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

Exa Example (Solved example)

Eqn Equation (Particular equation of the above book)

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

For example, Exa 3.51 means solved example 3.51 of this book. Sec 2.3 means
a scilab code whose theory is explained in Section 2.3 of the book.
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Chapter 2

Properties Of Material

Scilab code Exa 2.1 Cross Section Area of bar

1 // / Example 1 . 2 Page No : 2 0
2 // / Find Cross−S e c t i o n Area
3 // / Input data
4 clc;

5 clear;

6 L1=5; // Length o f s t e e l bar i n
m

7 d1=25*10^ -3; // Diametr o f s t e e l bar i n
mm

8 deltaLt1 =25*10^ -3; // / S t e e l
9 pt1 =800;

10 pi1 =3.142; // Power l oad o f s t e e l
bar i n N

11

12 // // C a l c u l a t i o n
13 A1=(pi1/4) *(( deltaLt1)^2); // / Cross−s e c t i o n a r ea
14 sigmat1=pt1/A1; // S t r e s s i n s t e e l bar
15 et1=deltaLt1/L1; // / S t r a i n i n s t e e l bar
16 E1=sigmat1/et1; //Young ’ s modulus
17

18 // / Output
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19 mprintf( ’ v a l u e o f Cross−s e c t i o n a r ea= %f \n ’ ,A1);
20 printf( ’ v a l u e o f s t r e s s i n s t e e l bar= %f MN/mˆ2 \n ’

,sigmat1);

21 printf( ’ v a l u e o f s t r a i n i n s t e e l bar= %f \n ’ ,et1);
22 printf( ’ v a l u e o f Youngs modulus= %f N/mˆ2 \n ’ ,E1);

Scilab code Exa 2.2 Stress in Steel bar

1 // / Example 1 . 2 Page No : 2 0
2 // / Find S t r e s s i n S t e e l bar
3 // / Input data
4 clc;

5 clear;

6 L1 =300*10^ -3; // Length o f hexagona l p r i s m a t i c
s t e e l bar i n mm

7 A1 =500*10^ -6; // Area o f c r o s s s e c t i o n o f
s t e e l bar mm∗∗2

8 Pt1 =500*10^3; // Load o f s t e e l bar i n KN
9 E1 =210*10^9; // Modulus o f e l a s t i c i t y GN/m∗∗2
10

11 // / C a l c u l a t i o n
12 sigmat1=Pt1/A1; // S t r e s s i n s t e e l bar
13 et1=sigmat1/E1; // S t r a i n s t e e l bar i s
14 deltaLt1=et1*L1; // Ther e f o r e , e l o n g a t i o n o f the

s t e e l bar i s g i v e n by
15

16 // // Output
17 printf( ’ s t r e s s i n s t e e l bar= %f N/mˆ2 \n ’ ,sigmat1);
18 printf( ’ t h e r e f o r e , s t r a i n s t e e l bar i s g i v e n by= %f \

n ’ ,et1);
19 printf( ’ t h e r e f o r e , e l o n g a t i o n o f the s t e e l bar i s

g i v e n by= %f m’ ,deltaLt1);
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Scilab code Exa 2.3 Stress in the Steel wire

1 // / Example 1 . 3 Page No : 2 1
2 // / Find S t r e s s i n the S t e e l w i r e
3 // Input Data
4 clc;

5 clear;

6 Pt1 =600; // T e n s i l s f o r c e i n N
7 d1=2*10^ -3; // Diameter o f s t e e l w i r e i n

mm
8 L1=15; // Length o f w i r e i n m
9 E1 =210*10^9; // Modulus o f e l a s t i c i t y o f

the m a t e r i a l i n GN/M∗∗2
10 pi1 =3.1482;

11

12

13 // C a l c u l a t i o n
14 A1=(pi1/4)*(d1^2); // ( 1 ) c r o s s s e c t i o n a r ea
15 sigmat1 =(Pt1)/(A1); // s t r e s s i n the s t e e l

w i r e
16 et1 =(( sigmat1)/(E1)); // ( 2 ) The r e f o r e , s t r a i n

i n s t e e l w i r e i s g i v e n by
17 deltaLt1=et1*L1; // ( 3 ) En longa t i on o f the

s t e e l w i r e i s g i v e n by
18 pe=(( deltaLt1/L1)*100); // ( 4 ) Pe r c en tage

e l o n g a t i o n
19

20

21 // /// Output
22 printf( ’ c r o s s s e c t i o n a r ea= %f mˆ2\n ’ ,A1);
23 printf( ’ s t r e s s i n the s t e e l w i r e= %f GN/mˆ2 \n ’ ,

sigmat1);

24 printf( ’ modulus o f e l a s t i c i t y =%f \n ’ ,et1);
25 printf( ’ s t r a i n i n s t e e l w i r e=%f mm \n ’ ,deltaLt1)
26 printf( ’ p e r c e n t a g e e l o n g a t i o n=%f p e r c e n t \n ’ ,pe)
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Scilab code Exa 2.4 Stress in square rod

1 // // Example 1 . 4 Page No : 2 2
2 // / Find S t r e s s i n squa r e rod
3 // Input data
4 clc;

5 clear;

6 A1 =30*30*10^ -6; // Area o f s qua r e rod i n mm∗∗2
7 L1=5; // / Length o f squ a r e rod i n m
8 Pc =150*10^3; // Ax ia l c o m p e r e s s i v e l oad o f a

rod i n kN
9 E1 =215*10^9; // Modulus o f e l a s t i c i t y i n GN/m

∗∗2
10

11

12 // C a l c u l a t i o n
13 sigmac =((Pc)/(A1)); // S t r e s s i n s qua r e rod
14 ec=( sigmac)/(E1); // Modulusof e l a s t i c i t y i s E1=

sigmac / ec , t h e r e f o r e s t r a i n i n squa r e rod i s
15 deltaLc=ec*5; // / T h e r e f o r e s h o r t e n i n g o f

l e n g t h o f the rod
16

17

18 // / Output
19 printf( ’ s t r e s s i n squa r e rod %f N/mˆ2 ’ ,sigmac);
20 printf( ’ \n ’ );
21 printf( ’ s t r a i n i n squa r e rod ec= %f\n ’ ,ec);
22 printf( ’ s h o r t e n i n g o f l e n g t h o f the rod= %f m \n ’ ,

deltaLc);

Scilab code Exa 2.5 Stress in metallic rod
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1 // // Example 1 . 5 Page No : 2 3
2 // // Find S t r e s s i n m e t a l l i c rod
3 // // input data
4 clc;

5 clear;

6 d1=50*10^ -3; // Diameter o f m e t a l i c
rod i n mm∗∗2

7 L1 =220*10^ -3; // Length o f m e t a l i c rod
i n mm

8 Pt1 =40*10^3; // Load o f m e t a l i c rod i n
KN

9 deltaLt1 =0.03*10^ -3; // E l a s t i c e n l o n g a t i o n i n
mm

10 ypl =160*10^3; // Y i e l d p o i n t l oad i n KN
11 ml =250*10^3; //Maximum load i n KN
12 lsf =270*10^ -3; // Length o f spec imen at

f r a c t u r e i n mm
13 pi =3.142;

14

15 // c a l c u l a t i o n
16 A1=(((pi)/(4))*((d1)^2)); // ( 1 ) Cros s s e c t i o n a r ea
17 sigmat1=Pt1/A1; // S t r e s s i n m e t a l l i c

rod
18 et1=deltaLt1/L1; // S t r a i n n m e t a l l i c rod
19 E1=sigmat1/et1; //Young ’ s modulus
20 ys=ypl/A1; // ( 2 ) Y e i l d s t r e n g t h
21 uts=ml/A1; // ( 3 ) U l t imate t e n s i l e

s t r e n g t h
22 Pebf1 =((lsf -L1)/L1)*100; // Pe r c en tage

e l o n g a t i o n b e f o r e f r a c t u r e
23

24 // output
25 printf( ’ c r o s s s e c t i o n a r ea = %f mˆ2\n ’ ,A1);
26 printf( ’ s t r e s s i n m e t a l l i c rod= %f N/mˆ2 \n ’ ,sigmat1

);

27 printf( ’ s t r a i n n m e t a l l i c rod= %f \n ’ ,et1);
28 printf( ’ youngs modulus= %f GN/mˆ2\n ’ ,E1);
29 printf( ’ y e i l d s t r e n g t h= %f MN/mˆ2\n ’ ,ys);
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30 printf( ’ u l t i m a t e t e n s i l e s t r e n g t h= %f MN/mˆ2 \n ’ ,uts
);

31 printf( ’ p e r c e n t a g e e l o n g a t i o n b e f o r e f r a c t u r e= %f
p e r c e n t \n ’ ,Pebf1);

Scilab code Exa 2.6 Stress in square metal bar

1 // // Example 1 . 6 Page No : 2 4
2 // / Find S t r e s s i n squa r e meta l bar
3 // Input data
4 clc;

5 clear;

6 A1 =50*50*10^ -6; // Area o f s q u a r e
meta l bar i n mm∗∗2

7 Pc =600*10^3; // Ax ia l compress l aod
i n KN

8 L1 =200*10^ -3; // Gauge l e n g t h o f
meta l bar i n mm

9 deltaLc =0.4*10^ -3; // C o n t r a c t i o n l e n g t h
o f meta l bar i n mm

10 deltaLlateral =0.05*10^ -3; // L a t e r a l l e n g t h o f
meta l bar i n mm

11

12 // C a l c u l a t i o n
13 sigmac=Pc/A1; // S t r e s s i n s qua r e meta l

bar
14 ec=deltaLc/L1; // L o n g i t u d i n a l o r l i n e a r

s t r a i n i n squa r e meta l bar
15 E1 =sigmac/ec; // Smodule o f e l a s t i c i t y
16 elateral=deltaLlateral/L1; // L a t e r a l s t r a i n i n

squa r e meta l bar
17 poissonsratio=elateral/ec;

18

19

20 // Output
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21 printf( ’ s t r e s s i n bar=%f N/mˆ2 \n ’ ,sigmac);
22 printf( ’ l o n g i t u d i n a l or l i n e a r s t r a i n i n squa r e

meta l bar= %f \n ’ ,ec);
23 printf( ’ module o f e l a s t i c i t y = %f N/mˆ2 \n ’ ,E1);
24 printf( ’ l a t e r a l s t r a i n i n squa r e meta l bar=%f \n ’ ,

elateral);

25 printf( ’ p o i s s o n s r a t i o=%f \n ’ ,poissonsratio);
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Chapter 5

Metrology

Scilab code Exa 5.1 The Diameter of the rod

1 // Example 5 . 1 Page No : 8 1
2 // Find Diameter o f the rod
3 // Input data
4 clc;

5 clear;

6 MSR =3.2; // Main s c a l e r e a d i n g o f
c y l i n d r i c a l rod i n cm

7 NCD =7; //Number o f c o i n c i d i n g V e r n i e r
S c a l e d i v i s i o n

8 Lc =0.1*10^ -3; // Leas t count o f the in s t rument i n
mm

9

10 // C a l c u l a t i o n
11 DOR=MSR+(NCD*Lc); // Diameter o f the rod
12

13 // Output
14 printf( ’ Diameter o f the rod= %f cm \n ’ ,DOR);

Scilab code Exa 5.2 Measured length of bar

15



1 // / Example 5 . 2 Page No : 8 2
2 // / Measured l e n g t h o f bar
3 // Input data
4 clc;

5 clear;

6 MSR =5.3; // Main s c a l e r e a d i n g o f
p r i s m a t i c bar i n cm

7 NCD =6; //Number o f c o i n c i d i n g V e r n i e r
S c a l e d i v i s i o n

8 Lc =0.1*10^ -3; // Leas t count o f the in s t rument
i n mm

9 Ne=( -0.2*10^ -3); // Ins t rument b e a r s a n a g a t i v e
e r r o r i n mm

10

11 // C a l u l a t i o n
12 Mlb=MSR+(NCD*Lc); // Measured l e n g t h o f the bar i n

cm
13 Tlb=(Mlb -(Ne)); // True l e n g t h o f the bar i n cm
14

15

16 // Output
17 printf( ’ Measured l e n g t h o f the bar= %f cm \n ’ ,Mlb);
18 printf( ’ True l e n g t h o f the bar= %f cm ” , Tlb ) ;

Scilab code Exa 5.3 Height required to setup of bar

1 // / Example 5 . 3 Page No : 8 8
2 // / Find He ight r e q u i r e d to s e tup o f bar
3 // Input data
4 clc;

5 clear;

6 // Import maths
7 L=100; // He ight o f s i n e bar
8 theta =12.8 // a n g l e i n d e g r e e minut
9 //Z=s i n ( t h e t a ) =0.22154849
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10 Z=0.22154849

11

12 // / C a l c u l a t i o n
13 b=Z*L; // He ight r e q u i r e d to s e tup i n mm
14

15

16 // / Output
17 printf( ’ He ight r e q u i r e d= %f mm \n ’ ,b);

