // Unit :m //12 mm = 0 . 0 1 2 0 m // de l taX=

l e n g t h // u n i t : meter
21 A=1; // a r ea // u n i t : meter ˆ2
22 k=1.385; // Unit :W/(m∗C) //k=p r o p o r t i o n a l i t y c o n s t a n t

//k=therma l c o n d u c t i v i t y //From the t a b l e
23 R=deltaX /(k*A); // Thermal r e s i s t a n c e // Unit : C e l c i u s /

W
24 printf(” For Concrete , \ n”);
25 printf(”The r e s i s t a n c e i s %f C e l c i u s /W\n\n”,R);
26 R2=R;

27
28 // For p l a s t e r ,
29 deltaX =0.0120; // Unit :m //12 mm = 0 . 0 1 2 0 m // de l taX=

l e n g t h // u n i t : meter
30 A=1; // a r ea // u n i t : meter ˆ2
31 k=0.519; // Unit :W/(m∗C) //k=p r o p o r t i o n a l i t y c o n s t a n t

//k=therma l c o n d u c t i v i t y //From the t a b l e
32 R=deltaX /(k*A); // Thermal r e s i s t a n c e // Unit : C e l c i u s /

W
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33 printf(” For p l a s t e r , \ n”);
34 printf(”The r e s i s t a n c e i s %f C e l c i u s /W\n\n”,R);
35 R3=R;

36
37 Ro=R1+R2+R3; // Rot=The o v e r a l l r e s i s t a n c e C e l c i u s /W
38 printf(”The o v e r a l l r e s i s t a n c e i s %f C e l c i u s /W\n”,Ro

);

39 T1=0; // t empera tu r e ma inta ined at one f a c e // C e l c i u s
40 T2=20; // t empeta tu r e ma inta ined at o t h e r f a c e //

C e l c i u s
41 deltaT=T2-T1; // Change i n t empera tu r e // C e l c i u s
42 Q=deltaT/Ro; //Q=Heat t r a n s f e r // Unit :W/mˆ 2 ;
43 printf(” Heat t r a n s f e r per squa r e meter o f w a l l i s %f

W/mˆ2\n\n”,abs(Q));
44
45 printf(”Now i n problem 1 1 . 5 ,\ n”);
46 // de l taT=R∗Q //ohm ’ s law ( f o u r i e r ’ s e q u a t i o n )
47 // For Brick ,
48 deltaT=Q*R1; // Unit : C e l c i u s // Change i n t empera tu r e
49 t1=deltaT;

50 // For Concrete ,
51 deltaT=Q*R2; // Unit : C e l c i u s // Change i n t empera tu r e
52 t2=deltaT;

53 // For p l a s t e r ,
54 deltaT=Q*R3; // Unit : C e l c i u s // Change i n t empera tu r e
55 t3=deltaT;

56
57 deltaTo=t1+t2+t3; //The o v e r a l l Change i n

t empera tu re // C e l c i u s
58 printf(”The o v e r a l l change i n t empera tu r e i s %f

c e l c i u s \n”,abs(deltaTo));
59 //The i n t e r f a c e t empera tu re a r e :
60 printf(”The i n t e r f a c e t empera tu r e a r e : \ n”);
61 printf(”%f C e l c i u s \n”,abs(deltaTo)-abs(t1));
62 printf(”%f C e l c i u s \n”,abs(deltaTo)-abs(t1)-abs(t2));
63 printf(”%f C e l c i u s \n”,abs(deltaTo)-abs(t1)-abs(t2)-

abs(t3));
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Scilab code Exa 11.8 total heat loss

1 // s c i l a b 5 . 4 . 1
2 clear;

3 clc;

4 printf(”\ t \ t \ tProblem Number 1 1 . 8\ n\n\n”);
5 // Chapter 11 : Heat T r a n s f e r
6 // Problem 1 1 . 8 ( page no . 561)
7 // S o l u t i o n
8
9 deltaX =4/12; // 4 in ch = 6/12 f e e t // de l taX=l e n g t h //

u n i t : f t
10 A=7*2; // a r ea // a r ea=h i g h t ∗width // u n i t : f t ˆ2
11 k=0.090; // Unit : Btu /( hr ∗ f t ∗F) //k=p r o p o r t i o n a l i t y

c o n s t a n t //k=therma l c o n d u c t i v i t y f o r f i r //From
the t a b l e

12 Rfir=deltaX /(k*A); // R e s i s t a n c e o f f i r // Unit : ( hr ∗F)
/Btu

13 printf(” For f i r , \ n”);
14 printf(”The r e s i s t a n c e i s %f ( hr ∗F) /Btu\n\n”,Rfir);
15
16 deltaX =4/12; // 4 in ch = 6/12 f e e t // de l taX=l e n g t h //

u n i t : f t
17 A=7*2; // a r ea // a r ea=h i g h t ∗width // u n i t : f t ˆ2
18 k=0.065; // Unit : Btu /( hr ∗ f t ∗F) //k=p r o p o r t i o n a l i t y

c o n s t a n t //k=therma l c o n d u c t i v i t y f o r p in e //From
the t a b l e

19 Rpine=deltaX /(k*A); // R e s i s t a n c e o f p in e // Unit : ( hr ∗
F) /Btu

20 printf(” For pine , \ n”);
21 printf(”The r e s i s t a n c e i s %f ( hr ∗F) /Btu\n\n”,Rpine);
22
23 deltaX =4/12; // 4 in ch = 6/12 f e e t // de l taX=l e n g t h //

u n i t : f t
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24 A=7*2; // a r ea // a r ea=h i g h t ∗width // u n i t : f t ˆ2
25 k=0.025; // Unit : Btu /( hr ∗ f t ∗F) //k=p r o p o r t i o n a l i t y

c o n s t a n t //k=therma l c o n d u c t i v i t y f o r co rkboard
//From the t a b l e

26 Rcorkboard=deltaX /(k*A); // R e s i s t a n c e o f co rkboard
// Unit : ( hr ∗F) /Btu

27 printf(” For corkboard , \ n”);
28 printf(”The r e s i s t a n c e i s %f ( hr ∗F) /Btu\n\n”,

Rcorkboard);

29
30 Roverall=inv(inv(Rfir)+inv(Rpine)+inv(Rcorkboard));

31 printf(”The o v e r a l l r e s i s t a n c e i s %f ( hr ∗F) /Btu\n\n”
,Roverall);

32
33 T1=60; // t empera tu r e ma inta ined at one f a c e // u n i t :

f a h r e n h e i t
34 T2=80; // t empeta tu r e ma inta ined at o t h e r f a c e // u n i t

