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Chapter 1

Introduction

Scilab code Exa 1.1 Calculation of cubic capacity and clearance volume

1 // C a l c u l a t i o n o f c u b i c c a p a c i t y and c l e a r a n c e volume
2 clc ,clear

3 // Given :
4 n=4 //Number o f c y l i n d e r s
5 d=68/10 // Bore i n cm
6 l=75/10 // S t r o k e i n cm
7 r=8 // Compress ion r a t i o
8 // S o l u t i o n :
9 V_s=(%pi/4)*d^2*l // Swept volume o f one c y l i n d e r i n

cmˆ3
10 cubic_capacity=n*V_s // Cubic c a p a c i t y i n cmˆ3
11 // S ince , r = ( V c + V s ) / V c
12 V_c=V_s/(r-1) // C l e a r a n c e volume i n cmˆ3
13 // R e s u l t s :
14 printf(”\n The c u b i c c a p a c i t y o f the e n g i n e = %. 1 f

cmˆ3 ”,cubic_capacity)
15 printf(”\n The c l e a r a n c e volume o f a c y l i n d e r , V c =

%. 1 f cmˆ3\n\n”,V_c)
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Scilab code Exa 1.2 Calculation of brake power and friction power

1 // C a l c u l a t i o n o f brake power and f r i c t i o n power
2 clc ,clear

3 // Given :
4 ip=10 // I n d i c a t e d power i n kW
5 eta_m =80 // Mechan ica l e f f i c i e n c y i n p e r c e n t
6 // S o l u t i o n :
7 // S ince , eta m = bp/ i p
8 bp=( eta_m /100)*ip // Brake power i n kW
9 fp=ip-bp // F r i c t i o n power i n kW
10 // R e s u l t s :
11 printf(”\n The brake power d e l i v e r e d , bp = %d kW\n”,

bp)

12 printf(” The f r i c t i o n power , fp = %d kW\n\n”,fp)

Scilab code Exa 1.3 Calculation of mechanical efficiency

1 // C a l c u l a t i o n o f mechan i ca l e f f i c i e n c y
2 clc ,clear

3 // Given :
4 bp=100 // Brake power at f u l l l o ad i n kW
5 fp=25 // F r i c t i o n a l power i n kW ( p r i n t i n g e r r o r )
6 // S o l u t i o n :
7 eta_m=bp/(bp+fp) // Mechan ica l e f f i c i e n c y at f u l l

l o ad
8 // ( a ) At h a l f l o ad
9 bp=bp/2 // Brake power at h a l f l o ad i n kW
10 eta_m1=bp/(bp+fp) // Mechan ica l e f f i c i e n c y at h a l f

l o ad
11 // ( b ) At q u a r t e r l oad
12 bp=bp/2 // Brake power at q u a r t e r l oad i n kW
13 eta_m2=bp/(bp+fp) // Mechan ica l e f f i c i e n c y at q u a r t e r

l oad
14 // R e s u l t s :
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15 printf(”\n The mechan i ca l e f f i c i e n c y at f u l l load ,
eta m = %d p e r c e n t ”,eta_m *100)

16 printf(”\n The mechan i ca l e f f i c i e n c y , \ n ( a ) At h a l f
load , eta m = %. 1 f p e r c e n t \n ( b ) At q u a r t e r load ,
eta m = %d p e r c e n t \n\n”,eta_m1 *100, eta_m2 *100)

17 // Data i n the book i s p r i n t e d wrong

Scilab code Exa 1.4 Calculations on four stroke petrol engine

1 // C a l c u l a t i o n s on f o u r s t r o k e p e t r o l e n g i n e
2 clc ,clear

3 // Given :
4 bp=35 // Brake power i n kW
5 eta_m =80 // Mechan ica l e f f i c i e n c y i n p e r c e n t
6 bsfc =0.4 // Brake s p e c i f i c f u e l consumption i n kg /kWh
7 A_F =14/1 // Air− f u e l r a t i o
8 CV =43000 // C a l o r i f i c v a l u e i n kJ/ kg
9 // S o l u t i o n :
10 // ( a )
11 ip=bp *100/ eta_m // I n d i c a t e d power i n kW
12 // ( b )
13 fp=ip-bp // F r i c t i o n a l power i n kW
14 // ( c )
15 // S ince , 1 kWh = 3600 kJ
16 eta_bt =1/( bsfc*CV /3600) // Brake therma l e f f i c i e n c y
17 // ( d )
18 eta_it=eta_bt/eta_m *100 // I n d i c a t e d therma l

e f f i c i e n c y
19 // ( e )
20 m_f=bsfc*bp // Fue l consumption i n kg / hr
21 // ( f )
22 m_a=A_F*m_f // Air consumption i n kg / hr
23 // R e s u l t s :
24 printf(”\n ( a ) The i n d i c a t e d power , i p = %. 2 f kW\n ( b

) The f r i c t i o n power , fp = %. 2 f kW”,ip ,fp)
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25 printf(”\n ( c ) The brake therma l e f f i c i e n c y , e t a b t =
%. 1 f p e r c e n t \n ( d ) The i n d i c a t e d therma l

e f f i c i e n c y , e t a i t = %. 1 f p e r c e n t ”,eta_bt *100,
eta_it *100)

26 printf(”\n ( e ) The f u e l consumption per hour , m f = %
. 1 f kg / hr \n ( f ) The a i r consumption per hour , m a
= %d kg / hr \n\n”,m_f ,m_a)

Scilab code Exa 1.5 Calculations on SI engine

1 // C a l c u l a t i o n s on SI e n g i n e
2 clc ,clear

3 // Given :
4 F_A =0.07/1 // Fuel−a i r r a t i o
5 bp=75 // Brake power i n kW
6 eta_bt =20 // Brake therma l e f f i c i e n c y i n p e r c e n t
7 rho_a =1.2 // Dens i ty o f a i r i n kg /mˆ3
8 rho_f =4* rho_a // Dens i ty o f f u e l vapour i n kg /mˆ3
9 CV =43700 // C a l o r i f i c v a l u e o f f u e l i n kJ/ kg
10 // S o l u t i o n :
11 m_f=bp *3600/( eta_bt*CV/100) // Fue l consumption i n kg

/ hr
12 m_a=m_f/F_A // Air consumption i n kg / hr
13 V_a=m_a/rho_a // Volume o f a i r i n mˆ3/ hr
14 V_f=m_f/rho_f // Volume o f f u e l i n mˆ3/ hr
15 V_mixture=V_f+V_a // Mixture volume i n mˆ3/ hr
16 // R e s u l t s :
17 printf(”\n The a i r consumption , m a = %. 1 f kg / hr ”,

m_a)

18 printf(”\n The volume o f a i r r e q u i r e d , V a = %. 1 f m
ˆ3/ hr ”,V_a)

19 printf(”\n The volume o f mixture r e q u i r e d = %. 1 f m
ˆ3/ hr \n\n”,V_mixture) // ( p r i n t i n g e r r o r )

20 // Answer i n the book i s p r i n t e d wrong
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Scilab code Exa 1.6 Calculations on diesel engine

1 // C a l c u l a t i o n s on d i e s e l e n g i n e
2 clc ,clear

3 // Given :
4 bp=5 // Brake power i n kW
5 eta_it =30 // I n d i c a t e d therma l e f f i c i e n c y i n p e r c e n t
6 eta_m =75 // Mechan ica l e f f i c i e n c y i n p e r c e n t (

p r i n t i n g e r r o r )
7 // S o l u t i o n :
8 ip=bp *100/ eta_m // I n d i c a t e d power i n kW
9 CV =42000 // C a l o r i f i c v a l u e o f d i e s e l ( f u e l ) i n kJ/ kg
10 m_f=ip *3600/( eta_it*CV/100) // Fue l consumption i n kg

/ hr
11 // Dens i ty o f d i e s e l ( f u e l ) = 0 . 8 7 kg / l
12 rho_f =0.87 // Dens i ty o f f u e l i n kg / l
13 V_f=m_f/rho_f // Fue l consumption i n l / hr
14 isfc=m_f/ip // I n d i c a t e d s p e c i f i c f u e l consumption i n

kg /kWh
15 bsfc=m_f/bp // Brake s p e c i f i c f u e l consumption i n kg /

kWh
16 // R e s u l t s :
17 printf(”\n The f u e l consumption o f eng ine , m f in , \ n

( a ) kg / hr = %. 3 f kg / hr \n ( b ) l i t r e s / hr = %. 2 f l / hr
”,m_f ,V_f)

18 printf(”\n\n ( c ) I n d i c a t e d s p e c i f i c f u e l consumption ,
i s f c = %. 3 f kg /kWh”,isfc)

19 printf(”\n ( d ) Brake s p e c i f i c f u e l consumption , b s f c
= %. 3 f kg /kWh\n\n”,bsfc)

20 // Data i n the book i s p r i n t e d wrong

Scilab code Exa 1.7 Calculations on two stroke CI engine
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1 // C a l c u l a t i o n s on two s t r o k e CI e n g i n e
2 clc ,clear

3 // Given :
4 bp=5000 // Brake power i n kW
5 fp=1000 // F r i c t i o n power i n kW
6 m_f =2300 // Fue l consumption i n kg / hr
7 A_F =20/1 // Air− f u e l r a t i o
8 CV =42000 // C a l o r i f i c v a l u e o f f u e l i n kJ/ kg
9 // S o l u t i o n :
10 // ( a )
11 ip=bp+fp // I n d i c a t e d power i n kW
12 // ( b )
13 eta_m=bp/ip // Mechan ica l e f f i c i e n c y
14 // ( c )
15 m_a=A_F*m_f // Air consumption i n kg / hr
16 // ( d )
17 eta_it=ip *3600/( m_f*CV) // I n d i c a t e d therma l

e f f i c i e n c y
18 // ( e )
19 eta_bt=eta_it*eta_m // Brake therma l e f f i c i e n c y
20 // R e s u l t s :
21 printf(”\n ( a ) The i n d i c a t e d power , i p = %d kW”,ip)
22 printf(”\n ( b ) The mechan i ca l e f f i c i e n c y , eta m = %d

p e r c e n t ”,eta_m *100)
23 printf(”\n ( c ) The a i r consumption , m a = %d kg / hr ”,

m_a)

24 printf(”\n ( d ) The i n d i c a t e d therma l e f f i c i e n c y ,
e t a i t = %. 1 f p e r c e n t \n ( e ) The brake therma l
e f f i c i e n c y , e t a b t = %. 1 f p e r c e n t \n\n”,eta_it
*100, eta_bt *100)

13



Chapter 2

Air Standard Cycles

Scilab code Exa 2.1 Calculations on Carnot engine

1 // C a l c u l a t i o n s on Carnot e n g i n e
2 clc ,clear

3 // Given :
4 T2 =27+273 // Temperature o f c o o l i n g pond i n K
5 eta =30 // E f f i c i e n c y i n p e r c e n t
6 Q2=200 // Heat r e c e i v e d by c o o l i n g pond i n kJ/ s
7 // S o l u t i o n :
8 // S ince , e t a = (Q1−Q2) /Q1 = (T1−T2) /T1
9 T1=T2/(1-(eta /100)) // Temperature o f heat s o u r c e i n

K
10 Q1=Q2/(1-(eta /100)) // Heat s u p p l i e d by s o u r c e i n kJ/

s
11 Power=round(Q1-Q2) // Power o f e n g i n e i n kJ/ s
12 // R e s u l t s :
13 printf(”\n Temperature o f heat source , T1 = %. 1 f

degreeC ”,T1 -273)
14 printf(”\n Power o f e n g i n e = %d kW\n\n”,Power)

Scilab code Exa 2.2 Calculations on the Carnot cycle

14



1 // C a l c u l a t i o n s on the Carnot c y c l e
2 clc ,clear

3 // Given :
4 T3=800+273 ,T1 =15+273 // Temperature o f a hot and c o l d

r e s e r v o i r i n K
5 P3=210,P1=1 //Maximum and minimum p r e s s u r e i n bar
6 // S o l u t i o n :
7 // Re f e r f i g 2 . 2 1
8 eta_carnot =1-(T1/T3) // E f f i c i e n c y o f Carnot c y c l e
9 T4=T3 // I s o t h e r m a l p r o c e s s 3−4
10 g=1.4 // S p e c i f i c heat r a t i o (gamma)
11 P4=P1*(T4/T1)^(g/(g-1)) // I n i t i a l p r e s s u r e o f

i s e n t r o p i c p r o c e s s 4−1 i n bar
12 R=0.287 // S p e c i f i c gas c o n s t a n t i n kJ/kgK
13 Q3_4=R*T3*log(P3/P4) // Heat s u p p l i e d i n kJ/ kg
14 W3_4=Q3_4 //Work s u p p l i e d i n kJ/ kg
15 Net_work=eta_carnot*Q3_4 // Net work output i n kJ/ kg
16 cv =0.718 // S p e c i f i c heat at c o n s t a n t volume i n kJ/

kgK
17 W4_1=cv*(T4-T1) //Work f o r i s e n t r o p i c p r o c e s s i n kJ/

kg
18 Gross_work=W3_4+W4_1 // Gross work s u p p l i e d i n kJ/ kg
19 work_ratio=Net_work/Gross_work //Work r a t i o
20 // R e s u l t s :
21 printf(”\n The e f f i c i e n c y o f the Carnot c y c l e ,

e t a c a r n o t = %. 1 f p e r c e n t ”,eta_carnot *100)
22 printf(”\n The work r a t i o o f the Carnot c y c l e = %. 3 f

\n\n”,work_ratio)

Scilab code Exa 2.3 Calculation of air standard efficiency of Otto cycle

1 // C a l c u l a t i o n o f a i r s t andard e f f i c i e n c y o f Otto
c y c l e

2 clc ,clear

3 // Given :
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4 d=17,l=30 // Bore and s t r o k e i n cm
5 V_c =0.001025 // C l e a r a nc e volume i n mˆ3
6 // S o l u t i o n :
7 V_s=(%pi/4)*d^2*l // Swept volume i n cc
8 V_c=V_c *10^6 // C l e a r a nc e volume i n cc
9 V=V_c+V_s // Tota l c y l i n d e r volume i n cc
10 r=V/V_c // Compress ion r a t i o
11 g=1.4 // S p e c i f i c heat r a t i o (gamma)
12 eta=1-1/r^(g-1) // Air s tandard e f f i c i e n c y
13 // R e s u l t s :
14 printf(”\n The Air s tandard e f f i c i e n c y o f Otto c y c l e

, e t a = %. 1 f p e r c e n t \n\n”,eta *100)

Scilab code Exa 2.4 Calculations on constant volume cycle

1 // C a l c u l a t i o n s on c o n s t a n t volume c y c l e
2 clc ,clear

3 // Given :
4 P1=97 // P r e s s u r e at the b e g i n n i n g ( 1 ) i n kN/mˆ2
5 T1 =40+273 // Temperature at the b e g i n n i n g ( 1 ) i n K
6 r=7 // Compress ion r a t i o
7 Q=1200 // Heat s u p p l i e d i n kJ/ kg
8 g=1.4 // S p e c i f i c heat r a t i o (gamma)
9 cv =0.718 // S p e c i f i c heat at c o n s t a n t volume i n kJ/

kgK
10 // S o l u t i o n :
11 // ( a )
12 T2=T1*(r)^(g-1),T3=round(Q/cv+T2) // Temperature at

2 , 3 i n K
13 // ( b )
14 eta=1-1/r^(g-1) // Thermal e f f i c i e n c y
15 // ( c )
16 W=Q*eta // Workdone per c y c l e i n kJ/ kg
17 // R e s u l t s :
18 printf(”\n ( a ) The maximum tempera tu r e a t t a i n e d i n
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the c y c l e , T3 = %d degreeC ”,T3 -273)
19 printf(”\n ( b ) The therma l e f f i c i e n c y o f the c y c l e ,

e t a = %. 1 f p e r c e n t ”,eta *100)
20 printf(”\n ( c ) The workdone dur ing the c y c l e / kg o f

work ing f l u i d , W = %d kJ\n\n”,W)

Scilab code Exa 2.5 Calculations on Otto cycle

1 // C a l c u l a t i o n s on Otto c y c l e
2 clc ,clear

3 // Given :
4 r=8 // Compress ion r a t i o
5 P1=1,P3=50 // P r e s s u r e at 1 , 3 i n bar
6 T1 =100+273 // Temperature at 1 i n K
7 m=1 // Air f l o w i n kg
8 R=0.287 // S p e c i f i c gas c o n s t a n t i n kJ/kgK
9 g=1.4 // S p e c i f i c heat r a t i o (gamma)

10 // S o l u t i o n :
11 // Re f e r f i g 2 . 2 2
12 // Po int 1
13 V1=m*R*10^3* T1/(P1 *10^5) // I d e a l gas equat i on ,

Volume at 1 i n mˆ3
14 // Po int 2
15 P2=P1*r^g // P r e s s u r e at 2 i n bar
16 V2=V1/r // Volume at 2 i n mˆ3
17 T2=P2*V2*T1/(P1*V1) // Temperature at 2 i n K
18 // Po int 3
19 V3=V2 // Constant volume p r o c e s s , Volume at 3 i n mˆ3
20 T3=(P3/P2)*T2 // Temperature at 3 i n K ( Wrong i n book

)
21 // Po int 4
22 P4=P3*(1/r)^g // P r e s s u r e at 4 i n bar
23 V4=V1 // Constant volume p r o c e s s , Volume at 4 i n mˆ3
24 T4=T1*(P4/P1) // Temperature at 4 i n K
25 cv=R/(g-1) // S p e c i f i c heat at c o n s t a n t volume i n kJ/
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kgK
26 ratio=(cv*(T3-T2))/(cv*(T4-T1)) // Rat io o f heat

s u p p l i e d to the heat r e j e c t e d ( Round o f f e r r o r )
27 // R e s u l t s :
28 printf(”\n Po int 1 :\ n P r e s s u r e = %d bar , Volume = %

. 4 f mˆ3 , Temperature = %d degreeC ”,P1 ,V1,T1 -273)
29 printf(”\n\n Po int 2 :\ n P r e s s u r e = %. 1 f bar , Volume

= %. 4 f mˆ3 , Temperature = %. 1 f degreeC ”,P2 ,V2,T2
-273)

30 printf(”\n\n Po int 3 :\ n P r e s s u r e = %. 1 f bar , Volume
= %. 4 f mˆ3 , Temperature = %. 1 f degreeC ”,P3 ,V3,T3
-273)

31 printf(”\n\n Po int 4 :\ n P r e s s u r e = %. 2 f bar , Volume
= %. 4 f mˆ3 , Temperature = %. 1 f degreeC ”,P4 ,V4,T4
-273)

32 printf(”\n\n Rat io o f heat s u p p l i e d to the heat
r e j e c t e d = %. 3 f \n\n”,ratio)

33 // Textbook answer f o r T3 i s wrong
34 //Round o f f e r r o r i n the v a l u e o f ’ r a t i o ’

Scilab code Exa 2.6 Calculations on Otto cycle

1 // C a l c u l a t i o n s on Otto c y c l e
2 clc ,clear

3 // Given :
4 P1=1 // P r e s s u r e at 1 i n bar
5 T1 =15+273 // Temperature at 1 i n K
6 r=8 // Compress ion r a t i o
7 Q1=1000 // Heat added i n kJ/ kg
8 cv =0.718 // S p e c i f i c heat at c o n s t a n t volume i n kJ/

kgK
9 g=1.4 // S p e c i f i c heat r a t i o (gamma)
10 // S o l u t i o n :
11 // Re f e r f i g 2 . 2 3
12 // ( a )
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13 P2=P1*(r)^g // P r e s s u r e at 2 i n bar
14 T2=T1*r^(g-1) // Temperature at 2 i n K
15 T3=Q1/cv+T2 // Temperature at 3 i n K ( Round o f f e r r o r

)
16 // ( b )
17 eta=1-1/r^(g-1) // Air s tandard e f f i c i e n c y
18 // ( c )
19 W=Q1*eta //Work done i n kJ/ kg ( Round o f f e r r o r )
20 // ( d )
21 Q2=Q1-W // Heat r e j e c t e d i n kJ/ kg
22 // R e s u l t s :
23 printf(”\n ( a ) The maximum tempera tu r e i n the c y c l e ,

T3 = %d degreeC ”,T3 -273)
24 printf(”\n ( b ) The a i r s t andard e f f i c i e n c y , e t a = %. 1

f p e r c e n t ”,eta *100)
25 printf(”\n ( c ) The workdone per kg o f a i r = %d kJ/ kg ”

,W)

26 printf(”\n ( d ) The heat r e j e c t e d = %d kJ/ kg ”,Q2)
27 //Round o f f e r r o r i n the v a l u e s o f ’T3 ’ and ’W’

Scilab code Exa 2.7 Calculations on Otto cycle

1 // C a l c u l a t i o n s on Otto c y c l e
2 clc ,clear

3 // Given :
4 P1=1.05,P2=13,P3=35 // P r e s s u r e at 1 , 2 , 3 i n bar
5 T1 =15+273 // Temperature at 1 i n K
6 cv =0.718 // S p e c i f i c heat at c o n s t a n t volume i n kJ/

kgK
7 R=0.287 // S p e c i f i c gas c o n s t a n t i n kJ/kgK
8 // S o l u t i o n :
9 r=”V1/V2” // Compress ion r a t i o

10 g=R/cv+1 // S p e c i f i c heat r a t i o (gamma)
11 r=(P2/P1)^(1/g) //By a d i a b a t i c p r o c e s s r e l a t i o n
12 eta=1-1/r^(g-1) // Air s tandard e f f i c i e n c y
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13 T2=P2*T1/(P1*r) // Temperature at 2 i n K
14 T3=(P3/P2)*T2 // Temperature at 3 i n K
15 Q1=cv*(T3-T2) // Heat added i n kJ/ kg
16 W=Q1*eta //Work done i n kJ/ kg
17 V1=1*R*10^3* T1/(P1 *10^5) // I d e a l gas equat i on ,

Volume at 1 i n mˆ3/ kg
18 V2=V1/r // Volume at 2 i n mˆ3/ kg
19 V_s=V1 -V2 // Swept volume i n mˆ3/ kg
20 mep=W*1000/( V_s *10^5) //Mean e f f e c t i v e p r e s s i r e i n

bar
21 // R e s u l t s :
22 printf(”\n The a i r s t andard e f f i c i e n c y , e t a = %. 1 f

p e r c e n t ”,eta *100)
23 printf(”\n The compre s s i on r a t i o , r = %d”,r)
24 printf(”\n The mean e f f e c t i v e p r e s s u r e , mep = %. 2 f

bar \n”,mep)

Scilab code Exa 2.8 Calculations on Otto cycle

1 // C a l c u l a t i o n s on Otto c y c l e
2 clc ,clear

3 // Given :
4 r=8 // Compress ion r a t i o
5 T1 =20+273 // Temperature at 1 i n K
6 P1=1 // P r e s s u r e at 1 i n bar
7 Q1=1800 // Heat added i n kJ/ kg
8 cv =0.718 // S p e c i f i c heat at c o n s t a n t volume i n kJ/

kgK
9 g=1.4 // S p e c i f i c heat r a t i o (gamma)

10 // S o l u t i o n :
11 T2=T1*r^(g-1) // Temperature at 2 i n K
12 T3=Q1/cv+T2 // Temperature at 3 i n K ( p r i n t i n g e r r o r )
13 P2=P1*(r)^g // P r e s s u r e at 2 i n bar
14 P3=P2*(T3/T2) // P r e s s u r e at 3 i n bar
15 T4=T3/r^(g-1) // Temperature at 4 i n K
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16 eta=1-1/r^(g-1) // Air s tandard e f f i c i e n c y
17 W1_2=cv*(T1-T2) //Work done f o r p r o c e s s 1−2 i n kJ/ kg
18 W3_4=cv*(T3-T4) //Work done f o r p r o c e s s 3−4 i n kJ/ kg
19 W=W1_2+W3_4 // Net work done f o r the c y c l e i n kJ/ kg
20 V1=cv*(g-1) *10^3* T1/(P1 *10^5) // I d e a l gas equat i on ,

Volume at 1 i n mˆ3/ kg
21 V2=V1/r // Volume at 2 i n mˆ3/ kg
22 V_s=V1 -V2 // Swept volume i n mˆ3/ kg
23 mep=W*1000/( V_s *10^5) //Mean e f f e c t i v e p r e s s i r e i n

bar
24 // R e s u l t s :
25 printf(”\n The maximum temperature , T3 = %d K”,T3)
26 printf(”\n The maximum p r e s s u r e , P3 = %. 1 f bar ”,P3)
27 printf(”\n The tempera tu r e at the end o f the

expans i on p r o c e s s , T4 = %d K”,T4)
28 printf(”\n The a i r s t andard e f f i c i e n c y , e t a = %. 1 f

p e r c e n t ”,eta *100)
29 printf(”\n The mean e f f e c t i v e p r e s s u r e o f the c y c l e ,

mep = %. 1 f bar \n\n”,mep)
30 // Answers i n the book a r e wrong

Scilab code Exa 2.9 Calculations on Otto cycle

1 // C a l c u l a t i o n s on Otto c y c l e
2 clc ,clear

3 // Given :
4 power =50 // I n t e r n a l power i n kW
5 N=4800 // Engine speed i n rpm
6 l=80,d=80 // S t r o ke and bore o f e n g i n e i n mm
7 n=4 //Number o f c y l i n d e r s
8 V_c =50000 // C l e a r a nc e volume i n mmˆ3
9 delta_P =45 // P r e s s u r e r i s e dur ing combust ion i n bar

10 g=1.4 // S p e c i f i c heat r a t i o (gamma)
11 // S o l u t i o n :
12 // Re f e r f i g 2 . 2 4
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13 V_s=(%pi/4)*d^2*l // Swept volume i n mmˆ3
14 r=(V_c+V_s)/V_c // Compress ion r a t i o
15 eta=1-1/r^(g-1) // Air s tandard e f f i c i e n c y
16 ideal_mep=eta*delta_P /((g-1)*(r-1)) // I d e a l mean

e f f e c t i v e p r e s s u r e i n bar
17 W=power *60*2/(n*N) // Actua l work t r a n s f e r per c y c l e

per c y l i n d e r i n kJ
18 V_s=V_s*1D-9 // Swept volume i n mˆ3
19 actual_mep=W*1000/( V_s *10^5) // Actua l mean e f f e c t i v e

p r e s s i r e i n bar
20 // R e s u l t s :
21 printf(”\n The mean e f f e c t i v e p r e s s u r e o f the eng ine

, a c t u a l mep = %. 2 f bar ”,actual_mep)
22 printf(”\n The mean e f f e c t i v e p r e s s u r e o f the Otto

c y c l e , i d e a l mep = %. 2 f bar \n\n”,ideal_mep)

Scilab code Exa 2.10 Calculations on Otto cycle

1 // C a l c u l a t i o n s on Otto c y c l e
2 clc ,clear

3 // Given :
4 CV =42000 // C a l o r i f i c v a l u e o f the f u e l i n kJ/ kg
5 a=30/100 ,b=70/100 // F r a c t i o n o f compre s s i on s t r o k e

at p o i n t a , b
6 P_a =1.33 ,P_b =2.66 // P r e s s u r e at p o i n t a , b
7 n=1.33 // P o l y t r o p i c index
8 eta_cycle =50/100 // Air s tandard c y c l e e f f i c i e n c y
9 // S o l u t i o n :

10 // Re f e r f i g 2 . 2 5
11 // S ince , c ompre s s i on f o l l o w s PVˆn = C
12 //Thus , P a∗V aˆn = P b∗V bˆn
13 // Assume a b = V a/V b
14 a_b=(P_b/P_a)^(1/n) // Rat io o f volume at a to volume

at b
15 // D e f i n i n g the f u n c t i o n , r a t i o o f r ( c ompre s s i on
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r a t i o )
16 function [ratio]= Volume(r)

17 V_a =1+0.7*(r-1)

18 V_b =1+0.3*(r-1)

19 ratio=V_a/V_b -a_b

20 endfunction

21 funcprot (0)

22 r=fsolve(1,Volume) // Compress ion r a t i o
23 g=1.4 // S p e c i f i c heat r a t i o (gamma)
24 eta=round (1000*(1 -1/r^(g-1)))/1000 // Air s tandard

e f f i c i e n c y
25 eta_it=eta_cycle*eta // I n d i c a t e d therma l e f f i c i e n c y
26 // S ince , 1 kWh = 3600 kJ
27 Q1 =3600/ eta_it // Heat s u p p l i e d i n kJ/kWh
28 isfc=Q1/CV // I n d i c a t e d s p e c i f i c f u e l consumption i n

kg /kWh
29 // R e s u l t s :
30 printf(”\n The compre s s i on r a t i o , r = %. 2 f ”,r)
31 printf(”\n The f u e l consumption , i s f c = %. 3 f kg /kWh\

n\n”,isfc)

Scilab code Exa 2.11 Calculations on diesel cycle

1 // C a l c u l a t i o n s on d i e s e l c y c l e
2 clc ,clear

3 // Given :
4 r=14 // Compress ion r a t i o
5 P1=1 // P r e s s u r e at 1 i n bar
6 T1=27+273 ,T3 =2500+273 // Temperature at 1 and 3 i n K
7 // S o l u t i o n :
8 // Re f e r f i g 2 . 2 6
9 g=1.4 // S p e c i f i c heat r a t i o (gamma)
10 T2=T1*(r)^(g-1) // Temperature at 2 i n K
11 P2=P1*(T2/T1)^(g/(g-1)) // P r e s s u r e at 2 i n bar
12 rho=T3/T2 // Cut o f f r a t i o
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13 T3_T4=(r/rho)^(g-1) // Temperature r a t i o T3/T4
14 T4=round(T3/T3_T4) // Temperature at 4 i n K
15 eta=1-((T4-T1)/(g*(T3-T2))) // E f f i c i e n c y o f d i e s e l

c y c l e
16 R=0.287 ,cp=1.005 ,cv =0.718 // S p e c i f i c gas cons tant ,

heat c a p a c i t i e s at c o n s t a n t p r e s s u r e and volume
i n kJ/kgK

17 V1=R*T1 *10^3/( P1 *10^5) // Volume at 1 i n mˆ3/ kg
18 V_s=V1*(1-1/r) // S t r o ke volume i n mˆ3/ kg
19 mep=(cp*(T3-T2)-cv*(T4-T1))*10^3/( V_s *10^5) //Mean

e f f e c t i v e p r e s s u r e i n bar
20 // R e s u l t s :
21 printf(”\n The therma l e f f i c i e n c y o f the d i e s e l

c y c l e , e t a = %. 1 f p e r c e n t ”,eta *100)
22 printf(”\n The mean e f f e c t i v e p r e s s u r e o f the c y c l e ,

pm = %. 2 f bar \n\n”,mep)

Scilab code Exa 2.12 Calculations on diesel cycle

1 // C a l c u l a t i o n s on d i e s e l c y c l e
2 clc ,clear

3 // Given :
4 P1=1,P2=50 // P r e s s u r e at 1 , 2 i n bar
5 V1=1,V3=0.1 // Volume at 1 , 3 i n mˆ3
6 T1 =18+273 // Temperature at 1 i n K
7 g=1.4 // S p e c i f i c heat r a t i o (gamma)
8 // S o l u t i o n :
9 T2=T1*(P2/P1)^((g-1)/g) // Temperature at 2 i n K

10 V2=V1*(P1/P2)*(T2/T1) // Volume at 2 i n mˆ3
11 T3=round(T2*(V3/V2)) // Temperature at 2 i n K (

p r i n t i n g e r r o r )
12 V4=V1 // Constant volume p r o c e s s , volume at 4 i n mˆ3
13 T4=T3*(V3/V4)^(g-1) // Temperature at 4 i n K
14 eta=1-((T4-T1)/(g*(T3-T2))) // E f f i c i e n c y o f d i e s e l

c y c l e
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15 // R e s u l t s :
16 printf(”\n Temperature at 1 , T1 = %d K\n Temperature

at 2 , T2 = %. 1 f K\n Temperature at 3 , T3 = %d K\
n Temperature at 4 , T4 = %. 1 f K”,T1 ,T2,T3,T4)

17 printf(”\n The therma l e f f i c i e n c y o f the c y c l e , e t a
= %. 1 f p e r c e n t \n\n”,eta *100)