17



Chapter 7

Fluid Mechanics

Scilab code Exa 7.1 mass density of liquid

1 // / Chapter No 7 F lu id Mechanics
2 // / Example 7 . 1 Page No : 1 1 3
3 // // Find mass d e n s i t y o f l i q u i d
4 // Input data
5 clc;

6 clear;

7 V=5; // volume o f the l i q u i d i n m∗∗3
8 W=45*10^3; // we ight o f the l i q u i d i n KN
9 g=9.81; // a c c e l e r a t i o n due to g r a v i t y i n m/ s

∗∗2
10 rhow =1000; // c o n s t a n t v a l u e
11

12 // // C a l c u l a t i o n
13 m=W/g; // mass i n Kg
14 rho=m/V; // Mass d e n s i t y i n kg /m∗∗3
15 w=W/V; // Weight Dens i ty i n N/m∗∗3
16 v=V/m; // S p e c i f i c volume i n m∗∗3/ kg
17 S=rho/rhow; // S p e c i f i c g r a v i t y
18

19

20 // Output
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21 printf( ’ mass=%f kg \n ’ ,m);
22 printf( ’ Mass d e n s i t y= %f kg /mˆ3 \n ’ ,rho);
23 printf( ’ Weight Dens i ty= %f N/mˆ3\n ’ ,w);
24 printf( ’ S p e c i f i c volume=%f mˆ3/ kg \n ’ ,v);
25 printf( ’ S p e c i f i c g r a v i t y= %f \n ’ ,S);

Scilab code Exa 7.2 mass density of oil

1 // / Chapter No 7 F lu id Mechanics
2 // // Find mass d e n s i t y o f o i l
3 // / Example 7 . 2 Page No : 1 1 4
4 // / Input data
5 clc;

6 clear;

7 V=3*10^ -3; // 3 l o f o i l i n m∗∗3
8 W=24; // Weight o f o i l i n N
9 g=9.81; // Grav i ty i n m/ s ∗∗2

10 rhow =1000; // Constant v a l u e
11

12

13 // C a l c u l a t i o n
14 m=W/g; // Mass i n Kg
15 rho=m/V; // Mass d e n s i t y i n kg /m∗∗3
16 w=W/V; // Weight Dens i ty i n N/m∗∗3
17 v=V/m; // S p e c i f i c volume i n m∗∗3/ kg
18 S=rho/rhow; // S p e c i f i c g r a v i t y
19

20 // Output
21 printf( ’ mass= %f kg \n ’ ,m);
22 printf( ’ Mass d e n s i t y= %f kg /mˆ3 \n ’ ,rho);
23 printf( ’ Weight Dens i ty= %f N/mˆ3\n ’ ,w);
24 printf( ’ S p e c i f i c volume= %f mˆ3/ kg \n ’ ,v);
25 printf( ’ S p e c i f i c g r a v i t y= %f \n ’ ,S);

19



Scilab code Exa 7.3 mass density of liquid

1 // / Chapter No 7 F lu id Mechanics
2 // // f i n d mass d e n s i t y o f l i q u i d
3 // / Example 7 . 3 Page No : 1 1 4
4 // Input data
5 clc;

6 clear;

7 S=0.85; // S p e c i f i c g r a v i t y o f a l i q u i d
8 g=9.81; // A c c e l e r a t i o n due to g r a v i t y i n

m/ s ∗∗2( c o n s t a n t )
9 rhow =1000; // Constant v a l u e

10

11

12 // / C a l c u l a t i o n
13 // S p e c i f i c g r a v i t y S=roh / rohw
14 rho=S*rhow; // Mass d e n s i t y i n Kg/m∗∗3
15 w=rho*g; // Weight Dens i ty i n N/m∗∗3
16 v=1/ rhow; // S p e c i f i c volume i n m∗∗3/ kg
17

18

19 // / Output
20 printf( ’ Mass d e n s i t= %f kg /mˆ3 \n ’ ,rho);
21 printf( ’ Weight Dens i ty=%f N/mˆ3 \n ’ ,w);
22 printf( ’ S p e c i f i c volume= %f mˆ3/ kg \n ’ ,v);

Scilab code Exa 7.4 mass density of liquid

1 // / Chapter No 7 F lu id Mechanics
2 // / Example 7 . 4 Page No : 1 1 6
3 // // Find mass d e n s i t y o f l i q u i d
4 // Input data
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5 clc;

6 clear;

7 dy=21*10^ -3; // H o r i z o n t a l p l a t e s i n mm
8 du=1.4; // R e l a t i v e v e l o c i t y between the

p l a t e s i n m/ s
9 mu=0.6; // O i l o f v i s c o s i t y 6 p o i s e i n Ns/

mˆ2
10

11 // / C a l c u l a t i o n
12 tau=mu*(du/dy); // Shear i n the o i l i n N/mˆ2
13

14 // / Output
15 printf( ’ s h e a r i n the o i l= %f N/mˆ2 \n ’ ,tau);

Scilab code Exa 7.5 mass density of liquid

1 // / Chapter No 7 F lu id Mechanics
2 // / Find v i s c o s i t y o f the l i q u i d
3 // / Example 7 . 5 Page No : 1 1 6
4 // Input data
5 clc;

6 clear;

7 v=4*10^ -4; // / k i n e m a t i c v i s c o s i t y i s 4 s t o k e inm
∗∗2/ s

8 S=1.2; // s p e c i f i c g r a v i t y
9 dow =1000; // / d e n s i t y o f water Kg/m∗∗3
10

11

12 // / C a l c u l a t i o n
13 rho=S*dow;

14 vol=rho*v; // v i s c o s i t y o f the l i q u i d i n Ns/m∗∗2
or p o i s e

15

16 // / Output
17 printf( ’ v i s c o s i t y o f the l i q u i d= %f Ns/mˆ2 \n ’ ,vol);
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Scilab code Exa 7.6 newtons law of viscosity in shear stress

1 // / Chapter No 7 F lu id Mechanics
2 // // Find newton ’ s law o f v i s c o s i t y i n s h e a r s t r e s s
3 // / Example 7 . 6 Page No : 1 1 6
4 // / Input data
5 clc;

6 clear;

7 S=0.9; // S p e c i f i c g r a v i t y
8 tau =2.4; // s h e a r s t r e s s i n N/m∗∗2
9 vg =0.125; // v e l o c i t t y g r a d i e n t i n per s

10 dow =1000; // d e n s i t y o f water Kg/m∗∗3
11

12

13 // / C a l c u l a t i o n
14 mu=tau/vg; // newton ’ s law o f v i s c o s i t y i n s h e a r

s t r e s s i n Ns/m∗∗2
15 rho=S*dow; // Dens i ty o f o i l i n Kg/m∗∗3
16 v=mu/rho; // Kinemat ic v i s c o s i t y i n m∗∗2/ s or

s t o k e
17

18 // / Output
19 printf( ’ newtons law o f v i s c o s i t y i n s h e a r s t r e s s= %f

Ns/mˆ2 \n ’ ,mu);
20 printf( ’ Dens i ty o f o i l= %f kg /mˆ3 \n ’ ,rho);
21 printf( ’ Kinemat ic v i s c o s i t y=%f mˆ2/ s \n ’ ,v);

Scilab code Exa 7.7 Density of oil

1 // / Chapter No 7 F lu id Mechanics
2 // // Example 7 . 7 Page No : 1 1 7
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3 // / Find Dens i ty o f o i l
4 // / Input data
5 clc;

6 clear;

7 A=6*10^ -2; // Space between two s qua r e
p l a t e s i n mm

8 dy=8*10^ -3; // Th i ckne s s o f f l u i d i n mm
9 u1=0; // Lower pate i s s t a t i o n a r y
10 u2=2.4; // Upper p l a t e i n m/ s
11 F=5; // Speed o f f o r c e i n N
12 s=1.6; // S p e c i f i c g r a v i t y o f the

l i q u i d
13 dow =1000; // Dens i ty o f water Kg/m∗∗3
14

15

16 // ( 1 ) C a l c u l a t i o n
17 du=u2-u1; // change i n v e l o c i t y i n m/ s
18 tau=F/((A)^2); // s h e a r s t r e s s N/m∗∗2
19 mu=tau/(du/dy); // Newton ’ s law o f v i s c o s i t y i n

Ns/m∗∗2 or p o i s e
20 rho=s*dow; // Dens i ty o f o i l i n kg /m∗∗3
21 v=mu/rho; // / k i n e m a t i c v i s c o s i t y i s g i v e n

by m∗∗2/ s or s t o k e
22

23

24 // / Output
25 printf( ’ change i n v e l o c i t y=%f m/ s \n ’ ,du);
26 printf( ’ s h e a r s t r e s s=%f N/mˆ2 \n ’ ,tau);
27 printf( ’ Newtons law o f v i s c o s i t y=%f Ns/mˆ2 \n ’ ,mu);
28 printf( ’ Dens i ty o f o i l=%f kg /mˆ3 \n ’ ,rho);
29 printf( ’ k i n e m a t i c v i s c o s i t y=%f mˆ2/ s ’ ,v);

Scilab code Exa 7.8 Power required to maintain the speed of upper plate

1 // / Chapter No 7 F lu id Mechanics
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2 // // Example 7 . 8 Page No : 1 1 8
3 // / Find Power r e q u i r e d to ma inta in the speed o f

upper p l a t e
4 // Input data
5 clc;

6 clear;

7 dy =1.5*10^ -4; //Two h o r i z o n t a l p l a t e s a r e
p l a c e d i n m

8 mu =0.12; // Space between p l a t e s Ns/m∗∗2
9 A=2.5; // Upper a r ea i s r e q u i r e d to move

i n m∗∗2
10 du=0.6; // Speed r e r l a t e d to l owe r p l a t e

i n m/ s
11

12

13 // / / ( 1 ) C a l c u l a t i o n
14 tau=mu*(du/dy); // Shear s t r e s s N/m∗∗2
15 F=tau*A; // Force i n N
16 P=F*du; // Power r e q u i r e d to ma inta in the

speed o f upper p l a t e i n W
17

18

19 // Output
20 printf( ’ Shear s t r e s s=%f N/mˆ2 \n ’ ,tau);
21 printf( ’ Force=%f N \n ’ ,F);
22 printf( ’ Power r e q u i r e d to mainta in the speed o f

upper p l a t e=%f W \n ’ ,P);

Scilab code Exa 7.9 Tangential speed of shaft

1 // / Chapter No 7 F lu id Mechanics
2 // / Example 7 . 9 Page No 118
3 // / Find T a n g e n t i a l speed o f s h a f t
4 // Input data
5 clc;
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6 clear;

7 mu=0.1; // O i l o f v i s c o s i t y used f o r
l u b r i c a n t i n p o i s e or Ns/m∗∗2

8 D=0.15; // C l e a r a n c e between the
s h a f t o f d i amete r i n m

9 dy=3*10^ -4; // C l e a r a nc e i n m
10 N=90; // S h a f t r o r a t e s i n rpm
11 pi =3.14;

12

13

14 // / C a l c u l a t i o n
15 du=(pi*D*N)/60; // T a n g e n t i a l speed o f s h a f t i n

m/ s
16 tau=mu*(du/dy); //The s h e a r f o r c e i n N/m∗∗2
17

18 // / Output
19 printf( ’ T a n g e n t i a l speed o f s h a f t=%f m/ s \n ’ ,du);
20 printf( ’ The s h e a r f o r c e= %f N/mˆ2 \n ’ ,tau);

Scilab code Exa 7.10 Kinematic viscosity

1 // / Chapter No 7 F lu id Mechanics
2 // / Example 7 . 1 0 Page No : 1 1 9
3 // / Find Kinemat ic v i s c o s i t y
4 // Input data
5 clc;

6 clear;

7 // import math
8 A=120*10^ -3; // S ide o f s qua r e p l a t e i n mm
9 W=30; // S ide we ight i n N

10 du =3.75; // Uniform v e l o c i t y i n m/ s
11 theta =30; // L u b r i c a t e d i n c l i n e d p l ane

making an a n g l e i n d e g r e e at h o r i z o n t a l
12 dy=6*10^ -3; // Th i ckne s s l u b r i c a t i n g o i l f i l m

i n mm
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13 rho =800; // L u b r i c a t i n g o i l f i l m d e n s i t y
i n Kg/m∗∗3

14

15

16 // C a l c u l a t i o n
17 sin30 =0.5;

18 F=W*sin30; // Component o f f o r c e i n N
19 tau=(F/(A**2)); // Shear s t r e s s i n Ns/m∗∗2
20 mu=tau/(du/dy); //From Newton ’ s law o f Shear

s t r e s s i n Ns/m∗∗2
21 V=(mu/rho)*10^3; // Kinemat ic v i s c o s i t y i n m∗∗2/ s
22

23

24 // / Output
25 printf( ’ Component o f f o r c e=%f N \n ’ ,F);
26 printf( ’ Shear s t r e s s=%f Ns/mˆ2 \n ’ ,tau);
27 printf( ’ From Newtons law o f Shear s t r e s s=%f Ns/mˆ2 \

n ’ ,mu);
28 printf( ’ Kinemat ic v i s c o s i t y= %f mˆ2/ s \n ’ ,V);