: f a h r e n h e i t
35 deltaT=T2-T1; // Change i n t empera tu r e // u n i t :

f a h r e n h e i t
36 Qtotal=deltaT/Roverall; //Q=Tota l Heat l o s s // Unit :

Btu/ hr ; //ohm ’ s law ( f o u r i e r ’ s e q u a t i o n )
37 printf(” Tota l Heat l o s s from the w a l l i s %f Btu/ hr \n

”,abs(Qtotal));
38
39 //As a check ,
40 Qfir=deltaT/Rfir; //Q=F i r Heat l o s s // Unit : Btu/ hr ;

//ohm ’ s law ( f o u r i e r ’ s e q u a t i o n )
41 printf(” Heat l o s s from the w a l l made o f f i r i s %f

Btu/ hr \n”,abs(Qfir));
42 Qpine=deltaT/Rpine; //Q=Pine Heat l o s s // Unit : Btu/ hr

; //ohm ’ s law ( f o u r i e r ’ s e q u a t i o n )
43 printf(” Heat l o s s from the w a l l made o f p in e i s %f

Btu/ hr \n”,abs(Qpine));
44 Qcorkboard=deltaT/Rcorkboard; //Q=corkboard Heat

l o s s // Unit : Btu/ hr ; //ohm ’ s law ( f o u r i e r ’ s
e q u a t i o n )

45 printf(” Heat l o s s from the w a l l made o f co rkboard i s
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%f Btu/ hr \n”,abs(Qcorkboard));
46 Qtotal=Qfir+Qpine+Qcorkboard; // Tota l Heat l o s s from

the w a l l // u n i t : Btu/ hr
47 printf(” Tota l Heat l o s s from the w a l l i s %f Btu/ hr \n

”,abs(Qtotal));

Scilab code Exa 11.9 The heat loss from the pipe

1 // s c i l a b 5 . 4 . 1
2 clear;

3 clc;

4 printf(”\ t \ t \ tProblem Number 1 1 . 9\ n\n\n”);
5 // Chapter 11 : Heat T r a n s f e r
6 // Problem 1 1 . 9 ( page no . 565)
7 // S o l u t i o n
8
9 //A bare s t e e l p ip e

10 ro =3.50; // Outs ide d i amete r // Unit : i n .
11 ri =3.00; // i n s i d e d i amete r // Unit : i n .
12 Ti=240; // I n s i d e t empera tu r e // u n i t : f a h r e n h e i t
13 To=120; // Outs ide t empera tu r e // u n i t : f a h r e n h e i t
14 L=5; // Length // Unit : f t
15 deltaT=Ti-To; // Change i n t empera tu r e // u n i t :

f a h r e n h e i t
16 k=26 // Unit : Btu /( hr ∗ f t ∗F) //k=p r o p o r t i o n a l i t y

c o n s t a n t //k=therma l c o n d u c t i v i t y
17 Q=(2* %pi*k*L*deltaT)/log(ro/ri); //The heat l o s s

from the p ipe // u n i t : Btu/ hr
18 printf(”The heat l o s s from the p ipe i s %f Btu/ hr ”,Q)

;

Scilab code Exa 11.10 heat loss from the pipe
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1 // s c i l a b 5 . 4 . 1
2 clear;

3 clc;

4 printf(”\ t \ t \ tProblem Number 1 1 . 1 0\ n\n\n”);
5 // Chapter 11 : Heat T r a n s f e r
6 // Problem 1 1 . 1 0 ( page no . 566)
7 // S o l u t i o n
8
9 //A bare s t e e l p ip e

10 ro=90; // Outs ide d i amete r // Unit :mm
11 ri=75; // i n s i d e d i amete r // Unit :mm
12 Ti=110; // I n s i d e t empera tu r e // Unit : C e l c i u s
13 To=40; // Outs ide t empera tu r e // Unit : C e l c i u s
14 L=2; // Length // Unit :m
15 deltaT=Ti-To; // Change i n t empera tu r e // Unit : C e l c i u s
16 k=45 // Unit :W/(m∗C) //k=p r o p o r t i o n a l i t y c o n s t a n t //k

=therma l c o n d u c t i v i t y
17 Q=(2* %pi*k*L*deltaT)/log(ro/ri); //The heat l o s s

from the p ipe // u n i t :W
18 printf(”The heat l o s s from the p ipe i s %f W”,Q);

Scilab code Exa 11.11 heat loss from mineral of wool

1 // s c i l a b 5 . 4 . 1
2 clear;

3 clc;

4 printf(”\ t \ t \ tProblem Number 1 1 . 1 1\ n\n\n”);
5 // Chapter 11 : Heat T r a n s f e r
6 // Problem 1 1 . 1 1 ( page no . 567)
7 // S o l u t i o n
8
9 //From problem 1 1 . 9 ,

10 //A bare s t e e l p ip e
11 r2 =3.50; // Outs ide d i amete r // Unit : i n .
12 r1 =3.00; // i n s i d e d i amete r // Unit : i n .
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13 Ti=240; // I n s i d e t empera tu r e // u n i t : f a h r e n h e i t
14 L=5; // Length // Unit : f t
15 k1=26; // Unit : Btu /( hr ∗ f t ∗F) //k=p r o p o r t i o n a l i t y

c o n s t a n t //k=therma l c o n d u c t i v i t y
16 ans1=(inv(k1)*log(r2/r1));

17
18 //Now , i n problem 1 1 . 1 1 ,
19 // Mine ra l wool
20 r3 =5.50; // i n s i d e d i amete r // Unit : i n .
21 r2 =3.50; // o u t s i d e d i amete r // Unit : i n .
22 To=85; // Outs ide t empera tu r e // u n i t : f a h r e n h e i t
23 deltaT=Ti-To; // Change i n t empera tu r e // u n i t :

f a h r e n h e i t
24 k2 =0.026 // Unit : Btu /( hr ∗ f t ∗F) //k=p r o p o r t i o n a l i t y

c o n s t a n t //k=therma l c o n d u c t i v i t y
25 ans2=(inv(k2)*log(r3/r2));

26
27 Q=(2* %pi*L*deltaT)/(ans1+ans2); //The heat l o s s from

the p ipe // u n i t : Btu/ hr
28 printf(”The heat l o s s from the p ipe i s %f Btu/ hr ”,Q)

;

Scilab code Exa 11.12 Convection

1 // s c i l a b 5 . 4 . 1
2 clear;

3 clc;

4 printf(”\ t \ t \ tProblem Number 1 1 . 1 2\ n\n\n”);
5 // Chapter 11 : Heat T r a n s f e r
6 // Problem 1 1 . 1 2 ( page no . 569)
7 // S o l u t i o n
8
9 //From problem 1 1 . 9 ,

10 //The bare p ip e
11 r2 =3.50; // Outs ide d i amete r // Unit : i n .