18 // Answer i n the book i s p r i n t e d wrong

Scilab code Exa 2.13 Calculations on diesel cycle

1 // C a l c u l a t i o n s on d i e s e l c y c l e
2 clc ,clear

3 // Given :
4 r=18 // Compress ion r a t i o
5 p=10 // p e r c e n t a g e o f s t r o k e at which c o n s t a n t

p r e s s u r e p r o c e s s ends
6 P1=1,T1 =20+273 // P r e s s u r e and tempera tu r e at 1 i n

bar and K
7 V_a =100 // Volume o f a i r used per hour i n mˆ3/ hr
8 g=1.4 // S p e c i f i c heat r a t i o (gamma)
9 // S o l u t i o n :
10 // Re f e r f i g 2 . 2 7
11 // C a l c u l a t i o n o f cut o f f r a t i o ( rho )
12 V_c=1 // Assume c l e a r a n c e volume i n u n i t
13 V_s=r-V_c // Swept volume i n u n i t
14 V3=V_c+V_s*p/100 // Volume at c o n s t a n t p r e s s u r e

p r o c e s s ends or p o i n t 3 i n u n i t
15 V2=V_c // Volume at c o n s t a n t p r e s s u r e p r o c e s s s t a r t s

or p o i n t 2 i n u n i t
16 rho=V3/V2 // Cut o f f r a t i o
17 eta=1-((rho^g-1)/(r^(g-1)*g*(rho -1))) // Thermal

e f f i c i e n c y
18 P2=P1*(r)^g // P r e s s u r e at 2(maximum) i n bar (

p r i n t i n g e r r o r )
19 P3=P2 // Constant p r e s s u r e p r o c e s s , p r e s s u r e at 3 i n
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bar
20 T2=T1*(r)^(g-1) // Temperature at 2 i n K
21 T3=T2*rho // Temperature at 3(maximum) i n K
22 // Cons ide r the c y c l e f o r 100 mˆ3 o f swept volume

with a i r , thus
23 V_s=V_a // Swept volume i n mˆ3/ hr
24 V2=V_s/(r-1) // Volume at 2 i n mˆ3/ hr
25 V1=V_s+V2 // Volume at 1 i n mˆ3/ hr
26 V3=rho*V2 // Volume at 3 i n mˆ3/ hr
27 V4=V1 // Constant volume p r o c e s s , volume at 4 i n mˆ2
28 P4=P3*(V3/V4)^g // P r e s s u r e at 4 i n bar
29 W=(P2*(V3-V2)+((P3*V3-P4*V4) -(P2*V2 -P1*V1))/(g-1))

*10^5 //Work done i n c y c l e i n Nm
30 ip=W/3600

31 // R e s u l t s :
32 printf(”\n ( a ) The maximum temperature , T3 = %d

degreeC and the maximum p r e s s u r e , P2 = %. 1 f bar ”,
T3 -273,P2)

33 printf(”\n ( b ) The therma l e f f i c i e n c y o f the eng ine ,
e t a = %d p e r c e n t ”,eta *100)

34 printf(”\n ( c ) The i n d i c a t e d power o f the eng ine , i p
= %. 2 f kW\n\n”,ip /1000)

35 // Answers i n the book a r e wrong

Scilab code Exa 2.14 Calculations on diesel cycle

1 // C a l c u l a t i o n s on d i e s e l c y c l e
2 clc ,clear

3 // Given :
4 d=15,l=20 // Diameter and s t r o k e o f c y l i n d e r i n cm
5 p1=10 // Pe r c en tage o f s t r o k e volume e q u a l to

c l e a r a n c e volume
6 p2=6 // Pe r c en tage o f s t r o k e at which cut o f f t a k e s

p l a c e
7 g=1.4 // S p e c i f i c heat r a t i o (gamma)
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8 // S o l u t i o n :
9 // Re f e r f i g 2 . 2 8
10 V_s=(%pi/4)*d^2*l // S t r o ke volume i n cmˆ3
11 V_c=p1*V_s /100 // C l e a r a nc e volume i n cmˆ3
12 V1=V_s+V_c // Tota l volume at 1 i n cmˆ3
13 V2=V_c // Volume at 2 i n cmˆ3
14 V3=V2+p2*V_s /100 // Volume at 3 i n cmˆ3
15 r=V1/V2 // Compress ion r a t i o
16 rho=V3/V2 // Cut o f f r a t i o
17 eta=1-((rho^g-1)/(r^(g-1)*g*(rho -1))) // Thermal

e f f i c i e n c y
18 // R e s u l t s :
19 printf(”\n The a i r s t andard e f f i c i e n c y o f the eng ine

, e t a = %d p e r c e n t \n\n”,eta *100)

Scilab code Exa 2.15 Calculations on dual combustion cycle

1 // C a l c u l a t i o n s on dua l combust ion c y c l e
2 clc ,clear

3 // Given :
4 r=15 // Compress ion r a t i o
5 P1=1,T1=25+273 ,V1=.1 // Pre s su r e , t emperature , volume

at 1 i n bar , K, mˆ3
6 P4=65,T4 =1500+273 // P r e s s u r e and tempera tu r e at 4 i n

bar and K
7 cv =0.718 // S p e c i f i c heat at c o n s t a n t volume i n kJ/

kgK
8 g=1.4 // S p e c i f i c heat r a t i o (gamma)
9 // S o l u t i o n :
10 // Re f e r f i g 2 . 2 9
11 V2=V1/r // Volume at 2 i n mˆ3
12 P2=P1*(r)^g // P r e s s u r e at 2 i n bar
13 T2=T1*(r)^(g-1) // Temperature at 2 i n K
14 P3=P4 // P r e s s u r e at 3 i n bar
15 T3=T2*(P3/P2) // Temperature at 3 i n K
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16 V3=V2 // Volume at 3 i n mˆ3
17 V4=V3*(T4/T3) // Volume at 4 i n mˆ3
18 V5=V1 // Volume at 5 i n mˆ3
19 P5=P4*(V4/V5)^g // P r e s s u r e at 5 i n bar
20 T5=T4*(V4/V5)^(g-1) // Temperature at 5 i n K
21 eta=1-(T5-T1)/((T3 -T2)+g*(T4 -T3)) // Thermal

e f f i c i e n c y
22 // R e s u l t s :
23 printf(”\n Po int 1 :\ n P r e s s u r e = %d bar , Volume = %

. 1 f mˆ3 , Temperature = %d degreeC ”,P1 ,V1,T1 -273)
24 printf(”\n\n Po int 2 :\ n P r e s s u r e = %. 1 f bar , Volume

= %. 4 f mˆ3 , Temperature = %d degreeC ”,P2 ,V2,T2
-273)

25 printf(”\n\n Po int 3 :\ n P r e s s u r e = %d bar , Volume =
%. 4 f mˆ3 , Temperature = %d degreeC ”,P3 ,V3,T3 -273)

26 printf(”\n\n Po int 4 :\ n P r e s s u r e = %d bar , Volume =
%. 4 f mˆ3 , Temperature = %d degreeC ”,P4 ,V4,T4 -273)

27 printf(”\n\n Po int 5 :\ n P r e s s u r e = %. 2 f bar , Volume
= %. 1 f mˆ3 , Temperature = %d degreeC ”,P5 ,V5,T5
-273)

28 printf(”\n\n The therma l e f f i c i e n c y o f the c y c l e ,
e t a = %d p e r c e n t ”,eta *100)

29 // Answers i n the book a r e wrong

Scilab code Exa 2.16 Calculations on dual combustion cycle

1 // C a l c u l a t i o n s on dua l combust ion c y c l e
2 clc ,clear

3 // Given :
4 r=18 // Compress ion r a t i o
5 P1=1.01,P3=69 // P r e s s u r e at 1 , 3 i n bar
6 T1 =20+273 // Temperature at 1 i n K
7 cv =0.718 // S p e c i f i c heat at c o n s t a n t volume i n kJ/

kgK
8 cp =1.005 // 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 n kJ/
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kgK
9 g=1.4 // S p e c i f i c heat r a t i o (gamma)
10 R=0.287 // S p e c i f i c gas c o n s t a n t i n kJ/kgK
11 // S o l u t i o n :
12 T2=T1*r^(g-1) // Temperature at 2 i n K
13 P2=P1*r^g // P r e s s u r e at 2 i n bar
14 T3=T2*(P3/P2) // Temperature at 3 i n K
15 Q_v=cv*(T3-T2) // Heat added at c o n s t a n t volume i n kJ

/ kg
16 // Given , Heat added at c o n s t a n t volume i s e q u a l to

heat added at c o n s t a n t p r e s s u r e
17 T4=Q_v/cp+T3 // Temperature at 4 i n K
18 rho=T4/T3 // Cut o f f r a t i o
19 T5=T4*(rho/r)^(g-1) // Temperature at 5 i n K
20 Q1=2*Q_v // Heat s u p p l i e d i n c y c l e i n kJ/ kg
21 Q2=cv*(T5-T1) // Heat r e j e c t e d i n kJ/ kg
22 eta=1-Q2/Q1 // Thermal e f f i c i e n c y
23 W=Q1 -Q2 //Work done by the c y c l e i n kJ/ kg
24 V1=1*R*T1/(P1*100) // Volume at 1 i n mˆ3/ kg
25 V2=V1/r // Volume at 2 i n mˆ3/ kg
26 V_s=V1 -V2 // Swept volume i n mˆ3/ kg
27 mep=W/(V_s *100) //Mean e f f e c t i v e p r e s s u r e i n bar
28 // R e s u l t s :
29 printf(”\n The a i r s t andard e f f i c i e n c y , e t a = %. 1 f

p e r c e n t ”,eta *100)
30 printf(”\n The mean e f f e c t i v e p r e s s u r e , mep = %. 2 f

bar \n\n”,mep)

Scilab code Exa 2.17 Calculations on dual combustion cycle

1 // C a l c u l a t i o n s on dua l combust ion c y c l e
2 clc ,clear

3 // Given :
4 P1=1 // P r e s s u r e at 1 i n bar
5 T1 =50+273 // Temperature at 1 i n K
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6 r=14,rho=2,alpha =2 // Compress ion r a t i o , cut o f f
r a t i o , p r e s s u r e r a t i o

7 g=1.4 // S p e c i f i c heat r a t i o (gamma)
8 cp =1.005 // 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 n kJ/

kgK
9 cv =0.718 // S p e c i f i c heat at c o n s t a n t volume i n kJ/

kgK
10 // S o l u t i o n :
11 // Re f e r f i g 2 . 3 0
12 T2=T1*ceil (100*r^(g-1))/100 // Temperature at 2 i n K
13 P2=round(P1*r^g) // P r e s s u r e at 2 i n bar
14 P3=alpha*P2 // P r e s s u r e at 3 i n bar
15 T3=T2*(P3/P2) // Temperature at 3 i n K
16 T4=T3*rho // Temperature at 4 i n K
17 e=r/rho // Expans ion r a t i o
18 T5=T4/e^(g-1) // Temperature at 5 i n K ( Round o f f

e r r o r )
19 Q1=cv*(T3-T2)+cp*(T4-T3) // Heat added i n kJ/ kg
20 Q2=cv*(T5-T1) // Heat r e j e c t e d i n kJ/ kg
21 eta=1-Q2/Q1 // Air s tandard e f f i c i e n c y
22 // R e s u l t s :
23 printf(”\n The tempera tu r e \n\ tT1 = %d K\n\ tT2 = %d K

\n\ tT3 = %d K\n\ tT4 = %d K\n\ tT5 = %d K”,T1 ,T2,T3
,T4 ,T5)

24 printf(”\n\n The i d e a l the rma l e f f i c i e n c y , e t a = %. 1
f p e r c e n t \n\n”,eta *100)

25 //Round o f f e r r o r i n the v a l u e o f ’T5 ’

Scilab code Exa 2.18 Calculations on dual combustion cycle

1 // C a l c u l a t i o n s on dua l combust ion c y c l e
2 clc ,clear

3 // Given :
4 r=15 // Compress ion r a t i o
5 P1=1,P3=55 // P r e s s u r e at 1 , 3 i n bar
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6 T1 =27+273 // Temperature at 1 i n K
7 g=1.4 // S p e c i f i c heat r a t i o (gamma)
8 cp =1.005 // 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 n kJ/

kgK
9 cv =0.718 // S p e c i f i c heat at c o n s t a n t volume i n kJ/

kgK
10 // S o l u t i o n :
11 // Re f e r f i g 2 . 3 1
12 T2=T1*r^(g-1) // Temperature at 2 i n K
13 P2=P1*r^g // P r e s s u r e at 2 i n bar
14 alpha=P3/P2 // Constant volume p r e s s u r e r a t i o
15 T3=T2*(P3/P2) // Temperature at 3 i n K
16 Q1_v=cv*(T3-T2) // Heat s u p p l i e d at c o n s t a n t volume

i n kJ/ kg
17 T4=poly(0,”T4”) // D e f i n i n g t empera tu r e at 4 as

unknown i n K
18 // Given , heat s u p p l i e d at c o n s t a n t volume , Q1 v i s

t w i c e o f heat s u p p l i e d at c o n s t a n t p r e s s u r e , Q1 p
19 Q1_p=cp*(T4-T3) // Heat s u p p l i e d at c o n s t a n t p r e s s u r e

i n kJ/ kg
20 T4=roots(Q1_v -2* Q1_p) // Temperature at 4 i n K
21 rho=T4/T3 // Cut o f f r a t i o
22 e=r/rho // Expans ion r a t i o
23 T5=T4/e^(g-1) // Temperature at 5 i n K
24 eta=1-(T5-T1)/((T3 -T2)+g*(T4 -T3)) // Thermal

e f f i c i e n c y
25 eta=round (100* eta)

26 // R e s u l t s :
27 printf(”\n The c o n s t a n t volume p r e s s u r e r a t i o , a lpha

= %. 2 f ”,alpha)
28 printf(”\n The cut o f f r a t i o , rho = %. 2 f ”,rho)
29 printf(”\n The therma l e f f i c i e n c y o f the c y c l e , e t a

= %d p e r c e n t \n\n”,eta)
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Scilab code Exa 2.19 Calculations for comparision of Otto cycle and Diesel
cycle

1 // C a l c u l a t i o n s f o r c o m p a r i s i o n o f Otto c y c l e and
D i e s e l c y c l e

2 clc ,clear

3 // Given :
4 n=6 //Number o f c y l i n d e r s
5 V_s =300 // Engine swept volume i n cmˆ3 per c y l i n d e r
6 r=10 // Compress ion r a t i o
7 N=3500 // Engine speed i n rpm
8 bp=75 // Brake power i n kW
9 P1=1 // P r e s s u r e at 1 i n bar

10 T1 =15+273 // Temperature at 1 i n K ( m i s p r i n t )
11 cv =0.718 // S p e c i f i c heat at c o n s t a n t volume i n kJ/

kgK
12 cp =1.005 // 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 n kJ/

kgK
13 g=1.4 // S p e c i f i c heat r a t i o (gamma)
14 // S o l u t i o n :
15 // Re f e r f i g 2 . 3 2
16 // Otto c y c l e
17 eta_o =1-1/r^(g-1) // Cyc le e f f i c i e n c y
18 Q1=bp/eta_o // Rate o f heat a d d i t i o n i n kW
19 P_o=bp/n // Power output per c y l i n d e r i n kW
20 W_o=P_o/(N/(2*60)) //Work output per c y c l e per

c y l i n d e r i n kJ
21 mep_o=W_o/V_s *10^6/100 //Mean e f f e c t i v e p r e s s u r e i n

bar
22 T2=T1*r^(g-1) // Temperature at 2 i n K
23 Q1=Q1/(n*N/(2*60)) // Heat s u p p l i e d per c y c l e per

c y l i n d e r i n kJ
24 R=0.287 // S p e c i f i c gas c o n s t a n t i n kJ/kgK
25 v1=R*T1/(P1*100) // Volume o f a i r i n mˆ3/ kg
26 V1=V_s/(1 -1/r)*10^-6 // Volume at 1 i n mˆ3
27 m=V1/v1 // Mass o f the a i r i n kg
28 T3=T2+Q1/(m*cv) // Temperature at 3 i n K
29 // D i e s e l c y c l e
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30 T3!=T2+Q1/(m*cp) // Temperature at 3 i n d i e s e l c y c l e
i n K

31 rho=T3!/T2 // Cut o f f r a t i o f o r d i e s e l c y c l e
32 eta_d =1-((rho^g-1)/(r^(g-1)*g*(rho -1))) //The a i r

s t andard e f f i c i e n c y
33 Power=eta_d*bp/(eta_o) // Power output i n kW
34 P_d=Power/n // Power output per c y l i n d e r i n kW
35 W_d=P_d/(N/(2*60)) //Work output per c y c l e per

c y l i n d e r i n kJ
36 mep_d=W_d/V_s *10^6/100 //Mean e f f e c t i v e p r e s s u r e i n

bar
37 // R e s u l t s :
38 printf(”\n The r a t e o f heat a d d i t i o n same f o r both

P e t r o l and D i e s e l eng ine , Q1 = %. 1 f kW”,bp/eta_o)
39 printf(”\n For P e t r o l e n g i n e \n\ t Cyc le e f f i c i e n c y ,

e t a = %. 3 f \n\ t Mean e f f e c t i v e p r e s s u r e , mep = %. 2
f bar \n\ t The maximum tempera tu re o f the c y c l e ,
Tmax = %. 0 f K”,eta_o ,mep_o ,T3)

40 printf(”\n For D i e s e l e n g i n e \n\ t Cyc le e f f i c i e n c y ,
e t a = %. 2 f \n\ t Mean e f f e c t i v e p r e s s u r e , mep = %. 2
f bar \n\ t The maximum tempera tu re o f the c y c l e ,
Tmax = %. 0 f K\n\ t Power output = %. 1 f kW”,eta_d ,
mep_d ,T3!,Power)

Scilab code Exa 2.20 Calculations for Otto cycle and Limited pressure
cycle

1 // C a l c u l a t i o n s f o r Otto c y c l e and Limi ted p r e s s u r e
c y c l e

2 clc ,clear

3 // Given :
4 r=10 // Compress ion r a t i o
5 P1=1 // P r e s s u r e at 1 i n bar
6 T1 =40+273 // Temperature at 1 i n K
7 Q1=2700 // Heat added i n kJ
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8 // S o l u t i o n :
9 // Re f e r f i g 2 . 3 3
10 g=1.4 // S p e c i f i c heat r a t i o (gamma)
11 R=0.287 // S p e c i f i c gas c o n s t a n t i n kJ/kgK
12 cp =1.005 // 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 n kJ/

kgK
13 V1=1*R*T1/(P1*100) // Volume at 1 i n mˆ3/ kg
14 V5=V1 // Volume at 5 i n mˆ3/ kg
15 V2=V1/r // Volume at 2 i n mˆ3/ kg
16 V3=V2 // Volume at 3 i n mˆ3/ kg
17 V_s=V1 -V2 // Swept volume i n mˆ3/ kg
18 T2=T1*r^(g-1) // Temperature at 2 i n K
19 P2=P1*r^g // P r e s s u r e at 2 i n bar
20 // ( a ) Limited−p r e s s u r e c y c l e
21 P3=70 // L imi ted maximum p r e s s u r e i n bar
22 T3=T2*(P3/P2) // Temperature at 3 i n K
23 cv =0.718 // S p e c i f i c heat at c o n s t a n t volume i n kJ/

kgK
24 Q_v=cv*(T3-T2) // Heat s u p p l i e d at c o n s t a n t volume i n

kJ
25 Q_p=Q1 -Q_v // Heat s u p p l i e d at c o n s t a n t p r e s s u r e i n

kJ
26 T4=Q_p/cp+T3 // Temperature at 4 i n K
27 V4=V3*(T4/T3) // Volume at 4 i n mˆ3/ kg
28 T5=T4*(V4/V5)^(g-1) // Temperature at 5 i n K
29 Q2=cv*(T5-T1) // Heat r e j e c t e d i n kJ/ kg
30 W=Q1 -Q2 //Work done i n kJ/ kg
31 eta1=W/Q1 // E f f i c i e n c y o f L imi ted p r e s s u r e c y c l e
32 mep1=W/(V_s *100) //Mean e f f e c t i v e p r e s s u r e i n bar
33 // ( b ) Constant volume c y c l e
34 // A l l the heat i s s u p p l i e d at c o n s t a n t volume i n

c o n s t a n t volume c y c l e
35 T6=Q1/cv+T2 // Temperature at 6 i n K
36 P6=P2*T6/T2 // P r e s s u r e at 6 i n bar
37 T7=T6*(1/r)^(g-1) // Temperature at 7 i n K
38 Q2=cv*(T7-T1) // Heat r e j e c t e d i n kJ/ kg
39 W=Q1 -Q2 //Work done i n kJ/ kg
40 eta2=W/Q1 // E f f i c i e n c y o f c o n s t a n t volume c y c l e
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41 mep2=W/(V_s *100) //Mean e f f e c t i v e p r e s s u r e i n bar
42 // I f g a s e s expanded i s e n t r o p i c a l l y to t h e i r o r i g i n a l

p r e s s u r e o f 1 bar , t h i s p o i n t i s named as 8
43 P8=P1 // P r e s s u r e at 8 i n bar
44 T8=T6*(P8/P6)^((g-1)/g) // Temperature at 8 i n K
45 Q3=cp*(T8-T1) // Heat r e j e c t e d at c o n s t a n t p r e s s u r e

i n kJ/ kg
46 W_inc=Q2-Q3 //Work i n c r e a s e d i f gas expanded

i s e n t r o p i c a l l y i n kJ/ kg
47 // R e s u l t s :
48 printf(”\n ( a ) For L imited p r e s s u r e c y c l e \n\ t The

mean e f f e c t i v e p r e s s u r e , mep = %. 2 f bar \n\ t The
therma l e f f i c i e n c y , e t a = %. 1 f p e r c e n t ”,mep1 ,eta1
*100)

49 printf(”\n\n ( a ) For Constant volume c y c l e \n\ t The
mean e f f e c t i v e p r e s s u r e , mep = %. 1 f bar \n\ t The
therma l e f f i c i e n c y , e t a = %. 1 f p e r c e n t ”,mep2 ,eta2
*100)

50 printf(”\n\n A d d i t i o n a l work per kg o f cha rge = %
. 1 f kJ\n\n”,W_inc)

Scilab code Exa 2.21 Calculations for comparision of Atkinson and Otto
cycle

1 // C a l c u l a t i o n s f o r compar i son o f Atk inson and Otto
c y c l e

2 clc ,clear

3 // Given :
4 r=6 // Compress ion r a t i o
5 P1=1,P3=20 // P r e s s u r e at 1 , 3 i n bar
6 T1 =27+273 // Temperature at 1 i n K
7 g=1.4 // S p e c i f i c heat r a t i o (gamma)
8 // S o l u t i o n :
9 // Re f e r f i g 2 . 3 4

10 eta_otto =1-1/r^(g-1) // E f f i c i e n c y o f Otto c y c l e (
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p r i n t i n g e r r o r )
11 // For Atk inson c y c l e
12 e=(P3/P1)^g // Expans ion r a t i o
13 eta_atk=1-g*(e-r)/(e^g-r^g) // E f f i c i e n c y o f Atk inson

c y c l e
14 // R e s u l t s :
15 printf(”\n E f f i c i e n c y o f Otto c y c l e = %. 2 f p e r c e n t ”,

eta_otto *100)

16 printf(”\n E f f i c i e n c y o f Atk inson c y c l e = %. 1 f
p e r c e n t \n\n”,eta_atk *100)

17 // Answer i n the book i s p r i n t e d wrong

Scilab code Exa 2.22 Calculations on Joule cycle

1 // C a l c u l a t i o n s on J o u l e c y c l e
2 clc ,clear

3 // Given :
4 P1=1.02,P2=6.12 // P r e s s u r e at 1 , 2 i n bar
5 T1=15+273 ,T3 =800+273 // Temperature at 1 , 3 i n K
6 g=1.4 // S p e c i f i c heat r a t i o (gamma)
7 cp =1.005 // 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 n kJ/

kgK
8 // S o l u t i o n :
9 // Re f e r f i g 2 . 1 8
10 r_p=P2/P1 // p r e s s u r e r a t i o
11 eta=1-1/r_p^((g-1)/g) // Thermal e f f i c i e n c y
12 r_w=1-(T1/T3)*r_p^((g-1)/g) //Work r a t i o
13 // R e s u l t s :
14 printf(”\n The therma l e f f i c i e n c y , e t a = %. 1 f

p e r c e n t ”,eta *100)
15 printf(”\n The work r a t i o , r w = %. 2 f \n\n”,r_w)
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Chapter 3

Fuel Air Cycles

Scilab code Exa 3.1 Effect of variable specific heat on efficiency

1 // E f f e c t o f v a r i a b l e s p e c i f i c heat on e f f i c i e n c y
2 clc ,clear

3 // Given :
4 r=7 // Compress ion r a t i o
5 g=1.4 // S p e c i f i c heat r a t i o (gamma)
6 cv =0.718 // ( Assume ) S p e c i f i c heat at c o n s t a n t volume

i n kJ/kgK
7 dcv =1*cv/100 // Change i n s p e c i f i c heat i n kJ/kgK
8 // S o l u t i o n :
9 R=cv*(g-1) // S p e c i f i c gas c o n s t a n t i n kJ/kgK

10 eta=round (100*(1 -1/r^(g-1)))/100 // E f f i c i e n c y when
t h e r e i s no change i n s p e c i f i c heat

11 function [eta]=Otto(cv) // D e f i n i n g e f f i c i e n c y as a
f u n c t i o n o f s p e c i f i c heat

12 eta=1-1/r^(R/cv)

13 endfunction

14 funcprot (0)

15 detaBydcv=derivative(Otto ,cv) // D e r i v a t i v e o f
e f f i c i e n c y wrt to s p e c i f i c heat at i n i t i a l v a l u e
o f s p e c i f i c heat

16 detaByeta=detaBydcv*dcv/eta // Change i n e f f i c i e n c y
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wrt to i n i t i a l v a l u e o f e f f i c i e n c y
17 // R e s u l t s :
18 printf(”\n The p e r c e n t a g e change i n the e f f i c i e n c y

o f Otto c y c l e = %. 3 f p e r c e n t ”,detaByeta *100)
19 if (detaByeta < 0) then

20 disp(” d e c r e a s e ”)
21 end

Scilab code Exa 3.2 Effect of variable specific heat on maximum pressure

1 // E f f e c t o f v a r i a b l e s p e c i f i c heat on maximum
p r e s s u r e

2 clc ,clear

3 // Given :
4 r=6 // Compress ion r a t i o
5 CV =44000 // C a l o r i f i c v a l u e i n kJ/ kg o f f u e l
6 A_F =15/1 // Air− f u e l r a t i o
7 P1=1 // P r e s s u r e at 1 i n bar
8 T1 =60+273 // Temperature at 1 i n K
9 n=1.32 // Index o f compre s s i on
10 T=poly(0,”T”) // D e f i n i n g t empera tu r e (T) as unknown

i n K
11 cv =0.71+20D-5*T // S p e c i f i c heat at c o n s t a n t volume

as a f u n c t i o n o f t empera tu r e (T) i n kJ/kgK
12 cv_c =0.71 // Constant s p e c i f i c heat i n kJ/kgK
13 // S o l u t i o n :
14 // Re f e r f i g 3 . 1 9
15 P2=P1*r^n // P r e s s u r e at 2 i n bar
16 T2=floor(T1*r^(n-1)) // Temperature at 2 i n K
17 T3=poly(0,”T3”) // D e f i n i n g t empera tu r e (T3) as

unknown i n K
18 T_av=(T3+T2)/2 // Average t empera tu r e dur ing

combust ion o f cha rge i n K
19 cv_mean=horner(cv ,T_av) //Mean s p e c i f i c heat i n kJ/

kgK
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20 // Assume c y c l e consumes 1 kg o f a i r
21 m_a=1,m_f=m_a/A_F ,m_c=m_f+m_a // Mass o f a i r , f u e l ,

and cha rge i n kg
22 Q1=CV*m_f // Heat added per kg o f a i r i n kJ/ kg
23 T3_v=roots(Q1 -cv_mean*m_c*(T3-T2)),T3_v=T3_v (2) //

Temperature at 3 i n K
24 P3_v=P2*T3_v/T2 // P r e s s u r e at 3 i n bar
25 // For c o n s t a n t s p e c i f i c heat
26 T3_c=roots(Q1 -cv_c*m_c*(T3 -T2)) // Temperature at 3

f o r c o n s t a n t s p e c i f i c heat i n K
27 P3_c=P2*T3_c/T2 // P r e s s u r e at 3 f o r c o n s t a n t

s p e c i f i c heat i n bar
28 // R e s u l t s :
29 printf(”\n The maximum p r e s s u r e i n the c y c l e f o r

v a r i a b l e s p e c i f i c heat , P3 = %. 1 f bar ”,P3_v)
30 printf(”\n The maximum p r e s s u r e i n the c y c l e f o r

c o n s t a n t s p e c i f i c heat , P3 = %. 1 f bar \n\n”,P3_c)

Scilab code Exa 3.3 Calculations on diesel engine

1 // C a l c u l a t i o n s on d i e s e l e n g i n e
2 clc ,clear

3 // Given :
4 A_F =28/1 // Air− f u e l r a t i o
5 CV =42000 // C a l o r i f i c v a l u e i n kJ/ kg
6 cv= ’ 0 .71+20D−5∗T ’ // S p e c i f i c heat at c o n s t a n t volume

as a f u n c t i o n o f t empera tu r e (T) i n kJ/kgK
7 R= ’ 0 . 2 8 7 ’ // S p e c i f i c gas c o n s t a n t i n kJ/kgK
8 r=14/1 // Compress ion r a t i o
9 T2=800 // Temperature at the end o f the compre s s i on

p r o c e s s ( 2 ) i n K
10 // S o l u t i o n :
11 // Re f e r f i g 3 . 2 0
12 // Assume c y c l e consumes 1 kg o f f u e l
13 m_c=A_F *1+1 // Mass o f cha rge i n kg
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14 cp=addf(cv ,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
as a f u n c t i o n o f t empera tu r e (T) i n kJ/kgK

15 // S ince , heat t r a n s f e r at c o n s t a n t p r e s s u r e , Q1 =
i n t e g r a t i o n ( cp∗dt ) from T2 to T3

16 //Thus , Q1 i s the f u n c t i o n o f T3 . D e f i n i n g the
f u n c t i o n Q1 o f T3

17 function [Q1toCV ]= difference(T3)

18 Q1=integrate(cp, ’T ’ ,T2 ,T3)
19 Q1toCV=Q1-CV/m_c

20 endfunction

21 // S ince , heat t r a n s f e r at c o n s t a n t p r e s s u r e must be
e q u a l to c a l o r i f i c v a l u e per kg o f cha rge

22 //Thus , t h e i r d i f f e r e n c e must be zero , f u n c t i o n
Q1toCV i s s o l v e f o r z e r o

23 T3=fsolve(1, difference)

24 T3=round(T3) // Temperature at the end o f c o n s t a n t
p r e s s u r e p r o c e s ( 3 ) i n K

25 rho=T3/T2 // Cut o f f r a t i o
26 V2=1 // Assume c l e a r a n c e volume i n u n i t
27 V3=rho // Volume at 3 i n u n i t s
28 p=(V3 -V2)*100/(r-V2) // p e r c e n t a g e o f s t r o k e at which

c o n s t a n t p r e s s u r e p r o c e s s ends
29 // R e s u l t s :
30 printf(”\n At %. 2 f p e r c e n t a g e o f s t r o k e combust ion

i s completed . \ n\n”,p)

Scilab code Exa 3.4 Calculations on dual combustion cycle

1 // C a l c u l a t i o n s on dua l combust ion c y c l e
2 clc ,clear

3 // Given :
4 P1=1 // P r e s s u r e at 1 i n bar
5 T1 =90+273 // Temperature at 1 i n K
6 r=13 // Compress ion r a t i o
7 Q1=1675 // Heat s u p p l i e d per kg o f a i r i n kJ/ kg

40



8 Q1_v=Q1/2,Q1_p=Q1/2 // Heat s u p p l i e d at c o n s t a n t
volume and p r e s s u r e per kg o f a i r i n kJ/ kg

9 g=1.4 // S p e c i f i c heat r a t i o (gamma)
10 R= ’ 0 . 2 8 7 ’ // S p e c i f i c gas c o n s t a n t i n kJ/kgK
11 cv= ’ 0 .71+20D−5∗T ’ // S p e c i f i c heat at c o n s t a n t volume

as a f u n c t i o n o f t empera tu r e (T) i n kJ/kgK
12 // S o l u t i o n :
13 // Re f e r f i g 3 . 2 1
14 P2=P1*r^g // P r e s s u r e at 2 i n bar
15 T2=T1*r^(g-1) // Temperature at 2 i n K
16 // S ince , heat t r a n s f e r at c o n s t a n t volume , Q1 v =

i n t e g r a t i o n ( cv ∗dt ) from T2 to T3
17 //Thus , Q1 v i s the f u n c t i o n o f T3 . D e f i n i n g the

f u n c t i o n Q1 v o f T3
18 function [Q1_vtoQ1 ]= Volume(T3)

19 Q1_v=integrate(cv , ’T ’ ,T2 ,T3)
20 Q1_vtoQ1=Q1_v -Q1/2

21 endfunction

22 // S ince , heat t r a n s f e r at c o n s t a n t volume must be
e q u a l to h a l f o f t o t a l heat added

23 //Thus , t h e i r d i f f e r e n c e must be zero , f u n c t i o n
Q1 vtoQ1 i s s o l v e f o r z e r o