Scilab code Exa 7.11 Density of oil

1 // / Chapter No 7 F lu id Mechanics
2 // Example 7 . 1 1 Page No 121
3 //#Input data
4 clc;

5 clear;

6 Z=15; // P r e s s u r e due to column i n m
7 S=0.85; // O i l o f s p e c i f i c g r a v i t y
8 g=9.81; // Grav i ty
9

10

11

12 // / C a l c u l a t i o n
13 rho=S*10^3; // Dens i ty o f o i l i n kg /m∗∗3

26



14 P=rho*g*Z; // P r e s s u r e i n N/m∗∗2 or kPa
15

16

17 // / Output
18 printf( ’ Dens i ty o f o i l= % f kg /mˆ3 \n ’ ,rho);
19 printf( ’ P r e s s u r e= %f N/m∗∗2 \n ’ ,P);

Scilab code Exa 7.12 Intensity of pressure of water

1 // / Chapter No 7 F lu id Mechanics
2 // / Example 7 . 1 2 Page No 122
3 // / Find I n t e n s i t y o f p r e s s u r e o f water
4 // / Input data
5 clc;

6 clear;

7 Z1=1.5; // open tank c o n t a i n water
i n m

8 Z2=2.5; // o i l o f s p e c i f i c g r a v i t y
f o r depth i n m

9 S=0.9; // o i l o f s p e c i f i c g r a v i t y
10 rho1 =1000; // d e n s i t y o f water i n Kg/m

∗∗3
11 rho2=S*10^3; // d e n s i t y o f o i l i n Kg/m∗∗3
12 g=9.81; // g r a v i t y
13

14

15

16 // / c a l c u l a t i o n
17 P=rho1*g*Z1+rho2*g*Z2; // I n t e n s i t y o f p r e s s u r e i n

kPa
18

19

20 // / output
21 printf( ’ i n t e n s i t y o f p r e s s u r e=%f N/mˆ2 \n ’ ,P);
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Scilab code Exa 7.13 Discharge through pipe

1 // / Chapter No 7 F lu id Mechanics
2 // / Example 7 . 1 3 Page No : 1 2 4
3 // / Find D i s c h a r g e through p ipe
4 // / Input data
5 clc;

6 clear;

7 D1=0.2; // Diameter o f p ip e
s e c t i o n 1 i n m

8 D2=0.3; // Diameter o f p ip e
s e c t i o n 2 i n m

9 V1=15; // V e l o c i t y o f water i n
m/ s

10 pi =3.14;

11

12 // / c a l c u l a t i o n
13 Q=((3.14/4) *(0.2) ^2) *15; // D i s c h a r g e through p ipe

i n m∗∗3/ s
14 V2 =(((3.14/4) *(0.2) ^2) *15) /((3.14/4) *(0.3) ^2); //

v e l o c i t y o f s e c t i o n 2 i n m/ s
15

16

17 // / Output
18 printf( ’ D i s c h a r g e through p ipe= %f mˆ3/ s \n ’ ,Q);
19 printf( ’ v e l o c i t y o f s e c t i o n 2= %f m/ s \n ’ ,V2);

Scilab code Exa 7.14 Total energy per unit weight

1 // / Chapter No 7 F lu id Mechanics
2 // // Example 7 . 1 4 Page No : 1 2 6
3 // // Find Tota l ene rgy per u n i t we ight
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4 // Input data
5 clc;

6 clear;

7 V=13; // V e l o c i t y o f water f l o w i n g
throgh p ipe i n m/ s

8 P=200*10^3; // P r e s s u r e o f water i n Kpa
9 Z=25; // He ight above the datum i n m

10 g=9.81;

11 rho =1000;

12

13

14 // / C a l c u l a t i o n
15 E=(P/(rho*g))+((V^2) /(2*g))+(Z); // Tota l ene rgy per

u n i t we ight i n m
16

17

18 // / Output
19 printf( ’ Tota l ene rgy per u n i t we ight= %f m \n ’ ,E);

Scilab code Exa 7.15 Total energy per unit weight

1 // / Chapter No 7 F lu id Mechanics
2 // / Example 7 . 1 5 Page No : 1 2 7
3 // / Find Tota l ene rgy per u n i t we ight
4 // / Input data
5 clc;

6 clear;

7 S=0.85; // S p e c i f i c g r a v i t y o f o i l
8 D=0.08; // Diameter o f p ip e i n m
9 P=1*10^5; // I n t e n i t y o f p r e s s s u r e i n N/mˆ2

10 Z=15; // Tota l ene rgy bead i n m
11 E=45; //Datum p lane i n m
12 Mdw =1*10^3; // Mass d e n s i t y o f water c o n s t a n t
13 g1 =9.81; // Grav i ty c o n s t a n t
14 rho=S*Mdw; // Mass d e n s i t y o f o i l

29



15 pi1 =3.14;

16

17 // / c a l c u l a t i o n
18 rho=S*Mdw; // Mass d e n s i t y o f o i l
19 //E=(P/( rho ∗g1 ) ) +((V∗∗2) /(2∗ g1 ) ) +(Z) ;
20 V=sqrt((E-((P/(rho*g1))+Z))*(2*g1)); // / Tota l

ene rgy per u n i t we ight i n m/ s
21 Q1=(pi1/4)*D^2*V // D i s c h a r g e

i n mˆ3/Kg
22

23 // / output
24 printf( ’ mass d e n s i t y o f o i l=%f Kg/mˆ3 \n ’ ,rho);
25 printf( ’ Tota l ene rgy per u n i t we ight= %f m/ s \n ’ ,V)

;

26 printf( ’ d i s c h a r g e= %f mˆ3/ kg ’ ,Q1);

Scilab code Exa 7.16 Continuity Discharge Equation

1 // / Chapter No 7 F lu id Mechanics
2 // / Example 7 . 1 6 Page No : 1 2 7
3 // / Find c o n t i n u i t y d i s c h a r g e e q u a t i o n
4 // / input data
5 clc;

6 clear;

7 // / r e f e r f i g u r e 11
8 ZA=2; // water f l o w s s e c t i o n A−A i n

m
9 DA=0.3; // datum p ipe d i amete r at

s e c t i o n A−A i n m
10 PA =550*10^3; // p r e s s u r e i n kPa
11 VA=6; // f l o w v e l o c i t y i n m/ s
12 ZB=18; // water f l o w s at s e c t i o n B−B

i n m
13 DB =0.15; // datum p ipe d i amete r at

s e c t i o n B−B i n m
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14 pi1 =3.14; // c o n s t a n t
15 rho =1000; // c o n s t a n t
16 g1 =9.81; // c o n s t a n t
17 Aa=(pi1/4)*(DA)^2;

18 Ab=(pi1/4)*(DB)^2;

19 pi1 =3.14;

20

21 // / c a l c u l a t i o n
22 VB=((Aa*VA)/Ab); // c o n t i n u i t y d i s c h a r g e

e q u a t i o n i n m/ s
23 // b e r n o u l l i ’ s e q u a t i o n Kpa
24 // (PA/ rho ∗g ) +(VA∗∗2/2∗ g )+ZA=(PB/ rho ∗g ) +(VB∗∗2/2∗ g )+

ZB
25 PB=(((PA/(rho*g1))+(VA **2/(2* g1))+ZA) -((VB **2/(2* g1)

)+ZB))*(rho*g1);

26

27

28 // / output
29 printf( ’ c o n t i n u i t y d i s c h a r g e e q u a t i o n= %f m/ s \n ’ ,VB

);

30 printf( ’ b e r n o u l l i s e q u a t i o n= %f pa \n ’ ,PB);

Scilab code Exa 7.17 Bernoullis equation for discharge

1 // / Chapter No 7 F lu id Mechanics
2 // / Example 7 . 1 7 Page No : 1 2 8
3 // / Find b e r n o u l l i ’ s e q u a t i o n f o r d i s c h a r g e
4 // input data
5 // r e f e r f i g u r e 12
6 clc;

7 clear;

8 Q1 =0.04; // Water f l o w s at r a t e i n m∗∗2/ s
9 DA =0.22; // Pipe d i amete r at s e c t i o n A i n

m
10 DB =0.12; // Pipe d i amete r at s e c t i o n B i n
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m
11 PA =400*10^3; // I n t e n s i t y o f p r e s s u r e at s e t i o n

A i n kPa
12 PB =150*10^3; // I n t e n s i t y o f p r e s s u r e at s e t i o n

B i n kPa
13 pi1 =3.14; // Pi c o n s t a n t
14 g1 =9.81; // Grav i ty c o n s t a n t
15 rho =1000;

16

17 // / C a l c u l a t i o n
18 VA=Q1/(pi1 /4*(DA)^2); // c o n t u i t y e q u a t i o n f o r

d i s c h a r g e
19 VB=Q1/(pi1 /4*(DB)^2); // b e r n o u l l i ’ s e q u a t i o n f o r

d i s c h a r g e
20 // /Z=ZB−ZA
21 Z=(PA/(rho*g1))+(VA ^2/(2* g1)) -(PB/(rho*g1))-(VB

^2/(2* g1));

22

23

24 // / Output
25 printf( ’ Contu i ty e q u a t i o n f o r d i s c h a r g e= %f m63 \n ’

,VA);

26 printf( ’ Contu i ty e q u a t i o n f o r d i s c h a r g e= %f mˆ3 \n ’
,VB);

27 printf( ’ B e r n o u l l i s e q u a t i o n f o r d i s c h a r g e=%f m \n ’ ,Z
);

Scilab code Exa 7.18 Rate of water flow

1 // / Chapter No 7 F lu id Mechanics
2 // / Example 18 Page No : 1 2 9
3 // // Find r a t e o f water f l o w l /min
4 // Input data
5 clc;

6 clear;
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7 L1=200; // l e n g t h o f p ip e i n m
8 D11 =1; // Diameter at h igh end i n m
9 D12 =0.4; // Diameter at low end i n m

10 P1 =50*10^3; // P r e s s u r e at h igh end i n kPa
11 Q1 =4000; // Rate o f water f l o w l /min
12 S=1; // S l ope o f p ip e 1 i n 100
13 Z2=0; //Datum l i n e i s p a s s i n g through

the c e n t e r o f the low end , t h e r e f o r e
14 pi1 =3.14;

15 rho =1000;

16 g1 =9.81;

17

18

19 // / C a l c u l a t i o n
20 Q1 =(4000*10^ -3) /60; // r a t e o f water f l o w l /min i n

m∗∗3/ s
21 Z1 =1/100* L1; // s l o p e o f p ip e 1 i n 100 i s

i n m
22 //Q=A1∗V11=A2V2 // c o n t i n u i t y e q a t i o n ,

d i s c h a r g e
23 V11=Q1/((pi1 /4)*(D11^2));// i n mˆ3
24 V12=Q1/((pi1 /4)*(D12 **2));// i n mˆ3
25 // b e r n o u l l i ’ s e q u a t i o n
26 P2 =((((( P1/(rho*g1))+(V11 ^2/(2* g1))+Z1) -(V12 ^2/(2* g1

))-Z2))*(rho*g1))*10^ -3;

27

28

29 // / Output
30 printf( ’ r a t e o f water f l o w=%f mˆ3/ s \n ’ ,Q1);
31 printf( ’ s l o p e o f p ip e=%f m \n ’ ,Z1);
32 printf( ’ c o n t i n u i t y e q a t i o n , d i s c h a r g e= %f mˆ3 \n ” ,

V11 ) ;
33 p r i n t f ( ’ continuity eqation ,discharge= %f m^3 \n ” ,

V12 ) ;
34 p r i n t f ( ’ b e r n o u l l i s e q u a t i o n f o r d i s c h a r g e= %f kpa \n

’ , P2 ) ;
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Scilab code Exa 7.19 pipe inclined 30 degree therefore Z2

1 // / Chapter No 7 F lu id Mechanics
2 // / Example 7 . 1 9 Page No : 1 3 0
3 // / Find p ipe i n c l i n e d 30 degree , t h e r e f o r e Z2
4 // / Input data
5 clc;

6 clear;

7 L1=36; // Length o f p ip e i n m
8 D11 =0.15; // Diameter at upper s i d e

i n m
9 D12 =0.3; // Diameter at l owe r s i d e

i n m
10 sin30 =0.5;

11 theta=sin (30); // Pipe s l o p e upward at a n g l e i n
d e g r e e

12 V11 =2; // V e l o c i t y o f water at
s m a l l e r s e c t i o n i n m/ s

13 pi1 =3.14; // Pi c o n s t a n t
14 rho =1000; //Roh c o n s t a n t
15 g1 =9.81; // Grav i ty c o n s t a n t
16

17

18 // / C a l c u l a t i o n
19 // datum l i n e i s p a s s i n g through the c e n t e r o f the

low end , t h e r e f o r e
20 Z1=0;