222



12 r1 =3.00; // i n s i d e d i amete r // Unit : i n .
13 Ti=240; // I n s i d e t empera tu r e // u n i t : f a h r e n h e i t
14 L=5; // Length // Unit : f t
15 k=26; // Unit : Btu /( hr ∗ f t ∗F) //k=p r o p o r t i o n a l i t y

c o n s t a n t //k=therma l c o n d u c t i v i t y
16 Rpipe=log(r2/r1)/(2* %pi*k*L); // the r e s i s t a n c e o f

p ip e // Unit : ( hr ∗F) /Btu
17 printf(”The r e s i s t a n c e o f p ip e i s %f ( hr ∗F) /Btu\n”,

Rpipe);

18
19 //Now , i n problem 1 1 . 1 2 ,
20 To=70; // Outs ide t empera tu r e // u n i t : f a h r e n h e i t
21 deltaT=Ti-To; // Change i n t empera tu r e // u n i t :

f a h r e n h e i t
22 h=0.9; // C o e f f i c i e n t o f heat t r a n s f e r // Unit : Btu /( hr

∗ f t ˆ2∗F)
23 A=(%pi*r2)/12*L; // Area // Unit : f t ˆ2 //1 in ch = 1/12

f e e t // u n i t : f t ˆ2
24 Rconvection=inv(h*A); //The r e s i s t a n c e due to

n a t u r a l c o n v e c t i o n to the s u r r o u n d i n g a i r // Unit
: ( hr ∗F) /Btu

25 printf(”The r e s i s t a n c e due to n a t u r a l c o n v e c t i o n to
the s u r r o u n d i n g a i r i s %f ( hr ∗F) /Btu\n”,
Rconvection);

26
27 Rtotal=Rpipe+Rconvection; //The t o t a l r e s i s t a n c e

// u n i t : ( hr ∗F) /Btu
28 printf(”The t o t a l r e s i s t a n c e i s %f ( hr ∗F) /Btu\n\n”,

Rtotal);

29 Q=deltaT/Rtotal; //ohm ’ s law ( f o u r i e r ’ s e q u a t i o n ) //
The heat t r a n s f e r from the p ipe to the
s u r r o u n d i n g a i r // u n i t : Btu/ hr

30 printf(”The heat t r a n s f e r from the p ipe to the
s u r r o u n d i n g a i r i s %f Btu/ hr \n”,Q);
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Scilab code Exa 11.15 Convection

1 // s c i l a b 5 . 4 . 1
2 clear;

3 clc;

4 printf(”\ t \ t \ tProblem Number 1 1 . 1 5\ n\n\n”);
5 // Chapter 11 : Heat T r a n s f e r
6 // Problem 1 1 . 1 5 ( page no . 574)
7 // S o l u t i o n
8
9 D=3.5/12; // 3 . 5 i n ch = 3 . 5 / 1 2 f e e t // Unit : f t //

Outs ide d i amete r
10 Ti=120; // I n s i d e t empera tu r e // u n i t : f a h r e n h e i t
11 To=70; // Outs ide t empera tu r e // u n i t : f a h r e n h e i t
12 deltaT=Ti-To; // u n i t : f a h r e n h e i t // Change i n

t empera tu re
13 h=0.9; // C o e f f i c i e n t o f heat t r a n s f e r // Unit : Btu /( hr

∗ f t ˆ2∗F)
14 L=5; // Length // Unit : f t //From problem 1 1 . 1 0
15 A=(%pi*D)*L; // Area // Unit : f t ˆ2
16 Q=h*A*deltaT; //The heat l o s s due to c o n v e c t i o n //

Unit : Btu/ hr // Newton ’ s law o f c o o l i n g
17 printf(”The heat l o s s due to c o n v e c t i o n i s %f Btu/ hr

”,Q);

Scilab code Exa 11.16 Determine the heat transfer through the wall and
wall temperature

1 // s c i l a b 5 . 4 . 1
2 clear;

3 clc;

4 printf(”\ t \ t \ tProblem Number 1 1 . 1 6\ n\n\n”);
5 // Chapter 11 : Heat T r a n s f e r
6 // Problem 1 1 . 1 6 ( page no . 575)
7 // S o l u t i o n
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8
9 // This problem can not be s o l v e d d i r e c t l y , be cause

the i n d i v i d u a l f i l m r e s i s t a n c e s a r e e f u n c t i o n s o f
unknown tempera tu r e d i f f e r e n c e s . The r e f o r e ,

10 //From the f i r s t approx imat ion ,
11 h=1/2; // C o e f f i c i e n t o f heat t r a n s f e r // u n i t : Btu /( hr

∗ f t ˆ2∗F)
12 // For a r ea 1 f t ˆ2 ,
13 R=(3/12) /0.07; //The w a l l r e s i s t a n c e i s d e l t a x /( k∗A)

//k =0.07 // Unit : Btu /( hr ∗ f t ∗F) //k=
p r o p o r t i o n a l i t y c o n s t a n t //k=therma l c o n d u c t i v i t y

14 Roverall=inv (1/2)+inv (1/2)+R; // the o v e r a l l s e r i e s
r e s i s t a n c e // Unit : Btu /( hr ∗ f t ∗F)

15 printf(” For h =0.5 , the o v e r a l l s e r i e s r e s i s t a n c e i s
%f Btu /( hr ∗ f t ∗F) \n”,Roverall);

16 // Using the v a l u e o f R ove ra l l , we can now o b t a i n Q
and i n d i v i d u a l t empera tu r e d i f f e r e n c e s ,

17 Ti=80; //warm a i r t empera tu r e // u n i t : f a h r e n h e i t
18 To=50; // c o l d a i r t empera tu r e // u n i t : f a h r e n h e i t
19 deltaT=Ti-To; // u n i t : f a h r e n h e i t // Change i n

t empera tu re
20 Q=deltaT/Roverall; // Unit : Btu /( hr ∗ f t ˆ2) // heat

t r a n s f e r //ohm ’ s law ( f o u r i e r ’ s e q u a t i o n )
21 printf(” For h =0.5 , heat t r a n s f e r i s %f Btu /( hr ∗ f t ˆ2) \

n”,Q);
22 printf(” For h =0.5 ,\n”);
23 // de l taT through the hot a i r f i l m i s Q/ ( 1 / 2 )
24 printf(” Temperaure d i f f e r e n c e through the hot a i r

f i l m i s %f F\n”,Q/(1/2));
25 // Throught the w a l l de l taT i s R∗Q
26 printf(” Temperaure d i f f e r e n c e through the w a l l i s %f