24 T3=fsolve(1,Volume) // Temperature at 3 i n K
25 P3=P2*T3/T2 // P r e s s u r e at 3 i n bar
26 cp=addf(cv ,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

as a f u n c t i o n o f t empera tu r e (T) i n kJ/kgK
27 // S ince , heat t r a n s f e r at c o n s t a n t p r e s s u r e , Q1 p =

i n t e g r a t i o n ( cp∗dt ) from T3 to T4
28 //Thus , Q1 p i s the f u n c t i o n o f T4 . D e f i n i n g the

f u n c t i o n Q1 p o f T4
29 function [Q1_ptoQ1 ]= Pressure(T4)

30 Q1_p=integrate(cp , ’T ’ ,T3 ,T4)
31 Q1_ptoQ1=Q1_p -Q1/2

32 endfunction

33 // S ince , heat t r a n s f e r at c o n s t a n t p r e s s u r e must be
e q u a l to h a l f o f t o t a l heat added

34 //Thus , t h e i r d i f f e r e n c e must be zero , f u n c t i o n
Q1 ptoQ1 i s s o l v e f o r z e r o
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35 T4=fsolve(1,Pressure) // Temperature at 4 i n K
36 rho=T4/T3 // Cut o f f r a t i o
37 p=(rho -1) *100/(r-1) // Pe r c en tage o f s t r o k e at which

cut o f f o c c u r s
38 // R e s u l t s :
39 printf(”\n The maximum p r e s s u r e i n the c y c l e , P3 = %

. 1 f bar ”,P3)
40 printf(”\n The p e r c e n t a g e o f s t r o k e at which cut o f f

o c c u r s = %. 2 f p e r c e n t \n\n”,p)

Scilab code Exa 3.5 Effect of molecular contraction

1 // E f f e c t o f m o l e c u l a r c o n t r a c t i o n
2 clc ,clear

3 // Given :
4 r=7 // Compress ion r a t i o
5 CV =44000 // C a l o r i f i c v a l u e o f the f u e l i n kJ/ kg
6 A_F =13.67 // Air f u e l r a t i o o f the mixture
7 cv =0.718 // S p e c i f i c heat at c o n s t a n t volume i n kJ/

kgK
8 n=1.3 // P o l y t r o p i c index
9 P1=1,T1 =67+273 // P r e s s u r e and tempera tu r e at the

b e g i n n i n g i n bar and K
10 // S o l u t i o n :
11 // Re f e r f i g 3 . 2 2
12 C=12 // Atomic mass o f Carbon (C)
13 H=1 // Atomic mass o f Hydrogen (H)
14 O=16 // Atomic mass o f Oxygen (O)
15 p=23 // Pe r c en tage o f oxygen i n a i r by mass
16 // S t o i c h i o m e t r i c e q u a t i o n o f combust ion o f f u e l (

C6H14 )
17 // [ C6H14 ] + x [ O2 ] = y [ CO2 ] + z [ H2O ]
18 // Equat ing c o e f f i c i e n t s
19 x=9.5,y=6,z=7 // C o e f f i c i e n t s o f s t o i c h i o m e t r i c

e q u a t i o n
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20 A_F_g=x*2*O/(6*C+14*H)*100/p // G r a v i m e t r i c a i r f u e l
r a t i o

21 MS=A_F_g/A_F *100 // Actua l mixture s t r e n g t h i n
p e r c e n t

22 // Combustion i s i n c o m p l e t e
23 // S t o i c h i o m e t r i c e q u a t i o n o f i n c o m p l e t e combust ion

o f f u e l ( C6H14 )
24 // MS/ 1 0 0 [ C6H14 ] + x [ O2 ] = a [ CO2 ] + b [CO] + c [ H2O

]
25 // Equat ing c o e f f i c i e n t s
26 a=4.39 ,b=2.36,c=7.87 // C o e f f i c i e n t s o f

s t o i c h i o m e t r i c e q u a t i o n
27 // S t o i c h i o m e t r i c e q u a t i o n o f combust ion o f f u e l (

C6H14 ) by adding N i t r ogen
28 // MS/ 1 0 0 [ C6H14 ] + x [ O2 ] + x ∗7 9 / 2 1 [ N2 ] = a [ CO2 ] +

b [CO] + c [ H2O ] + x ∗7 9 / 2 1 [ N2 ]
29 m1=MS /100+x+x*79/21 // Moles b e f o r e combust ion
30 m2=a+b+c+x*79/21 // Moles a f t e r combust ion
31 Me=(m2-m1)/m1*100 // Mo l e cu l a r expans i on i n p e r c e n t
32 T2=T1*r^(n-1) // Temperature at 2 i n K
33 m_c=A_F+1 // Mass o f cha rge i n kg
34 T3=CV/(m_c*cv)+T2 // Temperature at 3 i n K
35 T3=round(T3)

36 P3=P1*r*(T3/T1) // P r e s s u r e at 3 i n bar ( p r i n t i n g
e r r o r )

37 // Temperature and p r e s s u r e c o n s i d e r i n g m o l e c u l a r
expans i on

38 T3!=T3 // Temperature rema ins same at 3 i n K
39 P3!=P3*m2/m1 // P r e s s u r e at 3 i n bar
40 // R e s u l t s :
41 printf(”\n\ t The m o l e c u l a r expans i on = %. 2 f p e r c e n t \

n”,Me)
42 printf(”\n ( a ) Without c o n s i d e r i n g the m o l e c u l a r

c o n t r a c t i o n \n\ t The maximum p r e s s u r e , P3 = %. 2 f
bar \n\ t The maximum temperature , T3 = %. 0 f K”,P3 ,
T3)

43 printf(”\n ( b ) C o n s i d e r i n g the m o l e c u l a r c o n t r a c t i o n \
n\ t The maximum p r e s s u r e , P3 = %. 2 f bar \n\ t The
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maximum temperature , T3 = %. 0 f K”,P3!,T3!)
44 // Answer i n the book i s wrong

Scilab code Exa 3.6 Calculations on Otto cycle

1 // C a l c u l a t i o n s on Otto c y c l e
2 clc ,clear

3 // Given :
4 p=15 // C l e a r a nc e volume i n p e r c e n t a g e o f

d i s p l a c e m e n t volume
5 V_s =2.8 // Swept volume i n l i t r e s
6 N=2500 // Engine speed i n rpm
7 Q1=1400 // Heat added i n kJ/ kg
8 T1 =27+273 // Temperature at i n l e t i n K
9 P1=100 // P r e s s u r e at i n l e t i n kPa
10 R=0.287 // S p e c i f i c gas c o n s t a n t i n kJ/kgK
11 // S o l u t i o n :
12 // Re f e r f i g 3 . 2 3
13 //By u s i n g gas t a b l e s
14 // Re f e r I d e a l−gas p r o p e r t i e s o f a i r
15 V2=(p/100)*(V_s /1000) // Volume at 2 ( C l e a r a nc e

volume ) i n mˆ3
16 V3=V2 // Volume at 3 i n mˆ3
17 V1=V_s /1000+V2,V4=V1 // Volume at 1 , 4 i n mˆ3
18 // P r o c e s s 1−2
19 vr1 =621.2 , pr1 =1.3860 ,u1=214.09 , phi1 =5.7016 //

R e l a t i v e s p e c i f i c volume , r e l a t i v e p r e s s u r e ,
s p e c i f i c i n t e r n a l ene rgy ( kJ/ kg ) , s p e c i f i c en t ropy
( kJ/kgK ) at 1 ( from a i r t a b l e s )

20 vr2=vr1*(V2/V1) // R e l a t i v e s p e c i f i c volume at 2
21 vr =[81.89 78.61] ,T=[660 670],pr =[23.13 24.46] ,u

=[481.01 488.81] // R e l a t i v e s p e c i f i c volume ,
t empera tu re (K) , r e l a t i v e p r e s s u r e , s p e c i f i c
i n t e r n a l ene rgy ( kJ/ kg ) ( e x t r a c t e d from a i r t a b l e s
)
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22 // F ind ing the c o r r e s p o n d i n g t empera tu r e at vr2 by
i n t e r p o l a t i o n

23 T2=interpln ([vr;T],vr2) // Temperature at 2 i n K
24 // F ind ing the c o r r e s p o n d i n g r e l a t i v e p r e s s u r e at T2

by i n t e r p o l a t i o n
25 pr2=interpln ([T;pr],T2) // R e l a t i v e p r e s s u r e at 2
26 // F ind ing the c o r r e s p o n d i n g s p e c i f i c i n t e r n a l ene rgy

at T2 by i n t e r p o l a t i o n
27 u2=interpln ([T;u],T2) // s p e c i f i c i n t e r n a l ene rgy at

2 i n kJ/ kg
28 P2=P1*(pr2/pr1) // P r e s s u r e at 2 i n kPa
29 // P r o c e s s 2−3
30 u3=Q1+u2 // S p e c i f i c i n t e r n a l ene rgy at 3 i n kJ/ kg
31 vr =[2.356 2.175 2.012] ,T=[2100 2150 2200] ,pr =[2559

2837 3138],u=[1775.3 1823.8 1872.8] // R e l a t i v e
s p e c i f i c volume , t empera tu re (K) , r e l a t i v e
p r e s s u r e , s p e c i f i c i n t e r n a l ene rgy ( kJ/ kg ) (
e x t r a c t e d from a i r t a b l e s )

32 // F ind ing the c o r r e s p o n d i n g r e l a t i v e s p e c i f i c volume
at u3 by i n t e r p o l a t i o n

33 vr3=interpln ([u;vr],u3) // R e l a t i v e s p e c i f i c volume
at 3

34 // F ind ing the c o r r e s p o n d i n g r e l a t i v e p r e s s u r e at u3
by i n t e r p o l a t i o n

35 pr3=interpln ([u;pr],u3) // R e l a t i v e p r e s s u r e at 3
36 // F ind ing the c o r r e s p o n d i n g t empera tu r e at u3 by

i n t e r p o l a t i o n
37 T3=interpln ([u;T],u3) // Temperature at 3(maximum) i n

K ( Round o f f e r r o r )
38 P3=P2*(T3/T2) // P r e s s u r e at 3(maximum) i n kPa
39 // P r o c e s s 3−4
40 vr4=vr3*(V4/V3) // R e l a t i v e s p e c i f i c volume at 4
41 vr =[15.241 14.470] ,T=[1180 1200],pr =[222.2 238.0] ,u

=[915.57 933.33] , phi =[7.1586 7.1684] // R e l a t i v e
s p e c i f i c volume , t empera tu re (K) , r e l a t i v e
p r e s s u r e , s p e c i f i c i n t e r n a l ene rgy ( kJ/ kg ) ,
s p e c i f i c en t ropy ( kJ/kgK ) ( e x t r a c t e d from a i r
t a b l e s )
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42 // F ind ing the c o r r e s p o n d i n g t empera tu r e at vr4 by
i n t e r p o l a t i o n

43 T4=interpln ([vr;T],vr4) // Temperature at 4 i n K
44 // F ind ing the c o r r e s p o n d i n g s p e c i f i c i n t e r n a l ene rgy

at T4 by i n t e r p o l a t i o n
45 u4=interpln ([T;u],T4) // S p e c i f i c i n t e r n a l ene rgy at

4 i n kJ/ kg
46 // F ind ing the c o r r e s p o n d i n g r e l a t i v e p r e s s u r e at T4

by i n t e r p o l a t i o n
47 pr4=interpln ([T;pr],T4) // R e l a t i v e p r e s s u r e at 4
48 P4=P3*(pr4/pr3) // P r e s s u r e at 4 i n kPa
49 // F ind ing the c o r r e s p o n d i n g s p e c i f i c en t ropy at T4

by i n t e r p o l a t i o n
50 phi4=interpln ([T;phi],T4) // S p e c i f i c en t ropy at 4 i n

kJ/kgK
51 // P r o c e s s 4−1
52 Q2=u1-u4 // Heat r e j e c t e d i n kJ/ kg
53 W=Q1+Q2 //Work done i n kJ/ kg
54 eta=W/Q1 // E f f i c i e n c y
55 m=P1*V1/(R*T1) // Mass o f a i r i n c y c l e i n kg
56 W=m*W*N/60 // Rate o f work i n kW
57 Delta_s=phi1 -phi4 -R*log(P1/P4) // Change i n s p e c i f i c

en t ropy between 1 and 4 i n kJ/kgK
58 AE=Q2-T1*( Delta_s) // A v a i l a b l e p o r t i o n o f ene rgy o f

Q2 i n kJ/ kg ( Round o f f e r r o r )
59 p_AE=AE/Q2 // A v a i l a b l e ene rgy i n p e r c e n t a g e o f Q2
60 // Without u s i n g gas t a b l e s
61 g=1.4 // S p e c i f i c heat r a t i o (gamma)
62 cv =0.718 // S p e c i f i c heat at c o n s t a n t volume i n kJ/

kgK
63 r=V1/V2 // Compress ion r a t i o
64 eta !=1-1/r^(g-1) // E f f i c i e n c y
65 // P r o c e s s 1−2
66 T2=T1*(r)^(g-1) // Temperature at 2 i n K
67 P2=P1 /100*(r)^g // P r e s s u r e at 2 i n bar
68 // P r o c e s s 2−3
69 T3!=Q1/cv+T2 // Temperature at 3(maximum) i n K
70 P3!=P2*T3!/T2 // P r e s s u r e at 3(maximum) i n bar
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71 // P r o c e s s 3−4
72 T4=T3 !*(1/r)^(g-1) // Temperature at 4 i n K
73 Q2=cv*(T1-T4) // Heat r e j e c t e d i n kJ/ kg
74 W!=Q1+Q2 //Work done i n kJ/ kg
75 eta!=W!/Q1 // E f f i c i e n c y
76 power=m*W!*N/60 // Power i n kW
77 Delta_s=cv*log(T1/T4) // Change i n s p e c i f i c en t ropy

between 1 and 4 i n kJ/kgK
78 AE!=Q2-T1*Delta_s // A v a i l a b l e p o r t i o n o f ene rgy o f

Q2 i n kJ/ kg ( Round o f f e r r o r )
79 p_AE!=AE!/Q2 // A v a i l a b l e ene rgy i n p e r c e n t a g e o f Q2

( Round o f f e r r o r )
80 // R e s u l t s :
81 printf(”\n Constant s p e c i f i c heat : \ n\ t Maximum

temperature , Tmax = %. 1 f K\n\ t Maximum p r e s s u r e ,
Pmax = %. 1 f bar \n\ t Thermal e f f i c i e n c y , e t a = %. 2
f p e r c e n t \n\ t Power = %. 1 f kW\n\ t A v a i l a b l e
p o r t i o n o f heat r e j e c t e d = %. 1 f kJ/ kg (%. 1 f
p e r c e n t ) ”,T3!,P3!,eta!*100 ,power ,abs(AE!),p_AE
!*100)

82 printf(”\n V a r i a b l e s p e c i f i c heat : \ n\ t Maximum
temperature , Tmax = %. 0 f K\n\ t Maximum p r e s s u r e ,
Pmax = %. 1 f bar \n\ t Thermal e f f i c i e n c y , e t a = %. 1
f p e r c e n t \n\ t Power = %. 1 f kW\n\ t A v a i l a b l e
p o r t i o n o f heat r e j e c t e d = %. 1 f kJ/ kg (%. 1 f
p e r c e n t ) ”,T3 ,P3/100,eta*100,W,abs(AE),p_AE *100)

83 //Round o f f e r r o r i n ’T3 ’ , ’AE’ , ’AE! ’ , ’ p AE ! ’
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Chapter 5

Combustion in SI Engines

Scilab code Exa 5.1 Calculation of optimum spark timing

1 // C a l c u l a t i o n o f optimum spark t im ing
2 clc ,clear

3 // Given :
4 theta_s =25 // Angle at which spark occu r ed b e f o r e top

dead c e n t r e i n d e g r e e s
5 theta_d =3 // Angle at which d e l a y ended b e f o r e top

dead c e n t r e i n d e g r e e s
6 theta_c =-12 // Angle at which combust ion f i n i s h a f t e r

top dead c e n t r e i n d e g r e e s
7 p=15 // Pe r c en tage i n c r e a s e o f d e l a y p e r i o d at h a l f

c l o s i n g the t h r o t t l e
8 // S o l u t i o n :
9 DP=theta_s -theta_d // Delay p e r i o d i n d e g r e e s
10 CP=theta_d -theta_c // Combustion p e r i o d i n d e g r e e s
11 // ( a ) F u l l t h r o t t l e , h a l f speed
12 DA1=DP/2 // Delay a n g l e i n d e g r e e s
13 TP1=DA1+CP // Tota l p e r i o d i n d e g r e e s
14 TS1=TP1+theta_c //Time o f spark b e f o r e top dead

c e n t r e i n d e g r e e s
15 // ( b ) Ha l f t h r o t t l e , h a l f speed
16 DA2=(DP/2)+(DP/2)*p/100 // Delay a n g l e i n d e g r e e s
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17 TP2=DA2+CP // Tota l p e r i o d i n d e g r e e s
18 TS2=TP2+theta_c //Time o f spark b e f o r e top dead

c e n t r e i n d e g r e e s
19 // R e s u l t s :
20 printf(”\n ( a ) F u l l t h r o t t l e , h a l f speed \n\ t Time o f

spark b e f o r e top dead c e n t r e i s %d d e g r e e ”,TS1)
21 printf(”\n ( a ) Ha l f t h r o t t l e , h a l f speed \n\ t Time o f

spark b e f o r e top dead c e n t r e i s %. 2 f d e g r e e \n\n”,
TS2)
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Chapter 7

Comparison of SI and CI
Engines

Scilab code Exa 7.1 Calculations for comparison of SI and CI engine

1 // C a l c u l a t i o n s f o r compar i son o f SI and CI e n g i n e
2 clc ,clear

3 // Given :
4 // For SI e n g i n e
5 F_A1 =1/13.5 // Fue l a i r r a t i o
6 CV1 =44000 // C a l o r i f i c v a l u e i n kJ/ kg
7 eta_bt1 =25 // Brake therma l e f f i c i e n c y i n p e r c e n t
8 m_f1=1 // Fue l consumption i n kg / hr
9 // For CI e n g i n e
10 A_F2 =25/1 // Air f u e l r a t i o
11 CV2 =42000 // C a l o r i f i c v a l u e i n kJ/ kg
12 eta_bt2 =38 // Brake therma l e f f i c i e n c y i n p e r c e n t
13 // S o l u t i o n :
14 // ( a ) SI e n g i n e
15 bp1=m_f1*CV1*eta_bt1 /(100*3600) // Brake power i n kW
16 bsfc1=m_f1/bp1 // Brake s p e c i f i c f u e l consumption i n

kg /kWh
17 m_a1=bsfc1/F_A1 // Air consumption i n kg /kWh
18 // ( a ) CI e n g i n e
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19 m_f2=1 // Fue l consumption i n kg / hr
20 bp2=m_f2*CV2*eta_bt2 /(3600*100) // Brake power i n kW
21 bsfc2=m_f2/bp2 // Brake s p e c i f i c f u e l consumption i n

kg /kWh
22 m_a2=bsfc2*A_F2 // Air consumption i n kg /kWh
23 // Comparison
24 R_bp=bp1/bp2 // Rat io o f brake power o f SI to CI
25 R_bsfc=bsfc1/bsfc2 // Rat io o f brake s p e c i f i c f u e l

consumption o f SI to CI
26 R_m_a=m_a1/m_a2 // Rat io o f f u e l consumption o f SI to

CI
27 // R e s u l t s :
28 printf(”\n For SI e n g i n e \n\ tBrake output , bp = %. 2 f

kW/ kg o f f u e l \n\ tBrake s p e c i f i c f u e l consumption ,
b s f c = %. 3 f kg /kWh”,bp1 ,bsfc1)

29 printf(”\n For CI e n g i n e \n\ tBrake output , bp = %. 1 f
kW/ kg o f f u e l \n\ tBrake s p e c i f i c f u e l consumption ,

b s f c = %. 3 f kg /kWh”,bp2 ,bsfc2)
30 printf(”\n The a i r consumption \n\ t f o r SI eng ine , m a

= %. 2 f kg /kWh\n\ t f o r CI eng ine , m a = %. 2 f kg /
kWh”,m_a1 ,m_a2)

31 printf(”\n Comparison o f SI to CI\n\ tbp = %. 3 f \n\
t b s f c = %. 3 f \n\ t a i r consumption = %. 3 f \n\n”,R_bp ,
R_bsfc ,R_m_a)

Scilab code Exa 7.2 Calculations for comparison of SI and CI engine

1 // C a l c u l a t i o n s f o r compar i son o f SI and CI e n g i n e
2 clc ,clear

3 // Given :
4 // For SI e n g i n e
5 s1=0.72 // S p e c i f i c g r a v i t y o f g a s o l i n e f u e l
6 CV1 =44800 // C a l o r i f i c v a l u e o f g a s o l i n e f u e l i n kJ/

kg
7 eta_bt1 =20 // Brake therma l e f f i c i e n c y i n p e r c e n t
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8 A_F1 =14 // Air f u e l r a t i o
9 // For CI e n g i n e
10 s2=0.87 // S p e c i f i c g r a v i t y o f d i e s e l o i l
11 CV2 =43100 // C a l o r i f i c v a l u e o f d i e s e l o i l i n kJ/ kg
12 eta_bt2 =30 // Brake therma l e f f i c i e n c y i n p e r c e n t
13 A_F2 =21 // Air f u e l r a t i o
14 // S o l u t i o n :
15 // SI e n g i n e
16 bsfc_SI =3600*100/( eta_bt1*CV1) // Brake s p e c i f i c f u e l

consumption i n kg /kWh
17 m_a_SI=A_F1*bsfc_SI // Air consumption i n kg /kWh
18 // CI e n g i n e
19 bsfc_CI =3600*100/( eta_bt2*CV2) // Brake s p e c i f i c f u e l

consumption i n kg /kWh
20 m_a_CI=A_F2*bsfc_CI // Air consumption i n kg /kWh
21 // R e s u l t s :
22 printf(”\n For SI e n g i n e \n\ tBrake s p e c i f i c f u e l

consumption , b s f c S I = %. 3 f kg /kWh\n\ t A i r
consumption = %. 2 f kg /kWh”,bsfc_SI ,m_a_SI)

23 printf(”\n For CI e n g i n e \n\ tBrake s p e c i f i c f u e l
consumption , b s f c C I = %. 3 f kg /kWh\n\ t A i r
consumption = %. 2 f kg /kWh”,bsfc_CI ,m_a_CI)
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Chapter 8

Fuels

Scilab code Exa 8.1 Calculation of lowest calorific value

1 // C a l c u l a t i o n o f l o w e s t c a l o r i f i c v a l u e
2 clc ,clear

3 // Given :
4 HCV =46900 // H ighe s t c a l o r i f i c v a l u e (HCV) o f p e t r o l

i n kJ/ kg
5 pH2 =14.4/100 // Compos i t ion o f Hydrogen i n p e t r o l by

mass
6 ufg =2304.4 // Latent heat o f e v a p o r a t i o n f o r water i n

kJ/ kg
7 // S o l u t i o n :
8 // 2 [ H2 ] + [ O2 ] = 2 [H2O ]
9 H=1 // Atomic mass o f Hydrogen (H)

10 O=16 // Atomic mass o f Oxygen (O)
11 // Assume 1 kg o f f u e l consume
12 mH2 =1*pH2 // Mass o f Hydrogen i n kg / kg o f f u e l
13 m_a =2*(2*H+O)/(2*2*H)*mH2 // Mass o f water produced

i n kg / kg o f f u e l
14 LCV=HCV -m_a*ufg // Lowest c a l o r i f i c v a l u e i n kJ/ kg
15 // R e s u l t s :
16 printf(”\n The LCV o f p e t r o l = %. 0 f kJ/ kg\n”,LCV)
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Scilab code Exa 8.2 Calculation of relative fuel air ratio by volume

1 // C a l c u l a t i o n o f r e l a t i v e f u e l a i r r a t i o by volume
2 clc ,clear

3 // Given :
4 pCO2 =13/100 // Compos i t ion o f Carbon d i o x i d e i n dry

exhaus t gas
5 // S o l u t i o n :
6 p_v =21/100 // Compos i t ion o f Oxygen i n a i r by volume
7 C=12 // Atomic mass o f Carbon (C)
8 H=1 // Atomic mass o f Hydrogen (H)
9 O=16 // Atomic mass o f Oxygen (O)

10 // Combustion e q u a t i o n
11 // [ C8H18 ] + a [ O2 ] + (1−p v ) / p v ∗a [ N2 ] = x [ CO2 ] + y

[ H2O ] + z [ O2 ] + w[ N2 ]
12 //On b a l a n c i n g the r e a c t i o n
13 x=8,y=9 // C o e f f i c i e n t s o f combust ion e q u a t i o n
14 function M=f(a) // D e f i n i n g the f u n c t i o n , M o f

c o e f f i c i e n t a f o r c a l c u l a t i o n o f a
15 z=a-x-y/2 //On b a l a n c i n g O
16 w=(1-p_v)/p_v*a //On b a l a n c i n g N
17 M=x/(x+z+w)-pCO2

18 endfunction

19 // S ince , Compos i t ion o f CO2 c a l c u l a t e d from the
e q u a t i o n must be e q u a l to the g i v e n c o m p o s i t i o n
o f CO2

20 //Thus , f u n c t i o n M s o l v e f o r z e r o to g e t v a l u e o f a
21 a=fsolve(1,f) // Moles o f a i r r e q u i r e d
22 A_F_act=a/p_v // Air f u e l r a t i o by volume
23 // For c h e m i c a l l y c o r r e c t mixture
24 a=x+y/2 // Moles o f a i r r e q u i r e d
25 A_F_cc=a/p_v // Chemica l l y c o r r e c t a i r f u e l r a t i o
26 ratio =(1/ A_F_act)/(1/ A_F_cc)*100 // Rat io o f a c t u a l

to c h e m i c a l l y c o r r e c t f u e l a i r r a t i o by volume
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27 // R e s u l t s :
28 printf(”\n The r a t i o by volume o f f u e l to a i r

s u p p l i e d = 1/%. 0 f ”,A_F_act)
29 printf(”\n The volume f u e l a i r r a t i o = %. 1 f

p e r c e n t a g e o f c h e m i c a l l y c o r r e c t r a t i o \n”,ratio)

Scilab code Exa 8.3 Calculations on Petrol engine

1 // C a l c u l a t i o n s on P e t r o l e n g i n e
2 clc ,clear

3 // Given :
4 pC=84,pH2 =16 // Pe r c en tage o f Carbon , Hydrogen i n

f u e l
5 p_v =20.9 // Pe r c en tage o f Oxygen i n a i r by volume
6 // S o l u t i o n :
7 C=12 // Atomic mass o f Carbon (C)
8 H=1 // Atomic mass o f Hydrogen (H)
9 O=16 // Atomic mass o f Oxygen (O)

10 N=14 // Atomic mass o f N i t r og en (N)
11 m_f =100 // Mass o f f u e l ( assume ) i n kg
12 // Combustion e q u a t i o n
13 //pC/C[C ] + pH2 / 2 [ H2 ] + [ a [ O2 ] + (100− p v ) / p v ∗a [ N2

] ] = b [ CO2 ] + d [ O2 ] + e [ N2 ] + f [ H2O ]
14 // Equat ing c o e f f i c i e n t s
15 b=pC/C,f=pH2/2,d=b/6,a=b+d+f/2 // C o e f f i c i e n t s o f

combust ion e q u a t i o n
16 m_a=a*2*O + (100-p_v)/p_v*a*2*N // Mass o f a i r

s u p p l i e d i n kg
17 A_F=m_a/m_f // Air f u e l r a t i o
18 P_e=d/(a-d)*100 // Pe r c en tage e x c e s s a i r
19 // R e s u l t s :
20 printf(”\n ( a ) The a i r f u e l r a t i o by mass , A F = %. 1 f

/1 ”,A_F)
21 printf(”\n ( b ) The p e r c e n t a g e e x c e s s a i r s u p p l i e d = %

. 1 f p e r c e n t \n\n”,P_e)
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Scilab code Exa 8.4 Calculation of mass of air

1 // C a l c u l a t i o n o f mass o f a i r
2 clc ,clear

3 // Given :
4 MS=25 // Mixture s t r e n g t h i n p e r c e n t
5 p=23.1 // Pe r c en tage o f oxygen i n a i r by mass
6 // S o l u t i o n :
7 C=12 // Atomic mass o f Carbon (C)
8 H=1 // Atomic mass o f Hydrogen (H)
9 O=16 // Atomic mass o f Oxygen (O)

10 N=14 // Atomic mass o f N i t r og en (N)
11 m_f=1 // Mass o f f u e l ( C6H14 ) i n kg
12 mC=(6*C)/((6*C)+(14*H)) // Mass o f Carbon i n kg
13 mH=(14*H)/((6*C)+(14*H)) // Mass o f Hydrogen i n kg
14 m_a =(2*O/C*mC+O/(2*H)*mH)*100/p // Mass o f a i r i n kg
15 // For 25 p e r c e n t r i c h mixture
16 m_f=m_f+m_f*MS/100 // Mass o f f u e l ( C6H14 ) i n kg
17 A_F=m_a/m_f // Air f u e l r a t i o
18 mO2=p/100* A_F // Mass o f Oxygen a v a i l a b l e i n kg
19 mO2_1=O/(2*H)*mH // Oxygen r e q u i r e d f o r combust ion o f

H to H2O i n kg
20 mH2O=mH*(1+O/(2*H)) // Mass o f H2O produced i n kg
21 mO2_2=O/C*mC // Oxygen r e q u i r e d f o r combust ion o f C

to CO i n kg
22 mCO=mC*(1+O/C) // Mass o f CO produced i n kg
23 mO2_3=mO2 -(mO2_1+mO2_2) // Mass o f Oxygen rema in ing

f o r combust ion o f CO to CO2
24 mCO_b=mO2_3 *(C+O)/O // Mass o f CO burned to CO2 i n kg
25 mCO2=mCO_b *(1+O/(C+O)) // Mass o f CO2 produced i n kg
26 mCO_ub=mCO -mCO_b // Mass o f CO unburned i n kg
27 nH2O=mH2O /(2*H+O) // Moles o f H2O
28 nCO2=mCO2/(C+2*O) // Moles o f CO2
29 nCO=mCO_ub /(C+O) // Moles o f CO
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30 mN2=A_F*(1-p/100) // Mass o f N i t r og en (N2) i n kg
31 nN2=mN2 /(2*N) // Moles o f N2
32 nT=nH2O+nCO2+nCO+nN2 // Tota l number o f moles
33 pH2O=nH2O/nT,pCO2=nCO2/nT ,pCO=nCO/nT ,pN2=nN2/nT //

Compos i t ion o f p r o d u c t s
34 // R e s u l t s :
35 printf(”\n The t h e o r e t i c a l mass o f a i r r e q u i r e d , m a

= %. 2 f kg ”,m_a)
36 printf(”\n The c o m p o s i t i o n o f the p r o d u c t s i n

p e r c e n t \n\ t H2O = %. 2 f \n\ t CO2 = %. 2 f \n\ t CO = %
. 2 f \n\ t N2 = %. 2 f \n\n”,pH2O *100, pCO2 *100,pCO*100,
pN2 *100)

Scilab code Exa 8.5 C7H16 in Petrol engine

1 //C7H16 i n P e t r o l e n g i n e
2 clc ,clear

3 // Given :
4 p_v =21 // Pe r c en tage o f Oxygen i n a i r by volume
5 p_e =50 // Pe r c en tage o f e x c e s s a i r s u p p l i e d
6 // S o l u t i o n :
7 m_f =100 // Mass o f f u e l ( assume ) i n kg
8 C=12 // Atomic mass o f Carbon (C)
9 H=1 // Atomic mass o f Hydrogen (H)

10 O=16 // Atomic mass o f Oxygen (O)
11 N=14 // Atomic mass o f N i t r og en (N)
12 a=poly(0, ’ a ’ ) // D e f i n i n g unknown number o f moles o f

s t o i c h i o m e t r i c oxygen
13 // Combustion e q u a t i o n
14 // m f /(7∗C+16∗H) [ C7H16 ] + (1+ p e /100) ∗ [ a [ O2 ] + (100−

p v ) / p v ∗a [ N2 ] ] = b [ CO2 ] + d [ O2 ] + e [ N2 ] + f [
H2O ]