21 Z2=Z1+L1 *(0.5); // p ipe i n c l i n e d 30 degree ,
t h e r e f o r e i n m

22 //Q=A1∗V1=A2∗V2 c o n t i n u i t y e q a t i o n , d i s c h a r g e
23 V12=(pi1 /4*( D11 ^2)*2)/(pi1 /4*( D12^2));

24 //Z=P1−P2 b e r n o u l l i ’ s e q u a t i o n
25 Z=(((( -V11 ^2) /(2*g1))+((V12^2) /(2*g1))-Z1+Z2)*(rho*

g1))*10^ -3;
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26

27

28 // / Output
29 printf( ’ p i p e i n c l i n e d 30 degree , t h e r e f o r e Z2= %f m \

n ’ ,Z2);
30 printf( ’ c o n t i n u i t y e q a t i o n d i s c h a r g e V2= %f m/ s \n ’ ,

V12);

31 printf( ’ b e r n o u l l i s e q u a t i o n Z=%f kpa \n ’ ,Z);

Scilab code Exa 7.20 Continuity eqation

1 // / Chapter No 7 F lu id Mechanics
2 // / Example 7 . 2 0 Page No:130−131
3 // / Find C o n t i n u i t y e q a t i o n
4 // Input data
5 clc;

6 clear;

7 D11 =0.25; // Diameter at i n l e t i n
m

8 D12 =0.175; // Diameter at o u t l e t i n
m

9 P1 =450*10^3; // I n t e n s i t y o f p r e s s u r e
at i n l e t i n kPa

10 P2 =200*10^3; // I n t e n s i t y o f p r e s s u r e
at o u t l e t i n kPa

11 pi1 =3.14; // p i c o n s t a n t
12 rho =1000; //Rho c o n s t a n t
13 g1 =9.81; // Grav i ty c o n s t a n t
14 //Z1=Z2 ;
15

16 // / C a l c u l a t i o n
17 // /A1∗V11=A2∗V12 C o n t i n u i t y e q a t i o n i n

V1
18 V12 =((pi1/4)*(D11^2))/(( pi1/4)*(D12 ^2));

19 // /Z=V12ˆ2−V11ˆ2 B e r n o u l l i ’ s e q u a t i o n i n
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m/ s
20 Z=-(((P2/(rho*g1)) -(P1/(rho*g1)))*(2*g1));

21 X=Z/((V12 ^2) -1);

22 V11=sqrt(X);

23 Q1=(pi1/4)*(D11^2)*V11; // Flow r a t e Water i n
m∗∗3/Kg

24

25

26 // / Output
27 printf( ’ C o n t i n u i t y e q a t i o n=%f V1 \n ” , V12 ) ;
28 p r i n t f ( ’ Bernoullis equation=%f m/s \n ” ,Z) ;
29 p r i n t f ( ’ V1= %f \n ’ , V11 ) ;
30 p r i n t f ( ’ Flow r a t e Water= %f mˆ3/ kg \n ’ ,Q1) ;

Scilab code Exa 7.21 Bernoullis equation for discharge

1 // / Chapter No 7 F lu id Mechanics
2 // / Example 7 . 2 1 Page No:131−132
3 // / Find B e r n o u l l i ’ s e q u a t i o n
4 // / Input data
5 clc;

6 clear;

7 L1=300; // Length o f p ip e i n m
8 D11 =0.9; // Diameter at h i g h e r end i n

m
9 D12 =0.6; // Diameter at l owe r end i n

m
10 S=0.85; // S p e c i f i c g r a v i t y
11 Q1 =0.08; // Flow i n l / s
12 P1 =40*10^3; // P r e s s u r e at h i g h e r end i n

kPa
13 pi1 =3.14; // p i c o n s t a n t
14 rho =1000; //Rho c o n s t a n t
15 g1 =9.81; // Grav i ty c o n s t a n t
16 slop =1/50; // 1 i n 50
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17

18

19 // C a l c u l a t i o n
20 //Datum l i n e i s p a s s i n g through the c e n t e r o f the

low end , t h e r e f o r e
21 Z2=0;

22 Z1=slop*L1;

23 //Q=A1∗V1=A2∗V2 C o n t i n u i t y e q a t i o n
24 V11=Q1/((pi1/4)*(D11^2)); // Frome c o n t i n u i t y eqa t i on

, d i s c h a r g e
25 V12=Q1/((pi1/4)*(D12^2)); // Frome c o n t i n u i t y

eqa t i on , d i s c h a r g e
26 // / B e r n o u l l i ’ s e q u a t i o n
27 P2 =((((( P1/(rho*S*g1))+(V11 ^2/(2* g1))+Z1)-(V12 ^2/(2*

g1))+Z2))*(S*rho*g1))*10^ -3;

28

29

30 // / Output
31 printf( ’ Z1= %f m \n ’ ,Z1);
32 printf( ’ c o n t i n u i t y e q a t i o n d i s c h a r g e V11= %f mˆ3 \n

’ ,V11);
33 printf( ’ c o n t i n u i t y eqa t i on , d i s c h a r g e V12= %f mˆ3 \n

’ ,V12);
34 printf( ’ b e r n o u l l i s e q u a t i o n= %f Kpa \n ’ ,P2);
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Chapter 9

Law Of Thermodynamics

Scilab code Exa 9.1 Work interaction during the 4th processes

1 // / Chapter 9 Law Of Thermodynamics
2 // / Example 9 . 1 Page No : 1 6 5
3 // / Find Work i n t e r a c t i o n dur ing the 4 th p r o c e s s e s
4 // / Input data
5 clc;

6 clear;

7 Qab =720; // Heat t r a n s f e r o f 1 s t p r o c e s s e s i n KJ
8 Qbc=-80; // Heat t r a n s f e r o f 2nd p r o c e s s e s i n KJ
9 Qcd =40; // Heat t r a n s f e r o f 3 rd p r o c e s s e s i n KJ

10 Qda =-640; // Heat t r a n s f e r o f 4 th p r o c e s s e s i n KJ
11 Wab=-90; //Work t r a n s f e r o f 1 s t p r o c e s s e s i n KJ
12 Wbc=-50; //Work t r a n s f e r o f 2nd p r o c e s s e s i n KJ
13 Wcd =130; //Work t r a n s f e r o f 3 rd p r o c e s s e s i n KJ
14

15

16 // / C a l c u l a t i o n
17 // /From the 1 s t law o f thermodynamic f o r c l o s e

system undergo ing a c y c l e .
18

19 //Work i n t e r a c t i o n dur ing the 4 th p r o c e s s e s
20 Wda =((Qab+Qbc+Qcd+Qda) -(Wab+Wbc+Wcd));
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21

22 // / Output
23 printf( ’Work i n t e r a c t i o n dur ing the 4 th p r o c e s s e s=

%f KJ \n ” ,Wda) ;

Scilab code Exa 9.2 Quantity of heat transferred

1 // / Chapter 9 Law Of Thermodynamics
2 // / Example 9 . 2 Page No : 1 6 6
3 // / Find Quant i ty o f heat t r a n s f e r r e d
4 // / Input data
5 clc;

6 clear;

7 // During compre s s i on
8 W1= -9200; // S t r o ke work done by the

p i s t o n i n Nm
9 Nm1 =-9.2; //Nm o f work done
10 Q1=-50; // Heat r e j e c t e d dur ing

c o p r e s s i o n i n KJ
11 // During expans i on
12 W2 =8400; // S t r o ke work done by the

p i s t o n i n Nm
13 Nm2 =8.4; //Nm o f work done
14

15 // / C a l c u l a t i o n ;
16 // Quant i ty o f heat t r a n s f e r r e d
17 Q2=-((Nm1+Nm2)+Q1); //−s i g n f o r i n d i c a t e heat i s

t r a n s f e r r e d
18

19

20 // / Output
21 printf( ’ Quant i ty o f heat t r a n s f e r r e d= %f KJ \n ’ ,Q2);
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Scilab code Exa 9.3 Magnitude and direction of the third heat interation

1 // / Chapter 9 Law Of Thermodynamics
2 // / Example 9 . 3 Page No : 1 6 6
3 // / Find Magnitude and d i r e c t i o n o f the t h i r d heat

i n t e r a t i o n
4 // / input data
5 clc;

6 clear;

7 W1=-20; //Work i n t e r a c t i o n to the
f l u i d i n KJ

8 W2=42; //Work i n t e r a c t i o n from the
f l u i d i n KJ

9 Q1=85; // Heat i n t e r a c t i o n to the
f l u i d i n KJ

10 Q2=85; // Heat i n t e r a c t i o n to the
f l u i d i n KJ

11 Q3=-50; // Heat i n t e r a c t i o n from the
f l u i d i n KJ

12

13 // / C a l c u l a t i o n
14 W3=((Q1+Q2+Q3)-(W1+W2)); // Magnitude and d i r e c t i o n

o f the t h i r d heat i n t e r a t i o n
15

16

17 // / Output
18 printf( ’ Magnitude and d i r e c t i o n o f the t h i r d heat

i n t e r a t i o n=%f KJ \n ’ ,W3);

Scilab code Exa 9.4 Work done and compression process of heat

1 // / Chapter 9 Law Of Thermodynamics
2 // / Example 9 . 4 Page No : 1 6 8
3 // / Find Work done and compre s s i on p r o c e s s o f heat
4 // / Input data
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5 clc;

6 clear;

7 Q1= -2100; //Non f l o w p r o c e s s l o s s e s heat i n
KJ

8 deltaU =420; // Gain heat
9

10 // / C a l c u l a t i o n
11 W=Q1 -deltaU; //Work done and compre s s i on

p r o c e s s i n KJ
12

13 // / Output
14 printf( ’Work done and compre s s i on p r o c e s s= %f KJ \n ’

,W);

Scilab code Exa 9.5 Change in interval energy

1 // / Chapter 9 Law Of Thermodynamics
2 // Example 9 . 5 Page No : 1 6 8
3 // / Find Change i n i n t e r v a l ene rgy
4 // / Input data
5 clc;

6 clear;

7 W= -2000; //Work input o f panddle whee l i n KJ
8 Q1= -6000; // Heat t r a n s f e r r e d to the s u r r o u n d i n g

from tank
9

10 // C a l c u l a t i o n
11 deltaU=Q1-W; // Change i n i n t e r v a l ene rgy
12

13 // / Output
14 printf( ’ change i n i n t e r v a l ene rgy drop= %f KJ \n ’ ,

deltaU);
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Scilab code Exa 9.6 Heat transferred during the process

1 // / Chapter 9 Law Of Thermodynamics
2 // / Example 9 . 6 Page No : 1 6 9
3 // / Find Heat t r a n s f e r r e d dur ing the p r o c e s s
4 // / Input data
5 clc;

6 clear;

7 U1=520; // i n t e r n a l ene rgy i n KJ/Kg
8 U2=350; // i n t e r n a l ene rgy i n KJ/Kg
9 W=-80; // work done by the a i r i n the c y l i n d e r

KJ/ kg
10

11 // / C a l c u l a t i o n
12 deltaU=U2-U1;

13 Q1=deltaU+W; // Heat t r a n s f e r r e d dur ing the p r o c e s s
14

15 // / Output
16 printf( ’ Heat t r a n s f e r r e d dur ing the p r o c e s s= %f KJ \

n ’ ,Q1);

Scilab code Exa 9.7 Steam flow rate

1 // / Chapter 9 Law Of Thermodynamics
2 // // Example 9 . 7 Page No : 1 6 9
3 // / Find Steam f l o w r a t e
4 // / Input data
5 clc;

6 clear;

7 W1=800; // Power o f t u r b i n e s h a f t Kw
8 W2=-5; //Work pump to f e e d i n Kw
9 Q1 =2700; // Heat f o r steam g e n e r a t i o n KJ/

Kg
10 Q2= -1800; // Condenser r e j e c t e d heat KJ/Kg
11
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12 // C a l c u l a t i o n
13 m=((W1+W2)/(Q1+Q2)); // Steam f l o w r a t e i n Kg/h
14

15

16 // Output
17 printf( ’ Steam f l o w r a t e= %f Kg/ s \n ” ,m) ;

Scilab code Exa 9.8 DeltaUab

1 // / Chapter 9 Law Of Thermodynamics
2 // / Example 9 . 8 Page No : 1 7 0
3 // / Find DeltaUab
4 // / input data
5 clc;

6 clear;

7 // / Data c o n s i s t e n t with f i r s t law p f thermodynamics
8 Qabcd =-22; // In KJ
9 N=150; // In Cyc l e s /min

10 Qab =17580; // In KJ/min
11 Qbc =0;

12 Qcd = -3660; // In KJ/min
13 Wab = -8160; // In KJ/min
14 Wbc =4170; // In KJ/min
15 DeltaUcd = -21630; // In KJ/min
16

17

18 // / C a l c u l a t i o n
19 DeltaUab=Qab -Wab; // In KJ/min
20 DeltaUbc=Qbc -Wbc; // In KJ/min
21 Wcd=Qcd -DeltaUcd; // In KJ/min
22 Qabcd1 = -220*150; // In KJ/min
23 Qda =(( Qabcd1)-(Qab+Qbc+Qcd)); // In KJ/min
24 Wda =(( Qabcd1)-(Wab+Wbc+Wcd)); // In KJ/min
25 DeltaUabcd =0;