F\n”,Q*R);
27 // de l taT through the c o l d a i r f i l m i s Q/ ( 1 / 2 )
28 printf(” Temperaure d i f f e r e n c e through the c o l d a i r

f i l m i s %f F\n\n”,Q/(1/2));
29
30 // With t h e s e t empera tu r e d i f f e r e n c e s , we can now

e n t e r f i g u r e s 1 1 . 1 2 and 1 1 . 1 4 to v e r i f y our
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approx imat ion . From f i g u r e 1 1 . 1 4 , we f i n d h=0.42
Btu /( hr ∗ f t ∗2∗F)

31 // Using h =0.42 , we have f o r the o v e r a l l r e s i s t a n c e
( 1 / 0 . 4 2 ) +(1/0 . 42 )+R

32 h=0.42; // C o e f f i c i e n t o f heat t r a n s f e r // u n i t : Btu /(
hr ∗ f t ˆ2∗F)

33 Roverall=inv(h)+inv(h)+R; // the o v e r a l l s e r i e s
r e s i s t a n c e // Unit : Btu /( hr ∗ f t ∗F)

34 printf(” For h =0.42 , the o v e r a l l s e r i e s r e s i s t a n c e i s
%f Btu /( hr ∗ f t ∗F) \n”,Roverall);

35 Q=deltaT/Roverall; // Unit : Btu /( hr ∗ f t ˆ2) // heat
t r a n s f e r //ohm ’ s law ( f o u r i e r ’ s e q u a t i o n )

36 printf(” For h =0.42 , heat t r a n s f e r i s %f Btu /( hr ∗ f t ˆ2)
\n”,Q);

37 printf(” For h =0.42 ,\n”);
38 // d e l t a t through both a i r f i l m s i s Q/h
39 printf(” Temperaure d i f f e r e n c e through the hot and

c o l d a i r f i l m i s %f F\n”,Q/h);
40 // and through the wa l l , d e l t a t i s Q∗R
41 printf(” Temperaure d i f f e r e n c e through the w a l l i s %f

F\n\n”,Q*R);
42
43 // En t e r i n g f i g u r e 1 1 . 1 4 , we f i n d tha t h s t a y s

e s s e n t i a l l y 0 . 4 2 , and our s o l u t i o n i s tha t the
heat f l o w i s Q, the ” hot ” s i d e o f the w a l l i s a t
Ti−(Q/h ) , the ” c o l d ” s i d e i s a t To+(Q/h ) , and
tempera tu re drop i n the w a l l i s Ti−(Q/h )−(To+(Q/h
) ) .

44 printf(”The tempera tu r e drop on the hot s i d e o f the
w a l l i s %f F\n”,Ti -(Q/h));

45 printf(”The tempera tu r e drop on the c o l d s i d e o f the
w a l l i s %f F\n”,To+(Q/h));

46 printf(”The tempera tu r e drop i n the w a l l i s %f F\n”,
Ti -(Q/h) -(To+(Q/h)));

47 //Which ch e ck s our w a l l d e l t a t c a l c u l a t i o n .
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Scilab code Exa 11.17 Determine the heat transfer coefficient

1 // s c i l a b 5 . 4 . 1
2 clear;

3 clc;

4 printf(”\ t \ t \ tProblem Number 1 1 . 1 7\ n\n\n”);
5 // Chapter 11 : Heat T r a n s f e r
6 // Problem 1 1 . 1 7 ( page no . 578)
7 // S o l u t i o n
8
9 //The f i r s t s t e p i s to check Reynolds number . I t w i l l

be r e c a l l e d tha t the Reynolds number i s g i v e n by
(D∗V∗ rho ) /mu and i s d i m e n s i o n l e s s . The r e f o r e , we

can use D, d i amete r i n f e e t ;V v e l o c i t y i n f t
/ hr ; rho d e n s i t y i n lbm/ f t ˆ3 and mu v i s c o s i t y i n
lbm /( f t ∗hr ) .

10 // A l t e r n a t i v e l y , the Reynolds number i s g i v e n by (D∗G
) /mu, where G i s the mass f l o w r a t e per u n i t a r ea
( lbm /( hr ∗ f t ˆ2) ) .

11 G=((20*60) *(4*144) /(%pi *0.87^2)); // Unit : lbm /( hr ∗ f t
ˆ2) // I n s i d e d i amete r =0.87 in ch ////1 i n .ˆ2=144
f t ˆ2 //20 lbm/min o f water ( min c o n v e r t e d to
second )

12 // the v i s c o s i t y o f a i r at t h e s e c o n d i t i o n s i s
o b t a i n e d from f i g u r e 1 1 . 1 7 as 0 . 0 6 2 lbm /( f t ∗hr ) .
So ,

13 mu =0.33; // the v i s c o s i t y o f a i r // u n i t : lbm /( f t ∗hr )
14 D=0.87/12; // I n s i d e d i amete r //1 i n ˆ2=144 f t ˆ2
15 // T h e r e f o r e Reynolds number i s
16 Re=(D*G)/mu; // Reynolds number
17 // which i s w e l l i n t o the t u r b u l e n t f l o w reg ime .
18 printf(”The Reynolds number i s %f\n”,Re);
19 //The next s t e p i s to e n t e r F i gu r e 1 1 . 1 8 at W/1000

o f 20∗ ( 60/1000 ) =1.2 and 400F to o b t a i n h1 =630.
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20 //From the f i g u r e 1 1 . 2 0 , we o b t a i n F=1.25 f o r an
i n s i d e d i amete r o f 0 . 8 7 in ch . So ,

21 h1=630; // b a s i c heat t r a n s f e r c o e f f i c i e n t // u n i t : Btu
/( hr ∗ f t ˆ2∗F)

22 F=1.25; // c o r r e c t i o n f a c t o r
23 h=h1*F; // heat t r a n s f e r c o e f f i c i e n t // the i n s i d e

f i l m c o e f f i c i e n t // u n i t : Btu /( hr ∗ f t ˆ2∗F)
24 printf(”The heat−t r a n s f e r c o e f f i c i e n t i s %f Btu /( hr ∗

f t ˆ2∗F) \n”,h);

Scilab code Exa 11.18 Determine the inside film coefficient

1 // s c i l a b 5 . 4 . 1
2 clear;

3 clc;