15 // Equat ing c o e f f i c i e n t s
16 b=m_f /(7*C+16*H)*7 // Moles o f CO2 on b a l a n c i n g o f C
17 f=m_f /(7*C+16*H)*16/2 // Moles o f H2O on b a l a n c i n g o f
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H
18 d=p_e /100*a // Exces s moles o f oxygen
19 a=roots ((1+ p_e /100)*a-(b+d+f/2)) // Ba lanc ing Oxygen

o f both s i d e s
20 m_a=a*2*O+(100- p_v)/p_v*a*2*N // Mass o f a i r s u p p l i e d

i n kg
21 A_F=m_a/m_f // Air f u e l r a t i o
22 d=p_e /100*a // Moles o f Oxygen i n p r o d u c t s o f

combust ion
23 e=(1+ p_e /100) *(100 -p_v)/p_v*a // Moles o f N i t r og en i n

p r o d u c t s o f combust ion
24 nT=b+d+e+f // Tota l number o f moles i n product o f

combust ion
25 pH2O=f/nT*100, pCO2=b/nT*100,pO2=d/nT*100,pN2=e/nT

*100 // Pe r c en tage v o l u m e t r i c c o m p o s i t i o n o f the
p r o d u c t s o f combust ion

26 // R e s u l t s :
27 printf(”\n ( a ) The s t o i c h i o m e t r i c a i r f u e l

consumption by mass , A F = %. 2 f : 1 ”,A_F)
28 printf(”\n ( b ) The p e r c e n t a g e v o l u m e t r i c c o m p o s i t i o n

o f the p r o d u c t s \n\ t CO2 = %. 2 f \n\ t O2 = %. 2 f \n\ t
N2 = %. 1 f \n\ t H2O = %. 2 f \n\n”,pCO2 ,pO2 ,pN2 ,pH2O)

Scilab code Exa 8.6 Incomplete combustion of Petrol

1 // Incomp l e t e combust ion o f P e t r o l
2 clc ,clear

3 // Given :
4 pC=85,pH2 =15 // Pe r c en tage o f Carbon , Hydrogen i n

f u e l
5 A_F =14 // Air f u e l r a t i o by mass
6 p_m =23.2 // Pe r c en tage o f oxygen i n a i r by mass
7 // S o l u t i o n :
8 m_f =100 // Mass o f f u e l ( assume ) i n kg
9 m_a=A_F*m_f // Mass o f a i r i n kg
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10 C=12 // Atomic mass o f Carbon (C)
11 H=1 // Atomic mass o f Hydrogen (H)
12 O=16 // Atomic mass o f Oxygen (O)
13 N=14 // Atomic mass o f N i t r og en (N)
14 p_v =20.9 // Pe r c en tage o f Oxygen i n a i r by volume
15 // Combustion e q u a t i o n
16 //pC/C[C ] + pH2 / 2 [ H2 ] + [ a [ O2 ] + (100− p v ) / p v ∗a [ N2

] ] = b [ CO2 ] + d [CO] + e [ N2 ] + f [ H2O ]
17 // Equat ing c o e f f i c i e n t s
18 f=pH2/2 // Moles o f H2O on b a l a n c i n g o f H
19 a=m_a /(2*O+(100 -p_v)/p_v*2*N) // Ba lanc ing Oxygen o f

both s i d e s
20 //On b a l a n c i n g C o f both s i d e s we get , b + d = pC/C

eq ( 1 )
21 //On b a l a n c i n g O o f both s i d e s we get , b + d/2 + f /2

= a eq ( 2 )
22 // S o l v i n g e q u a t i o n s ( 1 ) and ( 2 )
23 A=[1 1;1 1/2],B=[pC/C;a-f/2],SOL=A\B // Taking matr ix

A, B to g e t s o l u t i o n matr ix , SOL = [ b ; d ]
24 b=SOL(1),d=SOL(2) // Moles o f CO2 and CO
25 e=(100 -p_v)/p_v*a // Moles o f N i t r og en i n p r o d u c t s o f

combust ion
26 mC=b/m_f*C // Mass o f carbon burn ing to CO2 i n kg per

kg o f f u e l
27 mCO2=b/m_f*(C+2*O) // Mass o f CO2 produced i n kg
28 mCO=d/m_f*(C+O) // Mass o f CO produced i n kg
29 mN2=e/m_f *(2*N) // Mass o f N2 produced i n kg
30 mH2O=f/m_f *(2*H+O) // Mass o f H2O produced i n kg
31 // R e s u l t s :
32 printf(”\n ( a ) The mass o f the carbon burn ing to CO2

= %. 3 f kg ”,mC)
33 printf(”\n ( b ) The mass o f each o f the g a s e s i n the

exhaus t per kg o f f u e l \n\ t CO2 = %. 2 f kg\n\ t CO =
%. 2 f kg\n\ t N2 = %. 2 f kg\n\ t H2O = %. 2 f kg\n\n”,
mCO2 ,mCO ,mN2 ,mH2O)
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Scilab code Exa 8.7 Analysis of fuel from exhaust gas analysis

1 // A n a l y s i s o f f u e l from exhaus t gas a n a l y s i s
2 clc ,clear

3 // Given :
4 pCO2 =12/100 , pCO =2/100 , pCH4 =4/100 , pH2 =1/100 , pO2

=4.5/100 // Compos i t ion o f Carbon d i o x i d e (CO2) ,
Carbon mono o x i d e (CO) , Methane (CH4) , Hydrogen (H2)
, Oxygen (O2) i n dry exhaus t gas

5 pN2=1-(pCO2+pCO+pCH4+pH2+pO2) // Compos i t ion o f
N i t r ogen (N2) i n dry exhaus t gas

6 // S o l u t i o n :
7 C=12 // Atomic mass o f Carbon (C)
8 H=1 // Atomic mass o f Hydrogen (H)
9 p_v =21 // Pe r c en tage o f Oxygen i n a i r by volume

10 // Let X be the mass o f the f u e l per mole dry exhaus t
gas

11 // Let Y be the mole o f O2 per mole dry exhaus t gas
12 // Let 1 kg o f f u e l c o n t a i n p kg o f C and q kg o f H2
13 // Combustion e q u a t i o n
14 //X∗ ( p/C[C ] + q /(2∗H) [ H2 ] ) + Y[ O2 ] + (100− p v ) / p v ∗Y

[ N2 ] = pCO2 [ CO2 ] + pCO[CO] + pCH4 [ CH4 ] + pH2 [ H2 ]
+ pO2 [ O2 ] + a [ H2O ] + pN2 [ N2 ]

15 // Equat ing c o e f f i c i e n t s
16 Y=pN2 /((100 - p_v)/p_v) // N i t r ogen (N) b a l a n c e
17 a=2*(Y-(pCO2+pCO/2+pO2)) // Oxygen (O) b a l a n c e
18 Xp=C*(pCO2+pCO+pCH4) // Carbon (C) b a l a n c e ; X∗p
19 Xq=(2*H)*(2* pCH4+pH2+a) // Hydrogen (H) b a l a n c e ; X∗q
20 p_q=Xp/Xq // Rat io o f C to H2 i n f u e l
21 // R e s u l t s :
22 printf(”\n The p r o p o r t i o n by mass o f Carbon to

Hydrogen i n the f u e l = %. 2 f /1\n”,p_q)
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Scilab code Exa 8.8 Orsat analysis

1 // Orsat a n a l y s i s
2 clc ,clear

3 // Given :
4 pCO2 =7.5,pCO=1,pO2 =9.4 // Pe r c en tage o f Carbon d i

o x i d e (CO2) , Carbon mono o x i d e (CO) , Oxygen (O2) i n
dry exhaus t gas

5 P=1.02 // P r e s s u r e o f the exhaus t gas i n bar
6 pO_v =21 // Pe r c en tage o f Oxygen i n a i r by volume
7 pN_v =79 // Pe r c en tage o f N i t r og en i n a i r by volume
8 M=29 // Mo l e cu l a r we ight o f a i r
9 // S o l u t i o n :
10 C=12 // Atomic mass o f Carbon (C)
11 H=1 // Atomic mass o f Hydrogen (H)
12 // Let 100∗x moles o f a i r be used with f u e l per 100

mole o f dry exhaus t p r o d u c t s
13 pN2 =100 -( pCO2+pCO+pO2) // Compos i t ion o f N i t r og en (N2)

i n dry exhaus t gas
14 // Combustion e q u a t i o n
15 // a [C ] + b [ H2 ] ) + pO v∗x [ O2 ] + pN v∗x [ N2 ] = pCO2

[ CO2 ] + pCO[CO] + pO2 [ O2 ] d [ H2O ] + pN2 [ N2 ]
16 // Equat ing c o e f f i c i e n t s
17 a=pCO2+pCO // Carbon (C) b a l a n c e
18 x=pN2/pN_v // N i t r ogen (N) b a l a n c e
19 d=2*( pO_v*x-(pCO2+pO2+pCO/2)) // Oxygen (O) b a l a n c e
20 d=round (10*d)/10

21 b=d // Hydrogen (H) b a l a n c e
22 m_a =100*x*M // Mass o f a i r i n kg
23 m_f=a*C+b*2*H // Mass o f f u e l i n kg
24 A_F=m_a/m_f // Air f u e l r a t i o
25 pC=a*C/m_f *100 // Pe r c en tage o f Carbon (C) i n f u e l
26 pH2=100-pC // Pe r c en tage o f Hydrogen (H2) i n f u e l
27 nT=pCO2+pCO+pO2+pN2+d // Tota l number o f moles i n
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product o f combust ion
28 CO2=pCO2/nT*100,O2=pO2/nT*100,CO=pCO/nT*100,N2=pN2/

nT*100,H2O=d/nT*100 // Pe r c en tage v o l u m e t r i c
c o m p o s i t i o n o f the p r o d u c t s o f combust ion

29 PP=d/nT*P // P a r t i a l p r e s s u r e o f H2O i n bar
30 //From steam t a b l e s
31 if (PP ==0.0825) then

32 T=42.8 // S a t u r a t i o n t empera tu r e i n degreeC
33 end

34 // R e s u l t s :
35 printf(”\n ( a ) The a i r f u e l r a t i o used , A F = %. 1 f ”,

A_F)

36 printf(”\n ( b ) The mass a n a l y s i s o f the f u e l \n\ t
Carbon = %. 1 f p e r c e n t \n\ t Hydrogen = %. 1 f p e r c e n t
”,pC ,pH2)

37 printf(”\n ( c ) The wet p r o d u c t s a n a l y s i s i n p e r c e n t \n
\ t CO2 = %. 1 f \n\ t O2 = %. 2 f \n\ t CO = %. 1 f \n\ t N2
= %. 2 f \n\ t Steam = %. 1 f ”,CO2 ,O2,CO,N2 ,H2O)

38 printf(”\n ( d ) The minimum tempera tu r e to which the
exhaus t may be c o o l e d b e f o r e c o n d e n s a t i o n o c c u r s
= %. 1 f degreeC \n\n”,T)

Scilab code Exa 8.9 Calculations on gas engine

1 // C a l c u l a t i o n s on gas e n g i n e
2 clc ,clear

3 // Given :
4 pH2 =49.4/100 , pCO =18/100 , pCH4 =20/100 , pC4H8 =2/100 , pO2

=0.4/100 , pN2 =6.2/100 , pCO2 =4/100 // Compos i t ion o f
Coal gas

5 MW=20 // Mixture weakness i n p e r c e n t
6 // S o l u t i o n :
7 // Combustion e q u a t i o n s f o r d e t e r m i n i n g the moles o f

Oxygen used
8 // 2 [ H2 ] + [ O2 ] −−−> 2 [H2O ] // For Hydrogen
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9 // 2 [CO] + [ O2 ] −−−> 2 [CO2 ] // For Carbon mono
o x i d e

10 // [ CH4 ] + 2 [O] −−−> [ CO2 ] + 2 [H2O ] // For Methane
11 // [ C4H8 ] + 6 [ O2 ] −−−> 4 [CO2 ] + 4 [H2O ] // For C4H8
12 nO2=sum([pH2/2 pCO/2 2*pCH4 6* pC4H8 pO2]) // Moles o f

O2 r e q u i r e d ( e r r o r )
13 nCO2=sum([pCO pCH4 4* pC4H8 pCO2]) // Moles o f CO2
14 nH2O=sum([pH2 2*pCH4 4*pC4H8 ]) // Moles o f H2O
15 p_v =21 // Pe r c en tage o f Oxygen i n a i r by volume
16 n_a=nO2/p_v *100 // Moles o f a i r r e q u i r e d
17 n_f=1 // For 1 mole o f f u e l
18 A_F=n_a/n_f // Air f u e l r a t i o
19 // For weak mixture
20 A_F_act=A_F *(1+MW/100) // Actua l a i r f u e l r a t i o
21 nN2=(1-p_v /100)*A_F_act // Moles o f N2
22 nO2=p_v /100* A_F_act -nO2 // Exces s moles o f Oxygen i n

p r o d u c t s
23 nN2=nN2+pN2 // Moles o f N i t r og en i n p r o d u c t s
24 nT_d=nCO2+nO2+nN2 // Tota l dry moles o f p roduct
25 nT_w=nT_d+nH2O // Tota l wet moles o f p roduct
26 p_d=[nCO2 nO2 nN2 ]*100/ nT_d // Pe r c en tage v o l u m e t r i c

c o m p o s i t i o n o f the dry p r o d u c t s o f combust ion
27 p_w=[nCO2 nH2O nO2 nN2 ]*100/ nT_w // Pe r c en tage

v o l u m e t r i c c o m p o s i t i o n o f the wet p r o d u c t s o f
combust ion

28 // R e s u l t s :
29 printf(”\n The s t o i c h i o m e t r i c a i r f u e l r a t i o used ,

A F = %. 1 f /1 ”,A_F)
30 printf(”\n The wet p r o d u c t s a n a l y s i s i n p e r c e n t \n\ t

CO2 = %. 0 f \n\ t H2O = %. 2 f \n\ t O2 = %. 2 f \n\ t N2 =
%. 2 f ”,p_w(1),p_w (2),p_w (3),p_w(4))

31 printf(”\n The dry p r o d u c t s a n a l y s i s i n p e r c e n t \n\ t
CO2 = %. 2 f \n\ t O2 = %. 2 f \n\ t N2 = %. 2 f \n\n”,p_d
(1),p_d(2),p_d (3))

32 // Answers i n the book a r e wrong
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Chapter 10

Air Capacity of Four Stroke
Engines

Scilab code Exa 10.1 Calculations on SI engine

1 // C a l c u l a t i o n s on SI e n g i n e
2 clc ,clear

3 // Given :
4 n=6 //Number o f c y l i n d e r s
5 V_d =700 // D i s p l a c e d volume per c y l i n d e r i n cmˆ3
6 bp=78 // Brake power i n kW
7 N=3200 // Angular speed o f e n g i n e i n rpm
8 m_f =27 // P e t r o l consumption i n kg / hr
9 CV=44 // C a l o r i f i c v a l u e i n MJ/ kg

10 // S o l u t i o n :
11 // ( 1 )
12 A_F =12 // Air− f u e l r a t i o
13 P1=0.9,T1 =32+273 // I n t a k e a i r p r e s s u r e and

tempera tu re i n bar and K
14 m_a=A_F*m_f // Air consumption i n kg / hr
15 R=287 // S p e c i f i c gas c o n s t a n t i n J/kgK
16 rho_a=P1 *10^5/(R*T1) // Dens i ty o f a i r i n kg /mˆ3
17 eta_vol=m_a /(60* rho_a*V_d*n*10^ -6*N/2) // Vo lumet r i c

e f f i c i e n c y
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18 // ( 2 )
19 eta_bt=bp *3600/( m_f*CV *1000) // Brake therma l

e f f i c i e n c y
20 // ( 3 )
21 T=bp *60/(2* %pi*N) // Brake to r q u e i n kNm
22 // R e s u l t s :
23 printf(”\n ( 1 ) The v o l u m e t r i c e f f i c i e n c y , e t a v o l = %

. 2 f p e r c e n t ”,eta_vol *100)
24 printf(”\n ( 2 ) The brake therma l e f f i c i e n c y , e t a b t =

%. 2 f p e r c e n t ”,eta_bt *100)
25 printf(”\n ( 3 ) The brake torque , T = %. 0 f Nm\n\n”,T

*1000)
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Chapter 11

Carburetion

Scilab code Exa 11.1 Calculation of the throat diameter

1 // C a l c u l a t i o n o f the t h r o a t d i amete r
2 clc ,clear

3 // Given :
4 m_a=5 // Mass o f a i r i n kg /min
5 P1 =1.013 // P r e s s u r e o f a i r i n bar
6 T1 =27+273 // Temperature o f a i r i n K
7 C1=0,C2=90 // Flow v e l o c i t y at open ing and t h r o a t i n

m/ s
8 Cv=0.8 // V e l o c i t y c o e f f i c i e n t
9 cp =1.005 // 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 n kJ/

kgK
10 g=1.4 // S p e c i f i c heat r a t i o (gamma)
11 // S o l u t i o n :
12 // Re f e r f i g 1 1 . 3 2
13 // De f i n ing , y as a f u n c t i o n o f P2
14 // This f u n c t i o n i s the d i f f e r e n c e o f C2 a c t u a l and

C2 g i v e n
15 function [y]=f(P2)

16 C2_act =0.8* sqrt (2*cp *1000* T1*(1-(P2/P1)^((g-1)/g

)))

17 y=C2_act -C2
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18 endfunction

19 funcprot (0);

20 //The f u n c t i o n f i s s o l v e f o r z e r o to g e t the v a l u e
o f P2

21 P2=fsolve(1,f) // P r e s s u r e at t h r o a t i n bar
22 R=0.287 // S p e c i f i c gas c o n s t a n t i n kJ/kgK
23 rho1=P1 *100/(R*T1) // Mass d e n s i t y at open ing i n kg /m

ˆ3
24 rho2=rho1*(P2/P1)^(1/g) // Mass d e n s i t y at t h r o a t i n

kg /mˆ3
25 A2=m_a /(60* rho2*C2) // Cross s e c t i o n a r ea at t h r o a t

i n mˆ2
26 d2=sqrt (4*A2/%pi) // Diameter o f c r o s s s e c t i o n i n m
27 // R e s u l t s :
28 printf(”\n The t h r o a t d i amete r o f the choke , d2 = %

. 2 f cm\n\n”,d2*100)

Scilab code Exa 11.2 Calculation of throat diameter and orifice diameter

1 // C a l c u l a t i o n o f t h r o a t d i amete r and o r i f i c e
d i amete r

2 clc ,clear

3 // Given :
4 m_a=6,m_f =.45 // Mass o f a i r and f u e l i n kg /min
5 rho_f =740 // Dens i ty o f f u e l i n kg /mˆ3
6 P1 =1.013 // P r e s s u r e o f a i r i n bar
7 T1 =27+273 // Temperature o f a i r i n K
8 C2=92 // Flow v e l o c i t y at t h r o a t i n m/ s
9 Cv=0.8 // V e l o c i t y c o e f f i c i e n t
10 Cd_f =0.60 // C o e f f i c i e n t o f d i s c h a r g e o f f u e l
11 cp =1.005 // 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 n kJ/

kgK
12 g=1.4 // S p e c i f i c heat r a t i o (gamma)
13 // S o l u t i o n :
14 // De f i n ing , y as a f u n c t i o n o f P2
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15 // This f u n c t i o n i s the d i f f e r e n c e o f C2 a c t u a l and
C2 g i v e n

16 function [y]=f(P2)

17 C2_act=Cv*sqrt (2*cp *10^3* T1*(1-(P2/P1)^((g-1)/g)

))

18 y=C2_act -C2

19 endfunction

20 funcprot (0);

21 //The f u n c t i o n f i s s o l v e f o r z e r o to g e t the v a l u e
o f P2

22 P2=fsolve(1,f) // P r e s s u r e at t h r o a t i n bar
23 R=0.287 // S p e c i f i c gas c o n s t a n t i n kJ/kgK
24 rho1=P1 *100/(R*T1) // Mass d e n s i t y at open ing i n kg /m

ˆ3
25 rho2=rho1*(P2/P1)^(1/g) // Mass d e n s i t y at t h r o a t i n

kg /mˆ3
26 A2=m_a /(60* rho2*C2) // Cross s e c t i o n a r ea at t h r o a t

i n mˆ2
27 d2=sqrt (4*A2/%pi) // Diameter o f c r o s s s e c t i o n i n m
28 deltaP_v=P1-P2 // P r e s s u r e drop at v e n t u r i i n bar
29 deltaP_f =0.75* deltaP_v // Given , P r e s s u r e drop at

f u e l mete r ing o r i f i c e i n bar
30 A_f=m_f /(60* Cd_f*sqrt (2* rho_f*deltaP_f *10^5)) // Area

o f c r o s s s e c t i o n o f f u e l n o z z l e i n mˆ2
31 d_f=sqrt (4*A_f/%pi) // Diameter o f c r o s s s e c t i o n o f

f u e l n o z z l e i n m
32 // R e s u l t s :
33 printf(”\n The t h r o a t d i amete r o f the choke , d2 = %

. 3 f cm”,d2 *100)
34 printf(”\n The o r i f i c e d iameter , d f = %. 2 f mm\n\n”,

d_f *1000)

Scilab code Exa 11.3 Calculation of suction at throat

1 // C a l c u l a t i o n o f s u c t i o n at t h r o a t
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2 clc ,clear

3 // Given :
4 d=10,l=12 // Bore and s t r o k e i n cm
5 n=4 //Number o f c y l i n d e r s
6 N=2000 // Speed o f e n g i n e i n rpm
7 d2=3 // Diameter o f t h r o a t i n cm
8 eta_vol =70 // Vo lumet r i c e f f i c i e n c y
9 rho_a =1.2 // Dens i ty o f a i r i n kg /mˆ3
10 Cd_a =0.8 // C o e f f i c i e n t o f d i s c h a r g e f o r a i r
11 // S o l u t i o n :
12 V_s=(%pi/4)*d^2*l*n*10^-6 // Swept volume o f e n g i n e

i n mˆ3
13 V_act=eta_vol*V_s*N/(2*100*60) // Actua l volume

sucked i n mˆ3/ s
14 m_a=V_act*rho_a // Mass o f a i r sucked i n kg / s
15 deltaP_v =(m_a *4/( Cd_a*%pi*d2^2*10^ -4))^2/(2* rho_a)

// P r e s s u r e drop at v e n t u r i i n p a s c a l
16 // R e s u l t s :
17 printf(”\n The s u c t i o n at the t h r o a t = %. 4 f bar \n\n”

,deltaP_v /10^5)

18 // Answer i n the book i s wrong

Scilab code Exa 11.4 Calculation of the diameter of fuel jet

1 // C a l c u l a t i o n o f the d i amete r o f f u e l j e t
2 clc ,clear

3 // Given :
4 m_f =7.5 // Mass o f f u e l i n kg / hr
5 s=0.75 // S p e c i f i c g r a v i t y o f the f u e l
6 T1 =25+273 // Temperature o f a i r i n K
7 A_F =15 // Air f u e l r a t i o
8 d=22 // Diameter o f choke tube i n mm
9 z=4 // E l e v a t i o n o f the j e t i n mm

10 Cd_a =0.82 , Cd_f =0.7 // C o e f f i c i e n t o f d i s c h a r g e f o r
a i r and f u e l
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11 P1 =1.013 // P r e s s u r e o f a i r i n bar
12 g=9.81 // A c c e l a r a t i o n due to g r a v i t y i n m/ s ˆ2
13 // S o l u t i o n :
14 R=0.287 // S p e c i f i c gas c o n s t a n t i n kJ/kgK
15 rho_a=P1 *100/(R*T1) // Mass d e n s i t y o f a i r i n kg /mˆ3
16 rho_f=s*1000 // Mass d e n s i t y o f f u e l i n kg /mˆ3
17 m_a=A_F*m_f /3600 // Mass o f a i r i n kg / s
18 deltaP_v =(m_a *4/( Cd_a*%pi*d^2*10^ -6))^2/(2* rho_a) //

P r e s s u r e drop at v e n t u r i i n p a s c a l
19 A_f=m_f /(3600* Cd_f*sqrt (2* rho_f*(deltaP_v -z*10^ -3*g*

rho_f))) // Area o f c r o s s s e c t i o n o f f u e l n o z z l e
i n mˆ2

20 d_f=sqrt (4*A_f/%pi) // Diameter o f c r o s s s e c t i o n o f
f u e l n o z z l e i n m

21 // R e s u l t s :
22 printf(”\n The d iamete r o f the f u e l j e t o f a s i m p l e

c a r b u r e t t o r , d f = %. 3 f mm\n\n”,d_f *1000)
23 // Answer i n the book i s wrong

Scilab code Exa 11.5 Calculations on carburettor

1 // C a l c u l a t i o n s on c a r b u r e t t o r
2 clc ,clear

3 // Given :
4 V_s =1489 // Capac i ty o f the e n g i n e i n cc
5 N=4200 // Speed o f the e n g i n e i n rpm
6 eta_v =70 // Vo lumet r i c e f f i c i e n c y
7 A_F =13 // Air f u e l r a t i o
8 C2=90 // Flow v e l o c i t y at t h r o a t i n m/ s
9 Cd_a =0.85 , Cd_f =0.66 // C o e f f i c i e n t o f d i s c h a r g e f o r

a i r and f u e l
10 s=0.74 // S p e c i f i c g r a v i t y o f the f u e l
11 z=6 // E l e v a t i o n o f the j e t i n mm
12 P1 =1.013 // P r e s s u r e o f a i r i n bar
13 T1 =27+273 // Temperature o f a i r i n K
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14 g=1.4 // S p e c i f i c heat r a t i o (gamma)
15 cp =1.005 // 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 n kJ/

kgK
16 // S o l u t i o n :
17 V_s=V_s*10^-6 // Swept volume i n mˆ3
18 V_act=eta_v*V_s*N/(2*100*60) // Actua l volume sucked

i n mˆ3/ s
19 R=0.287 // S p e c i f i c gas c o n s t a n t i n kJ/kgK
20 m_a=P1 *10^5* V_act /(R*10^3* T1) // Mass o f a i r sucked

i n kg / s
21 // De f i n ing , y as a f u n c t i o n o f P2
22 // This f u n c t i o n i s the d i f f e r e n c e o f C2 a c t u a l and

C2 g i v e n
23 function [y]=f(P2)

24 C2_act=sqrt (2*cp *10^3* T1*(1-(P2/P1)^((g-1)/g)))

25 y=C2_act -C2

26 endfunction

27 funcprot (0);

28 //The f u n c t i o n f i s s o l v e f o r z e r o to g e t the v a l u e
o f P2

29 P2=fsolve(1,f) // P r e s s u r e at t h r o a t i n bar
30 V2=V_act*(P1/P2)^(1/g) // Volume at t h r o a t i n mˆ3/ s
31 A2=V2/(C2*Cd_a) // Cross s e c t i o n a r ea at t h r o a t i n m

ˆ2
32 d2=poly(0, ’ d2 ’ ) // D e f i n i n g the d i amete r o f choke as

unknown i n m
33 d_f=d2/2.5 // Given
34 d2=roots(%pi /4*(d2^2-d_f^2)-A2) // Diameter o f choke

i n m
35 m_f=m_a/A_F // Mass o f f u e l sucked i n kg / s
36 A_f=m_f/(Cd_f*sqrt (2*s*1000*( P1*10^5-P2*10^5-z

*10^ -3*9.81*s*1000))) // Area o f c r o s s s e c t i o n o f
f u e l n o z z l e i n mˆ2

37 d_f=sqrt (4*A_f/%pi) // Diameter o f c r o s s s e c t i o n o f
f u e l n o z z l e i n m

38 // R e s u l t s :
39 printf(”\n The d iamete r o f the f u e l j e t o f a s i m p l e

c a r b u r e t t o r , D j e t = %. 2 f mm\n\n”,d_f *1000)
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Scilab code Exa 11.6 Calculations on carburettor

1 // C a l c u l a t i o n s on c a r b u r e t t o r
2 clc ,clear

3 // Given :
4 V_s =1710 // Capac i ty o f the e n g i n e i n cc
5 N=5400 // Speed o f the e n g i n e i n rpm
6 eta_vol =70 // Vo lumet r i c e f f i c i e n c y
7 n=2 //Number o f c a r b u r e t t o r
8 A_F =13 // Air f u e l r a t i o
9 C2=107 // Flow v e l o c i t y at t h r o a t i n m/ s

10 Cd_a =0.85, Cd_f =0.66 // C o e f f i c i e n t o f d i s c h a r g e f o r
a i r and f u e l

11 s=0.75 // S p e c i f i c g r a v i t y o f the f u e l
12 z=6 // E l e v a t i o n o f the j e t i n mm
13 P1 =1.013 // P r e s s u r e o f a i r i n bar
14 T1 =27+273 // Temperature o f a i r i n K
15 g=1.4 // S p e c i f i c heat r a t i o (gamma)
16 cp =1.005 // 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 n kJ/

kgK
17 // S o l u t i o n :
18 V_s=V_s*10^-6 // Swept volume i n mˆ3
19 V_act=eta_vol*V_s*N/(2*100*60) // Actua l volume

sucked i n mˆ3/ s
20 V_act=V_act/n // Actua l volume o f a i r sucked through

each c a r b u r e t t o r i n mˆ3/ s
21 R=0.287 // S p e c i f i c gas c o n s t a n t i n kJ/kgK
22 m_a=P1 *10^5* V_act /(R*10^3* T1) // Mass o f a i r sucked

i n kg / s
23 // De f i n ing , y as a f u n c t i o n o f P2
24 // This f u n c t i o n i s the d i f f e r e n c e o f C2 a c t u a l and

C2 g i v e n
25 function [y]=f(P2)

26 C2_act=sqrt (2*cp *10^3* T1*(1-(P2/P1)^((g-1)/g)))
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27 y=C2_act -C2

28 endfunction

29 funcprot (0);

30 //The f u n c t i o n f i s s o l v e f o r z e r o to g e t the v a l u e
o f P2

31 P2=fsolve(1,f) // P r e s s u r e at t h r o a t i n bar
32 V2=V_act*(P1/P2)^(1/g) // Volume at t h r o a t i n mˆ3/ s
33 A2=V2/(C2*Cd_a) // Cross s e c t i o n a r ea at t h r o a t i n m

ˆ2
34 d2=poly(0, ’ d2 ’ ) // D e f i n i n g the d i amete r o f choke as

unknown i n m
35 d_f=d2/2.5 // Given
36 d2=roots(%pi /4*(d2^2-d_f^2)-A2) // Diameter o f choke

i n m
37 m_f=m_a/A_F // Mass o f f u e l sucked i n kg / s
38 A_f=m_f/(Cd_f*sqrt (2*s*1000*( P1*10^5-P2*10^5-z

*10^ -3*9.81*s*1000))) // Area o f c r o s s s e c t i o n o f
f u e l n o z z l e i n mˆ2

39 d_f=sqrt (4*A_f/%pi) // Diameter o f c r o s s s e c t i o n o f
f u e l n o z z l e i n m

40 // R e s u l t s :
41 printf(”\n The d iamete r o f the choke tube , D = %. 2 f

cm”,d2(1) *100)
42 printf(”\n The d iamete r o f the f u e l j e t o f a s i m p l e

c a r b u r e t t o r , D f = %. 2 f mm\n\n”,d_f *1000)

Scilab code Exa 11.7 Change in air fuel ratio at altitude

1 // Change i n a i r f u e l r a t i o at a l t i t u d e
2 clc ,clear

3 // Given :
4 ha=5000 // A l t i t u d e i n m
5 A_F =14 // Air f u e l r a t i o at s ea l e v e l
6 P1 =1.013 // P r e s s u r e o f a i r i n bar at s ea l e v e l
7 T1 =27+273 // Temperature o f a i r i n K at s ea l e v e l
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8 R=0.287 // S p e c i f i c gas c o n s t a n t i n kJ/kgK
9 function t=f1(h),t=ts -0.0065*h,endfunction //

Temperature ( t i n degreeC ) as a f u n c t i o n o f
a l t i t u d e ( h i n m)

10 function h=f2(P),h=19200* log10 (1.013/P),endfunction

// A l t i t u d e ( h i n m) as a f u n c t i o n o f p r e s s u r e (P i n
bar )

11 // S o l u t i o n :
12 ts=T1 -273 // Sea l e v e l t empera tu r e i n degreeC
13 T2=f1(ha) // Temperature at a l t i t u d e ( ha = 5000 m) i n

degreeC
14 T2=T2+273 // i n K
15 // De f i n ing , y as a f u n c t i o n o f P
16 // This f u n c t i o n i s the d i f f e r e n c e o f f u n c t i o n ( f 2 )

and ha g i v e n
17 function y=f(P),y=f2(P)-ha,endfunction

18 //The f u n c t i o n f i s s o l v e f o r z e r o to g e t the v a l u e
o f P2

19 P2=fsolve(1,f) // P r e s s u r e at a l t i t u d e ( ha = 5000 m)
i n bar

20 rho_a=P2/(R*T2) // Dens i ty o f a i r at a l t i t u d e i n kg /m
ˆ3

21 rho_s=P1/(R*T1) // Dens i ty o f a i r at s ea l e v e l i n kg /
mˆ3

22 A_F_a=A_F*sqrt(rho_a/rho_s) // Air f u e l r a t i o at
a l t i t u d e

23 // R e s u l t s :
24 printf(”\n The a i r f u e l r a t i o s u p p l i e d at 5000 m

a l t i t u d e by a c a r b u r e t t o r = %. 2 f \n\n”,A_F_a)