26 DeltaUda =(( DeltaUabcd)-(DeltaUab+DeltaUbc+DeltaUcd))
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; // In KJ/min
27 NWO=Qabcd1 /60; // In KW
28

29 // / Output
30 printf( ’ DeltaUab= %f Kj/min \n ’ ,DeltaUab);
31 printf( ’ DeltaUbc= %f KJ/min \n ’ ,DeltaUbc);
32 printf( ’Wcd=%f KJ/min \n ’ ,Wcd);
33 printf( ’ Qabcd1= %f KJ/min \n ’ ,Qabcd1);
34 printf( ’Qda= %f KJ/min \n ’ ,Qda);
35 printf( ’Wda= %f KJ/min \n ’ ,Wda);
36 printf( ’ DeltaUabcd= %f KJ/min \n ’ ,DeltaUabcd);
37 printf( ’ DeltaUda= %f KJ/min \n ’ ,DeltaUda);
38 printf( ’NWO= %f Kw \n ’ ,NWO);

Scilab code Exa 9.9 Net heat transfer in 1st cycle

1 // / Chapter 9 Law Of Thermodynamics
2 // / Example 9 . 9 Page No : 1 7 1
3 // / Find Net heat t r a n s f e r i n 1 s t c y c l e
4 // / Input data
5 clc;

6 clear;

7 Qab = -6500; // Heat t r a n s f e r r e d i n 1 s t p r o c e s s KJ/min
8 Qbc =0; // Heat t r a n s f e r r e d i n 2nd p r o c e s s
9 Qcd = -10200; // Heat t r a n s f e r r e d i n 3 rd p r o c e s s KJ/min

10 Qda =32600; // Heat t r a n s f e r r e d i n 4 th p r o c e s s KJ/min
11 Wab = -1050; // Heat t r a n s f e r r e d i n 1 s t p r o c e s s KJ
12 Wbc = -3450; // Heat t r a n s f e r r e d i n 2nd p r o c e s s KJ
13 Wcd =20400; // Heat t r a n s f e r r e d i n 3 rd p r o c e s s KJ
14 Wda =0; // Heat t r a n s f e r r e d i n 4 th p r o c e s s
15

16 // / C a l c u l a t o r
17 dQ=Qab+Qbc+Qcd+Qda; // Net heat t r a n s f e r i n 1 s t c y c l e
18 dW=Wab+Wbc+Wcd+Wda; // Net work done i n 1 s t c y c l e
19 dW1=dW/60; // Net work done i n 1 s t c y c l e
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20 DeltaUab=Qab -Wab; // ab p r o c e s s
21 DeltaUbc=Qbc -Wbc; // bc p r o c e s s e s
22 DeltaUcd=Qcd -Wcd; // cd p r o c e s s e s
23 DeltaUda=Qda -Wda; // dc p r o c e s s e s
24

25 // / Output
26 printf( ’ Net heat t r a n s f e r i n 1 s t c y c l e= %f KJ/min \n

’ ,dQ);
27 printf( ’ Net work done i n 1 s t c y c l e= %f KJ/min \n ’ ,dW

);

28 printf( ’ Net work done i n 1 s t c y c l e=%f KW \n ’ ,dW1);
29 printf( ’ ab p r o c e s s= %f KJ/min \n ’ ,DeltaUab);
30 printf( ’ bc p r o c e s s e s= %f KJ/min \n ’ ,DeltaUbc);
31 printf( ’ cd p r o c e s s e s= %f KJ/min \n ’ ,DeltaUcd);
32 printf( ’ dc p r o c e s s e s= %f KJ/min \n ’ ,DeltaUda);
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Chapter 10

Properties Of Steam

Scilab code Exa 10.1 Dryness fuction of steam

1 // /// Chapter 10 P r o p e r t i e s Of Steam
2 // // Example 1 0 . 1 Page No : 1 8 3
3 // / Find Dryness f u c t i o n o f steam
4 // / Input data
5 clc;

6 clear;

7 mw=15; // Water steam
8 ms=185; // Dry steam
9

10 // / C a l c u l a t i o n
11 x=((ms)/(ms+mw))*100; // Dryness f u c t i o n o f steam i n

%
12

13 // / Output
14 printf( ’ Dryness f u c t i o n o f steam= %f p e r c e n t \n ’ ,x);

Scilab code Exa 10.2 saturation pressure of the steam

46



1 // /////// Chapter 10 P r o p e r t i e s Of Steam
2 // / Example 1 0 . 2 Page No : 1 8 3
3 // / Find s a t u r a t i o n p r e s s u r e o f the steam
4 // Input data
5 clc;

6 clear;

7 sps =150; // s a t u r a t i o n p r e s s u r e o f the steam i n
d e g r e e c e l s i u s

8

9 // Output
10 P=4.76; //From steam t a b l e
11 printf( ’ s a t u r a t i o n p r e s s u r e= %f bar \n ’ ,P);

Scilab code Exa 10.3 Saturation temperature of bar

1 // /////// Chapter 10 P r o p e r t i e s Of Steam
2 // / Example 1 0 . 3 Page No : 1 8 4
3 // Find S a t u r a t i o n t empera tu r e o f bar
4 // / Input data
5 clc;

6 clear;

7 P1=28; // / Abso lu te p r e s s u r e i n bar
8 P2=5.5; // Abso lu t e p r e s s u r e i n MPa
9 P3=77; // / Abso lu te p r e s s u r e i n mm o f Hg

10

11 // / C a l c u t a t i o n
12 ts1 =230.05; // S a t u r a t i o n t empera tu r e i n d e g r e e

c e l s i u s
13 ts2 =269.93; // S a t u r a t i o n t empera tu r e i n d e g r e e

c e l s i u s
14 ts3 =45.83; // S a t u r a t i o n t empera tu r e i n d e g r e e

c e l s i u s
15

16 // / Output
17 printf( ’ S a t u r a t i o n t empera tu r e= %f d e g r e e c e l s i u s \n
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’ ,ts1);
18 printf( ’ S a t u r a t i o n t empera tu r e= %f d e g r e e c e l s i u s \n

’ ,ts2);
19 printf( ’ S a t u r a t i o n t empera tu r e= %f d e g r e e c e l s i u s \n

’ ,ts3);

Scilab code Exa 10.4 Enthalpy of wet steam

1 // //// Chapter 10 P r o p e r t i e s Of Steam
2 // // Example 1 0 . 4 Page No : 1 8 5
3 // /
4 ////#Input data
5 clc;

6 clear;

7 P=15; // Abso lu t e p r e s s u r e i n bar
8 //From steam t a b l e ( p r e s s u r e b a s i s at 15 bar )
9 ts =198.3; // In d e g r e e c e l s i u s

10 hf =844.7; // In KJ/Kg
11 hfg =1945.2; // In KJ/Kg
12 hg =2789.9; // In KJ/Kg
13 tsup =300; // In d e g r e e c e l s i u s
14 x=0.8;

15 Cps =2.3;

16 hg =2789.9;

17

18 // C a l c u l a t i o n
19 h1=hf+x*hfg; // Enthalpy o f wet steam i n KJ/KG
20 h=hg; // Enthalpy o f dry and s a t u r a t e d

steam i n KJ/KG
21 h2=hg+Cps*(tsup -ts); // Enthalpy o f s u p e r h e a t e d steam

i n KJ/KG
22

23

24 // Output
25 printf( ’ Enthalpy o f wet steam=%f KJ/Kg \n ” , h1 ) ;
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26 p r i n t f ( ’ Enthalpy of dry and saturated steam=%f KJ/Kg

\n ’ , h ) ;
27 p r i n t f ( ’ Enthalpy of superheated steam= %f KJ/Kg \n ’

, h2 ) ;

Scilab code Exa 10.5 Final Enthalpy of the steam

1 // /////// Chapter 10 P r o p e r t i e s Of Steam
2 // / Example 7 . 5 Page No : 1 8 6
3 // / Find F i n a l Enthalpy o f the steam
4 // Input data
5 clc;

6 clear;

7 ti=30; // Temperature i n d e g r e e c e l s i u s
8 m=2; // Water i n Kg
9 pf=8; // Steam at 8 bar
10 x=0.9; // Water to dry
11 tb=30;

12 // /From steam t a b l e at 30 d e g r e e c e l s i u s
13 hf =125.7;

14 // /h1=hf i n i t i a l en tha lpy o f water
15 // /From steam t a b l e at 8 bar
16 ts =170.4; // In d e g r e e c e l s i u s
17 hf1 =720.9; // In KJ/KG
18 hfg =2046.6; // In KJ/KG
19 hg =2767.5; // In KJ/KG
20

21 // / C a l c u l a t i o n
22 h=hf1+(x*hfg); // F i n a l Enthalpy o f the steam i n KJ/

Kg
23 Qha=m*(h-hf); // Quant i ty o f the heat i n KJ/Kg

/// C a l c u l a t i o n mi s take m i s not
m u l t i p l i e d by ( h−h f ) i n book

24

25 // / Output
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26 printf( ’ F i n a l Enthalpy o f the steam=%f KJ/Kg \n ’ ,h)
;

27 printf( ’ Quant i ty o f the heat=%f KJ/Kg \n ’ ,Qha);

Scilab code Exa 10.6 Enthalpy of superheated steam

1 // /////// Chapter 10 P r o p e r t i e s Of Steam
2 // / Example 1 0 . 6 Page No : 1 8 6
3 // / Find Enthalpy o f s u p e r h e a t e d steam
4 // / Input data
5 clc;

6 clear;

7 IT=25; // I n i t i a l t empera tu r e
8 m=5; // Heat r e q u i r e d to g e n e r a t e

steam i n kg
9 pf=10; // F i n a l p r e s s u r e i n bar
10 tsup =250; // Water t empera tu re
11 // /From steam t a b l e ( temp b a s i s ) at 25 d e g r e e c e l s i u s
12 // and at 10 bar ( p r e s s u r e b a s i s )
13 hf =104.8; // In KJ/KG
14 h1 =104.8; // In KJ/KG
15 ts =179.9; // In d e g r e e c e l s i u s
16 hf1 =792.6; // In KJ/KG
17 hfg =2013.6; // In KJ/KG
18 hg =2776.2; // In KJ/KG
19 Cps =2.1;

20

21 // / C a l c u l a t i o n
22 h=hg+Cps*(tsup -ts); // Enthalpy o f s u p e r h e a t e d steam

i n KJ/Kg
23 H=m*(h-h1); // Quant i ty o f heat added i n KJ/

Kg
24

25 // / Output
26 printf( ’ Enthalpy o f s u p e r h e a t e d steam=%f KJ/Kg \n ” ,
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h ) ;
27 p r i n t f ( ’ Quantity of heat added= %f KJ/Kg \n ” ,H) ;

Scilab code Exa 10.7 Volume of wet steam

1 // /////// Chapter 10 P r o p e r t i e s Of Steam
2 // // Example 1 0 . 7 Page No : 1 8 8
3 // / Find Volume o f wet steam
4 ///#Input data
5 clc;

6 clear;

7 P=15; // Abso lu t e p r e s s u r e i n bar
8 //From steam t a b l e ( p r e s s u r e b a s i s at 15 bar )
9 ts =198.3+273; // In d e g r e e c e l s i u s

10 vg =0.1317; // In mˆ3/Kg
11 vf =0.001154; // In mˆ3/Kg
12 x=0.8;

13 Tsup =300+273; // Degree c e l s i u s
14

15

16 // C a l c u l a t i o n
17 v=(1-x)*vf+x*vg; // Volume o f wet steam i n m∗∗3/Kg
18 vg =0.1317; // Dry and s a t u r a t e d steam i n m

∗∗3/Kg
19 vsup=vg*(Tsup/ts); // Volume o f s u p e r h e a t e d steam m

∗∗3/Kg
20

21

22 // / Output
23 printf( ’ Volume o f wet steam= %f mˆ3/Kg \n ’ ,v);
24 printf( ’ Dry and S a t u ra t e d Steam= %f mˆ3/Kg \n ’ ,vg);
25 printf( ’ volume o f s u p e r h e a t e d steam= %f mˆ3/ kg \n ’ ,

vsup);
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Scilab code Exa 10.8 Mass of steam

1 // /////// Chapter 10 P r o p e r t i e s Of Steam
2 // / Example 1 0 . 8 Page No : 1 8 8
3 // // Find Mass o f steam
4 // / Input data
5 clc;

6 clear;

7 P=25; // Abso lu t e p r e s s u r e
8 ts =223.9; // Volume
9 // Frome steam t a b l e ( p r e s s u r e b a s i s a t 25 bar )
10 vf =0.001197; // In mˆ3/Kg
11 vg =0.0799; // In mˆ3/Kg
12 v=8; // In mˆ3/Kg
13

14

15 // / C a l c u l a t i o n
16 m=v/vg; // Mass o f steam i n Kg
17

18 // / Output
19 printf( ’ Mass o f steam=%f Kg \n ’ ,m);