4 printf(”\ t \ t \ tProblem Number 1 1 . 1 8\ n\n\n”);
5 // Chapter 11 : Heat T r a n s f e r
6 // Problem 1 1 . 1 8 ( page no . 579)
7 // S o l u t i o n
8
9 //We f i r s t check the Reynolds number and note tha t G

i s same as f o r problem 1 1 . 1 7 . So ,
10 //G i s the mass f l o w r a t e per u n i t a r ea ( lbm /( hr ∗ f t

ˆ2) ) .
11 G=((20*60) *(4*144))/(%pi *(0.87^2)); // Unit : lbm /( hr ∗

f t ˆ2) // I n s i d e d i amete r =0.87 in ch ////1 i n
.ˆ2=144 f t ˆ2 //20 lbm/min o f water ( min c o n v e r t e d
to second )

12 // the v i s c o s i t y o f a i r at t h e s e c o n d i t i o n s i s
o b t a i n e d from f i g u r e 1 1 . 1 7 as 0 . 0 6 2 lbm /( f t ∗hr ) .
So ,

13 mu =0.062; // the v i s c o s i t y o f a i r // u n i t : lbm /( f t ∗hr )
14 D=0.87/12; // I n s i d e d i amete r //1 i n ˆ2=144 f t ˆ2
15 // Reynolds number i s DG/mu, t h e r e f o r e
16 Re=(D*G)/mu; // Reynolds number
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17 printf(”The Reynolds number i s %f\n”,Re);
18 // which p l a c e s the f l o w i n the t u r b u l e n t reg ime .

Because W/1000(W=weight f l o w ) i s same as f o r
problem 1 1 . 1 7 and e q u a l s 1 . 2 , we now e n t e r f i g u r e
1 1 . 1 9 at 1 . 2 and 400F to o b t a i n h1 =135. Because
the i n s i d e tube d i amete r i s same as b e f o r e , F
=1 .25 . The r e f o r e ,

19 h1=135; // b a s i c heat t r a n s f e r c o e f f i c i e n t // u n i t : Btu
/( hr ∗ f t ˆ2∗F)

20 F=1.25; // c o r r e c t i o n f a c t o r
21 h=h1*F; // heat t r a n s f e r c o e f f i c i e n t // the i n s i d e

f i l m c o e f f i c i e n t // u n i t : Btu /( hr ∗ f t ˆ2∗F)
22 printf(”The i n s i d e f i l m c o e f f i c i e n t i s %f Btu /( hr ∗ f t

ˆ2∗F) \n”,h);
23 // I t i s i n t e r e s t i n g tha t f o r e q u a l mass f l o w r a t e s ,

water y i e l d s a heat−t r a n s f e r c o e f f i c i e n t a lmost
f i v e t imes g r e a t e r than a i r

Scilab code Exa 11.19 Determine the heat loss by radiation

1 // s c i l a b 5 . 4 . 1
2 clear;

3 clc;

4 printf(”\ t \ t \ tProblem Number 1 1 . 1 9\ n\n\n”);
5 // Chapter 11 : Heat T r a n s f e r
6 // Problem 1 1 . 1 9 ( page no . 586)
7 // S o l u t i o n
8
9 //A bare s t e e l p ip e

10 //From the Table 1 1 . 5 , c a s e 2 ,
11 Fe =0.79; // E m i s s i v i t y f a c t o r to a l l o w f o r the

d e p a r t u r e o f the s u r f a c e s i n t e r c h a n g i n g heat from
comple te b l a c k n e s s ; Fe i s a f u n c t i o n o f the

s u r f a c e e m i s s i v i t i e s and c o n f i g u r a t i o n s
12 FA=1; // g e o m e t r i c f a c t o r to a l l o w f o r the ave rage
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s o l i d a n g l e through which one s u r f a c e ” s e e s ” the
o t h e r

13 sigma =0.173*10^ -8; // Ste fan−Boltzmann c o n s t a n t //
Unit : Btu /( hr ∗ f t ˆ2∗Rˆ4)

14 T1 =120+460; // o u t s i d e t empera tu r e // Unit :R //
f a h r e n h e i t c o n v e r t e d to a b s o l u t e t empera tu re

15 T2 =70+460; // i n s i d e t empera tu r e // Unit :R //
f a h r e n h e i t c o n v e r t e d to a b s o l u t e t empera tu re

16 D=3.5/12; // 3 . 5 i n ch = 3 . 5 / 1 2 f e e t // Unit : f t //
Outs ide d i amete r

17 L=5; // Length // Unit : f t //From problem 1 1 . 1 0
18 A=(%pi*D)*L; // Area // Unit : f t ˆ2
19 Q=sigma*Fe*FA*A*(T1^4-T2^4); //The net i n t e r c h a n g e

o f heat by r a d i a t i o n between two b o d i e s at
d i f f e r e n t t e m p e r a t u r e s // Unit : Btu/ hr //// Ste fan−
Boltzmann law

20 printf(”The heat l o s s by r a d i a t i o n i s %f Btu/ hr \n”,Q
);

Scilab code Exa 11.20 Determine the heat transfer coefficient

1 // s c i l a b 5 . 4 . 1
2 clear;

3 clc;

4 printf(”\ t \ t \ tProblem Number 1 1 . 2 0\ n\n\n”);
5 // Chapter 11 : Heat T r a n s f e r
6 // Problem 1 1 . 2 0 ( page no . 588)
7 // S o l u t i o n
8
9 //The upper t empera tu re i s g i v e n as 120 F and the

t empera tu re d i f f e r e n c e i s
10 Ti=120; // I n s i d e t empera tu r e // u n i t : f a h r e n h e i t
11 To=70; // Outs ide t empera tu r e // u n i t : f a h r e n h e i t
12 deltaT =120 -70; // u n i t : f a h r e n h e i t // Change i n

t empera tu re
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13 // Using f i g u r e 1 1 . 2 8 ,
14 hrdash =1.18; // f a c t o r f o r r a d i a t i o n c o e f f i c i e n t //

Unit : Btu /( hr ∗ f t ˆ2∗F)
15 Fe=1; // E m i s s i v i t y f a c t o r to a l l o w f o r the d e p a r t u r e

o f the s u r f a c e s i n t e r c h a n g i n g heat from comple te
b l a c k n e s s ; Fe i s a f u n c t i o n o f the s u r f a c e

e m i s s i v i t i e s and c o n f i g u r a t i o n s
16 FA =0.79; // g e o m e t r i c f a c t o r to a l l o w f o r the ave rage

s o l i d a n g l e through which one s u r f a c e ” s e e s ” the
o t h e r

17 hr=Fe*FA*hrdash; //The r a d i a t i o n heat−t r a n s f e r
c o e f f i c i e n t f o r the p ip e // Unit : Btu /( hr ∗ f t ˆ2∗F)