Scilab code Exa 11.8 Calculation of air fuel ratio

1 // C a l c u l a t i o n o f a i r f u e l r a t i o
2 clc ,clear

3 // Given :
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4 d2=20,d_f =1.25 // Diameter o f t h r o a t and f u e l n o z z l e
i n mm

5 Cd_a =0.85 , Cd_f =0.66 // C o e f f i c i e n t o f d i s c h a r g e f o r
a i r and f u e l

6 z=5 // E l e v a t i o n o f the j e t i n mm
7 rho_a =1.2, rho_f =750 // Mass d e n s i t y o f a i r and f u e l

i n kg /mˆ3
8 deltaP_a =0.07 // P r e s s u r e drop o f a i r i n bar
9 g=9.806 // A c c e l a r a t i o n due to g r a v i t y i n m/ s ˆ2
10 // S o l u t i o n :
11 // ( a ) Nozz l e l i p i s n e g l e c t e d
12 A_f=(%pi/4)*d_f^2,A2=(%pi /4)*d2^2 // Area o f c r o s s

s e c t i o n o f f u e l n o z z l e and v e n t u r i i n mmˆ2
13 m_a1=Cd_a*A2*sqrt (2* rho_a*deltaP_a),m_f1=Cd_f*A_f*

sqrt (2* rho_f*deltaP_a) // Air f l o w and f u e l f l o w
14 A_F1=m_a1/m_f1 // Air f u e l r a t i o
15 // ( b ) Nozz l e l i p i s taken i n t o account
16 m_a2=m_a1 // Air f l o w remain same
17 m_f2=Cd_f*A_f*sqrt (2* rho_f *(deltaP_a -z*10^ -3*g*rho_f

*10^ -5)) // Fue l f l o w
18 A_F2=m_a2/m_f2 // Air f u e l r a t i o
19 // ( c ) Minimum v e l o c i t y r e q u i r e d to s t a r t the f u e l

f l o w when n o z z l e l i p i s p rov id ed
20 //To j u s t s t a r t the f u e l f l o w p r e s s u r e d i f f e r e n c e i n

v e n t u r i must be e q u i v a l e n t to the n o z z l e l i p
p r e s s u r e

21 deltaP_a=z*10^ -3*g*rho_f // P r e s s u r e d i f f e r e n c e i n N/
mˆ2

22 C2=sqrt (2* deltaP_a/rho_a) //Minimum v e l o c i t y o f a i r
a t t h r o a t i n m/ s

23 // R e s u l t s :
24 printf(”\n The a i r f u e l r a t i o when the n o z z l e l i p i s

n e g l e c t e d = %. 1 f ”,A_F1)
25 printf(”\n The a i r f u e l r a t i o when the n o z z l e l i p i s

taken i n t o account = %. 3 f ”,A_F2)
26 printf(”\n The minimum v e l o c i t y r e q u i r e d to s t a r t

the f u e l f l o w when l i p i s p rov id ed = %. 2 f m/ s ”,C2
)
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Scilab code Exa 11.9 Effect of air cleaner

1 // E f f e c t o f a i r c l e a n e r
2 clc ,clear

3 // Given :
4 A_F =14 // Air f u e l r a t i o at s ea l e v e l
5 P2 =0.834 // P r e s s u r e at v e n t u r i t h r o a t w i thout an a i r

c l e a n e r i n bar
6 P1 =1.013 // P r e s s u r e o f a i r i n bar at s ea l e v e l
7 deltaP_ac =30 // P r e s s u r e drop to a i r c l e a n e r i n mm o f

mercury
8 m_a =250 // Air f l o w i n kg / hr
9 // S o l u t i o n :

10 //No a i r c l e a n e r
11 deltaP_a1=P1 -P2 // P r e s s u r e d i f f e r e n c e at v e n t u r i

t h r o a t i n bar
12 //When a i r c l e a n e r i s f i t t e d
13 deltaP_ac=deltaP_ac /750 // P r e s s u r e drop to a i r

c l e a n e r i n bar
14 p=poly(0, ’ p ’ ) // D e f i n i n g p r e s s u r e at v e n t u r i t h r o a t

with an a i r c l e a n e r as unknown i n bar
15 deltaP_a2=P1 -deltaP_ac -p // P r e s s u r e d i f f e r e n c e at

v e n t u r i t h r o a t i n bar
16 // For same a i r f l o w and c o n s t a n t c o e f f i c i e n t s

p r e s s u r e d i f f e r e n c e i n above two c a s e s i s same
17 p=roots(deltaP_a2 -deltaP_a1) // P r e s s u r e at v e n t u r i

t h r o a t with an a i r c l e a n e r i n bar
18 deltaP_f=P1-p // P r e s s u r e d i f f e r e n c e at v e n t u r i

t h r o a t when a i r c l e a n e r i s f i t t e d i n bar
19 A_F_f=A_F*sqrt(deltaP_a1/deltaP_f) // Air f u e l r a t i o

when a i r c l e a n e r i s f i t t e d
20 // R e s u l t s :
21 printf(”\n ( a ) The t h r o a t p r e s s u r e when the a i r

c l e a n e r i s f i t t e d , P = %. 3 f bar ”,p)
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22 printf(”\n ( b ) Air f u e l r a t i o with a i r c l e a n e r i s
f i t t e d = %. 2 f \n\n”,A_F_f)
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Chapter 12

Fuel Injection

Scilab code Exa 12.1 Calculation of quantity of fuel injected

1 // C a l c u l a t i o n o f q u a n t i t y o f f u e l i n j e c t e d
2 clc ,clear

3 // Given :
4 n=6 //Number o f c y l i n d e r s
5 bsfc =245 // Brake s p e c i f i c f u e l consumption i n gm/kWh
6 bp=89 // Brake power i n kW
7 N=2500 // Engine speed i n rpm
8 s=0.84 // S p e c i f i c g r a v i t y o f the f u e l
9 // S o l u t i o n :

10 m_f=bsfc*bp /(1000) // Fue l consumption i n kg / hr
11 m_f=m_f/n // Fue l consumption per c y l i n d e r i n kg / hr
12 m_f=(m_f /3600) /(N/(2*60)) // Fue l consumption per

c y c l e i n kg
13 V_f=m_f *1000/s // Volume o f f u e l consume per c y c l e i n

cc
14 // R e s u l t s :
15 printf(”\n The q u a n t i t y o f f u e l to be i n j e c t e d per

c y c l e per c y l i n d e r , V f = %. 4 f cc ”,V_f)
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Scilab code Exa 12.2 Calculation of orifice area

1 // C a l c u l a t i o n o f o r i f i c e a r ea
2 clc ,clear

3 // Given :
4 n=8 //Number o f c y l i n d e r s
5 bp=368 // Brake power i n kW
6 N=800 // Engine speed i n rpm
7 bsfc =0.238 // Brake s p e c i f i c f u e l consumption i n kg /

kWh
8 P1=35,P2=60 // Beg inn ing p r e s s u r e and maximum

p r e s s u r e i n c y l i n d e r i n bar
9 P1_i =210, P2_i =600 // Expected p r e s s u r e and maximum

p r e s s u r e at i n j e c t o r i n bar
10 theta_i =12 // Per i od o f i n j e c t i o n i n d e g r e e s
11 Cd=0.6 // C o e f f i c i e n t o f d i s c h a r g e f o r the i n j e c t o r
12 s=0.85 // S p e c i f i c g r a v i t y o f the f u e l
13 P_atm =1.013 // Atmospher ic p r e s s u r e i n bar
14 // S o l u t i o n :
15 m_f=bsfc*bp/(n*60) // Fue l consumption per c y l i n d e r

i n kg /min
16 m_f=m_f/(N/2) // Fue l consumption per c y c l e i n kg
17 t=theta_i /360*60/N //Time f o r i n j e c t i o n i n s
18 m_f=m_f/t // Fue l consumption per c y c l e i n kg / s
19 deltaP1=P1_i -P1 // P r e s s u r e d i f f e r e n c e at b e g i n n i n g

i n bar
20 deltaP2=P2_i -P2 // P r e s s u r e d i f f e r e n c e at end i n bar
21 deltaP_av =( deltaP1+deltaP2)/2 // Average p r e s s u r e

d i f f e r e n c e i n bar
22 A_f=m_f/(Cd*sqrt (2*s*1000* deltaP_av *10^5)) // O r i f i c e

a r ea o f f u e l i n j e c t o r i n mˆ2
23 // R e s u l t s :
24 printf(”\n The O r i f i c e a r ea o f f u e l i n j e c t o r , Af = %

. 5 f cmˆ2 ”,A_f *10000)
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Scilab code Exa 12.3 Calculation of orifice diameter

1 // C a l c u l a t i o n o f o r i f i c e d i amete r
2 clc ,clear

3 // Given :
4 bp=15 // Brake power per c y l i n d e r i n kW
5 N=2000 // Engine speed i n rpm
6 bsfc =0.272 // Brake s p e c i f i c f u e l consumption i n kg /

kWh
7 API =32 // American Petro leum I n s t i t u t e s p e c i f i c

g r a v i t y i n degreeAPI
8 theta_i =30 // Per i od o f i n j e c t i o n i n d e g r e e s
9 P_i =120 // Fue l i n j e c t i o n p r e s s u r e i n bar
10 P_c =30 // Combustion chamber p r e s s u r e i n bar
11 Cd=0.9 // C o e f f i c i e n t o f d i s c h a r g e f o r the i n j e c t o r
12 function rho=specificgravity(API),rho =141.5/(131.5+

API),endfunction // S p e c i f i c g r a v i t y ( rho ) as a
f u n c t i o n o f API

13 // S o l u t i o n :
14 s=specificgravity(API) // S p e c i f i c g r a v i t y o f f u e l
15 m_f=bsfc*bp*2/(N*60) // Fue l consumption i n kg
16 t=theta_i /360*60/N //Time f o r i n j e c t i o n i n s
17 m_f=m_f/t // Fue l consumption per c y c l e i n kg / s
18 A_f=m_f/(Cd*sqrt (2*s*1000*(P_i -P_c)*10^5)) // O r i f i c e

a r ea o f f u e l i n j e c t o r i n mˆ2
19 A_f=A_f *10^6 // O r i f i c e a r ea o f f u e l i n j e c t o r i n mmˆ2
20 d_f=sqrt (4*A_f/%pi) // Diameter o f f u e l o r i f i c e i n mm
21 // R e s u l t s :
22 printf(”\n The d iamete r o f the f u e l o r i f i c e , d = %. 2

f mm\n\n”,d_f)

Scilab code Exa 12.4 Calculations on spray penetration

1 // C a l c u l a t i o n s on spray p e n e t r a t i o n
2 clc ,clear
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3 // Given :
4 s1=20 // D i s t a n c e o f p e n e t r a t i o n i n cm
5 t1=16 // P e n e t r a t i o n t ime i n m i l l i s e c
6 P_i1 =140 // I n j e c t i o n p r e s s u r e i n bar
7 s2=s1 //Same d i s t a n c e o f p e n e t r a t i o n i n cm
8 P_i2 =220 // I n j e c t i o n p r e s s u r e i n bar
9 P_c =15 // Combustion chamber p r e s s u r e i n bar
10 // S o l u t i o n :
11 deltaP1=P_i1 -P_c // P r e s s u r e d i f f e r e n c e f o r 140 bar

i n j e c t i o n p r e s s u r e
12 deltaP2=P_i2 -P_c // P r e s s u r e d i f f e r e n c e f o r 220 bar

i n j e c t i o n p r e s s u r e
13 t2=t1*(s2/s1)*sqrt(deltaP1/deltaP2) // P e n e t r a t i o n

t ime f o r 220 bar i n j e c t i o n p r e s s u r e i n m i l l i s e c
14 // R e s u l t s :
15 printf(”\n P e n e t r a t i o n t ime f o r 220 bar i n j e c t i o n

p r e s s u r e , t2 = %. 1 f m i l l i −s e c o n d s \n\n”,t2)
16 // Answer i n the book i s wrong

Scilab code Exa 12.5 Calculations on diesel engine fuel pump

1 // C a l c u l a t i o n s on d i e s e l e n g i n e f u e l pump
2 clc ,clear

3 // Given :
4 V_b=7 // Volume o f f u e l i n the b a r r e l i n cc
5 D_l=3,L_l =700 // Diameter and l e n g t h o f f u e l d e l i v e r y

l i n e i n mm
6 V_iv=3 // Volume o f f u e l i n the i n j e c t i o n v a l v e i n cc
7 P2=200 // D e l i v e r y p r e s s u r e i n bar
8 P1=1 //Sump p r e s s u r e i n bar
9 V_d =0.15 // Volume to be d e l i v e r e d i n cc
10 C=78.8D-6 // C o e f f i c i e n t o f c o m p r e s s i b i l i t y
11 d=8 // Diameter o f the p l u n g e r i n mm
12 // S o l u t i o n :
13 V_l=%pi/4*D_l ^2*L_l*10^-3 // Volume o f f u e l i n
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d e l i v e r y l i n e i n cc
14 V1=V_b+V_l+V_iv // Tota l i n i t i a l f u e l volume i n cc
15 deltaV=C*(P2-P1)*V1 // Change i n volume due to

compre s s i on i n cc
16 V_p=deltaV+V_d // D i s p l a c e d volume by p l u n g e r i n cc
17 A_p=%pi/4*d^2*10^ -2 // Area o f the p l u n g e r i n cmˆ2
18 l=V_p/A_p // E f f e c t i v e s t r o k e o f p l u n g e r i n cm
19 // R e s u l t s :
20 printf(”\n The p l u n g e r d i s p l a c e m e n t = %. 3 f cc ”,V_p)
21 printf(”\n The e f f e c t i v e s t r o k e o f the p lunger , l =

%. 2 f mm\n\n”,l*10)
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Chapter 14

Engine Friction and Lubrication

Scilab code Exa 14.1 Calculation of saving in fuel

1 // C a l c u l a t i o n o f s a v i n g i n f u e l
2 clc ,clear

3 // Given :
4 bp=80 // Brake power i n kW
5 eta_m =80 // Mechan ica l e f f i c i e n c y i n p e r c e n t
6 bsfc =258 // Brake s p e c i f i c f u e l consumption i n gm/kWh
7 Reduction =3.7 // Reduct ion i n f r i c t i o n power i n kW
8 // S o l u t i o n :
9 ip1=bp*100/ eta_m // I n i t i a l i n d i c a t e d power i n kW

10 fp1=ip1 -bp // I n i t i a l f r i c t i o n power i n kW
11 fp2=fp1 -Reduction // F i n a l f r i c t i o n power i n kW
12 ip2=bp+fp2 // F i n a l i n d i c a t e d power i n kW
13 eta_m2=bp/ip2 // F i n a l mechan i ca l e f f i c i e n c y
14 bsfc2=bsfc*( eta_m /(100* eta_m2)) // F i n a l brake

s p e c i f i c f u e l consumption i n gm/kWh
15 Saving=bp*(bsfc -bsfc2)/1000 // Sav ing i n f u e l i n kg /

hr
16 // R e s u l t s :
17 printf(”\n ( a ) The new mechan i ca l e f f i c i e n c y , eta m =

%. 3 f ”,eta_m2)
18 printf(”\n ( b ) The new b s f c = %. 1 f gm/kWh”,bsfc2)
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19 printf(”\n ( c ) The s a v i n g i n f u e l per hour = %. 2 f kg /
hr \n\n”,Saving)

20 // Answers i n the book a r e wrong

Scilab code Exa 14.2 Variation of bsfc with speed

1 // V a r i a t i o n o f b s f c with speed
2 clc ,clear

3 // Given :
4 eta_it =30 // I n d i c a t e d therma l e f f i c i e n c y i n p e r c e n t
5 fp_1500 =18 // F r i c t i o n power at 1500 rpm i n kW
6 fp_2500 =45 // F r i c t i o n power at 2500 rpm i n kW
7 bp=75 // Brake power i n kW
8 CV =44000 // C a l o r i f i c v a l u e o f f u e l i n kJ/ kg
9 // S o l u t i o n :

10 isfc =3600/( CV*eta_it /100) // I n d i c a t e d s p e c i f i c f u e l
consumption i n kg /kWh

11 eta_m_1500=bp/(bp+fp_1500) // Mechan ica l e f f i c i e n c y
at 1500 rpm

12 bsfc_1500=isfc/eta_m_1500 // Brake s p e c i f i c f u e l
consumption at 1500 rpm i n kg /kWh

13 eta_m_2500=bp/(bp+fp_2500) // Mechan ica l e f f i c i e n c y
at 2500 rpm

14 bsfc_2500=isfc/eta_m_2500 // Brake s p e c i f i c f u e l
consumption at 2500 rpm i n kg /kWh

15 // R e s u l t s :
16 printf(”\n The brake s p e c i f i c f u e l consumption \n\ t a t

1500 rpm , b s f c 1 5 0 0 = %. 3 f kg /kWh\n\ t a t 2500 rpm
, b s f c 2 5 0 0 = %. 3 f kg /kWh\n\n”,bsfc_1500 ,
bsfc_2500)
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Chapter 15

Engine Cooling

Scilab code Exa 15.1 Comparison of cooling water required

1 // Comparison o f c o o l i n g water r e q u i r e d
2 clc ,clear

3 // Given :
4 bp=100 // Brake power i n kW
5 deltaT =30 // Temperature r a i s e d o f water i n degreeC
6 p_p=30,p_d=26 // Pe r c en tage o f ene rgy go ing to

c o o l e n t i n p e t r o l and d i e s e l
7 eta_p=26,eta_d =31 // E f f i c i e n c y o f p e t r o l and d i e s e l

e n g i n e i n p e r c e n t
8 s=4.1868 // S p e c i f i c heat c a p a c i t y o f water i n J/kgK
9 // S o l u t i o n :

10 // P e t r o l e n g i n e
11 CW_p=bp*(p_p /100) /(( eta_p /100)*deltaT*s) //Amount o f

c o o l i n g water r e q u i r e d i n p e t r o l e n g i n e i n kg / s
12 // D i e s e l e n g i n e
13 CW_d=bp*(p_d /100) /(( eta_d /100)*deltaT*s) //Amount o f

c o o l i n g water r e q u i r e d i n d i e s e l e n g i n e i n kg / s
14 // R e s u l t s :
15 printf(”\n Amount o f c o o l i n g water r e q u i r e d i n

p e t r o l e n g i n e = %d kg / hr ”,CW_p *3600)
16 printf(”\n Amount o f c o o l i n g water r e q u i r e d i n
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d i e s e l e n g i n e = %. 1 f kg / hr \n\n”,CW_d *3600)
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Chapter 16

Two Stroke Engines

Scilab code Exa 16.1 Calculations on 2 stroke IC engine

1 // C a l c u l a t i o n s on 2 s t r o k e IC e n g i n e
2 clc ,clear

3 // Given :
4 n=2 //Number o f c y l i n d e r s
5 N=4000 // Angular speed o f e n g i n e i n rpm
6 eta_v =0.77 // Vo lumet r i c e f f i c i e n c y
7 eta_m =0.75 // Mechan ica l e f f i c i e n c y
8 V_f =10 // Fue l consumption i n l / hr
9 s=0.73 // S p e c i f i c g r a v i t y

10 h=10500 // Enthalpy o f f u e l i n k c a l / kg
11 A_F =18 // Air− f u e l r a t i o
12 v_p =600 // Speed o f p i s t o n i n m/min
13 imep=5 // I n d i c a t e d mean e f f e c t i v e p r e s s u r e i n atm
14 T=298,P=1.013 // Standard t empera tu r e and p r e s s u r e i n

K and bar
15 // S o l u t i o n :
16 R=0.287 // S p e c i f i c gas c o n s t a n t i n kJ/kgK
17 m_f=V_f*s // Fue l consumption i n kg / hr
18 m_a=A_F*m_f // Air consumption i n kg / hr
19 m_c=m_f+m_a // Mass o f t o t a l cha rge i n kg / hr
20 m=round(m_c/eta_v) // Mass o f cha rge c o r r e s p o n d i n g to
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the swept volume i n kg / hr
21 V=(m/2)*R*T/(P*100) // Volume o f cha rge consumed i n m

ˆ3/ hr
22 V_s=V*10^6/(60*N) // Swept volume by p i s t o n per

s t r o k e i n cc
23 L=v_p *100/(2*N) // S t r o k e l e n g t h o f c y l i n d e r i n cm
24 d=sqrt (4* V_s/(%pi*L)) // Bore o f c y l i n d e r i n cm
25 IHP=round(imep*V_s*N*n/450000) // I n d i c a t e d h o r s e

power i n m e t r i c HP
26 BHP=IHP*eta_m // Brake h o r s e power i n m e t r i c HP
27 eta_t=BHP *736*3600/( V_f*s*h*4187) // Thermal

e f f i c i e n c y
28 // R e s u l t s :
29 printf(”\n The e n g i n e d imens i on s \n\ t S t r o k e l eng th ,

L = %. 1 f cm\n\ t Bore , d = %. 1 f cm”,L,d)
30 printf(”\n The brake power output , BHP = %. 1 f m e t r i c

HP”,BHP)
31 printf(”\n The therma l e f f i c i e n c y , e t a t = %. 1 f

p e r c e n t \n\n”,eta_t *100)
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Chapter 17

Supercharging

Scilab code Exa 17.1 Estimation of increase in brake power

1 // Es t imat i on o f i n c r e a s e i n brake power
2 clc ,clear

3 // Given :
4 V_s =3000 // Tota l swept volume i n cc
5 ip=14 // I n d i c a t e d power i n kW/mˆ3
6 N=3500 // Engine speed i n rpm
7 eta_v =80 // Vo lumet r i c e f f i c i e n c y i n p e r c e n t
8 T1 =27+273 // Atmospher ic t empera tu r e i n K
9 P1 =1.013 // Atmospher ic p r e s s u r e i n bar

10 r_p =1.7 // p r e s s u r e r a t i o
11 eta_C =75 // I s e n t r o p i c e f f i c i e n c y o f b lower i n

p e r c e n t
12 eta_m =80 // Mechan ica l e f f i c i e n c y i n p e r c e n t
13 g=1.4 // S p e c i f i c heat r a t i o (gamma)
14 // S o l u t i o n :
15 V_s=V_s*N/2*1D-6 // Tota l swept volume i n mˆ3/ min
16 Vi=V_s*eta_v /100 // Unsupercharged induced volume i n

mˆ3/ min
17 P2=P1*r_p // Blower d e l i v e r y p r e s s u r e i n bar
18 T2!=T1*r_p ^((g-1)/g) // I s e n t r o p i c t empera tu r e at 2

i n K
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19 T2!=ceil(T2!)

20 T2=(T2!-T1)/(eta_C /100)+T1 // Temperature at 2 i n K
21 V1=V_s*(P2/T2)*(T1/P1) // Volume at a tmosphe r i c

c o n d i t i o n s i n mˆ3/ min
22 Vi_inc=V1-Vi // I n c r e a s e i n induced volume i n mˆ3/ min
23 ip_inc1=ip*Vi_inc // I n c r e a s e d i n i p from a i r induced

i n kW
24 ip_inc2 =(P2-P1)*100* V_s/60 // I n c r e a s e d i n i p due to

i n c r e a s e d i n d u c t i o n p r e s s u r e i n kW
25 ip_inc=ip_inc1+ip_inc2 // Tota l i n c r e a s e i n i p i n kW
26 bp_inc=eta_m /100* ip_inc // Tota l i n c r e a s e i n bp i n kW
27 R=0.287 // S p e c i f i c gas c o n s t a n t i n kJ/kgK
28 cp =1.005 // S p e c i f i c heat i n kJ/kgK
29 m2=P2 *100* V_s/(R*T2*60) // Mass o f a i r d e l i v e r e d by

the b lower i n kg / s
30 Power=m2*cp*(T2-T1)/(eta_m /100) // Power r e q u i r e d by

the b lower i n kW
31 bp_inc=bp_inc -Power // Net i n c r e a s e i n brake power i n

kW
32 // R e s u l t s :
33 printf(”\n The net i n c r e a s e i n the brake power = %. 1

f kW\n\n”,bp_inc)

Scilab code Exa 17.2 Supercharged diesel engine

1 // Supercharged d i e s e l e n g i n e
2 clc ,clear

3 // Given :
4 T1 =10+273 // Temperature at s ea l e v e l i n K
5 P1 =1.013 // P r e s s u r e at s ea l e v e l i n bar
6 bp=250 // Brake power i n kW
7 eta_v =78 // Vo lumet r i c e f f i c i e n c y i n p e r c e n t
8 bsfc =0.245 // Brake s p e c i f i c f u e l consumption i n kg /

kWh
9 A_F =17 // Air f u e l r a t i o

90



10 N=1500 // Engine speed i n rpm
11 h=2700 // A l t i t u d e i n m
12 P_a =0.72 // P r e s s u r e at a l t i t u d e i n bar
13 p=8 // Pe r c en tage o f g r o s s power taken by the

s u p e r c h a r g e r
14 T2 =32+273 // Temperature o f a i r l e a v i n g the

s u p e r c h a r g e r i n K
15 // S o l u t i o n :
16 // Unsupercharged
17 m_f=bsfc*bp/60 // Fue l consumption i n kg /min
18 m_a=A_F*m_f // Air consumption i n kg /min
19 m_a=m_a/(N/2) // Air consumption per c y c l e i n kg
20 m1=m_a/eta_v *100 // Mass o f a i r c o r r e s p o n d i n g to

swept volume
21 R=0.287 // S p e c i f i c gas c o n s t a n t i n kJ/kgK
22 V_s=m1*R*T1/(P1*100) // Swept volume i n mˆ3
23 bmep=bp/(V_s*N/(60*2)) // Brake mean e f f e c t i v e

p r e s s u r e i n kN/mˆ2
24 // Supercharged
25 bp2=bp/(1-p/100) // Gross power produced by the

e n g i n e i n kW
26 m_a2=bp2/bp*m_a // Mass o f a i r r e q u i r e d per c y c l e i n

kg
27 m2=m_a2/eta_v *100 // Mass o f a i r c o r r e s p o n d i n g to

swept volume
28 P2=m2*R*T2/(V_s *100) // P r e s s u r e o f a i r l e a v i n g the

s u p e r c h a r g e r i n bar
29 deltaP=P2-P_a // I n c r e a s e i n p r e s s u r e r e q u i r e d i n bar
30 // R e s u l t s :
31 printf(”\n The r e q u i r e d e n g i n e c a p a c i t y , V s = %. 4 f

mˆ3 ”,V_s)
32 printf(”\n The a n t i c i p a t e d brake mean e f f e c t i v e

p r e s s u r e , bmep = %. 1 f bar ”,bmep /100)
33 printf(”\n The i n c r e a s e o f a i r p r e s s u r e r e q u i r e d at

the s u p e r c h a r g e r = %. 3 f bar \n\n”,deltaP)
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Scilab code Exa 17.3 Normally aspirated and supercharged engine

1 // Normal ly a s p i r a t e d and s u p e r c h a r g e d e n g i n e
2 clc ,clear

3 // Given :
4 V_s =3300 // Swept volume i n cc
5 // For norma l ly a s p i r a t e d
6 bmep1 =9.3 // Brake mean e f f e c t i v e p r e s s u r e i n bar
7 N1=4500 // Engine speed i n rpm
8 eta_it1 =28.5 // I n d i c a t e d therma l e f f i c i e n c y i n

p e r c e n t
9 eta_m1 =90 // Mechan ica l e f f i c i e n c y i n p e r c e n t
10 m1=205 // Mass o f unboosted e n g i n e i n kg
11 // For s u p e r c h a r g e d
12 bmep2 =12.1 // Brake mean e f f e c t i v e p r e s s u r e i n bar
13 N2=4500 // Engine speed i n rpm
14 eta_it2 =24.8 // I n d i c a t e d therma l e f f i c i e n c y i n

p e r c e n t
15 eta_m2 =90 // Mechan ica l e f f i c i e n c y i n p e r c e n t
16 m2=225 // Mass o f boo s t ed e n g i n e i n kg
17 h=poly(0, ’ h ’ ) // D e f i n i n g the unknown h hours

d u r a t i o n
18 CV =44000 // C a l o r i f i c v a l u e o f f u e l i n kJ/ kg
19 // S o l u t i o n :
20 // For norma l ly a s p i r a t e d
21 bp1=bmep1 *100* V_s/1D+6*N1 /(2*60) // Brake power i n kW
22 bp1=round(bp1)

23 ip1=bp1/eta_m1 *100 // I n d i c a t e d power i n kW
24 m_f1=ip1/( eta_it1 /100*CV) // Fue l f l o w i n kg / s
25 m_f1=m_f1 *3600*h // Mass o f f u e l f l o w i n h hours i n

kg
26 Mass1=(m1+m_f1)/bp1 // S p e c i f i c mass i n kg /kW
27 // For s u p e r c h a r g e d
28 bp2=bmep2 *100* V_s/1D+6*N2 /(2*60) // Brake power i n kW
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29 bp2=round(bp2)

30 ip2=bp2/eta_m2 *100 // I n d i c a t e d power i n kW
31 m_f2=ip2/( eta_it2 /100*CV) // Fue l f l o w i n kg / s
32 m_f2=m_f2 *3600*h // Mass o f f u e l f l o w i n h hours i n

kg
33 Mass2=(m2+m_f2)/bp2 // S p e c i f i c mass i n kg /kW
34 for h=0:0.01:10; // D e f i n i n g the range o f h ( hours )
35 if (horner(Mass1 ,h) > horner(Mass2 ,h)) then //

S p e c i f i c mass o f boo s t ed e n g i n e i s a lways be
l e s s than unboosted

36 continue

37 else

38 h_max=h

39 break

40 end

41 end

42 // R e s u l t s :
43 printf(”\n The maximum v a l u e o f h hours dura t i on ,

h max = %. 2 f hours \n\n”,h_max)

Scilab code Exa 17.4 Supercharged four stroke oil engine

1 // Supercharged f o u r s t r o k e o i l e n g i n e
2 clc ,clear

3 // Given :
4 T1 =20+273 // Temperature o f a i r e n t e r s the compre s so r

i n K
5 Q1=1340 // Heat added to a i r i n kJ/min
6 T3 =60+273 // Temperature o f a i r l e a v e s the c o o l e r or

e n t e r s the e n g i n e i n K
7 P3=1.72 // P r e s s u r e o f a i r l e a v e s the c o o l e r or

e n t e r s the e n g i n e i n bar
8 eta_v =0.70 // Vo lumet r i c e f f i c i e n c y o f e n g i n e
9 n=6 //Number o f c y l i n d e r s
10 d=90,l=100 // Bore and s t r o k e o f c y l i n d e r i n mm
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11 N=2000 // Engine speed i n rpm
12 T=147 // Output brake t o r q ue i n Nm
13 eta_m =0.75 // Mechan ica l e f f i c i e n c y
14 // S o l u t i o n :
15 bp=2*%pi*N/60*T*10^-3 // Brake power i n kW
16 ip=bp/eta_m // I n d i c a t e d power i n kW
17 ip=ip/n // I n d i c a t e d power per c y l i n d e r i n kW
18 A=(%pi/4)*d^2*1D-6 // Area o f c y l i n d e r i n mˆ2
19 l=l*1D-3 // S t r o k e o f c y l i n d e r i n m
20 imep=ip/(l*A*N/(2*60)) // I n d i c a t e d mean e f f e c t i v e

p r e s s u r e i n kN/mˆ2
21 imep=imep /100 // I n d i c a t e d mean e f f e c t i v e p r e s s u r e i n

bar
22 V_s=n*A*l*N/2 // Engine swept volume i n mˆ3/ min
23 Vi=V_s*eta_v // Induced volume o f a i r i n mˆ3/ min
24 R=0.287 // S p e c i f i c gas c o n s t a n t i n kJ/kgK
25 cp =1.005 // S p e c i f i c heat i n kJ/kgK
26 m_e=P3*100*Vi/(R*T3) // Mass o f a i r induced i n t o the

e n g i n e i n kg /min
27 Q1 =1340/60 // Heat added to a i r i n kW
28 m_c=1 // Assume f o r c a l c u l a t i o n
29 function y=f(T2)

30 W_c=m_c*cp*(T2-T1) //Work done on a i r i n
compre s so r kW

31 Q_c=m_c*cp*(T2-T3) // Heat g i v e n to the a i r
p a s s e s through the c o o l e r i n kW

32 y=W_c/Q_c -bp/Q1

33 endfunction

34 T2=fsolve (500,f) // Temperature o f a i r l e a v i n g the
compre s so r i n K

35 m_c=bp*60/(cp*(T2 -T1)) // Mass o f a i r f l o w i n t o the
compre s so r i n kg /min

36 // R e s u l t s :
37 printf(”\n ( a ) The e n g i n e i n d i c a t e d mean e f f e c t i v e

p r e s s u r e , imep = %. 2 f bar ”,imep)
38 printf(”\n ( b ) The a i r consumption i n the eng ine , m e