Scilab code Exa 10.9 Volume of wet steam

1 // /////// Chapter 10 P r o p e r t i e s Of Steam
2 // / Example 1 0 . 9 Page No : 1 9 0
3 // // Find Volume o f wet steam
4

5 // Input data
6 clc;

7 clear;

8 P=12*10^5; // Abso lu te p r e s s u r e
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9 //From steam t a b l e ( p r e s s u r e b a s i s at 12 bar )
10 ts =188+273; // In d e g r e e c e l s i u s
11 vf =0.001139; // In m∗∗3/Kg
12 vg =0.1632; // In m∗∗3/Kg
13 hf =798.4; // In KJ/Kg
14 hfg =1984.3; // In KJ/Kg
15 hg =2782.7; // In KJ/Kg
16 x=0.94;

17 Cps =2.3;

18 tsup =350+273; // In d e g r e e c e l s i u s
19

20 // C a l c u a t i o n
21 h=hf+x*hfg; // Enthalpy o f wet steam i n

KJ/Kg
22 v=(1-x)*vf+x*vg; // Volume o f wet steam m∗∗3/

Kg
23 u=h-((P*v)/10^3); // I n t e r n a l Energy i n KJ/Kg
24 hg =2782.7; // Enthalpy o f dry &

s a t u r a t e d steam i n KJ/Kg
25 v1=vg; // Volume o f dry & s a t u r a t e d

steam m∗∗3/Kg
26 u1=hg -((P*vg)/10^3); // I n t e r n a l Energy i n KJ/Kg
27 h1=hg+Cps*(tsup -ts); // Enthalpy o f s u p e r h e a t e d

steam i n KJ/Kg
28 vsup=vg*(tsup/ts); // Volume o f s u p e r h e a t e d

steam i n m∗∗3/Kg
29 u2=h1 -((P*v)/10**3); // I n t e r n a l Energy i n KJ/Kg
30

31

32 // / Output
33 printf( ’ Enthalpy o f wet steam=%f KJ/Kg \n ’ ,h);
34 printf( ’ Volume o f wet steam= %f mˆ3/Kg \n ’ ,v);
35 printf( ’ I n t e r n a l Energy= %f KJ/Kg \n ’ ,u);
36 printf( ’ Enthalpy o f dry & s a t u r a t e d steam=%f KJ/Kg \

n ’ ,hg);
37 printf( ’ Volume o f dry & s a t u r a t e d steam=%f mˆ3/Kg \n

’ ,v1);
38 printf( ’ I n t e r n a l Energy= %f KJ/Kg \n ’ ,u1);
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39 printf( ’ Enthalpy o f s u p e r h e a t e d steam=%f KJ/Kg \n ’ ,
h1);

40 printf( ’ Volume o f s u p e r h e a t e d steam= %f mˆ3/ kg \n ’ ,
vsup);

41 printf( ’ I n t e r n a l Energy= %f KJ/Kg \n ’ ,u2);

Scilab code Exa 10.10 Enthalpy of superheated steam

1 // /////// Chapter 10 P r o p e r t i e s Of Steam
2 // /// Example 1 0 . 1 0 Page No : 1 9 1
3 // // Find Enthalpy o f s u p e r h e a t e d steam
4 // Input data
5 clc;

6 clear;

7 P1 =10*10^5 // P r e s s u r e o f steam i n
bar

8 tsup1 =300+273; // Temperature o f steam
n d e g r e e c e l s i u s

9 P2 =1.4*10^5; // I n t e r n a l ene rgy o f
steam

10 x2=0.8; // Dryness f r a c t i o n
11 Cps =2.3;

12 // / from steam t a b l e p r o p e r t i e s o f s a t u r a t e d steam (
temp b a s i s )

13 // / at 25 d e g r e e c e l s i u s and at 10 bar ( p r e s s u r e b a s i s
)

14 ts1 =179.9+273;

15 vf =0.001127; // In mˆ3/Kg
16 vg =0.1943; // In mˆ3/Kg
17 hf =762.6; // In KJ/Kg
18 hfg =2013.6; // In KJ/Kg
19 hg1 =2776.2; // In KJ/Kg
20 // at 1 . 4 bar ;
21 ts =109.3; // In d e g r e e c e l s i u s
22 vf1 =0.001051; // In mˆ3/Kg
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23 vg1 =1.2363; // In mˆ3/Kg
24 hf1 =458.4; // In KJ/Kg
25 hfg1 =2231.9; // In KJ/Kg
26 hg =2690.3; // In KJ/Kg
27

28 // / C a l c u l a t i o n
29 h1=hg1+Cps*(tsup1 -ts1); // Enthalpy o f

s u p e r h e a t e d steam i n KJ/Kg
30 v1=vg*(tsup1/ts1); // Volume o f

s u p e r h e a t e d steam i n m∗∗3/Kg
31 u1=h1 -((P1*v1)/10^3); // I n t e r n a l ene rgy i n KJ

/Kg
32 h2=hf1+x2*hfg1; // Enthalpy o f wet

steam i n KJ/Kg
33 Vwet=(1-x2)*vf1+x2*vg1; // Volume o f wet steam

i n m∗∗3/Kg
34 u2=h2 -((P2*Vwet)/10^3); // I n t e r n a l ene rgy i n KJ

/Kg
35 DeltaU=u1-u2; // Change o f I n t e r n a l

ene rgy i n KJ/Kg
36

37

38 // Output
39 printf( ’ Enthalpy o f s u p e r h e a t e d steam= %f KJ/Kg \n ’

,h1);

40 printf( ’ Volume o f s u p e r h e a t e d steam=%f mˆ3/ kg \n ’ ,
v1);

41 printf( ’ I n t e r n a l ene rgy= %f KJ/Kg \n ’ ,u1);
42 printf( ’ Enthalpy o f wet steam= %f KJ/Kg \n ’ ,h2);
43 printf( ’ Volume o f wet steam=%f mˆ3/ kg \n ’ ,Vwet);
44 printf( ’ I n t e r n a l ene rgy= %f KJ/Kg \n ’ ,u2);
45 printf( ’ Change o f I n t e r n a l ene rgy= %f KJ/Kg \n ’ ,

DeltaU);

Scilab code Exa 10.11 Entropy of wet steam
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1 // /////// Chapter 10 P r o p e r t i e s Of Steam
2 // //// Example 1 0 . 1 1 Page No : 1 9 3
3 // /// Find Entropy o f wet steam
4 // / Input data
5 clc;

6 clear;

7 P=15; // Abso lu t e p r e s s u r e
8 //From steam t a b l e ( p r e s s u r e b a s i s at 15 bar )
9 ts =198.3+273; // In d e g r e e c e l s i u s

10 Sf =2.3145; // In KJ/KgK
11 Sfg =4.1261; // In KJ/KgK
12 Sg =6.4406; // In KJ/KgK
13 tsup =300+273;

14 Cps =2.3;

15 x=0.8;

16

17 // // c a l c u l a t i o n
18 S=Sf+x*Sfg; // Entropy o f wet

steam i n KJ/Kg
19 S1=Sg; // Entropy o f

s u p e r h e a t e d steam i n KJ/Kg
20 S2=Sg+Cps*(log(tsup/ts)); // Entropy o f s u p e r h e a t e d

steam i n KJ/Kg
21

22 // / Output
23 printf( ’ Entropy o f wet steam %f KJ/Kg \n ’ ,S);

24 printf( ’ Entropy o f dry and s a t u r a t e d steam %f KJ/Kg
\n ’ ,S1);

25 printf( ’ Entropy o f s u p e r h e a t e d steam %f KJ/Kg \n ’ ,

S2);

Scilab code Exa 10.12 Entropy of of superheated steam

1 // /////// Chapter 10 P r o p e r t i e s Of Steam
2 // /// Example 1 0 . 1 2 Page No : 1 9 4
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3 // / Entropy o f 1 . 5 Kg o f s u p e r h e a t e d steam
4

5 // Input data
6 clc;

7 clear;

8 m=1.5; // Entropy o f the steam
9 P=10*10^5; // Abso lu te p r e s s u r e i n bar
10 //From steam t a b l e p r o p e r t i e s o f s a t u r a t e d steam
11 // /( p r e s s u r e b a s i s ) at 10 bar
12 ts =179.9+273; // I n d e g r e e c e l s i u s
13 vf =0.001127; // In m∗∗3/Kg
14 vg =0.1943; // In m∗∗3/Kg
15 hf =762.6; // / In KJ/Kg
16 hfg =2013.6; // In KJ/Kg
17 hg =2776.2; // In KJ/Kg
18 Sf =2.1382; // In KJ/KgK
19 Sfg =4.4446; // In KJ/KgK
20 Sg =6.5828; // In KJ/Kg
21 Cps =2.3;

22 tsup =250+273;

23

24

25 // / C a l c u l a t i o n
26 // ( 1 ) Enthalpy o f dry and s a t u r a t e d steam
27

28 h=hg; // Enthalpy o f dry and
s a t u r a t e d steam

29 EODS=hg*m; // Enthalpy o f 1 . 5 Kg o f dry
and s a t u r a t e d steam

30 v=vg; // volume o f dry and
s a t u r a t e d steam

31 u=h-((P*v)/10^3); // I n t e r n a l Energy
32 IES=u*m; // I n t e r n a l ene rgy o f the

steam
33 s=6.5858; // Entropy o f dry and

s a t u r a t e d steam
34 EODSS=s*m; // Entropy o f 1 . 5 Kg dry and

s a t u r a t e d steam
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35 x=0.75;

36 // ( 2 ) Enthalpy o f wet steam
37 h1=hf+x*hfg; // Enthalpy o f wet steam
38 EWS=h1*m; // Enthalpy o f 1 . 5 Kg o f wet

steam
39 Vwet=x*vg; // Volume o f steam
40 u1=h1 -((P*Vwet)/10^3); // I n t e r n a l ene rgy
41 IES1=u1*m; // I n t e r n a l ene rgy o f 1 . 5 Kg o f

the steam
42 s1=Sf+x*Sfg; // Entropy o f wet steam
43 EWS1=s1*m; // Entropy o f 1 . 5 Kg o f wet

steam
44

45 // / ( 3 ) Enthalpy o f s u p e r h e a t e d steam
46 h2=hg+Cps*(tsup -ts); // Enthalpy o f s u p e r h e a t e d

steam
47 EOSHS=h2*m; // Enthalpy o f 1 . 5 Kg o f

s u p e r h e a t e d steam
48 Vsup=vg*(tsup/ts); // Volume o f s u p e r h e a t e d

steam
49 u2=h2 -((P*Vsup)/10^3); // I n t e r n a l ene rgy
50 IES2=u2*m; // I n t e r n a l ene rgy o f 1 . 5 Kg

o f the steam
51 s2=Sg+Cps*(log(tsup/ts));// Entropy o f s u p e r h e a t e d

steam
52 EOSHS1=s2*m; // Entropy o f 1 . 5 Kg o f

s u p e r h e a t e d steam
53

54 // / Output
55 printf( ’ Enthalpy o f dry and s a t u r a t e d steam= %f KJ/

Kg \n ’ ,h);
56 printf( ’ Enthalpy o f 1 . 5 Kg o f dry and s a t u r a t e d steam

= %f KJ \n ’ ,EODS);
57 printf( ’ volume o f dry and s a t u r a t e d steam= %f mˆ3/Kg

\n ’ ,v);
58 printf( ’ I n t e r n a l Energy= %f KJ/Kg \n ’ ,u);
59 printf( ’ I n t e r n a l ene rgy o f the steam= %f KJ \n ’ ,

IES);
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60 printf( ’ Entropy o f dry and s a t u r a t e d steam = %f KJ/
KgK \n ’ ,s);

61 printf( ’ Entropy o f 1 . 5 kg o f dry and s a t u r a t e d steam=
%f KJ/K \n ’ ,EODSS);

62

63 printf( ’ Enthalpy o f wet steam= %f KJ/Kg \n ’ ,h1);
64 printf( ’ Enthalpy o f 1 . 5 Kg o f wet steam= %f KJ \n ’ ,

EWS);

65 printf( ’ Volume o f steam= %f mˆ3/Kg \n ’ ,Vwet);
66 printf( ’ I n t e r n a l ene rgy= %f KJ/Kg \n ’ ,u1);
67 printf( ’ I n t e r n a l ene rgy o f 1 . 5 Kg o f the steam= %f KJ

\n ’ ,IES1);
68 printf( ’ Entropy o f wet steam= %f KJ/KgK \n ’ ,s1);
69 printf( ’ Entropy o f 1 . 5 Kg o f wet steam= %f KJ/K \n ’

,EWS1);

70

71 printf( ’ Enthalpy o f s u p e r h e a t e d steam= %f KJ/Kg \n
’ ,h2);

72 printf( ’ Enthalpy o f 1 . 5 Kg o f s u p e r h e a t e d steam= %f
KJ \n ’ ,EOSHS);

73 printf( ’ Volume o f s u p e r h e a t e d steam= %f mˆ3/Kg \n ’ ,
Vsup);