18 printf(”The r a d i a t i o n heat−t r a n s f e r c o e f f i c i e n t f o r
the p ip e i s %f Btu /( hr ∗ f t ˆ2∗F) \n”,hr);

19
20 //As a check , Using the r e s u l t s o f problem 1 1 . 1 7 ,
21 printf(”As a check , u s i n g the r e s u l t s o f problem

1 1 . 1 7 ,\ n”);
22 D=3.5/12; // 3 . 5 i n ch = 3 . 5 / 1 2 f e e t // Unit : f t //

Outs ide d i amete r
23 L=5; // Length // Unit : f t //From problem 1 1 . 1 0
24 A=(%pi*D)*L; // Area // Unit : f t ˆ2
25 Q=214.5; // heat l o s s // Unit : Btu/ hr
26 hr=Q/(A*deltaT); //The r a d i a t i o n heat−t r a n s f e r

c o e f f i c i e n t f o r the p ip e // Unit : Btu /( hr ∗ f t ˆ2∗F)
// Newton ’ s law o f c o o l i n g

27 printf(”The r a d i a t i o n heat−t r a n s f e r c o e f f i c i e n t f o r
the p ip e i s %f Btu /( hr ∗ f t ˆ2∗F) \n”,hr);

Scilab code Exa 11.21 Determine the heat loss due to convection

1 // s c i l a b 5 . 4 . 1
2 clear;

3 clc;

4 printf(”\ t \ t \ tProblem Number 1 1 . 2 1\ n\n\n”);
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5 // Chapter 11 : Heat T r a n s f e r
6 // Problem 1 1 . 2 1 ( page no . 589)
7 // S o l u t i o n
8
9 // Because the c o n d i t i o n s o f i l l u s t r a t i v e problem

1 1 . 1 5 a r e the same as f o r problem 1 1 . 1 9 and
1 1 . 2 0 , we can s o l v e t h i s problem i n two ways to
o b t a i n a check .

10 //Thus , adding the r e s u l t s o f t h e s e prob lems y i e l d s ,
11 printf(” Adding the r e s u l t s o f the prob lems y i e l d s , \ n

”)
12 Qtotal =206.2+214.5; // Unit : Btu/ hr // t o t a l heat l o s s
13 printf(”The heat l o s s due to c o n v e c t i o n i s %f Btu/ hr

\n”,Qtotal);
14
15 //We can a l s o approach t h i s s o l u t i o n by o b t a i n i n g

r a d i a t i o n and c o n v e c t i o n heat−t r a n s f e r co−
e f f i c c i e n t . Thus ,

16 hcombined =0.9+0.94; // C o e f f i c i e n t o f heat t r a n s f e r
// Unit : Btu /( hr ∗ f t ˆ2∗F)

17 D=3.5/12; // 3 . 5 i n ch = 3 . 5 / 1 2 f e e t // Unit : f t //
Outs ide d i amete r

18 Ti=120; // I n s i d e t empera tu r e // u n i t : f a h r e n h e i t
19 To=70; // Outs ide t empera tu r e // u n i t : f a h r e n h e i t
20 deltaT=Ti-To; // u n i t : f a h r e n h e i t // Change i n

t empera tu re
21 L=5; // Length // Unit : f t //From problem 1 1 . 1 0
22 A=(%pi*D)*L; // Area // Unit : f t ˆ2
23 Qtotal=hcombined*A*deltaT; // Unit : Btu/ hr // t o t a l

heat l o s s due to c o n v e c t i o n // Newton ’ s law o f
c o o l i n g

24 printf(”By o b t a i n i n g r a d i a t i o n and c o n v e c t i o n heat−
t r a n s f e r co−e f f i c c i e n t , \ n”)

25 printf(”The heat l o s s due to c o n v e c t i o n i s %f Btu/ hr
”,Qtotal);
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Scilab code Exa 11.22 Determine the overall heat transfer coefficient

1 // s c i l a b 5 . 4 . 1
2 clear;

3 clc;

4 printf(”\ t \ t \ tProblem Number 1 1 . 2 2\ n\n\n”);
5 // Chapter 11 : Heat T r a n s f e r
6 // Problem 1 1 . 2 2 ( page no . 595)
7 // S o l u t i o n
8
9 // For b r i ck , c o n c r e t e , p l a s t e r , hot f i l m and c o l d f i lm ,

10 A=1; // a r ea // Unit : f t ˆ2
11 // For a p l ane wal l , the a r e a s a r e a l l the same , and i f

we use 1 f t ˆ2 o f w a l l s u r f a c e as the r e f e r e n c e
area ,

12 // For Brick ,
13 deltax =6/12; // 6 in ch = 6/12 f e e t // d e l t a x=l e n g t h //

u n i t : f t
14 k=0.40; // Unit : Btu /( hr ∗ f t ∗F) //k=p r o p o r t i o n a l i t y

c o n s t a n t //k=therma l c o n d u c t i v i t y //From the
t a b l e

15 brickResistance=deltax /(k*A); // Thermal r e s i s t a n c e
// Unit : ( hr ∗ f ) /Btu

16 printf(” For b r i ck , ”);
17 printf(”The r e s i s t a n c e i s %f ( hr ∗F) /Btu\n”,

brickResistance);

18
19 // For Concrete ,
20 deltax =(1/2) /12; // ( 1 / 2 ) i n ch = ( 1 / 2 ) /12 f e e t //

d e l t a x=l e n g t h // u n i t : f t
21 k=0.80; // Unit : Btu /( hr ∗ f t ∗F) //k=p r o p o r t i o n a l i t y

c o n s t a n t //k=therma l c o n d u c t i v i t y //From the
t a b l e

22 concreteResistance=deltax /(k*A); // Thermal
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r e s i s t a n c e // Unit : ( hr ∗ f ) /Btu
23 printf(” For Concrete , ”);
24 printf(”The r e s i s t a n c e i s %f ( hr ∗F) /Btu\n”,

concreteResistance);

25
26 // For p l a s t e r ,
27 deltax =(1/2) /12; // ( 1 / 2 ) i n ch = 6/12 f e e t // d e l t a x=

l e n g t h // u n i t : f t
28 k=0.30; // Unit : Btu /( hr ∗ f t ∗F) //k=p r o p o r t i o n a l i t y

c o n s t a n t //k=therma l c o n d u c t i v i t y //From the
t a b l e

29 plasterResistance=deltax /(k*A); // Thermal r e s i s t a n c e
// Unit : ( hr ∗ f ) /Btu