= %. 2 f kg /min”,m_e)
39 printf(”\n ( c ) The a i r f l o w i n t o the compressor , m c
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= %. 2 f kg /min\n\n”,m_c)
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Chapter 18

Testing and Performance

Scilab code Exa 18.1 Calculations on petrol engine

1 // C a l c u l a t i o n s on p e t r o l e n g i n e
2 clc ,clear

3 // Given :
4 n=4 //Number o f c y l i n d e r s
5 d_o =7.5 // Diameter o f o r i f i c e i n cm
6 Cd=0.6 // C o e f f i c i e n t o f d i s c h a r g e f o r o r i f i c e
7 d=11,l=13 // Bore and s t r o k e i n cm
8 N=2250 // Engine speed i n rpm
9 bp=36 // Brake power i n kW

10 m_f =10.5 // Fue l consumption i n kg / hr
11 CV =42000 // C a l o r i f i c v a l u e i n kJ/ kg
12 deltaP_o =4.1 // P r e s s u r e drop a c r o s s o r i f i c e i n cm o f

water
13 P=1.013 // Atmospher ic p r e s s u r e i n bar
14 T=15+273 // Atmospher ic t empera tu r e i n K
15 g=9.81 // A c c e l a r a t i o n due to g r a v i t y i n m/ s ˆ2
16 // S o l u t i o n :
17 // ( a )
18 eta_bt=bp *3600/( m_f*CV) // Brake therma l e f f i c i e n c y
19 // ( b )
20 A=%pi/4*d^2*10^ -4 // Area o f c y l i n d e r i n mˆ2
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21 bmep=bp *1000/(n*l/100*A*N/(2*60)) // Brake mean
e f f e c t i v e p r e s s u r e i n P a s c a l

22 // ( c )
23 rho_w =1000 // Mass d e n s i t y o f water i n kg /mˆ3
24 deltaP_o=rho_w*g*deltaP_o /100 // P r e s s u r e drop a c r o s s

o r i f i c e i n N/mˆ2
25 R=0.287 // S p e c i f i c gas c o n s t a n t i n kJ/kgK
26 rho_a=P*10^5/(R*10^3*T) // Mass d e n s i t y o f a i r i n kg /

mˆ3
27 A_o=%pi/4*d_o ^2*10^ -4 // Area o f o r i f i c e i n mˆ2
28 m_a=Cd*A_o*sqrt (2* deltaP_o*rho_a) // Air i n h a l e d i n

kg / s
29 V_s=(%pi/4)*d^2*l*n*N/(2*60) *10^-6 // Swept volume i n

mˆ3/ s
30 eta_vol=m_a/V_s // Vo lumet r i c e f f i c i e n c y
31 // R e s u l t s :
32 printf(”\n ( a ) Brake therma l e f f i c i e n c y , e t a b t = %. 3

f ”,eta_bt)
33 printf(”\n ( b ) Brake mean e f f e c t i v e p r e s s u r e , bmep =

%. 3 f bar ”,bmep *10^ -5)
34 printf(”\n ( c ) Vo lumet r i c e f f i c i e n c y , e t a v o l = %. 3 f \

n\n”,eta_vol)

Scilab code Exa 18.2 Calculations on Gas engine

1 // C a l c u l a t i o n s on Gas e n g i n e
2 clc ,clear

3 // Given :
4 d=24,l=48 // Bore and s t r o k e i n cm
5 D_b =1.25 // E f f e c t i v e d i amete r o f the brake whee l i n

m
6 P=1236 // Net l oad on brake i n N
7 N=77 // Average e n g i n e e x p l o s i o n s i n min
8 N1 =226.7 // Average speed at output s h a f t i n rpm
9 imep =7.5 // I n d i c a t e d mean e f f e c t i v e p r e s s u r e i n bar
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10 Vg1 =13 // Gas used i n mˆ3/ hr
11 T1=15+273 ,P1=771 // Temperature and p r e s s u r e o f the

gas i n K and mm o f mercury
12 T2=0+273 ,P2=760 // Normal t empera tu re and p r e s s u r e (N

.T . P . ) i n K and mm o f mercury
13 CV =22000 // C a l o r i f i c v a l u e o f the gas i n kJ/mˆ3
14 m_w =625 // Mass o f c o o l i n g water used i n kg / hr
15 T1_w =25+273 , T2_w =60+273 // I n l e t and o u t l e t

t empera tu re o f c o o l i n g water i n K
16 // S o l u t i o n :
17 // ( a )
18 T=P*D_b/2 // Brake to r q u e d e l i v e r e d i n Nm
19 bp=2*%pi*N1/60*T // Brake power i n W
20 ip=imep *10^5*l*%pi /4*d^2*N/60*10^ -6 // I n d i c a t e d

power i n W
21 eta_m=bp/ip // Mechan ica l e f f i c i e n c y
22 // ( b )
23 Vg2=(P1/P2)*(T2/T1)*Vg1 // Gas consumption at N.T . P .

i n mˆ3/ hr
24 // ( c )
25 eta_it=ip /1000*3600/( Vg1*CV) // I n d i c a t e d therma l

e f f i c i e n c y
26 // Heat b a l a n c e s h e e t
27 Q1=Vg2 /60*CV // Heat s u p p l i e d i n kJ/min
28 Q_bp=bp /1000*60 // Heat e q u i v a l e n t to brake power i n

kJ/min
29 cp =4.1868 // S p e c f i c heat o f water i n kJ/kgK
30 Q_w=m_w /60*cp*(T2_w -T1_w) // Heat i n c o o l i n g water i n

kJ/min
31 Q_r=Q1 -Q_bp -Q_w // Heat to exhaust , r a d i a t i o n i n kJ/

min
32 // R e s u l t s :
33 printf(”\n ( a ) The mechan i ca l e f f i c i e n c y o f the

eng ine , eta m = %. 1 f p e r c e n t ”,eta_m *100)
34 printf(”\n ( b ) The gas consumption at N.T . P . = %. 1 f m

ˆ3/ hr ”,Vg2)
35 printf(”\n ( c ) The i n d i c a t e d therma l e f f i c i e n c y ,

e t a i t = %. 1 f p e r c e n t ”,eta_it *100)
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36 printf(”\n\n Heat b a l a n c e s h e e t \n\ t Heat s u p p l i e d
by the gas = %. 1 f kJ/min , %d p e r c e n t ”,Q1 ,Q1/Q1
*100)

37 printf(”\n\ t Heat e q u i v a l e n t to b . p . = %. 1 f kJ/min ,
%. 1 f p e r c e n t ”,Q_bp ,Q_bp/Q1*100)

38 printf(”\n\ t Heat i n c o o l i n g water = %. 1 f kJ/min , %
. 1 f p e r c e n t ”,Q_w ,Q_w/Q1*100)

39 printf(”\n\ t Heat to exhaust , r a d i a t i o n = %. 1 f kJ/
min , %. 1 f p e r c e n t ”,Q_r ,Q_r/Q1*100)

Scilab code Exa 18.3 Calculations on oil engine

1 // C a l c u l a t i o n s on o i l e n g i n e
2 clc ,clear

3 // Given :
4 d=18,l=36 // Bore and s t r o k e i n cm
5 N=285 // Average e n g i n e speed i n rpm
6 T=393 // Brake to r q u e d e l i v e r e d i n Nm
7 imep =7.2 // I n d i c a t e d mean e f f e c t i v e p r e s s u r e i n bar
8 m_f =3.5 // Fue l consumption i n kg / hr
9 m_w =4.5 // Mass o f c o o l i n g water used i n kg /min

10 deltaT_w =36 // Coo l i ng water t empera tu r e r i s e i n
degreeC

11 A_F =25 // Air− f u e l r a t i o
12 T2 =415+273 // Exhaust gas t empera tu r e i n K
13 P=1.013 // Atmospher ic p r e s s u r e i n bar
14 T1 =21+273 //Room tempera tu r e i n K
15 CV =45200 // C a l o r i f i c v a l u e i n kJ/ kg
16 p=15 // Perentage o f hydrogen c o n t a i n e d by the f u e l
17 R=0.287 // S p e c i f i c gas c o n s t a n t i n kJ/kgK
18 cv=1.005 ,cp=2.05 // S p e c i f i c heat f o r dry exhaus t

g a s e s and s u p e r h e a t e d steam i n kJ/kgK
19 // S o l u t i o n :
20 // ( a )
21 ip=imep *10^2*l*%pi/4*d^2*N/(2*60) *10^-6 // I n d i c a t e d

99



power i n kW
22 ip=round (10*ip)/10

23 eta_it=ip *3600/( m_f*CV) // I n d i c a t e d therma l
e f f i c i e n c y

24 // ( b )
25 m_a=m_f*A_F/60 // Mass o f a i r i n h a l e d i n kg /min
26 m_a=round (100* m_a)/100

27 V_a=m_a*R*T1/(P*100) // Volume o f a i r i n h a l e d i n mˆ3/
min

28 V_s=(%pi/4)*d^2*l*10^ -6*N/2 // Swept volume i n mˆ3/
min

29 eta_vol=V_a/V_s // Vo lumet r i c e f f i c i e n c y
30 // Heat b a l a n c e s h e e t
31 Q1=m_f /60*CV // Heat input i n kJ/min
32 bp=2*%pi*N/60*T*10^-3 // Brake power i n W
33 Q_bp=bp*60 // Heat e q u i v a l e n t to brake power i n kJ/

min
34 cp_w =4.1868 // S p e c i f i c heat o f water i n kJ/kgK
35 Q_w=m_w*cp_w*deltaT_w // Heat i n c o o l i n g water i n kJ/

min
36 m_e=m_a+m_f/60 // Mass o f exhaus t g a s e s i n kg /min
37 // S ince , 2 mole o f hydrogen g i v e s 1 mole o f water on

combine with 1 mole o f oxygen
38 //Thus , 1 mole o f hydrogen g i v e s 1/2 mole or 9 u n i t

mass o f water
39 m_h=m_f /60*p/100 // Mass o f hydrogen i n kg /min
40 m_s =9*m_h // Mass o f steam i n exhaus t g a s e s i n kg /min
41 m_d=m_e -m_s // Mass o f dry exhaus t g a s e s i n kg /min
42 Q_d=m_d*cv*(T2-T1) // Heat i n dry exhaus t g a s e s i n kJ

/min
43 lv =2256.9 // Latent heat o f v a p o u r i s a t i o n o f water i n

kJ/ kg
44 Q_s=m_s *((373 -T1)+lv+cp*(T2 -373)) // Heat i n steam i n

exhaus t g a s e s i n kJ/min
45 Q_r=Q1 -Q_bp -Q_w -Q_d -Q_s // Heat i n r a d i a t i o n i n kJ/

min
46 // R e s u l t s :
47 printf(”\n ( a ) The i n d i c a t e d therma l e f f i c i e n c y ,
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e t a i t = %. 1 f p e r c e n t ”,eta_it *100)
48 printf(”\n ( b ) The v o l u m e t r i c e f f i c i e n c y , e t a v o l = %

. 1 f p e r c e n t ”,eta_vol *100)
49 printf(”\n\n Heat b a l a n c e s h e e t \n\ t Heat input = %

. 1 f kJ/min , %d p e r c e n t ”,Q1 ,Q1/Q1*100)
50 printf(”\n\ t Heat e q u i v a l e n t to b . p . = %. 1 f kJ/min ,

%. 1 f p e r c e n t ”,Q_bp ,Q_bp/Q1*100)
51 printf(”\n\ t Heat i n c o o l i n g water = %. 1 f kJ/min , %

. 1 f p e r c e n t ”,Q_w ,Q_w/Q1*100)
52 printf(”\n\ t Heat i n dry exhaus t g a s e s = %. 1 f kJ/min

, %. 1 f p e r c e n t ”,Q_d ,Q_d/Q1*100)
53 printf(”\n\ t Heat i n steam i n exhaus t g a s e s = %. 1 f

kJ/min , %. 1 f p e r c e n t ”,Q_s ,Q_s/Q1*100)
54 printf(”\n\ t Heat i n r a d i a t i o n = %. 1 f kJ/min , %. 1 f

p e r c e n t ”,Q_r ,Q_r/Q1*100)

Scilab code Exa 18.4 Calculations on oil engine

1 // C a l c u l a t i o n s on o i l e n g i n e
2 clc ,clear

3 // Given :
4 n=4 //Number o f c y l i n d e r s
5 d_o=5 // Diameter o f o r i f i c e i n cm
6 Cd=0.6 // C o e f f i c i e n t o f d i s c h a r g e f o r o r i f i c e
7 d=10.5 ,l=12.5 // Bore and s t r o k e i n cm
8 N=1200 // Engine speed i n rpm
9 T=147 // Brake to r q u e d e l i v e r e d i n Nm

10 m_f =5.5 // Fue l consumption i n kg / hr
11 CV =43100 // C a l o r i f i c v a l u e i n kJ/ kg
12 deltaP_o =5.7 // Head a c r o s s o r i f i c e i n cm o f water
13 P1 =1.013 // Atmospher ic p r e s s u r e i n bar
14 T1 =20+273 // Atmospher ic t empera tu r e i n K
15 g=9.81 // A c c e l a r a t i o n due to g r a v i t y i n m/ s ˆ2
16 // S o l u t i o n :
17 // ( a )
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18 bp=2*%pi*N/60*T*10^-3 // Brake power i n kW
19 eta_bt=bp *3600/( m_f*CV) // Brake therma l e f f i c i e n c y
20 // ( b )
21 A=%pi/4*d^2*10^ -4 // Area o f c y l i n d e r i n mˆ2
22 bmep=bp *1000/(n*l/100*A*N/(2*60)) // Brake mean

e f f e c t i v e p r e s s u r e i n N/mˆ2
23 // ( c )
24 rho_w =1000 // Mass d e n s i t y o f water i n kg /mˆ3
25 deltaP_o=rho_w*g*deltaP_o /100 // P r e s s u r e drop a c r o s s

o r i f i c e i n N/mˆ2
26 R=0.287 // S p e c i f i c gas c o n s t a n t i n kJ/kgK
27 rho_a=P1 *10^5/(R*10^3* T1) // Mass d e n s i t y o f a i r i n

kg /mˆ3
28 rho_a=round (10* rho_a)/10

29 A_o=%pi/4*d_o ^2*10^ -4 // Area o f o r i f i c e i n mˆ2
30 V_a=Cd*A_o*sqrt (2* deltaP_o/rho_a) // Air i n h a l e d i n m

ˆ3/ s
31 V_s=(%pi/4)*d^2*l*n*N/(2*60) *10^-6 // Swept volume i n

mˆ3/ s
32 eta_vol=V_a/V_s // Vo lumet r i c e f f i c i e n c y
33 // R e s u l t s :
34 printf(”\n ( a ) Brake therma l e f f i c i e n c y , e t a b t = %. 1

f p e r c e n t ”,eta_bt *100)
35 printf(”\n ( b ) Brake mean e f f e c t i v e p r e s s u r e , bmep =

%. 2 f bar ”,bmep *10^ -5)
36 printf(”\n ( c ) Vo lumet r i c e f f i c i e n c y , e t a v o l = %. 1 f

p e r c e n t \n\n”,eta_vol *100)

Scilab code Exa 18.5 Calculations on six cylinder petrol engine

1 // C a l c u l a t i o n s on s i x c y l i n d e r p e t r o l e n g i n e
2 clc ,clear

3 // Given :
4 n=6 //Number o f c y l i n d e r s
5 d=7.5,l=9 // Bore and s t r o k e i n cm
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6 R_b =38 // Torque arm r a d i u s o f the brake whee l i n cm
7 P1=324 // Net l oad when a l l c y l i n d e r s o p e r a t i n g on

brake i n N
8 N=3300 // Engine speed i n rpm
9 P2=245 // Net l oad when each c y l i n d e r i s i n o p e r a t i v e

i n N
10 m_f =.3 // Fue l consumption i n kg /min
11 CV =42000 // C a l o r i f i c v a l u e i n kJ/ kg
12 m_w =65 // Mass o f c o o l i n g water used i n kg /min
13 deltaT_w =12 // Coo l i ng water t empera tu r e r i s e i n

degreeC
14 m_a =14 // Mass o f a i r blown i n kg /min
15 T1_a =10+273 , T2_a =55+273 // I n l e t and o u t l e t

t empera tu re o f a i r blown i n K
16 // S o l u t i o n :
17 bp=2*%pi*N/60*( P1*R_b /100) *10^-3 // Brake power when

a l l the c y l i n d e r s o p e r a t i n g i n kW
18 bp1 =2*%pi*N/60*(P2*R_b /100) *10^-3 // Brake power when

each c y l i n d e r i s i n o p e r a t i v e i n kW
19 ip=n*(bp-bp1) // Tota l i p o f the e n g i n e i n kW
20 A=%pi/4*d^2*10^ -4 // Area o f c y l i n d e r i n mˆ2
21 bmep=ip *1000/(n*l/100*A*N/(2*60)) // Brake mean

e f f e c t i v e p r e s s u r e i n N/mˆ2
22 // Heat b a l a n c e s h e e t
23 Q1=m_f*CV // Heat input i n kJ/min
24 Q_bp=bp*60 // Heat e q u i v a l e n t to brake power i n kJ/

min
25 cp_w =4.1868 // S p e c f i c heat o f water i n kJ/kgK
26 Q_w=m_w*cp_w*deltaT_w // Heat i n c o o l i n g water i n kJ/

min
27 cp_a =1.005 // S p e c i f i c heat o f a i r i n kJ/kgK
28 Q_a=m_a*cp_a*(T2_a -T1_a) // Heat to v e n t i l a t i n g a i r

i n kJ/min ( Wrong i n book )
29 Q_e=Q1 -Q_bp -Q_w -Q_a // Heat to exhaus t and o t h e r

l o s s e s i n kJ/min
30 // R e s u l t s :
31 printf(”\n ( a ) The i n d i c a t e d mean e f f e c t i v e p r e s s u r e ,

bmep = %. 1 f bar ”,bmep *10^ -5)
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32 printf(”\n\n Heat b a l a n c e s h e e t \n\ t Heat input =
%d kJ/min , %d p e r c e n t ”,Q1 ,Q1/Q1*100)

33 printf(”\n\ t Heat e q u i v a l e n t to b . p . = %d kJ/min , %
. 1 f p e r c e n t ”,Q_bp ,Q_bp/Q1*100)

34 printf(”\n\ t Heat i n c o o l i n g water = %d kJ/min , %. 1 f
p e r c e n t ”,Q_w ,Q_w/Q1*100)

35 printf(”\n\ t Heat to v e n t i l a t i n g a i r = %d kJ/min , %
. 1 f p e r c e n t ”,Q_a ,Q_a/Q1*100)

36 printf(”\n\ t Heat to exhaus t and o t h e r l o s s e s = %d
kJ/min , %. 2 f p e r c e n t ”,Q_e ,Q_e/Q1*100)

37 // Heat to v e n t i l a t i n g a i r i s wrong i n book

Scilab code Exa 18.6 Calculations on two stroke engine

1 // C a l c u l a t i o n s on two s t r o k e e n g i n e
2 clc ,clear

3 // Given :
4 N=450 // Engine speed i n rpm
5 P=450 // Net l oad on brake i n N
6 imep =2.9 // I n d i c a t e d mean e f f e c t i v e p r e s s u r e i n bar
7 m_f =5.4 // Fue l consumption i n kg /h
8 deltaT_w =36.1 // Coo l i ng water t empera tu r e r i s e i n

degreeC
9 m_w =440 // Mass o f c o o l i n g water used i n kg /h

10 A_F =31 // Air− f u e l r a t i o
11 T1_g =20+273 , T2_g =355+273 // I n l e t and o u t l e t

t empera tu re o f exhaus t g a s e s blown i n K
12 P1=76 // Atmospher ic p r e s s u r e i n cm o f Hg
13 d=22,l=27 // Bore and s t r o k e i n cm
14 D_b =1.5 // E f f e c t i v e d i amete r o f the brake whee l i n m
15 CV =44000 // C a l o r i f i c v a l u e i n kJ/ kg
16 p=15 // Pe r c en tage o f hydrogen by mass c o n t a i n e d by

the f u e l
17 R=0.287 // S p e c i f i c gas c o n s t a n t i n kJ/kgK
18 cp_g =1.005 , cp_s =2.05 // S p e c i f i c heat f o r dry exhaus t
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g a s e s and s u p e r h e a t e d steam i n kJ/kgK
19 // S o l u t i o n :
20 ip=imep *10^2*l*%pi /4*d^2*N/(60) *10^-6 // I n d i c a t e d

power i n kW
21 eta_it=ip *3600/( m_f*CV) // I n d i c a t e d therma l

e f f i c i e n c y
22 bp=2*%pi*N/60*(P*D_b /2)*10^-3 // Brake power i n kW
23 bp=round (10*bp)/10

24 bsfc=m_f/bp*1000 // Brake s p e c i f i c f u e l consumption
i n gm/kWh

25 V_s=(%pi/4)*d^2*l*10^ -6*N // Swept volume i n mˆ3/ min
26 m_a=m_f*A_F/60 // Mass o f a i r i n h a l e d i n kg /min
27 P1 =1.0132 // Atmospher ic p r e s s u r e e q u i v a l e n t to 76 cm

o f Hg i n bar
28 T1=293 // Atmospher ic t empera tu r e i n K
29 V_a=m_a*R*T1/(P1*100) // Volume o f a i r i n h a l e d i n m

ˆ3/ min
30 V_a=round (100* V_a)/100

31 eta_vol=V_a/V_s // Vo lumet r i c e f f i c i e n c y
32 // Heat b a l a n c e s h e e t
33 Q1=m_f /60*CV // Heat input i n kJ/min
34 Q_bp=bp*60 // Heat e q u i v a l e n t to brake power i n kJ/

min
35 cp_w =4.1868 // S p e c f i c heat o f water i n kJ/kgK
36 Q_w=m_w /60* cp_w*deltaT_w // Heat i n c o o l i n g water i n

kJ/min
37 m_e=m_a+m_f/60 // Mass o f exhaus t g a s e s i n kg /min
38 // S ince , 2 mole o f hydrogen g i v e s 1 mole o f water on

combine with 1 mole o f oxygen
39 //Thus , 1 mole o f hydrogen g i v e s 1/2 mole or 9 u n i t

mass o f water
40 m_h=m_f /60*p/100 // Mass o f hydrogen i n kg /min
41 m_s =9*m_h // Mass o f steam i n exhaus t g a s e s i n kg /min
42 m_d=m_e -m_s // Mass o f dry exhaus t g a s e s i n kg /min
43 Q_d=m_d*cp_g*(T2_g -T1_g) // Heat i n dry exhaus t g a s e s

kJ/min
44 lv =2256.9 // Latent heat o f v a p o u r i s a t i o n o f water i n

kJ/ kg
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45 Q_s=m_s *((373 - T1_g)+lv+cp_s*(T2_g -373)) // Heat i n
steam i n exhaus t g a s e s i n kJ/min

46 Q_r=Q1 -Q_bp -Q_w -Q_d -Q_s // Heat i n r a d i a t i o n i n kJ/
min

47 // R e s u l t s :
48 printf(”\n ( a ) The i n d i c a t e d therma l e f f i c i e n c y ,

e t a i t = %. 1 f p e r c e n t ”,eta_it *100)
49 printf(”\n ( b ) Brake s p e c i f i c f u e l consumption = %. 1 f

gm/kWh”,bsfc)
50 printf(”\n ( c ) The v o l u m e t r i c e f f i c i e n c y , e t a v o l = %

. 1 f p e r c e n t ”,eta_vol *100)
51 printf(”\n\n Heat b a l a n c e s h e e t \n\ t Heat input = %

. 1 f kJ/min , %d p e r c e n t ”,Q1 ,Q1/Q1*100)
52 printf(”\n\ t Heat e q u i v a l e n t to b . p . = %. 1 f kJ/min ,

%. 1 f p e r c e n t ”,Q_bp ,Q_bp/Q1*100)
53 printf(”\n\ t Heat i n c o o l i n g water = %. 1 f kJ/min , %

. 1 f p e r c e n t ”,Q_w ,Q_w/Q1*100)
54 printf(”\n\ t Heat i n dry exhaus t g a s e s = %. 1 f kJ/min

, %. 1 f p e r c e n t ”,Q_d ,Q_d/Q1*100)
55 printf(”\n\ t Heat i n steam i n exhaus t g a s e s = %. 1 f

kJ/min , %. 1 f p e r c e n t ”,Q_s ,Q_s/Q1*100)
56 printf(”\n\ t Heat i n r a d i a t i o n = %. 1 f kJ/min , %. 1 f

p e r c e n t ”,Q_r ,Q_r/Q1*100)

Scilab code Exa 18.7 Calculations by Morse test

1 // C a l c u l a t i o n s by Morse t e s t
2 clc ,clear

3 // Given :
4 n=12 //Number o f c y l i n d e r s
5 function bp=f(W),bp=W*N/180, endfunction // Power law

o f e n g i n e
6 d=38,l=50 // Bore and s t r o k e i n cm
7 N=200 // Engine speed i n rpm
8 Wall1 =2000, Wall2 =2020 // Brake l o a d s when a l l
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c y l i n d e r s a r e f i r i n g i n N
9 Wn =[1795 1814 1814 1795 1804 1819 1800 1824 1785

1804 1814 1795] // Brake l oad when c y l i n d e r number
1 , 2 , 3 , 4 , 5 , 6 , 7 , 8 , 9 , 10 , 11 , 12 a r e out i n
N

10 // S o l u t i o n :
11 W=(Wall1+Wall2)/2 // Average o f brake l o a d s when a l l

c y l i n d e r s a r e f i r i n g i n N
12 bp=f(W) // Tota l brake power i n kW
13 ipn=bp -f(Wn) // I n d i c a t e d power o f c y l i n d e r s number

1 , 2 , 3 , 4 , 5 , 6 , 7 , 8 , 9 , 10 , 11 , 12 i n kW
14 ip=sum(ipn) // Tota l i n d i c a t e d power e q u a l to sum o f

i n d i v i d u a l i n kW
15 eta_m=bp/ip // Mechan ica l e f f i c i e n c y
16 A=%pi/4*d^2*10^ -4 // Area o f c y l i n d e r i n mˆ2
17 bmep=bp *1000/(n*l/100*A*N/(60)) // Brake mean

e f f e c t i v e p r e s s u r e i n P a s c a l
18 // R e s u l t s :
19 printf(”\n The brake mean e f f e c t i v e p r e s s u r e , bmep =

%. 2 f bar ”,bmep *10^ -5)
20 printf(”\n The mechan i ca l e f f i c i e n c y , eta m = %. 1 f

p e r c e n t \n\n”,eta_m *100)

Scilab code Exa 18.8 Calculations on six cylinder diesel engine

1 // C a l c u l a t i o n s on s i x c y l i n d e r d i e s e l e n g i n e
2 clc ,clear

3 // Given :
4 n=6 //Number o f c y l i n d e r s
5 function bp=f(W),bp=W*N/20000 , endfunction // Power

law o f e n g i n e
6 d=95,l=120 // Bore and s t r o k e i n mm
7 N=2400 // Engine speed i n rpm
8 C_H =83/17 // Carbon Hydrogen r a t i o by mass i n f u e l
9 d_o =30 // Diameter o f o r i f i c e i n mm
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10 Cd=0.6 // O r i f i c e c o e f f i c i e n t o f d i s c h a r g e
11 P=550 // Net l oad on brake i n N
12 P1=750 // Ambient p r e s s u r e i n mm o f Hg
13 T1 =25+273 // Ambient t empera tu r e i n K
14 deltaP_o =14.5 // Head ove r o r i f i c e i n cm o f Hg
15 s=0.831 // S p e c i f i c g r a v i t y o f f u e l
16 t=19.3 //Time to use 100 cc f u e l i n s
17 V_f =100 // Volume o f f u e l used i n t s e c o n d s i n cc
18 // S o l u t i o n :
19 // ( a )
20 bp=f(P) // Brake power at brake l oad i n kW
21 A=%pi/4*d^2*10^ -6 // Area o f c y l i n d e r i n mˆ2
22 bmep=bp *1000/(n*l/1000*A*N/(2*60)) // Brake mean

e f f e c t i v e p r e s s u r e i n P a s c a l
23 // ( b )
24 T=bp *1000/(2* %pi*(N/60)) // Brake to r q u e i n Nm
25 // ( c )
26 rho_f=s*1000 // Fue l d e n s i t y i n kg /mˆ3
27 m_f=V_f *10^ -6/t*3600* rho_f // Fue l f l o w r a t e i n kg / hr
28 bsfc=m_f/bp // Brake s p e c i f i c f u e l consumption i n kg /

kWh
29 // ( e )
30 R=0.287 // S p e c i f i c gas c o n s t a n t i n kJ/kgK
31 P1=P1 /760*1.01325 // Ambient p r e s s u r e i n bar
32 rho_a=P1 *10^5/(R*10^3* T1) // Mass d e n s i t y o f a i r i n

kg /mˆ3
33 deltaP_o =13.6*1000*9.81* deltaP_o /100 // P r e s s u r e drop

a c r o s s o r i f i c e i n N/mˆ2
34 A_o=%pi/4*d_o ^2*10^ -6 // Area o f o r i f i c e i n mˆ2
35 V_a=Cd*A_o*sqrt (2* deltaP_o/rho_a) // Air i n h a l e d i n m

ˆ3/ s
36 V_s=(%pi/4)*d^2*l*n*N/(2*60) *10^-9 // Swept volume i n

mˆ3/ s
37 eta_vol=V_a/V_s // Vo lumet r i c e f f i c i e n c y
38 // ( d )
39 pH=17,pC=pH*C_H // Pe r c en tage o f Hydrogen and Carbon

i n f u e l
40 pO=23.3 // Pe r c en tage o f Oxygen i n a i r
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41 H=1,C=12,O=16 // Atomic masses o f Hydrogen , Carbon ,
Oxygen i n gm

42 mO2=pC /100*(2*O/C)+pH /100*(O/(2*H)) // Oxygen
r e q u i r e d i n kg / kg o f f u e l

43 m_a=mO2/(pO /100) // Mass o f a i r i n kg / kg o f f u e l
44 A_F_t=m_a // T h e o r i t i c a l a i r f u e l r a t i o
45 m_a_act=V_a*rho_a // Actua l a i r mass f l o w r a t e i n kg /

s
46 A_F_act=m_a_act/m_f *3600 // Actua l a i r f u e l r a t i o
47 P_e=(A_F_act -A_F_t)/A_F_t *100 // Pe r c en tage e x c e s s

a i r
48 // R e s u l t s :
49 printf(”\n ( a ) The brake mean e f f e c t i v e p r e s s u r e ,

bmep = %. 3 f bar ”,bmep *10^ -5)
50 printf(”\n ( b ) The brake torque , T = %. 1 f Nm”,T)
51 printf(”\n ( c ) The brake s p e c i f i c f u e l consumption ,

b s f c = %. 3 f kg /kWh”,bsfc)
52 printf(”\n ( d ) The p e r c e n t a g e e x c e s s a i r = %. 1 f

p e r c e n t ”,P_e)
53 printf(”\n ( e ) The v o l u m e t r i c e f f i c i e n c y , e t a v o l = %

. 1 f p e r c e n t \n\n”,eta_vol *100)

Scilab code Exa 18.9 Calculations on six cylinder petrol engine

1 // C a l c u l a t i o n s on s i x c y l i n d e r p e t r o l e n g i n e
2 clc ,clear

3 // Given :
4 n=6 //Number o f c y l i n d e r s
5 d=125,l=190 // Bore and s t r o k e i n mm
6 pC=82/100 , pH2 =18/100 // Compos i t ion o f Carbon and

Hydrogen i n p e t r o l
7 pCO2 =11.19/100 , pO2 =3.61/100 , pN2 =85.2/100 //

Compos i t ion o f Carbon d i ox ide , Oxygen , N i t r og en
i n dry exhaus t

8 P1=1 // P r e s s u r e o f mixture e n t e r i n g the c y l i n d e r i n
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bar
9 T1 =17+273 // Temperature o f mixture e n t e r i n g the

c y l i n d e r i n K
10 m_f =31.3 // Mass o f the p e t r o l used i n kg / hr
11 N=1500 // Engine speed i n rpm
12 m=1,T=0+273 ,P=1.013 ,V=0.773 // Mass , t emperature ,

p r e s s u r e , volume , o f a i r i n kg , K, bar , mˆ3
13 p=23/100 // Compos i t ion o f Oxygen i n a i r by mass
14 // S o l u t i o n :
15 C=12 // Atomic mass o f Carbon (C)
16 H=1 // Atomic mass o f Hydrogen (H)
17 O=16 // Atomic mass o f Oxygen (O)
18 N2=14 // Atomic mass o f N i t r og en (N)
19 A_F_s=(pC*2*O/C+pH2*O/(2*H))/(p) // S t o i c h i o m e t r i c

a i r f u e l r a t i o
20 // S t o i c h i o m e t r i c e q u a t i o n o f combust ion o f f u e l (

p e t r o l )
21 // 0 . 8 2 / 1 2 [C ] + 0 . 1 8 / 2 [ H2 ] + [ 0 . 2 1 [ O2 ] + 0 . 7 9 [ N2