74 printf( ’ I n t e r n a l ene rgy= %f \n ’ ,u2);
75 printf( ’ I n t e r n a l ene rgy o f 1 . 5 Kg o f the steam= %f KJ

\n ’ ,IES2);
76 printf( ’ Entropy o f s u p e r h e a t e d steam= %f KJ/KgK \n

’ ,s2);
77 printf( ’ Entropy o f 1 . 5 Kg o f s u p e r h e a t e d steam= %f KJ

/K \n ’ ,EOSHS1);

Scilab code Exa 10.13 Volume occupied by water

1 // /////// Chapter 10 P r o p e r t i e s Of Steam
2 // // Example 1 0 . 1 3 Page No : 1 9 6
3 // // Find Volume o c c u p i e d by water
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4 // / Input data
5 clc;

6 clear;

7 V=0.04; // Volume o f v e s s e l i n mˆ3
8 x=1;

9 t=250+273; // S a t u r a t ed steam temp i n
d e g r e e c e l s i u s

10 mw=9; // Mass o f l i q u i d i n Kg
11 //From steam t a b l e ( temp b a s i s , a t t =250)
12 P=39.78*10^5; // i n bar
13 Vf =0.001251; // In mˆ3/ kg
14 Vg =0.05004; // In mˆ3/Kg
15 hf =1085.7; //KJ/Kg
16 hfg =2800.4; //KJ/Kg
17 hg =1714.7; //KJ/Kg
18

19 // C a l c u l a t i o n
20 Vw=mw*Vf; // Volume o c c u p i e d by water

i n mˆ3
21 Vs=V-Vw; // Volume o f w a t e r i n mˆ3
22 ms=Vs/Vg; // Volume o f dry and

s a t u r a t e d steam i n Kg
23 m=mw+ms; // Tota l mass o f steam i n Kg
24 x=ms/(ms+mw); // Dryness f r a c t i o n o f steam
25 Vwet=(1-x)*Vf+x*Vg; // S p e c i f i c volume o f steam

i n mˆ3/Kg
26 h=hf+x*hfg; // Enthalpy o f wet steam i n

KJ/Kg
27 EOWS=h*m; // Enthalpy o f 9 . 5 7 4 Kg o f

wet steam KJ
28 u=h-((P*Vwet)/10^3); // I n t e r n a l Energy i n KJ/Kg
29 IEOS=u*m; // I n t e r n a l ene rgy o f 9 . 5 7 4

Kg o f steam i n KJ
30

31

32 // / Output
33 printf( ’ Volume o c c u p i e d by water=%f mˆ3 \n ’ ,Vw);
34 printf( ’ Volume o f water=%f mˆ3 \n ’ ,Vs);
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35 printf( ’ Volume o f dry and s a t u r a t e d steam=%f Kg \n ’ ,
ms);

36 printf( ’ Tota l mass o f steam= %f Kg \n ’ ,m);
37 printf( ’ Dryness f r a c t i o n o f steam= %f \n ’ ,x);
38 printf( ’ S p e c i f i c volume o f steam=%f mˆ3/Kg \n ’ ,Vwet

);

39 printf( ’ Enthalpy o f wet steam=%f KJ/Kg \n ’ ,h);
40 printf( ’ Enthalpy o f 9 . 5 7 4 Kg o f wet steam=%f KJ \n ’

,EOWS);

41 printf( ’ I n t e r n a l Energy= %f KJ/Kg \n ’ ,u);
42 printf( ’ I n t e r n a l ene rgy o f 9 . 5 7 4 Kg o f steam=%f KJ \

n ’ ,IEOS);

Scilab code Exa 10.14 Degree of superheat

1 // /////// Chapter 10 P r o p e r t i e s Of Steam
2 // / Example 1 0 . 1 4 Page No : 1 9 7
3 // // Find Degree o f s u p e r h e a t
4 // / Input Data
5 clc;

6 clear;

7 P=7; // Abso lu t e p r e s s u r e i n bar
8 t=200; // Abso lu t e t empera tu r e
9 ts=165; // In d e g r e e c e l s i u s from steam

t a b l e
10

11 // C a l c u l a t i o n
12 dos1=t-ts; // Degree o f s u p e r h e a t i n

d e g r e e c e l c i u s
13

14 // Output
15 printf( ’ Degree o f s u p e r h e a t=%f d e g r e e c e l s i u s \n ’ ,

dos1);
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Scilab code Exa 10.15 Enthalpy of wet steam

1 // /////// Chapter 10 P r o p e r t i e s Of Steam
2 // / Example 15 Page No : 1 9 7
3 // / Find Enthalpy o f wet steam
4 // / Input data
5 clc;

6 clear;

7 P=15; // / Abso lu te p r e s s u r e i n bar
8 // /From steam t a b l e ( p r e s s u r e b a s i s at 15 bar )
9 h=1950; // In KJ/Kg

10 ts =198.3; // In d e g r e e e c e l s i u s
11 hf =844.7; // In KJ/Kg
12 hfg =1945.2; // In KJ/Kg
13 hg =2789.9; // In KJ/Kg
14

15 // / C a l c u l a t i o n
16 x=((h-hf)/hfg); // / Enthalpy o f wet steam
17

18 // / Output
19 printf( ’ Enthalpy o f wet steam=%f \n ’ ,x);

Scilab code Exa 10.16 Enthalpy of superheated steam

1 // /// Chapter 10 P r o p e r t i e s Of Steam
2 // // Example 1 0 . 1 6 Page No : 1 9 7
3 // / Find Enthalpy o f s u p e r h e a t e d steam
4 // Input data
5 clc;

6 clear;

7 P=15; // Abso lu t e p r e s s u r e i n
bar
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8 //From steam t a b l e ( p r e s s u r e b a s i s at 15 bar )
9 h=3250; // In KJ/Kg
10 ts =198.3; // In d e g r e e c e l s i u s
11 hf =844.7; // In KJ/Kg
12 hfg =1945.2; // In KJ/Kg
13 hg =2789.9; // In KJ/Kg
14 Cps =2.3;

15

16 // C a l c u l a t i o n
17 tsup=(h-hg+(Cps*ts))/2.3, // Enthalpy o f s u p e r h e a t e d

steam i n d e g r e e c e l s i u s
18 dos1=tsup -ts; // Degree o f s u p e r h e a t e d

i n d e g r e e c e l s i u s
19 //The v a l u e o f t s i n not

used a c c o r d i n g to data
i n book i n s t e a d o f t s
=198.3 author used t s
=165

20

21 // Output
22 printf( ’ Enthalpy o f s u p e r h e a t e d steam= %f d e g r e e

c e l c i u s \n ’ ,tsup);
23 printf( ’ Degree o f s u p e r h e a t e d=%f d e g r e e c e l c i u s \n

’ ,dos1);

Scilab code Exa 10.17 Volume of steam dryness fraction

1 // / Chapter 10 P r o p e r t i e s Of Steam
2 // / Example 1 0 . 1 7 Page No : 1 9 8
3 // / Find Volume o f steam d r y n e s s f r a c t i o n
4 // Input data
5 clc;

6 clear;

7 P=7; // Abso lu t e p r e s s u r e i n bar
8 v=0.2; // S p e c i f i c volume i n mˆ3/Kg
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9 // from steam t a b l e ( p r e s s u r e b a s i s a t 7 bar )
10 ts=165; // In d e g r e e c e l s i u s
11 vf =0.001108; // In mˆ3/Kg
12 vg =0.2727; // In mˆ3/Kg
13

14 // C a l c u l a t i o n
15 x=v/vg; // Volume o f steam d r y n e s s

f r a c t i o n
16

17 // Output
18 printf( ’ Volume o f steam d r y n e s s f r a c t i o n= %f \n ’ ,x);

Scilab code Exa 10.18 Temp of superheated steam

1 // ////// Chapter 10 P r o p e r t i e s Of Steam
2 // // Example 1 0 . 1 8 Page No : 1 9 8
3 // / Find Temp o f s u p e r h e a t e d steam
4 // / Input data
5 clc;

6 clear;

7 P=7; // Abso lu t e p r e s s u r e
i n bar

8 v=0.3; // S p e c i f i c volume
i n mˆ3/Kg

9 //From steam t a b l e ( p r e s s u r e b a s i s at 7 bar )
10 ts =165+273; // In d e g r e e c e l s i u s
11 vf =0.001108; // In mˆ3/Kg
12 vg =0.2727; // In mˆ3/Kg
13

14 // / C a l c u l a t i o n
15 //v=vg∗ t sup / t s ;
16 tsup =((v/vg)*ts) -273; //Temp o f

s u p e r h e a t e d steam i n d e g r e e c e l s i u s
17 DOS=tsup +273-ts; // Degree o f

s u p e r h e a t e d i n d e g r e e c e l s i u s
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18

19 // Output
20 printf( ’Temp o f s u p e r h e a t e d steam=%f d e g r e e c e l s i u s

\n ’ ,tsup);
21 printf( ’ Degree o f s u p e r h e a t e d=%fdegree c e l s i u s \n ’

,DOS);

Scilab code Exa 10.19 Quality of steam

1 // /////// Chapter 10 P r o p e r t i e s Of Steam
2 // / Example 1 0 . 1 9 Page No : 1 9 8
3 // / Find Qua l i t y o f steam
4 // / Input data
5 clc;

6 clear;

7 m=2; // steam o f v e s s e l i n Kg
8 V=0.1598; // volume o f v e s s e l i n M∗∗3
9 P=25; // Abso lu t e p r e s s u r e o f v e s s e l i n bar

10

11 // C a l c u l a t i o n
12 v=V/m; // Qua l i t y o f steam i n m∗∗3/Kg
13

14 // Output
15 printf( ’ Qua l i t y o f steam %f mˆ3/Kg \n ’ ,v);

Scilab code Exa 10.20 Initial enthalpy of steam

1 // /////// Chapter 10 P r o p e r t i e s Of Steam
2 // // Example 1 0 . 2 0 Page No : 2 0 0
3 // / Find I n i t i a l en tha lpy o f steam
4 // Input data
5 clc;

6 clear;

65



7 P=10*10^2; // Abso lu t e p r e s s u r e i n bar
8 x1=0.9; // Dryness e n t e r s
9 tsup2 =300+273; // Temperature i n d e g r e e

c e l s i u s
10 //From steam t a b l e at 10 bar
11 ts =179.9+273; // In d e g r e e c e l s i u s
12 Vg =0.1943; // In mˆ3/Kg
13 hf =762.6; // In KJ/Kg
14 hfg =2013.6; // InK/Kg
15 hg =2776.2; // In KJ/Kg
16 Cps =2.3;

17

18 // C a l c u l a t i o n
19 h1=hf+x1*hfg; // I n i t i a l en tha lpy o f

steam i n KJ/Kg
20 V1=x1*Vg; // I n i t i a l s p e c i f i c volume

o f steam
21 u1=h1-P*V1; // I n i t i a l i n t e r n a l ene rgy

o f steam i n KJ/Kg
22 h2=hg+Cps*(tsup2 -ts); // F i n a l en tha lpy o f steam

i n KJ/Kg
23 V2=Vg*(tsup2/ts); // F i n a l s p e c i f i c volume

o f steam i n m∗∗3/Kg
24 u2=h2-P*V2; // F i n a l i n t e r n a l ene rgy

o f steam i n KJ/K
25 deltah=h2-h1; // Heat ga ined by steam i n

KJ/Kg
26 deltaU =(u2-u1); // Change i n i n t e r n a l

ene rgy i n KJ/Kg
27

28 // Output
29 printf( ’ I n i t i a l en tha lpy o f steam=%f KJ/Kg \n ’ ,h1);
30 printf( ’ I n i t i a l s p e c i f i c volume o f steam=%f \n ’ ,V1)

;

31 printf( ’ I n i t i a l i n t e r n a l ene rgy o f steam=%f KJ/Kg \n
’ ,u1);

32 printf( ’ F i n a l en tha lpy o f steam= %f KJ/Kg \n ’ ,h2);
33 printf( ’ F i n a l s p e c i f i c volume o f steam= %f mˆ3/ kg \n
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’ ,V2);
34 printf( ’ F i n a l i n t e r n a l ene rgy o f steam=%f Kj/Kg \n ’

,u2);

35 printf( ’ Heat ga ined by steam= %f KJ/Kg \n ’ ,deltah);
36 printf( ’ Change i n i n t e r n a l ene rgy=%f KJ/Kg \n ’ ,

deltaU);

Scilab code Exa 10.21 Final Enthalpy of steam

1 // /////// Chapter 10 P r o p e r t i e s Of Steam
2 // / Example 1 0 . 2 1 Page No : 2 0 1
3 // / Find F i n a l en tha lpy o f steam
4 // Input data
5 clc;

6 clear;

7 m=4; // Steam i n Kg
8 P=13; // Abso lu te p r e s s u r e i n

bar
9 tsup1 =450; // Abso lu te temp i n

d e g r e e c e l s i u s
10 deltaH =2.8*10^3;