30 printf(” For p l a s t e r , ”);
31 printf(”The r e s i s t a n c e i s %f ( hr ∗F) /Btu\n”,

plasterResistance);

32
33 // For ” hot f i l m ” ,
34 h=0.9; // C o e f f i c i e n t o f heat t r a n s f e r // Unit : Btu /( hr

∗ f t ˆ2∗F)
35 hotfilmResistance=inv(h*A); // Thermal r e s i s t a n c e //

Unit : ( hr ∗ f ) /Btu
36 printf(” For hot f i lm , ”);
37 printf(”The r e s i s t a n c e i s %f ( hr ∗F) /Btu\n”,

hotfilmResistance);

38
39 // For ” c o l d f i l m ” ,
40 h=1.5; // C o e f f i c i e n t o f heat t r a n s f e r // Unit : Btu /( hr

∗ f t ˆ2∗F)
41 coldfilmResistance=inv(h*A); // Thermal r e s i s t a n c e //

Unit : ( hr ∗ f ) /Btu
42 printf(” For c o l d f i lm , ”);
43 printf(”The r e s i s t a n c e i s %f ( hr ∗F) /Btu\n\n”,

coldfilmResistance);

44
45 totalResistance=brickResistance+concreteResistance+

plasterResistance+hotfilmResistance+

coldfilmResistance; // the o v e r a l l r e s i s t a n c e //
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Unit : ( hr ∗ f ) /Btu
46 printf(”The o v e r a l l r e s i s t a n c e i s %f ( hr ∗F) /Btu\n”,

totalResistance);

47
48 U=inv(totalResistance); // Unit : Btu /( hr ∗ f t ˆ2) //The

o v e r a l l conductance ( or 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 )

49 printf(”The o v e r a l l conductance ( or 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 s %f Btu /( hr / f t ˆ2) \n”,U);

50 // In problem 1 1 . 2 1 , the s o l u t i o n i s s t r a i g h t f o r w a r d ,
because the heat−t r a n s f e r a r ea i s c o n s t a n t f o r
a l l s e r i e s r e s i s t a n c e s .

Scilab code Exa 11.23 Determine the overall heat transfer coefficient of
outside and inside area

1 // s c i l a b 5 . 4 . 1
2 clear;

3 clc;

4 printf(”\ t \ t \ tProblem Number 1 1 . 2 3\ n\n\n”);
5 // Chapter 11 : Heat T r a n s f e r
6 // Problem 1 1 . 2 3 ( page no . 596)
7 // S o l u t i o n
8
9 hi=45; // Film c o e f f i c i e n t on the i n s i d e o f the p ip e

// Unit : Btu /( hr ∗ f t ˆ2∗F)
10 r1 =3.0/2; // I n s i d e r a d i u s // Unit : i n ch
11 k1=26; // Unit : Btu /( hr ∗ f t ˆ2∗F) //k=p r o p o r t i o n a l i t y

c o n s t a n t f o r s t e e l p ip e //k=therma l c o n d u c t i v i t y
f o r f i r //From the t a b l e

12 r2 =3.5/2; // o u t i d e r a d i u s // Unit : i n ch
13 k2 =0.026; // Unit : Btu /( hr ∗ f t ˆ2∗F) //k=p r o p o r t i o n a l i t y

c o n s t a n t f o r m i n e r a l wool //k=therma l
c o n d u c t i v i t y f o r f i r //From the t a b l e

14 r3 =5.50/2; // r a d i u s // Unit : i n ch
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15 ho=0.9; // Film c o e f f i c i e n t on the o u t s i d e o f the
p ip e // Unit : Btu /( hr ∗ f t ˆ2∗F)

16 // R e s u l t s o f problem 1 1 . 2 3 ,
17 Ui =1/((1/ hi)+((r1/(k1*12))*log(r2/r1))+((r1/(k2*12))

*log(r3/r2))+(1/( ho*(r3/r1)))); // Unit : Btu /( hr ∗ f t
ˆ2∗F) //1 i n .=12 f t // Heat t r a n s f e r c o e f f i c i e n t
based on i n s i d e s u r f a c e

18 printf(” Heat t r a n s f e r c o e f f i c i e n t based on i n s i d e
s u r f a c e i s %f Btu /( hr ∗ f t ˆ2∗F) \n”,Ui);

19 // Because Uo∗Ao=Ui∗Ai
20 Uo=Ui*(r1/r3); // Heat t r a n s f e r c o e f f i c i e n t based on

o u t s i d e s u r f a c e // Unit : Btu /( hr ∗ f t ˆ2∗F)
21 printf(” Heat t r a n s f e r c o e f f i c i e n t based on o u t s i d e

s u r f a c e i s %f Btu /( hr ∗ f t ˆ2∗F) \n”,Uo);

Scilab code Exa 11.24 Determine the outside tube surface required

1 // s c i l a b 5 . 4 . 1
2 clear;

3 clc;

4 printf(”\ t \ t \ tProblem Number 1 1 . 2 4\ n\n\n”);
5 // Chapter 11 : Heat T r a n s f e r
6 // Problem 1 1 . 2 4 ( page no . 601)
7 // S o l u t i o n
8
9 //A COUNTERFLOW HEAT EXCHANGER

10 // Hot o i l e n t e r s at 215 F and l e a v e s at 125 F
11 // Water e n t e r s the u n i t at 60 F and l e a v e s at 90 F
12 // Ther e f o r e , From f i g u r e 1 1 . 3 4 ,
13 thetaA =215 -90; // the g r e a t e s t t empera tu r e d i f f e r e n c e

between the f l u i d s ( at e i t h e r i n l e t or o u t l e t ) //
Unit : f a h r e n h e i t

14 thetaB =125 -60; // the l e a s t t empera tu r e d i f f e r e n c e
between the f l u i d s ( at e i t h e r i n l e t or o u t l e t ) //
Unit : f a h r e n h e i t
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15 deltaTm =(thetaA -thetaB)/log(thetaA/thetaB); //
l o g a r i t h m i c mean tempera tu r e d i f f e r e n c e // Unit :
f a h r e n h e i t

16 //From the o i l data ,
17 m=400*60; // mass // Unit : l b / s e c //1 min=60 s e c
18 Cp =0.85; // S p e c i f i c heat o f the o i l // Unit : Btu /( l b ∗F

)
19 deltaT =215 -125; // Change i n t empera tu r e // Unit :

f a h r e n h e i t
20 Q=m*Cp*deltaT //The heat t r a n s f e r // Unit : Btu/ hr
21 //Q=U∗A∗deltaTm
22 U=40; //The o v e r a l l c o e f f i c i e n t o f heat t r a n s f e r o f

the u n i t // Unit : Btu /( hr ∗ f t ˆ2∗F)
23 A=Q/(U*deltaTm); // Umit : f t ˆ2 //The o u t s i d e s u r f a c e

a r ea
24 printf(”The o u t s i d e s u r f a c e a r ea r e q u i r e d i s %f f t ˆ2