] ] ∗ x = a [ CO2 ] + b [CO] + c [ H2O ] + d1 [ N2 ]
22 // Equat ing c o e f f i c i e n t s
23 a=pC/C,c=pH2 /(2*H) //On b a l a n c i n g C and H
24 d1=pN2/pCO2*a //On t a k i n g c o m p o s i t i o n o f CO2 and N2

i n exhaus t
25 x=d1/0.79 //On b a l a n c i n g N
26 m_a=(p*2*O)+((1-p)*2*N2) // Mass o f a i r pe r mole a i r

i n kg / mole
27 A_F_act=x*m_a // Actua l a i r f u e l r a t i o
28 P_e=(A_F_act -A_F_s)/A_F_s *100 // Pe r c en tage e x c e s s

a i r
29 R_a=P*100*V/(m*T) // S p e c i f i c gas c o n s t a n t f o r a i r i n

kJ/kgK
30 V_a=A_F_act*R_a*T1/(P1 *100) // Volume o f a i r i n mˆ3
31 // Given , r h o f = 3 . 3 5 ∗ rho a , V f = 1 / 3 . 3 5 ∗ V a
32 V_f=V_a/A_F_act *1/3.35 // Volume o f f u e l i n mˆ3/ kg o f

f u e l
33 V_m=V_a+V_f // Tota l volume o f mixture i n mˆ3/ kg o f

f u e l
34 V_m1=V_m*m_f /60 // Mixture a s p i r a t e d i n mˆ3/ min
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35 V_s=(%pi/4)*d^2*l*n*N/2*10^ -9 // Swept volume i n mˆ3/
s

36 eta_v=V_m1/V_s *100 // Vo lumet r i c e f f i c i e n c y i n
p e r c e n t

37 // R e s u l t s :
38 printf(”\n The mass o f a i r s u p p l i e d per kg o f p e t r o l

, m a = %. 2 f kg / kg o f f u e l ”,A_F_act)
39 printf(”\n The p e r c e n t a g e e x c e s s a i r = %. 1 f p e r c e n t ”

,P_e)

40 printf(”\n The volume o f mixture per kg o f p e t r o l ,
V m = %. 2 f mˆ3/ kg f u e l ”,V_m)

41 printf(”\n The v o l u m e t r i c e f f i c i e n c y o f the eng ine ,
e t a v = %. 0 f p e r c e n t \n\n”,eta_v)

Scilab code Exa 18.10 Calculations on gas engine

1 // C a l c u l a t i o n s on gas e n g i n e
2 clc ,clear

3 // Given :
4 d=27,l=45 // Bore and s t r o k e i n cm
5 D_b =1.62 // E f f e c t i v e d i amete r o f the brake whee l i n

m
6 t=38.5 // Durat ion o f t e s t i n min
7 N=8080 ,N1=3230 //Number o f r e v o l u t i o n s and

e x p l o s i o n s
8 P=903 // Net l oad on brake i n N
9 imep =5.64 // I n d i c a t e d mean e f f e c t i v e p r e s s u r e i n bar

10 Vg1 =7.7 // Gas used i n mˆ3
11 T1 =27+273 // Temperature o f the gas i n K
12 deltaP1 =135 // P r e s s u r e d i f f e r e n c e o f gas above

a tmosphe r i c p r e s s u r e i n mm o f water
13 Patm =750 // Atmospher ic p r e s s u r e i n mm o f Hg
14 CV =18420 // C a l o r i f i c v a l u e o f the gas i n kJ/mˆ3 at N

.T . P .
15 m_w =183 // Mass o f c o o l i n g water used i n kg

111



16 deltaT_w =47 // Coo l i ng water t empera tu r e r i s e i n
degreeC

17 // S o l u t i o n :
18 P1=Patm+deltaP1 /13.6 // Gas p r e s s u r e i n mm o f Hg
19 P1=P1/750 // Gas p r e s s u r e i n bar
20 T2=0+273 ,P2 =1.013 // Normal t empera tu r e and p r e s s u r e

(N.T . P . ) i n K and bar
21 Vg2=(P1/P2)*(T2/T1)*Vg1 // Gas consumption at N.T . P .

i n mˆ3
22 Q1=Vg2/t*CV // Heat s u p p l i e d i n kJ/min
23 T=P*D_b/2 // Brake to r q u e d e l i v e r e d i n Nm
24 bp=2*%pi*(N/t*1/60) *(T)*10^-3 // Brake power i n kW
25 bp=round (10*bp)/10

26 Q_bp=bp*60 // Heat e q u i v a l e n t to brake power i n kJ/
min

27 A=%pi/4*d^2*10^ -4 // Area o f c y l i n d e r i n mˆ2
28 ip=imep *10^2*l/100*A*(N1/t*1/60) // I n d i c a t e d power

i n kW
29 ip=round (10*ip)/10

30 Q_ip=ip*60 // Heat e q u i v a l e n t to i n d i c a t e d power i n
kJ/min

31 fp=ip-bp // F r i c t i o n a l power i n kW
32 Q_fp=fp*60 // Heat e q u i v a l e n t to f r i c t i o n a l power i n

kJ/min
33 cp =4.1868 // S p e c f i c heat o f water i n kJ/kgK
34 Q_w=m_w/t*cp*( deltaT_w) // Heat i n c o o l i n g water i n

kJ/min
35 Q_e=Q1 -Q_bp -Q_w // Heat to exhaust , r a d i a t i o n i n kJ/

min
36 eta_it=Q_ip/Q1 // I n d i c a t e d therma l e f f i c i e n c y
37 eta_bt=Q_bp/Q1 // Brake therma l e f f i c i e n c y
38 // R e s u l t s :
39 printf(”\n The i n d i c a t e d therma l e f f i c i e n c y , e t a i t

= %. 1 f p e r c e n t ”,eta_it *100)
40 printf(”\n The brake therma l e f f i c i e n c y , e t a b t = %

. 1 f p e r c e n t ”,eta_bt *100)
41 printf(”\n\n Heat b a l a n c e s h e e t \n\ t Heat s u p p l i e d

by the gas = %d kJ/min , %d p e r c e n t ”,Q1 ,Q1/Q1*100)
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42 printf(”\n\ t Heat e q u i v a l e n t to b . p . = %d kJ/min , %
. 1 f p e r c e n t ”,Q_bp ,Q_bp/Q1*100)

43 printf(”\n\ t Heat i n c o o l i n g water = %d kJ/min , %. 1 f
p e r c e n t ”,Q_w ,Q_w/Q1*100)

44 printf(”\n\ t Heat to exhaust , r a d i a t i o n = %d kJ/min ,
%. 1 f p e r c e n t ”,Q_e ,Q_e/Q1*100)

Scilab code Exa 18.11 Calculations from indicator diagram

1 // C a l c u l a t i o n s from i n d i c a t o r diagram
2 clc ,clear

3 // Given :
4 Li=100 // Length o f i n d i c a t o r diagram i n mm
5 Ai=2045 // Area o f i n d i c a t o r diagram i n mmˆ2
6 Pi=2/10 // P r e s s u r e inc r ement i n c y l i n d e r from

i n d i c a t o r p o i n t e r i n bar /mm
7 d=100,l=100 // Bore and s t r o k e i n mm
8 N=900 // Engine speed i n rpm
9 eta_m =75 // Mechan ica l e f f i c i e n c y i n p e r c e n t

10 // S o l u t i o n :
11 Hi_av=Ai/Li //Mean h e i g h t o f i n d i c a t o r diagram i n mm
12 imep=Hi_av*Pi //Mean e f f e c t i v e p r e s s u r e i n bar
13 ip=imep *100* %pi/4*d^2*l*N/(2*60) *10^-9 // I n d i c a t e d

power i n kW
14 bp=ip*eta_m /100 // Brake power i n kW
15 // R e s u l t s :
16 printf(”\n The mean e f f e c t i v e p r e s s u r e , mep = %. 2 f

bar ”,imep)
17 printf(”\n The i n d i c a t e d power , i p = %. 2 f kW”,ip)
18 printf(”\n The brake power , bp = %. 2 f kW\n\n”,bp)

Scilab code Exa 18.12 Calculations on diesel engine

113



1 // C a l c u l a t i o n s on d i e s e l e n g i n e
2 clc ,clear

3 // Given :
4 n=6 //Number o f c y l i n d e r s
5 bp=110 // Brake power i n kW
6 N=1600 // Engine speed i n rpm
7 CV =43100 // C a l o r i f i c v a l u e i n kJ/ kg
8 pC=86.2/100 , pH2 =13.5/100 , pNC =0.3/100 // Compos i t ion

o f Carbon , Hydrogen and non c o m b u s t i b l e s i n f u e l
9 eta_v =78 // Vo lumet r i c e f f i c i e n c y i n p e r c e n t
10 eta_it =38 // I n d i c a t e d therma l e f f i c i e n c y i n p e r c e n t
11 eta_m =80 // Mechan ica l e f f i c i e n c y i n p e r c e n t
12 MS=110 // Mixture s t r e n g t h i n p e r c e n t
13 l_d =1.5 // S t r o k e bore r a t i o ( l /d )
14 v_a =0.772 // S p e c i f i c volume o f a i r i n mˆ3/ kg
15 p_m =23.1/100 , p_v =20.8/100 // Compos i t ion o f Oxygen i n

a i r by mass and volume
16 // S o l u t i o n :
17 C=12 // Atomic mass o f Carbon (C)
18 H=1 // Atomic mass o f Hydrogen (H)
19 O=16 // Atomic mass o f Oxygen (O)
20 N2=14 // Atomic mass o f N i t r og en (N)
21 A_F_s=(pC*2*O/C+pH2*O/(2*H))/p_m // S t o i c h i o m e t r i c

a i r f u e l r a t i o
22 A_F_act =(1+MS/100)*A_F_s // Actua l a i r f u e l r a t i o
23 Ma=(p_m*2*O)+((1-p_m)*2*N2) // Mo l e cu l a r mass o f a i r

per mole a i r i n kg / mole
24 // S t o i c h i o m e t r i c e q u a t i o n o f combust ion o f f u e l (

p e t r o l )
25 // 0 . 8 6 2 / 1 2 [C ] + 0 . 1 3 5 / 2 [ H2 ] + [ p v [ O2 ] + (1−p v ) [

N2 ] ] ∗ x = a [ CO2 ] + b [ H2O ] + c [ O2 ] + d [ N2 ]
26 // Equat ing c o e f f i c i e n t s
27 a=pC/C,b=pH2 /(2*H) //On b a l a n c i n g C and H
28 x=A_F_act/Ma // Moles o f a i r
29 c=p_v*x-a-b/2 //On b a l a n c i n g O
30 d=(1-p_v)*x //On b a l a n c i n g N
31 pCO2=a/(a+c+d),pO2=c/(a+c+d),pN2=d/(a+c+d) //

Compos i t ion o f Carbon d i ox ide , Oxygen , N i t r og en
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i n dry exhaus t
32 ip=bp/eta_m *100 // I n d i c a t e d power i n kW
33 m_f=ip/( eta_it /100* CV)*60 // Mass o f f u e l i n kg /min
34 m_a=m_f*A_F_act // Mass o f a i r i n kg /min
35 V_a=m_a*v_a // Volume o f a i r i n mˆ3/ min
36 V_s=V_a/eta_v *100 // Swept volume i n mˆ3/ min
37 V_s=V_s/(n*N/2) // Swept volume i n mˆ3
38 function y=f(d) // D e f i n i n g a f u n c t i o n , f o f unknown

bore , d
39 l=l_d*d // S t r o k e i n terms o f bore
40 y=%pi/4*d^2*l-V_s

41 endfunction

42 d=fsolve(1,f) // Funct ion f s o l v e f o r ze ro , bore i n m
43 l=l_d*d // S t r o k e i n m
44 // R e s u l t s :
45 printf(”\n The v o l u m e t r i c c o m p o s i t i o n o f dry exhaus t

gas , \ n\tCO2 = %. 2 f p e r c e n t \n\tO2 = %. 2 f p e r c e n t \
n\ tN2 = %. 2 f p e r c e n t ”,pCO2 *100,pO2*100,pN2 *100)

46 printf(”\n The bore o f the eng ine , d = %. 2 f cm\n The
s t r o k e o f the eng ine , l = %. 2 f cm\n\n”,d*100,l

*100)

Scilab code Exa 18.13 Calculations on four stroke engine

1 // C a l c u l a t i o n s on f o u r s t r o k e e n g i n e
2 clc ,clear

3 // Given :
4 d=150,l=250 // Bore and s t r o k e i n mm
5 Li=50 // Length o f i n d i c a t o r diagram i n mm
6 Ai=450 // Area o f i n d i c a t o r diagram i n mmˆ2
7 ISR =1.2 // I n d i c a t o r s p r i n g r a t i n g i n mm
8 N=420 // Engine speed i n rpm
9 T=217 // Brake to r q u e d e l i v e r e d i n Nm

10 m_f =2.95 // Fue l consumption i n kg / hr
11 CV =44000 // C a l o r i f i c v a l u e i n kJ/ kg
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12 m_w =0.068 // Mass o f c o o l i n g water used i n kg / s
13 deltaT_w =45 // Coo l i ng water t empera tu r e r i s e i n K
14 cp =4.1868 // S p e c f i c heat c a p a c i t y o f water i n kJ/kgK
15 // S o l u t i o n :
16 Hi_av=Ai/Li //Mean h e i g h t o f i n d i c a t o r diagram i n mm
17 imep=Hi_av/ISR //Mean e f f e c t i v e p r e s s u r e i n bar
18 ip=imep *100* %pi/4*d^2*l*N/(2*60) *10^-9 // I n d i c a t e d

power i n kW ( Erro r i n book )
19 bp=2*%pi*(N/60)*(T)*10^ -3 // Brake power i n kW
20 eta_m=bp/ip // Mechan ica l e f f i c i e n c y ( Er ro r i n book )
21 eta_bt=bp *3600/( m_f*CV) // Brake therma l e f f i c i e n c y
22 bsfc=m_f/bp // Brake s p e c i f i c f u e l consumption i n kg /

kWh ( Er ro r i n book )
23 // Energy b a l a n c e
24 Power_f=m_f /3600* CV // Power i n f u e l i n kW
25 Power_w=m_w*cp*deltaT_w // Power to c o o l i n g water i n

kW
26 Power_e=Power_f -bp -Power_w // Power to exhaust ,

r a d i a t i o n i n kW
27 // R e s u l t s :
28 printf(”\n The mechan i ca l e f f i c i e n c y , eta m = %d

p e r c e n t ”,eta_m *100)
29 printf(”\n The brake therma l e f f i c i e n c y , e t a b t = %

. 1 f p e r c e n t ”,eta_bt *100)
30 printf(”\n The s p e c i f i c f u e l consumption , b s f c = %. 3

f kg /kWh”,bsfc)
31 printf(”\n\n Energy b a l a n c e \n\ t Power i n f u e l = %

. 1 f kW, %d p e r c e n t ”,Power_f ,Power_f/Power_f *100)
32 printf(”\n\ t Brake power = %. 2 f kW, %. 1 f p e r c e n t ”,bp

,bp/Power_f *100)

33 printf(”\n\ t Power to c o o l i n g water = %. 1 f kW, %. 1 f
p e r c e n t ”,Power_w ,Power_w/Power_f *100)

34 printf(”\n\ t Power to exhaust , r a d i a t i o n = %. 1 f kW,
%. 1 f p e r c e n t ”,Power_e ,Power_e/Power_f *100)

35 // Answers i n the book a r e wrong
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Scilab code Exa 18.14 Calculations on petrol engine

1 // C a l c u l a t i o n s on p e t r o l e n g i n e
2 clc ,clear

3 // Given :
4 n=6 //Number o f c y l i n d e r s
5 d=70,l=100 // Bore and s t r o k e i n mm
6 V_c =67 // C l e a r a n c e volume i n cmˆ2
7 N=3960 // Engine speed i n rpm
8 m_f =19.5 // Fue l consumption i n kg / hr
9 T=140 // Brake to r q u e d e l i v e r e d i n Nm

10 CV =44000 // C a l o r i f i c v a l u e i n kJ/ kg
11 g=1.4 // S p e c i f i c heat r a t i o f o r a i r (gamma)
12 // S o l u t i o n :
13 bp=2*%pi*N/60*T*10^-3 // Brake power i n kW
14 A=%pi/4*d^2*10^ -6 // Area o f c y l i n d e r i n mˆ2
15 bmep=bp *1000/(n*l/1000*A*N/(2*60)) // Brake mean

e f f e c t i v e p r e s s u r e i n P a s c a l
16 eta_bt=bp *3600/( m_f*CV) // Brake therma l e f f i c i e n c y
17 V_s=(%pi/4)*d^2*l/1000 // Swept volume o f one

c y l i n d e r i n cmˆ3
18 r=(V_s+V_c)/V_c // Compress ion r a t i o
19 eta=1-1/r^(g-1) // Air s tandard e f f i c i e n c y
20 eta_r=eta_bt/eta // R e l a t i v e e f f i c i e n c y
21 // R e s u l t s :
22 printf(”\n ( a ) The brake power , bp = %d kW”,bp)
23 printf(”\n ( b ) The brake mean e f f e c t i v e p r e s s u r e ,

bmep = %. 2 f bar ”,bmep *10^ -5)
24 printf(”\n ( c ) The brake therma l e f f i c i e n c y , e t a b t =

%. 1 f p e r c e n t ”,eta_bt *100)
25 printf(”\n ( d ) The r e l a t i v e e f f i c i e n c y , e t a r = %. 1 f

p e r c e n t \n\n”,eta_r *100)
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Scilab code Exa 18.15 Hit and miss governing

1 // Hit and miss g o v e r n i n g
2 clc ,clear

3 // Given :
4 d=178,l=330 // Bore and s t r o k e i n mm
5 N=400 // Engine speed at f u l l l o ad i n rpm
6 wmep =6.2 // Working l oop mep i n bar
7 pmep =0.35 // Pumping l oop mep i n bar
8 mep_dc =0.62 //Mean e f f e c t i v e p r e s s u r e from the dead

c y c l e s i n bar
9 N_f =47 //Number o f f i r i n g s t r o k e s at no l oad i n rpm

10 // S o l u t i o n :
11 imep=wmep -pmep // Net i n d i c a t e d mean e f f e c t i v e

p r e s s u r e per c y c l e i n bar
12 N_d=N/2-N_f //Number o f dead c y c l e s at no l oad i n

rpm
13 ip1=imep *100*l*%pi/4*d^2* N_f /60*10^ -9 // I n d i c a t e d

power at no l oad i n kW
14 pp_dc=mep_dc *100*l*%pi/4*d^2* N_d /60*10^ -9 // Pumping

power o f dead c y c l e s when no l oad i n kW
15 fp=ip1 -pp_dc // F r i c t i o n power i n kW
16 ip=imep *100*l*%pi/4*d^2*N/(2*60) *10^-9 // I n d i c a t e d

power at f u l l l o ad i n kW
17 bp=ip-fp // Brake power at f u l l l o ad i n kW
18 eta_m=bp/ip // Mechan ica l e f f i c i e n c y at f u l l l o ad
19 // R e s u l t s :
20 printf(”\n The brake power at f u l l load , b . p . = %. 2 f

kW”,bp)
21 printf(”\n The mechan i ca l e f f i c i e n c y at f u l l load ,

eta m = %. 1 f p e r c e n t \n\n”,eta_m *100)
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Scilab code Exa 18.16 Calculations on two stroke engine

1 // C a l c u l a t i o n s on two s t r o k e e n g i n e
2 clc ,clear

3 // Given :
4 d=200,l=250 // Bore and s t r o k e i n mm
5 imep =4.5*10^5 // I n d i c a t e d mean e f f e c t i v e p r e s s u r e i n

N/mˆ2
6 m_f=7 // Fue l consumption i n kg / hr
7 CV =43500 // C a l o r i f i c v a l u e i n kJ/ kg
8 N=180 // Engine speed i n rpm
9 // S o l u t i o n :

10 // ( a )
11 ip=imep*l*%pi/4*d^2*N/60*10^ -9*10^ -3 // I n d i c a t e d

power i n kW
12 // ( b )
13 eta_it=ip *3600/( m_f*CV) // I n d i c a t e d therma l

e f f i c i e n c y
14 // R e s u l t s :
15 printf(”\n ( a ) The i n d i c a t e d power , i p = %. 1 f kW”,ip)
16 printf(”\n ( b ) The i n d i c a t e d therma l e f f i c i e n c y ,

e t a i t = %. 1 f p e r c e n t \n\n”,eta_it *100)
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Chapter 26

Gas Turbines

Scilab code Exa 26.1 Calculations on Brayton cycle

1 // C a l c u l a t i o n s on Brayton c y c l e
2 clc ,clear

3 // Given :
4 P1 =101.325 // P r e s s u r e at the b e g i n n i n g ( 1 ) i n kPa
5 T1 =27+273 // Temperature at the b e g i n n i n g ( 1 ) i n K
6 r_p=6 // p r e s s u r e r a t i o
7 g=1.4 // S p e c i f i c heat r a t i o (gamma)
8 cp =1.005 // S p e c i f i c heat i n kJ/kgK
9 W_TC =2.5 // Rat io o f Turbine work and compre s so r work

10 m=1 // Assume mass i n kg
11 // S o l u t i o n :
12 // Re f e r f i g 2 6 . 2 2
13 T2=T1*r_p ^((g-1)/g) // Temperature at 2 i n K
14 T3=poly(0, ’T3 ’ ) // D e f i n i n g t empera tu r e at 3 as a

unknown i n K
15 T4=T3/r_p ^((g-1)/g) // D e f i n i n g t empera tu r e at 4 i n

terms o f T3 i n K
16 W_C=m*cp*(T2-T1) // Compressor work i n kJ
17 W_T=m*cp*(T3-T4) // Turbine work i n kJ
18 T3=roots(W_T -W_TC*W_C) // Temperature at 3 i n K
19 T4=horner(T4 ,T3) // Temperature at 4 i n K
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20 eta =((T3 -T4) -(T2 -T1))/(T3-T2) // Cyc le e f f i c i e n c y
21 // R e s u l t s :
22 printf(”\n The maximum tempera tu r e i n the c y c l e , T3

= %. 1 f K”,T3)
23 printf(”\n The c y c l e e f f i c i e n c y , e t a = %. 2 f p e r c e n t \

n\n”,eta *100)

Scilab code Exa 26.2 Calculations on Joule cycle

1 // C a l c u l a t i o n s on J o u l e c y c l e
2 clc ,clear

3 // Given :
4 T1=25+273 ,T3 =825+273 //Minimum and maximum

tempera tu re i n K
5 r_p =4.5 // p r e s s u r e r a t i o
6 eta_C=85,eta_T =90 // I s e n t r o p i c e f f i c i e n c i e s o f

compre s so r and t u r b i n e i n p e r c e n t
7 P=1300 // Power r a t i n g o f the t u r b i n e i n kW
8 cp =1.005 // S p e c i f i c heat i n kJ/kgK
9 g=1.4 // S p e c i f i c heat r a t i o (gamma)
10 // S o l u t i o n :
11 // Re f e r f i g 2 6 . 2 3
12 T2!=T1*r_p ^((g-1)/g) // I s e n t r o p i c t empera tu re at 2

i n K
13 T2=(T2!-T1)/(eta_C /100)+T1 // Temperature at 2 i n K
14 T4!=T3/r_p ^((g-1)/g) // I s e n t r o p i c t empera tu re at 4

i n K
15 T4=T3-eta_T /100*(T3-T4!) // Temperature at 4 i n K
16 W_C=cp*(T2-T1) // Compressor work i n kJ/ kg
17 W_T=cp*(T3-T4) // Turbine work i n kJ/ kg
18 Q1=cp*(T3-T2) // Heat added i n kJ/ kg
19 W=W_T -W_C //Work output i n kJ/ kg ( Round o f f e r r o r )
20 eta=W/Q1 // Cyc le e f f i c i e n c y
21 r_w=W/W_T //Work r a t i o
22 HR =3600/( eta) // Heat r a t e i n kJ/kWh ( Round o f f e r r o r
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)
23 m=P/W // Mass f l o w r a t e i n kg / s
24 // R e s u l t s :
25 printf(”\n The s p e c i f i c work output , W = %d kJ/ kg ”,W

)

26 printf(”\n The c y c l e e f f i c i e n c y , e t a = %. 1 f p e r c e n t ”
,eta *100)

27 printf(”\n The work r a t i o , rw = %. 3 f ”,r_w)
28 printf(”\n The heat r a t e = %d kJ/kWh”,HR)
29 printf(”\n The mass f l o w r a t e f o r 1300 kW, m = %. 2 f

kg / s \n\n”,m)
30 //Round o f f e r r o r i n the v a l u e s o f ’W’ and ’HR’

Scilab code Exa 26.3 Calculations for zero efficiency

1 // C a l c u l a t i o n s f o r z e r o e f f i c i e n c y
2 clc ,clear

3 // Given :
4 T1=25+273 ,T3 =750+273 //Minimum and maximum

tempera tu re i n K
5 r_p=4 // p r e s s u r e r a t i o
6 eta_C =75 // I s e n t r o p i c e f f i c i e n c y o f compre s so r i n

p e r c e n t
7 g=1.4 // S p e c i f i c heat r a t i o (gamma)
8 // S o l u t i o n :
9 // Re f e r f i g 2 6 . 2 4

10 T2!=T1*r_p ^((g-1)/g) // I s e n t r o p i c t empera tu re at 2
i n K

11 T2=(T2!-T1)/(eta_C /100)+T1 // Temperature at 2 i n K
12 T4!=T3/r_p ^((g-1)/g) // I s e n t r o p i c t empera tu re at 4

i n K
13 // For z e r o e f f i c i e n c y o f the c y c l e (T3−T4) = (T2−T1)
14 eta_T=(T2 -T1)/(T3-T4!) // Turbine e f f i c i e n c y
15 // R e s u l t s :
16 printf(”\n The t u r b i n e e f f i c i e n c y f o r z e r o c y c l e
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e f f i c i e n c y , e ta T = %. 1 f p e r c e n t \n\n”,eta_T *100)

Scilab code Exa 26.4 Calculations on gas turbine

1 // C a l c u l a t i o n s on gas t u r b i n e
2 clc ,clear

3 // Given :
4 P1=1,P2=6 // P r e s s u r e at e n t e r i n g and l e a v i n g o f

compre s so r i n bar
5 T1 =27+273 // Temperature at e n t e r i n g i n K
6 T3 =700+273 //Maximum tempera tu r e i n K
7 eta_C =0.80, eta_T =0.85 // I s e n t r o p i c e f f i c i e n c i e s o f

compre s so r and t u r b i n e i n p e r c e n t
8 eta_c =0.98 // Combustion e f f i c i e n c y i n p e r c e n t
9 P3=P2 -0.1 // P r e s s u r e at 3 a f t e r f a l l i n g 0 . 1 bar i n

bar
10 cp_a =1.005 // S p e c i f i c heat o f a i r i n kJ/kgK
11 g=1.4 // S p e c i f i c heat r a t i o (gamma)
12 cp_g =1.147 // S p e c i f i c heat o f gas i n kJ/kgK
13 g1 =1.333 // S p e c i f i c heat r a t i o (gamma) o f gas
14 CV =42700 // C a l o r i f i c v a l u e o f f u e l i n kJ/ kg
15 // S o l u t i o n :
16 // Re f e r f i g 2 6 . 2 5
17 T2!=T1*(P2/P1)^((g-1)/g) // I s e n t r o p i c t empera tu re at

2 i n K
18 T2=(T2!-T1)/(eta_C)+T1 // Temperature at 2 i n K
19 T4!=T3/(P3/P1)^((g1 -1)/g1) // I s e n t r o p i c t empera tu re

at 4 i n K
20 T4=T3-eta_T*(T3-T4!) // Temperature at 4 i n K
21 W_C=cp_a*(T2-T1) // Compressor work i n kJ/ kg
22 W_T=cp_g*(T3-T4) // Turbine work i n kJ/ kg
23 W=W_T -W_C //Work output i n kJ/ kg
24 Q1=cp_g*(T3 -T2)/eta_c // Heat added i n kJ/ kg
25 eta=W/Q1 // Cyc le e f f i c i e n c y
26 r_w=W/W_T //Work r a t i o
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27 AR=round (3600/W) // Air r a t e i n kg /kWh
28 sfc=Q1*AR/CV // S p e c i f i c f u e l consumption i n kg /kWh
29 A_F=AR/sfc // Air f u e l r a t i o
30 // R e s u l t s :
31 printf(”\n ( a ) The therma l e f f i c i e n c y , e t a = %. 1 f

p e r c e n t ”,eta *100)
32 printf(”\n ( b ) The work r a t i o , rw = %. 3 f ”,r_w)
33 printf(”\n ( e ) The a i r r a t e = %d kg /kWh”,AR)
34 printf(”\n ( d ) The s p e c i f i c f u e l consumption , s f c = %

. 3 f kg /kWh”,sfc)
35 printf(”\n ( c ) The a i r f u e l r a t i o = %. 1 f \n\n”,A_F)

Scilab code Exa 26.5 Calculations on gas turbine

1 // C a l c u l a t i o n s on gas t u r b i n e
2 clc ,clear

3 // Given :
4 P1=1,P2=6.20 // P r e s s u r e at e n t e r i n g and l e a v i n g o f

compre s so r i n bar
5 T1=300 // Temperature at e n t e r i n g i n K
6 eta_C=88,eta_T =90 // I s e n t r o p i c e f f i c i e n c i e s o f

compre s so r and t u r b i n e i n p e r c e n t
7 CV =44186 // C a l o r i f i c v a l u e o f f u e l i n kJ/ kg
8 F_A =0.017 // Fue l a i r r a t i o
9 cp_a =1.005 // S p e c i f i c heat o f a i r i n kJ/kgK
10 g=1.4 // S p e c i f i c heat r a t i o (gamma)
11 cp_g =1.147 // S p e c i f i c heat o f gas i n kJ/kgK
12 g1 =1.333 // S p e c i f i c heat r a t i o (gamma) o f gas
13 // S o l u t i o n :
14 // Re f e r f i g 2 6 . 2 6
15 T2!=T1*(P2/P1)^((g-1)/g) // I s e n t r o p i c t empera tu re at

2 i n K
16 T2=(T2!-T1)/(eta_C /100)+T1 // Temperature at 2 i n K
17 m_a=1 // Assume mass o f a i r i n kg
18 m_f=F_A*m_a // Mass o f f u e l i n kg
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19 T3=(cp_a*m_a*T2+m_f*CV)/(cp_g*(m_a+m_f)) //
Temperature at 3 i n K

20 r_p=P2/P1 // p r e s s u r e r a t i o
21 T4!=T3/r_p ^((g1 -1)/g1) // I s e n t r o p i c t empera tu r e at 4

i n K
22 T4=T3-eta_T /100*(T3-T4!) // Temperature at 4 i n K
23 W_C=m_a*cp_a*(T2 -T1) // Compressor work i n kJ/ kg
24 W_T=(m_a+m_f)*cp_g*(T3-T4) // Turbine work i n kJ/ kg
25 W=W_T -W_C //Work output i n kJ/ kg
26 Q1=m_f*CV // Heat added i n kJ/ kg
27 eta=W/Q1 // Cyc le e f f i c i e n c y
28 // R e s u l t s :
29 printf(”\n The t u r b i n e work , W T = %. 2 f kJ/ kg ”,W_T)
30 printf(”\n The compre s so r work , W C = %. 2 f kJ/ kg ”,

W_C)

31 printf(”\n The therma l e f f i c i e n c y , e t a = %. 2 f
p e r c e n t \n\n”,eta *100)

Scilab code Exa 26.6 Calculations on gas turbine with heat exchanger

1 // C a l c u l a t i o n s on gas t u r b i n e with heat exchange r
2 clc ,clear

3 // Given :
4 T1 =17+273 // Temperature at e n t e r i n g i n K
5 P1=1 // P r e s s u r e at e n t e r i n g o f compre s so r i n bar
6 r_p =4.5 // p r e s s u r e r a t i o
7 W=4000 //Work output i n kW
8 m=40 // Mass f l o w r a t e i n kg / s
9 e=0.6 // Thermal r a t i o or e f f e c t i v e n e s s o f heat

exchange r
10 eta_C =84 // I s e n t r o p i c e f f i c i e n c y o f compre s so r i n

p e r c e n t
11 eta =0.29 // Thermal e f f i c i e n c y
12 cp_a =1.005 // S p e c i f i c heat o f a i r i n kJ/kgK
13 g=1.4 // S p e c i f i c heat r a t i o (gamma) o f a i r
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14 cp_g =1.07 // S p e c i f i c heat o f gas i n kJ/kgK
15 g1 =1.365 // S p e c i f i c heat r a t i o (gamma) o f gas
16 // S o l u t i o n :
17 // Re f e r f i g 2 6 . 2 7
18 T2!=T1*r_p ^((g-1)/g) // I s e n t r o p i c t empera tu re at 2

i n K
19 T2=(T2!-T1)/(eta_C /100)+T1 // Temperature at 2 i n K
20 W=W/m // S p e c i f i c work output i n kJ/ kg
21 Q1=W/eta // Heat added i n kJ/ kg
22 W_C=cp_a*(T2-T1) // Compressor work i n kJ/ kg
23 W_T=W+W_C // Turbine work i n kJ/ kg
24 function y=f(T4)