”,A);

Scilab code Exa 11.25 Determine the outside surface area required

1 // s c i l a b 5 . 4 . 1
2 clear;

3 clc;

4 printf(”\ t \ t \ tProblem Number 1 1 . 2 5\ n\n\n”);
5 // Chapter 11 : Heat T r a n s f e r
6 // Problem 1 1 . 2 5 ( page no . 602)
7 // S o l u t i o n
8
9 // In problem 1 1 . 2 4 , A COUNTERFLOW HEAT EXCHANGER i s

o p e r a t e d i n the p a r a l l e l f l o w
10 // Hot o i l e n t e r s at 215 F and l e a v e s at 125 F
11 // Water e n t e r s the u n i t at 60 F and l e a v e s at 90 F
12 // Ther e f o r e , From f i g u r e 1 1 . 3 5 ,
13 thetaA =215 -60; // the g r e a t e s t t empera tu r e d i f f e r e n c e

between the f l u i d s ( at e i t h e r i n l e t or o u t l e t ) //
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Unit : f a h r e n h e i t
14 thetaB =125 -90; // the l e a s t t empera tu r e d i f f e r e n c e

between the f l u i d s ( at e i t h e r i n l e t or o u t l e t ) //
Unit : f a h r e n h e i t

15 deltaTm =(thetaA -thetaB)/log(thetaA/thetaB); //
l o g a r i t h m i c mean tempera tu r e d i f f e r e n c e // Unit :
f a h r e n h e i t

16 //From the o i l data ,
17 m=400*60; // mass // Unit : l b / s e c //1 min=60 s e c
18 Cp =0.85; // S p e c i f i c heat o f the o i l // Unit : Btu /( l b ∗F

)
19 deltaT =215 -125; // Change i n t empera tu r e // Unit :

f a h r e n h e i t
20 Q=m*Cp*deltaT //The heat t r a n s f e r // Unit : Btu/ hr
21 //Q=U∗A∗deltaTm
22 U=40; //The o v e r a l l c o e f f i c i e n t o f heat t r a n s f e r o f

the u n i t // Unit : Btu /( hr ∗ f t ˆ2∗F)
23 A=Q/(U*deltaTm); // Umit : f t ˆ2 //The o u t s i d e s u r f a c e

a r ea
24 printf(”The o u t s i d e s u r f a c e a r ea r e q u i r e d i s %f f t ˆ2

”,A);

Scilab code Exa 11.26 the outside surface area required

1 // s c i l a b 5 . 4 . 1
2 clear;

3 clc;

4 printf(”\ t \ t \ tProblem Number 1 1 . 2 6\ n\n\n”);
5 // Chapter 11 : Heat T r a n s f e r
6 // Problem 1 1 . 2 6 ( page no . 603)
7 // S o l u t i o n
8
9 //From the t a b l e 1 1 . 7 ,

10 // For the o i l s i d e , a r e s i s t a n c e ( f o u l i n g f a c t o r ) o f
0 . 0 0 5 ( hr ∗F∗ f t ˆ2) /Btu can be used
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11 // and f o r the water s i d e , a f o u l i n g f a c t o r o f 0 . 0 0 1 (
hr ∗F∗ f t ˆ2) /Btu can be used

12 //From problem 1 1 . 2 5 ,
13 U=40; //The c o e f f i c i e n t o f heat t r a n s f e r o f the u n i t

// Unit : Btu /( hr ∗ f t ˆ2∗F)
14 // t h e r e f o r e ,
15 Roil =0.005; // u n i t : ( hr ∗ f t ˆ2∗F) /Btu // r e s i s t a n c e at

o i l s i d e
16 Rwater =0.001; // u n i t : ( hr ∗ f t ˆ2∗F) /Btu // r e s i s t a n c e

f o r water s i d e
17 Rcleanunit=inv(U); // u n i t : ( hr ∗ f t ˆ2∗F) /Btu //

r e s i s t a n c e at c l e a n u n i t
18 Roverall=Roil+Rwater+Rcleanunit; // u n i t : ( hr ∗ f t ˆ2∗F) /

Btu // o v e r a l l r e s i s t a n c e
19 Uoverall=inv(Roverall); // Unit : Btu /( hr ∗ f t ˆ2∗F) //The

o v e r a l l c o e f f i c i e n t o f heat t r a n s f e r o f the u n i t
20 // Because a l l the pa ramete r s a r e the same , the

s u r f a c e a r ea r e q u i r e d w i l l vary i n v e r s e l y as U
21 A=569*(U/Uoverall); //A=569 f t ˆ2 i n the problem

1 1 . 2 5 // u n i t : f t ˆ2 //The o u t s i d e s u r f a c e a r ea
22 printf(”The o u t s i d e s u r f a c e a r ea r e q u i r e d i s %f f t ˆ2

”,A);

Scilab code Exa 11.27 True mean temperature difference

1 // s c i l a b 5 . 4 . 1
2 clear;

3 clc;

4 printf(”\ t \ t \ tProblem Number 1 1 . 2 7\ n\n\n”);
5 // Chapter 11 : Heat T r a n s f e r
6 // Problem 1 1 . 2 7 ( page no . 605)
7 // S o l u t i o n
8
9 //HEAT EXCHANGER

10 // O i l f l o w s i n the tube s i d e and i s c o o l e d from 280

239



F to 140 F
11 // Ther e f o r e ,
12 t2=140; // Unit : f a h r e n h e i t
13 t1=280; // Unit : f a h r e n h e i t
14 //On the s h e l l s i d e , water i s heated from 85 F to 115

F
15 T1=85; // Unit : f a h r e n h e i t
16 T2=115; // Unit : f a h r e n h e i t
17 P=(t2-t1)/(T1 -t1);

18 R=(T1-T2)/(t2 -t1);

19 //From the f i g u r e ,
20 F=0.91; // C o r r e c t i o n f a c t o r
21 LMTD =((t1-T2)-(t2-T1))/log((t1-T2)/(t2 -T1)); //LMTD=

Log mean tempera tu r e d i f f e r e n c e // Unit : f a h r e n h e i t
22 TMTD=F*LMTD; //TMTD=True mean tempera tu re d i f f e r e n c e

// Unit : f a h r e n h e i t
23 printf(”The t r u e mean tempera tu r e i s %f f a h r e n h e i t ”,

TMTD);
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