25 T3=T4-Q1/cp_g // D e f i n i n g t empera tu r e at 3 i n
terms o f T4 i n K

26 T5=T4-W_T/cp_g // D e f i n i n g t empera tu r e at 5 i n
terms o f T4 i n K

27 y=(cp_a*(T3-T2))/(cp_g*(T5 -T2))-e

28 endfunction

29 // S i n c e e f f e c t i v e n e s s from the r e l a t i o n must be
e q u a l to the g i v e n e f f e c t i v e n e s s

30 // Thus t h e i r d i f f e r e n c e must be e q u a l to Zero , thus
f u n c t i o n , f s o l v e f o r z e r o to g e t the v a l u e o f
v a r i a b l e (T4)

31 T4=fsolve (1000 ,f) // Temperature at 4 i n K
32 T5=T4-W_T/cp_g // Temperature at 5 i n K
33 T5!=T4/r_p ^((g1 -1)/g1) // I s e n t r o p i c t empera tu re at 5

i n K
34 eta_T=(T4 -T5)/(T4-T5!) // I s e n t r o p i c e f f i c i e n c y o f

t u r b i n e
35 // R e s u l t s :
36 printf(”\n The i s e n t r o p i c e f f i c i e n c y o f the gas

tu rb in e , e ta T = %. 1 f p e r c e n t \n\n”,eta_T *100)

Scilab code Exa 26.7 Calculations on compound gas turbine
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1 // C a l c u l a t i o n s on compound gas t u r b i n e
2 clc ,clear

3 // Given :
4 r_p=4 // p r e s s u r e r a t i o
5 eta_C =0.86, eta_HPT =0.84 , eta_LPT =0.80 // I s e n t r o p i c

e f f i c i e n c i e s o f compre s so r and h igh and low
p r e s s u r e t u r b i n e i n p e r c e n t

6 e=70 // E f f e c t i v e n e s s o f heat exchange r i n p e r c e n t
7 eta_d =0.92 // Mechan ica l e f f i c i e n c y o f d r i v e to

compre s so r
8 T4=660+273 ,T6 =625+273 // Temperature o f g a s e s

e n t e r i n g H. P . t u r b i n e and L . P . t u r b i n e i n K
9 cp_a =1.005 // S p e c i f i c heat o f a i r i n kJ/kgK
10 g=1.4 // S p e c i f i c heat r a t i o (gamma)
11 cp_g =1.15 // S p e c i f i c heat o f gas i n kJ/kgK
12 g1 =1.333 // S p e c i f i c heat r a t i o (gamma) o f gas
13 T1 =15+273 // Atmospher ic t empera tu r e i n K
14 P1=1 // Atmospher ic p r e s s u r e i n bar
15 // S o l u t i o n :
16 // Re f e r f i g 2 6 . 2 8 , 2 6 . 2 9
17 P2=r_p*P1,P4=P2 // P r e s s u r e at 2 , 4 i n bar
18 T2!=T1*r_p ^((g-1)/g) // I s e n t r o p i c t empera tu re at 2

i n K
19 T2=(T2!-T1)/(eta_C)+T1 // Temperature at 2 i n K
20 W_C=cp_a*(T2-T1) // Compressor work i n kJ/ kg
21 W_HPT=W_C/eta_d //Work done by H. P . t u r b i n e i n kJ/ kg
22 T5=T4-W_HPT/cp_g // Temperature at 5 i n K
23 T5!=T4 -(T4-T5)/( eta_HPT) // I s e n t r o p i c t empera tu r e at

5 i n K
24 P5=P4/(T4/T5!)^(g1/(g1 -1)) // P r e s s u r e at 5 i n bar
25 P6=P5,P7=P1 // P r e s s u r e at 6 , 7 i n bar
26 T7!=T6*(P7/P6)^((g1 -1)/g1) // I s e n t r o p i c t empera tu r e

at 7 i n K
27 T7=T6-eta_LPT *(T6-T7!) // Temperature at 7 i n K
28 W_LPT=cp_g*(T6-T7) //Work done by L . P . t u r b i n e i n kJ

/ kg
29 T3=poly(0, ’T3 ’ ) // D e f i n i n g t empera tu r e at 3 as a

unknown i n K
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30 e1=(cp_a*(T3 -T2))/(cp_g*(T7-T2)) // E f f e c t i v e n e s s i n
terms o f T3

31 // E f f e c t i v e n e s s from the r e l a t i o n must be e q u a l to
the g i v e n e f f e c t i v e n e s s

32 // Thus t h e i r d i f f e r e n c e must be z e r o
33 T3=roots(e1 -e/100) // Temperature at 3 i n K
34 W=cp_g*(T6-T7) //Work output i n kJ/ kg ( e r r o r i n book

)
35 Q1=cp_g*(T4 -T3)+cp_g*(T6 -T5) // Heat added i n kJ/ kg
36 eta=W/Q1 // Cyc le e f f i c i e n c y
37 // R e s u l t s :
38 printf(”\n The p r e s s u r e o f the gas e n t e r i n g L . P .T . ,

P6 = %. 2 f bar ”,P6)
39 printf(”\n The net s p e c i f i c power , W = %. 2 f kW/ kg / s ”

,W)

40 printf(”\n The o v e r a l l e f f i c i e n c y , e t a = %. 4 f \n\n”,
eta)

41 // Answer i s wrong i n book

Scilab code Exa 26.8 Calculations on automotive gas turbine

1 // C a l c u l a t i o n s on automot ive gas t u r b i n e
2 clc ,clear

3 // Given :
4 r_p=6 // p r e s s u r e r a t i o
5 e=65 // E f f e c t i v e n e s s o f heat exchange r i n p e r c e n t
6 T5=800+273 ,T1 =15+273 // I n l e t t empera tu r e to H. P .

t u r b i n e and L . P . compre s so r i n K
7 m=0.7 // Mass f l o w r a t e i n kg / s
8 eta_C =0.8, eta_HPT =0.85 , eta_LPT =0.85 // I s e n t r o p i c

e f f i c i e n c y o f compre s so r and h igh and low
p r e s s u r e t u r b i n e i n p e r c e n t

9 eta_d =98 // Mechan ica l e f f i c i e n c y to d r i v e compre s so r
i n p e r c e n t

10 eta_c =97 // Combustion e f f i c i e n c y i n p e r c e n t
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11 CV =42600 // C a l o r i f i c v a l u e o f f u e l i n kJ/ kg
12 cp =1.005 // Assume s p e c i f i c heat i n kJ/kgK
13 g=1.4 // S p e c i f i c heat r a t i o (gamma)
14 // S o l u t i o n :
15 // Re f e r f i g 2 6 . 3 0 , 2 6 . 3 1
16 P1=1 // Atmospher ic p r e s s u r e i n bar
17 P3=r_p*P1,P5=P3,P7=P1 // P r e s s u r e at 3 , 5 , 7 i n bar
18 T3!=T1*r_p ^((g-1)/g) // I s e n t r o p i c t empera tu re at 3

i n K
19 T3!= round(T3!*10) /10

20 T3=(T3!-T1)/(eta_C)+T1 // Temperature at 3 i n K
21 W_C=m*cp*(T3-T1) // Compressor work i n kW
22 W_HPT=W_C *100/ eta_d //Work done by H. P . t u r b i n e i n

kW
23 T6=T5-W_HPT/(m*cp) // Temperature at 6 i n K
24 T6!=T5 -(T5-T6)/( eta_HPT) // I s e n t r o p i c t empera tu r e at

6 i n K
25 P6=P5/(T5/T6!)^(g/(g-1)) // P r e s s u r e at 6 i n bar
26 T7!=T6*(P7/P6)^((g-1)/g) // I s e n t r o p i c t empera tu r e at

7 i n K
27 T7=T6-eta_LPT *(T6-T7!) // Temperature at 7 i n K
28 W=m*cp*(T6-T7) // Net power deve l oped i n kW
29 T4=e/100*(T7 -T3)+T3 // Temperature at 4 i n K
30 Q1=m*cp*(T5 -T4)*100/ eta_c // Heat s u p p l i e d i n kJ/ s
31 eta=W/Q1 // O v e r a l l the rma l e f f i c i e n c y
32 sfc=Q1 *3600/( CV*W) // S p e c i f i c f u e l consumption i n kg

/kWh
33 // R e s u l t s :
34 printf(”\n ( a ) The net power deve loped , W = %. 2 f kW”,

W)

35 printf(”\n ( b ) The o v e r a l l the rma l e f f i c i e n c y , e t a =
%. 1 f p e r c e n t ”,eta *100)

36 printf(”\n ( c ) The s p e c i f i c f u e l consumption , s f c = %
. 3 f kg /kWh\n\n”,sfc)
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Scilab code Exa 26.9 Calculations on Helium gas turbine

1 // C a l c u l a t i o n s on Helium gas t u r b i n e
2 clc ,clear

3 // Given :
4 P1=4,P2=16 // P r e s s u r e at e n t e r i n g and l e a v i n g o f

compre s so r i n bar
5 T1=320,T2=590 // Temperature at e n t e r i n g and l e a v i n g

o f compre s so r i n K
6 e=70 // E f f e c t i v e n e s s o f heat exchange r i n p e r c e n t
7 P3=15.5,P4=4.2 // P r e s s u r e at e n t e r i n g and l e a v i n g o f

t u r b i n e i n bar
8 T3=1400,T4=860 // Temperature at e n t e r i n g and l e a v i n g

o f t u r b i n e i n K
9 P=100 // Net power output i n MW
10 cp_h =5.2 // S p e c i f i c heat o f he l ium i n kJ/kgK
11 g_h =1.67 // S p e c i f i c heat r a t i o (gamma) f o r he l ium
12 // S o l u t i o n :
13 // Re f e r f i g 2 6 . 3 2 , 2 6 . 3 3
14 T2!=T1*(P2/P1)^((g_h -1)/g_h) // I s e n t r o p i c

t empera tu re at 2 i n K
15 eta_C=(T2!-T1)/(T2-T1) // Compressor e f f i c i e n c y
16 T4!=T3/(P3/P4)^((g_h -1)/g_h) // I s e n t r o p i c

t empera tu re at 4 i n K
17 eta_T=(T3 -T4)/(T3-T4!) // Turbine e f f i c i e n c y
18 Tx=T2+(T4-T2)*e/100 // Temperature at l e a v i n g o f

r e g e n e r a t o r i n K
19 Q1=cp_h*(T3 -Tx) // Heat s u p p l i e d i n kJ/ kg
20 W_T=cp_h*(T3-T4) // Turbine work i n kJ/ kg
21 W_C=cp_h*(T2-T1) // Compressor work i n kJ/ kg
22 W=W_T -W_C //Work output i n kJ/ kg
23 eta=W/Q1 // Cyc le e f f i c i e n c y
24 T5=T4 -(Tx-T2) // Temperature at 5 i n K
25 Qout=cp_h*(T5-T1) // Heat r e j e c t e d i n p r e c o o l e r i n kJ

/ kg
26 m_h=P*1000/W // Helium f l o w r a t e i n kg / s
27 // R e s u l t s :
28 printf(”\n ( a ) The compre s so r e f f i c i e n c y , e ta C = %. 3
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f \n\ tThe t u r b i n e e f f i c i e n c y , e ta T = %. 3 f ”,eta_C ,
eta_T)

29 printf(”\n ( b ) The therma l e f f i c i e n c y o f the c y c l e ,
e t a = %. 1 f p e r c e n t ”,eta *100)

30 printf(”\n ( c ) The heat r e j e c t e d i n the c o o l e r b e f o r e
compressor , Qout = %. 1 f kJ/ kg ”,Qout)

31 printf(”\n ( d ) The he l ium f l o w r a t e f o r the net power
output o f 100 MW, m = %. 2 f kg / s \n\n”,m_h)

Scilab code Exa 26.10 Calculations on closed cycle gas turbine

1 // C a l c u l a t i o n s on c l o s e d c y c l e gas t u r b i n e
2 clc ,clear

3 // Given :
4 r_p=9 // O v e r a l l p r e s s u r e r a t i o
5 eta_LPC =85, eta_HPC =85 // I s e n t r o p i c e f f i c i e n c y o f L . P

. and H. P . c o m p r e s s o r s i n p e r c e n t
6 eta_LPT =90, eta_HPT =90 // I s e n t r o p i c e f f i c i e n c y o f L . P

. and H. P . t u r b i n e i n p e r c e n t
7 T1=300,T5=1100 // I n l e t t empera tu r e to t u r b i n e and

compre s so r i n K
8 cp_ar =0.5207 // S p e c i f i c heat o f Argon i n kJ/kgK
9 g_ar =1.667 // S p e c i f i c heat r a t i o (gamma) f o r Argon
10 R_ar =0.20813 // S p e c i f i c gas c o n s t a n t f o r Argon i n kJ

/kgK
11 // S o l u t i o n :
12 // Re f e r f i g . 2 6 . 3 4 , 2 6 . 3 5
13 m_ar=1 // Assume mass f l o w r a t e i n kg / s
14 P1=1 // Assume p r e s s u r e at e n t e r i n g to L . P .

compre s so r i n bar
15 P2=sqrt(r_p)*P1 // P r e s s u r e at l e a v i n g to L . P .

compre s so r i n bar
16 P3=P2 // P r e s s u r e at e n t e r i n g to H. P . compre s so r i n

bar
17 P4=r_p*P1 // P r e s s u r e at l e a v i n g to H. P . compre s so r
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i n bar
18 T2!=T1*(P2/P1)^((g_ar -1)/g_ar) // I s e n t r o p i c

t empera tu re at 2 i n K
19 T2=(T2!-T1)/( eta_LPC /100)+T1 // Temperature at 2 i n K
20 W_LPC=m_ar*cp_ar*(T2 -T1) //Work r e q u i r e d by L . P .

compre s so r i n kJ/ kg / s
21 T3=T1 // Temperature at 3 i n K
22 T4!=T3*(P4/P3)^((g_ar -1)/g_ar) // I s e n t r o p i c

t empera tu re at 4 i n K
23 T4=(T4!-T3)/( eta_HPC /100)+T3 // Temperature at 4 i n K
24 //Work r e q u i r e d i s same f o r both L . P .C . and H. P .C .

as p r e s s u r e r a t i o i s same f o r both
25 W_HPC=W_LPC //Work r e q u i r e d by H. P . compre s so r i n kJ

/ kg / s
26 P5=P4,P6=P2 ,P7=P6,P8=P1 // P r e s s u r e at 5 , 6 , 7 , 8 i n

bar
27 T6!=T5/(P5/P6)^((g_ar -1)/g_ar) // I s e n t r o p i c

t empera tu re at 6 i n K
28 T6=T5-eta_HPT /100*(T5 -T6!) // Temperature at 6 i n K
29 W_HPT=m_ar*cp_ar*(T5 -T6) //Work done by H. P . t u r b i n e

i n kJ/ kg / s
30 //Work done i s same f o r both L . P .T . and H. P .T . as

p r e s s u r e r a t i o i s same f o r both
31 W_LPT=W_HPT //Work done by L . P . t u r b i n e i n kJ/ kg / s
32 T7=T5 // Temperature at 7 i n K
33 // ( a )
34 W=(W_HPT+W_LPT)-(W_HPC+W_LPC) // Net work done i n kW/

kg
35 // ( b )
36 r_w=W/(W_HPT+W_LPT) //Work r a t i o
37 // ( c )
38 Q1_c=m_ar*cp_ar *(T5-T4) // Heat s u p p l i e d i n

combust ion chamber i n kJ/ kg / s
39 Q1_r=m_ar*cp_ar *(T7-T6) // Heat s u p p l i e d i n r e h e a t e r

i n kJ/ kg / s
40 eta=W/(Q1_c+Q1_r) // O v e r a l l e f f i c i e n c y
41 // R e s u l t s :
42 printf(”\n ( a ) The work done per kg o f f u e l f low , W =
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%. 1 f kW/ kg ”,W)
43 printf(”\n ( b ) The work r a t i o , r w = %. 3 f ”,r_w)
44 printf(”\n ( c ) The o v e r a l l e f f i c i e n c y , e t a = %. 3 f \n\n

”,eta)
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Chapter 27

Testing of Internal Combustion
Engines According to Indian
and International Standards

Scilab code Exa 27.1 Calculations on non supercharged CI engine

1 // C a l c u l a t i o n s on non s u p e r c h a r g e d CI e n g i n e
2 clc ,clear

3 // Given :
4 Pr=500 // Standard r e f e r e n c e brake power i n kW
5 eta_m =85 // Mechan ica l e f f i c i e n c y i n p e r c e n t
6 br=220 // Standard s p e c i f i c f u e l consumption i n g/kWh
7 px=87 // S i t e ambient a i r p r e s s u r e i n kPa
8 Tx =45+273 // S i t e ambient t empera tu r e i n K
9 phix =80/100 // R e l a t i v e humid i ty at s i t e
10 // S o l u t i o n :
11 // Re f e r t a b l e 2 7 . 1 , 2 7 . 2 and 2 7 . 3
12 a=1 // Facto r
13 m=1,n=0.75,q=0 // Exponents
14 psx =9.6 // S a t u r a t i o n vapour p r e s s u r e at s i t e i n kPa
15 psr =3.2 // Standard s a t u r a t i o n vapour p r e s s u r e i n kPa
16 pr=100 // Standard t o t a l b a r o m e t r i c p r e s s u r e i n kPa
17 Tr=298 // Standard a i r t empera tu r e i n K

134



18 phir =0.3 // Standard r e l a t i v e humid i ty
19 k=((px-a*phix*psx)/(pr-a*phir*psr))^m*(Tr/Tx)^n //

The r a t i o o f i n d i c a t e d power
20 alpha=k-0.7*(1 -k)*(100/ eta_m -1) // Power ad jus tment

f a c t o r
21 Beta=k/alpha // Fue l consumption ad jus tment f a c t o r
22 Px=alpha*Pr // Brake power at s i t e i n kW
23 bx=Beta*br // S p e c i f i c f u e l consumption at s i t e i n g/

kWh
24 // R e s u l t s :
25 printf(”\n The s i t e c o n t i n u o u s net brake power , Px =

%. 1 f kW”,Px)
26 printf(”\n The s i t e c o n t i n u o u s s p e c i f i c f u e l

consumption , bx = %. 1 f g/kWh\n”,bx)

Scilab code Exa 27.2 Calculations on turbocharged CI engine

1 // C a l c u l a t i o n s on tu rbocha rg ed CI e n g i n e
2 clc ,clear

3 // Given :
4 Pr=1000 // Standard r e f e r e n c e brake power i n kW
5 eta_m =90 // Mechan ica l e f f i c i e n c y i n p e r c e n t
6 Pir=2 // Boost p r e s s u r e r a t i o
7 Tra =313 // S u b s t i t u t e r e f e r e n c e a i r t empera tu re i n K
8 Pimax =2.36 //Maximum boos t p r e s s u r e r a t i o
9 h=4000 // A l t i t u d e i n m

10 px=61.5 // S i t e ambient a i r p r e s s u r e i n kPa
11 Tx=323 // S i t e ambient t empera tu r e i n K
12 Tcx =310 // Charge a i r c o o l e n t t empera tu r e at s i t e i n

K
13 // S o l u t i o n :
14 // Re f e r t a b l e 2 7 . 1 , 2 7 . 2 and 2 7 . 3
15 m=0.7,n=1.2,q=1 // Exponents
16 pr=100 // Standard t o t a l b a r o m e t r i c p r e s s u r e i n kPa
17 Tcr =298 // Standard cha rge a i r c o o l e n t t empera tu r e i n
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K
18 Tr=298 // Standard a i r t empera tu r e i n K
19 pra=pr*Pir/Pimax // Standard r e f e r e n c e p r e s s u r e i n

kPa
20 pra=round (10* pra)/10

21 k=(px/pra)^m*(Tra/Tx)^n*(Tcr/Tcx)^q //The r a t i o o f
i n d i c a t e d power

22 alpha=k-0.7*(1 -k)*(100/ eta_m -1) // Power ad jus tment
f a c t o r

23 Px1=round(alpha*Pr) // Brake power at s i t e i n kW
24 // I f r e f e r e n c e c o n d i t i o n s a r e not changed
25 k=(px/pr)^m*(Tr/Tx)^n*(Tcr/Tcx)^q //The r a t i o o f

i n d i c a t e d power
26 alpha=k-0.7*(1 -k)*(100/ eta_m -1) // Power ad jus tment

f a c t o r
27 Px2=round(alpha*Pr) // Brake power at s i t e i n kW
28 // R e s u l t s :
29 printf(”\n Power a v a i l a b l e at an a l t i t u d e o f 4000m,

Px = %d kW”,Px1)
30 printf(”\n Power a v a i l a b l e at an a l t i t u d e o f 4000m

i f r e f e r e n c e c o n d i t i o n s a r e not changed , Px = %d
kW\n”,Px2)

Scilab code Exa 27.3 Calculations on turbocharged CI engine

1 // C a l c u l a t i o n s on tu rbocha rg ed CI e n g i n e
2 clc ,clear

3 // Given :
4 Px=640 // Brake power at s i t e i n kW
5 px=70 // S i t e ambient a i r p r e s s u r e i n kPa
6 Tx=330 // S i t e ambient t empera tu r e i n K
7 Tcx =300 // Charge a i r c o o l e n t t empera tu r e at s i t e i n

K
8 eta_m =85 // Mechan ica l e f f i c i e n c y i n p e r c e n t
9 py=100 // Test ambient p r e s s u r e i n kPa
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10 Tcy =280 // Charge a i r c o o l e n t t empera tu r e at t e s t i n
K

11 Ty=300 // Test ambient t empera tu r e i n K
12 // S o l u t i o n :
13 // Re f e r t a b l e 2 7 . 1 , 2 7 . 2 and 2 7 . 3
14 m=0.7,n=1.2,q=1 // Exponents
15 pr=100 // Standard t o t a l b a r o m e t r i c p r e s s u r e i n kPa
16 Tcr =298 // Standard cha rge a i r c o o l e n t t empera tu r e i n

K
17 Tr=298 // Standard a i r t empera tu r e i n K
18 kr=(px/pr)^m*(Tr/Tx)^n*(Tcr/Tcx)^q //The r a t i o o f

i n d i c a t e d power
19 kr=floor (1000* kr)/1000

20 alphar=kr -0.7*(1 -kr)*(100/ eta_m -1) // Power
ad jus tment f a c t o r

21 Pr=Px/alphar // Standard r e f e r e n c e brake power i n kW
22 ky=(py/pr)^m*(Tr/Ty)^n*(Tcr/Tcy)^q //The r a t i o o f

i n d i c a t e d power at t e s t
23 alphay=ky -0.7*(1 -ky)*(100/ eta_m -1) // Power

ad jus tment f a c t o r at t e s t
24 Py=Pr*alphay // Brake power at t e s t i n kW ( Round o f f

e r r o r )
25 // R e s u l t s :
26 printf(”\n Power deve l oped under t e s t ambient

c o n d i t i o n s , Py = %. 0 f kW”,Py)
27 //Round o f f e r r o r i n the v a l u e o f ’Py ’

Scilab code Exa 27.4 Simulating site ambient conditions

1 // S i m u l a t i n g s i t e ambient c o n d i t i o n s
2 clc ,clear

3 // Given :
4 // Datas a r e taken from Ex . 2 7 . 3
5 Px=640 // Brake power at s i t e i n kW
6 eta_m =85 // Mechan ica l e f f i c i e n c y i n p e r c e n t
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7 px=70 // S i t e ambient a i r p r e s s u r e i n kPa
8 py=100 // Standard t o t a l b a r o m e t r i c p r e s s u r e i n kPa
9 Tx=330 // S i t e ambient t empera tu r e i n K
10 Ty=300 // Test ambient t empera tu r e i n K
11 p2_py =2.5 // P r e s s u r e r a t i o
12 by=238 // S p e c i f i c f u e l consumption at t e s t i n g/kWh
13 // S o l u t i o n :
14 // Re f e r t a b l e 2 7 . 1 , 2 7 . 2 and 2 7 . 3
15 m=0.7,n=1.2,q=1 // Exponents
16 ky=(py/px)^m //The r a t i o o f i n d i c a t e d power at t e s t
17 alphay=ky -0.7*(1 -ky)*(100/ eta_m -1) // Power

ad jus tment f a c t o r at t e s t
18 Py=round(Px*alphay) // Brake power at t e s t i n kW
19 //From f i g 2 7 . 1
20 Tx_Ty=Tx/Ty // Temperature r a t i o
21 p1_py =0.925 // Rat io
22 p1=p1_py*py // Air p r e s s u r e a f t e r t h r o t t l e i n kPa (

p r i n t i n g e r r o r )
23 Betay=ky/alphay // Fue l consumption ad jus tment f a c t o r

at t e s t
24 bx=by/Betay // S p e c i f i c f u e l consumption at s i t e i n g

/kWh
25 // R e s u l t s :
26 printf(”\n Power deve l oped on the t e s t bed , Py = %d

kW”,Py)
27 printf(”\n The p r e s s u r e beh ind the t h r o t t l e p l a t e ,

p1 = %. 1 f kPa”,p1)
28 printf(”\n The f u e l consumption a d j u s t e d to s i t e

ambient c o n d i t i o n s , bx = %d g/kWh”,bx)
29 // Answer i n the book i s p r i n t e d wrong

Scilab code Exa 27.5 Calculations on unsupercharged SI engine

1 // C a l c u l a t i o n s on unsupe r charged SI e n g i n e
2 clc ,clear
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3 // Given :
4 Py=640 // Brake power at t e s t i n kW
5 py=98 // Test ambient p r e s s u r e i n kPa
6 Ty=303 // Test ambient t empera tu r e i n K
7 phiy =0.8 // R e l a t i v e humid i ty at t e s t
8 // S o l u t i o n :
9 // Re f e r t a b l e 2 7 . 1 , 2 7 . 3
10 psy =4.2 // S a t u r a t i o n vapour p r e s s u r e at t e s t i n kPa
11 psr =3.2 // Standard s a t u r a t i o n vapour p r e s s u r e i n kPa
12 pr=100 // Standard t o t a l b a r o m e t r i c p r e s s u r e i n kPa
13 Tr=298 // Standard a i r t empera tu r e i n K
14 phir =0.3 // Standard r e l a t i v e humid i ty
15 alpha_a =((pr-phir*psr)/(py-phiy*psy))^1.2*( Ty/Tr)

^0.6 // C o r r e c t i o n f a c t o r f o r CI e n g i n e
16 Pr=round(alpha_a*Py) // Standard r e f e r e n c e brake

power i n kW
17 // R e s u l t s :
18 printf(”\n The power at s tandard r e f e r e n c e

c o n d i t i o n s , Pr = %d kW”,Pr)

Scilab code Exa 27.6 Calculations on turbocharged CI engine

1 // C a l c u l a t i o n s on tu rbocha rg ed CI e n g i n e
2 clc ,clear

3 // Given :
4 Py=896 // Brake power at t e s t i n kW
5 py=96 // Test ambient p r e s s u r e i n kPa
6 Ty=302 // Test ambient t empera tu r e i n K
7 phiy =0.2 // R e l a t i v e humid i ty at t e s t
8 px=98 // S i t e ambient a i r p r e s s u r e i n kPa
9 Tx=315 // S i t e ambient t empera tu r e i n K
10 phix =0.4 // R e l a t i v e humid i ty at s i t e
11 N=1800 // Engine speed i n rpm
12 V_s =51.8 // Swept volume i n l i t r e s
13 m_f =54.5 // Fue l d e l i v e r y i n gm/ s
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14 pi=2.6 // P r e s s u r e r a t i o
15 // S o l u t i o n :
16 // Re f e r t a b l e 2 7 . 1 , 2 7 . 3
17 psy =4.8 // S a t u r a t i o n vapour p r e s s u r e at t e s t i n kPa
18 psx =8.2 // S a t u r a t i o n vapour p r e s s u r e at s i t e i n kPa
19 q=m_f *1000/(N/(2*60)*V_s) // Fue l d e l i v e r y i n mg/

l i t r e c y c l e
20 qc=round(q/pi) // C o r r e c t e d f u e l d e l i v e r y inmg/

l i t r e c y c l e
21 // Apply ing c o n d i t i o n g i v e n i n f i g 2 7 . 2 f o r v a l u e o f

e n g i n e f a c t o r ( fm )
22 if (qc <= 40) then

23 fm=0.3;

24 elseif (qc >= 65) then

25 fm=1.2;

26 else

27 fm =0.036*qc -1.14;

28 end

29 fa=((px-phix*psx)/(py -phiy*psy))^0.7*( Ty/Tx)^1.5 //
Atmospher ic f a c t o r

30 alpha_d=fa^fm // C o r r e c t i o n f a c t o r f o r CI e n g i n e
31 Px=alpha_d*Py // Brake power at s i t e i n kW
32 // R e s u l t s :
33 printf(”\n Power at s i t e ambient c o n d i t i o n s , Px = %d

kW”,Px)

Scilab code Exa 27.7 Calculations on turbocharged CI engine

1 // C a l c u l a t i o n s on tu rbocha rg ed CI e n g i n e
2 clc ,clear

3 // Given :
4 Py=700 // Brake power at t e s t i n kW
5 py=96 // Test ambient p r e s s u r e i n kPa
6 Ty=302 // Test ambient t empera tu r e i n K
7 phiy =0.2 // R e l a t i v e humid i ty at t e s t
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8 px=69 // S i t e ambient a i r p r e s s u r e i n kPa
9 Tx=283 // S i t e ambient t empera tu r e i n K
10 phix =0.4 // R e l a t i v e humid i ty at s i t e
11 N=1200 // Engine speed i n rpm
12 V_s =45 // Swept volume i n l i t r e s
13 m_f =51.3 // Fue l d e l i v e r y i n gm/ s
14 pi=2.0 // P r e s s u r e r a t i o
15 eta_m =85 // Mechan ica l e f f i c i e n c y i n p e r c e n t
16 // S o l u t i o n :
17 pr=100 // Standard t o t a l b a r o m e t r i c p r e s s u r e i n kPa
18 Tr=298 // Standard a i r t empera tu r e i n K
19 phir =0.3 // Standard r e l a t i v e humid i ty
20 // Re f e r t a b l e 2 7 . 1 , 2 7 . 3
21 psy =4.1 // S a t u r a t i o n vapour p r e s s u r e at t e s t i n kPa
22 psx =1.2 // S a t u r a t i o n vapour p r e s s u r e at s i t e i n kPa
23 psr =3.2 // Standard s a t u r a t i o n vapour p r e s s u r e i n kPa
24 q=m_f *1000/(N/(2*60)*V_s) // Fue l d e l i v e r y i n mg/

l i t r e c y c l e
25 qc=round(q/pi) // C o r r e c t ed f u e l d e l i v e r y i n mg/

l i t r e c y c l e
26 // Apply ing c o n d i t i o n g i v e n i n f i g 2 7 . 2 f o r v a l u e o f

e n g i n e f a c t o r ( fm )
27 if (qc <= 40) then

28 fm=0.3;

29 elseif (qc >= 65) then

30 fm=1.2;

31 else

32 fm =0.036*qc -1.14;

33 end

34 fa=((px-phix*psx)/(py -phiy*psy))^0.7*( Ty/Tx)^1.5 //
Atmospher ic f a c t o r

35 alpha_d=fa^fm // C o r r e c t i o n f a c t o r f o r CI e n g i n e
36 // Apply ing c o n d i t i o n g i v e n i n s e c t i o n 2 7 . 4 . 2
37 if (alpha_d > 0.9) & (alpha_d < 1.1) then

38 Px=alpha_d*Py

39 else

40 fa=((pr-phir*psr)/(py-phiy*psy))^0.7*( Ty/Tr)^1.5

// Atmospher ic f a c t o r
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41 alpha_d=fa^fm // C o r r e c t i o n f a c t o r f o r CI e n g i n e
42 Pr=alpha_d*Py // Standard r e f e r e n c e brake power

i n kW
43 m=0.7,n=2 // Exponents
44 k=(px/pr)^m*(Tr/Tx)^n //The r a t i o o f i n d i c a t e d

power
45 alpha=k-0.7*(1 -k)*(100/ eta_m -1) // Power

ad jus tment f a c t o r
46 Px=alpha*Pr // Brake power at s i t e i n kW
47 end

48 // R e s u l t s :
49 printf(”\n Power at s i t e ambient c o n d i t i o n s , Px = %d

kW”,Px)
50 // Answer i n the book i s wrong
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