11 Cps =2.3; // l o s e s i n MJ
12 // from steam t a b l e at 13 bar
13 ts =191.6; // In d e g r e e c e l s i u s
14 Vg =0.1511; // In mˆ3/Kg
15 hf =814.7; // In mˆ3/Kg
16 hfg =1970.7; // In KJ/Kg
17 hg =2785.4; // In KJ/Kg
18

19 // / C a l c u l a t i o n
20 h1=hg+Cps*(tsup1 -ts); // I n i t i a l en tha lpy o f

steam i n KJ/Kg
21 Deltah=deltaH/m; // Change i n en tha lpy /

u n i t mass i n KJ/Kg
22 h2=h1-Deltah; // F i n a l en tha lpy o f
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steam i n KJ/Kg
23 x2=(h2-hf)/hfg; // wet & d r y n e s s f r a c t i o n
24

25 // Output
26 printf( ’ I n i t i a l en tha lpy o f steam=%f Kj/Kg \n ’ ,h1);
27 printf( ’ Change i n en tha lpy / u n i t mass=%f Kj/Kg \n ’ ,

Deltah);

28 printf( ’ F i n a l en tha lpy o f steam= %f KJ/Kg \n ’ ,h2);
29 printf( ’ wet & d r y n e s s f r a c t i o n=%f \n ’ ,x2);

Scilab code Exa 10.22 Initial specific volume of steam

1 // /////// Chapter 10 P r o p e r t i e s Of Steam
2 // / Example 1 0 . 2 2 Page No : 2 0 1
3 // Find I n i t i a l s p e c i f i c volume o f steam
4 // Input data
5 clc;

6 clear;

7 m=2; // Steam i n Kg
8 x=0.7; // I n i t i a l d r y n e s s
9 P=15; // Constant p r e s s u r e

i n bar
10 //V2=2V1
11 // from steam t a b l e p r o p e r t i e s o f
12 // s a t u r a t e d steam ( p r e s s u r e b a s i s ) at 15 bar
13 Ts =198.3+273; // In d e g r e e c e l s i u s
14 Vg =0.1317; // In mˆ3/Kg
15 hf =844.7; // In KJ/Kg
16 hfg =1945.2; // In KJ/Kg
17 hg =2789.9; // In KJ/Kg
18 Cps =2.3;

19

20 // / C a l c u l a t i o n
21 V1=x*Vg; // I n i t i a l s p e c i f i c

volume o f steam i n m∗∗3/Kg
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22 V2=2*V1; // F i n a l s p e c i f i c
volume o f steam i n m∗∗3/Kg

23 Tsup=(V2/Vg)*Ts; // Steam i s
s u p e r h e a t e d i n d e g r e e c e l s i u s

24 FSS=Tsup -Ts; // Degree o f
s u p e r h e a t e d i n d e g r e e c e l s i u s

25 h1=hf+x*hfg; // I n i t i a l en tha lpy o f
steam i n KJ/Kg

26 h2=hg+Cps*(Tsup -Ts); // F i n a l en tha lpy o f
steam i n KJ/Kg

27 Q=(h2-h1)*m; // Heat t r a n s f e r r e d i n
the p r o c e s s i n KJ

28 W1=P*(m*V2-m*V1); //Work t r a n s f e r r e d i n
the p r o c e s s i n KJ

29

30 // Output
31 printf( ’ I n i t i a l s p e c i f i c volume o f steam=%f mˆ3/ kg \

n ’ ,V1);
32 printf( ’ F i n a l s p e c i f i c volume o f steam= %f mˆ3/ kg \n

’ ,V2);
33 printf( ’ Steam i s s u p e r h e a t e d= %f K \n ’ ,Tsup);
34 printf( ’ Degree o f s u p e r h e a t e d=%f d e g r e e c e l s i u s \n ’

,FSS);

35 printf( ’ I n i t i a l en tha lpy o f steam=%f KJ/Kg \n ’ ,h1);
36 printf( ’ F i n a l en tha lpy o f steam=%f KJ/Kg \n ’ ,h2);
37 printf( ’ Heat t r a n s f e r r e d i n the p r o c e s s=%f KJ \n ’ ,Q

);

38 printf( ’Work t r a n s f e r r e d i n the p r o c e s s= %f KJ \n ’ ,
W1);

Scilab code Exa 10.23 Constant pressure process

1 // /////// Chapter 10 P r o p e r t i e s Of Steam
2 // / Example 1 0 . 2 3 Page No : 2 0 3
3 // / Find Constant p r e s s u r e p r o c e s s
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4 // Input data
5 clc;

6 clear;

7 ms =1000; // Steam i n Kg/h
8 P=16; // Abso lu t e p r e s s u r e i n

bar
9 x2=0.9; // Steam i s dry

10 t1 =30+273; // t empera tu r e i n
d e g r e e c e l s i u s

11 tsup =380; // tmperature r i s e d i n
d e g r e e c e l s i u s

12

13 // from steam t a b l e ( p r e s s u r e b a s i s a t 16 bar )
14 h1 =125.7; // i n KJ/Kg
15 ts =201.4; // In d e g r e e c e l s i u s
16 hf =858.5; // i n kJ/Kg
17 hfg =1933.2; // i n kJ/Kg
18 hg =2791.7; // i n kJ/Kg
19 Cps =2.3;

20

21 // C a l c u l a t i o n
22 h2=hf+x2*hfg; // F i n a l en tha lpy o f

wet steam i n KJ/Kg
23 Q1=(ms*(h2 -h1))*(10^( -3)); // Constant p r e s s u r e

p r o c e s s i n KJ/h
24 h3=hg+Cps*(tsup -ts); // F i n a l en tha lpy o f

s u p e r h e a t e d steam i n KJ/g
25 Q2=(ms*(h3 -h2))*(10^( -3)); // Suprheated steam

i n KJ/h
26

27 // Output
28 printf( ’ F i n a l en tha lpy o f wet steam= %f KJ/Kg \n ’ ,

h2);

29 printf( ’ Constant p r e s s u r e p r o c e s s= %f KJ/h \n ’ ,Q1);
30 printf( ’ F i n a l en tha lpy o f s u p e r h e a t e d steam= %f KJ/g

\n ’ ,h3);
31 printf( ’ Suprheated steam= %f KJ/h \n ’ ,Q2);
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Scilab code Exa 10.24 Enthalpy of steam of first boiler

1 // /////// Chapter 10 P r o p e r t i e s Of Steam
2 // / Example 1 0 . 2 4 Page No : 2 0 4
3 // / Find Enthalpy o f steam o f f i r s t b o i l e r
4 clc;

5 clear;

6 // Input data ;
7 FB=15; // F i r s t b o i l e r i n bar
8 SB=15; // Second b o i l e r i n bar
9 tsup1 =300; // Temperature o f the steam

i n d e g r e e c e l s i u s
10 tsup2 =200; // Temperature o f the steam

i n d e g r e e c e l s i u s
11 //From steam t a b l e ( p r e s s u r e b a s i s at 15 bar )
12 ts =198.3; // In d e g r e e c e l s i u s
13 hf =844.7; // In KJ/Kg
14 hfg =1945.2; // In KJ/Kg
15 hg =2789.9; // In KJ/ I
16 Cps =2.3;

17

18 // C a l c u l a t i o n
19 h1=hg+Cps*(tsup1 -ts); // Enthalpy o f steam o f

f i r s t b o i l e r i n KJ/Kg
20 h3=hg+Cps*(tsup2 -ts); // Enthalpy o f steam i n

steam main i n KJ/Kg
21 h2=2*h3-h1; // Energy b a l a n c e i n KJ/Kg
22 x2=(h2-hf)/hfg; // Enthalpy o f wet steam
23

24 //OUTPUT
25 printf( ’ Enthalpy o f steam o f f i r s t b o i l e r= %f KJ/Kg\

n ’ ,h1);
26 printf( ’ Enthalpy o f steam i n steam main=%f KJ/Kg \n

’ ,h3);
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27 printf( ’ Energy b a l a n c e=%f KJ/Kg \n ’ ,h2);
28 printf( ’ Enthalpy o f wet steam= %f \n ’ ,x2);

Scilab code Exa 10.25 Initial specific volume of steam

1 // /////// Chapter 10 P r o p e r t i e s Of Steam
2 // / Example 1 0 . 2 5 Page No : 2 0 5
3 // Find I n i t i a l s p e c i f i c volume o f steam
4 clc;

5 clear;

6 // / Input data
7 V=0.35; // Capac i ty o f v e s s e l i n

mˆ3
8 P1 =10*10^2; // Abso lu t e p r e s s u r e i n

bar
9 tsup1 =250+273; // Abso lu t e t empera tu r e

i n d e g r e e c e l s i u s
10 P2 =2.5*102; // Abso lu t e p r e s s u r e i n

the v e s s e l f a l l i n bar
11

12 //From steam t a b l e ( p r e s s u r e b a s i s at 10 bar )
13 ts1 =179.9+273; // In d e g r e e c e l s i u s
14 Vg1 =0.1943; // In mˆ3/Kg
15 hf1 =762.6; // In KJ/Kg
16 hfg1 =2013.6; // In KJ/Kg
17 hg1 =2776.2; // In KJ/Kg
18

19 //From steam t a b l e ( p r e s s u r e b a s i s a t 2 . 5 bar )
20 V2 =0.2247; // In mˆ3/Kg
21 ts2 =127.4; // In d e g r e e c e l s i u s
22 Vg2 =0.7184; // In mˆ3/Kg
23 hf2 =535.3; // In KJ/Kg
24 hfg2 =2181.0; // In KJ/Kg
25 hg2 =2716.4; // In KJ/Kg
26 Cps =2.3;
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27 // / C a l c u l a t i o n
28 V1=Vg1*(tsup1/ts1); // I n i t i a l s p e c i f i c

volume o f steam i n mˆ3/Kg
29 m=V/V1; // I n i t i a l mass o f steam

i n Kg
30 x2=V2/Vg2; // F i n a l c o n d i t i o n o f wet

steam
31 h1=hg1+Cps*(tsup1 -ts1); // I n i t i a l en tha lpy o f

steam i n KJ/Kg
32 u1=h1-P1*V1; // I n i t i a l i n t e r n a l

ene rgy o f steam i n KJ/Kg
33 h2=hf2+x2*hfg2; // F i n a l en tha lpy o f

steam i n KJ/Kg
34 u2=h2-P2*V2; // F i n a l i n t e r n a l ene rgy

o f steam i n KJ/Kg
35 deltaU =(u2-u1)*m; // Change i n i n t e r n a l

ene rgy i n KJ
36

37 // Output
38 printf( ’ I n i t i a l s p e c i f i c volume o f steam=%f mˆ3/Kg \

n ’ ,V1);
39 printf( ’ I n i t i a l mass o f steam=%fKg \n ’ ,m);
40 printf( ’ F i n a l c o n d i t i o n o f wet steam= %f \n ’ ,x2);
41 printf( ’ I n i t i a l en tha lpy o f steam=%f KJ/Kg \n ’ ,h1);
42 printf( ’ I n i t i a l i n t e r n a l ene rgy o f steam= %f KJ/Kg \

n ’ ,u1);
43 printf( ’ F i n a l en tha lpy o f steam=%f KJ/Kg \n ’ ,h2);
44 printf( ’ F i n a l i n t e r n a l ene rgy o f steam=%f KJ/Kg \n ’ ,

u2);

45 printf( ’ Change i n i n t e r n a l ene rgy= %f KJ/Kg \n ’ ,
deltaU);

Scilab code Exa 10.26 Constant volume process

1 // /////// Chapter 10 P r o p e r t i e s Of Steam
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2 // / Example 1 0 . 2 6 Page No : 2 0 7
3 // Find Constant volume p r o c e s s
4 clc;

5 clear;

6 // Input data
7 m=1.5; // S a t u r a t ed steam i n

Kg
8 x1=1;

9 x2=0.6;

10 P1 =5*10^5; // Abso lu te p r e s s u r e
i n bar

11 //From steam t a b l e at p r e s s u r e b a s i s 5 bar
12 hg1 =2747.5; // In KJ/Kg
13 Vg1 =0.3747; // In mˆ3/Kg
14 V1 =0.3747; // In mˆ3/Kg
15 V2 =0.3747; // In mˆ3/Kg
16 //From steam t a b l e at Vg2 i s 2 . 9 bar
17 P2 =2.9*10^5; // Abso lu te p r e s s u r e

i n bar
18 t2 =132.4; // In d e g r e e c e l s i u s
19 hf2 =556.5; // In KJ/Kg
20 hfg2 =2166.6; // In KJ/Kg
21

22

23

24 // C a l c u l a t i o n
25 Vg2=V2/x2; // Constant volume

p r o c e s s i n mˆ3/Kg
26 u1=hg1 -((P1*Vg1)/1000); // I n i t i a l i n t e r n a l

ene rgy i n KJ/Kg
27 u2=(hf2+x2*hfg2) -((P2*V2)/1000); // F i n a l i n t e r n a l

ene rgy i n KJ
28 deltaU =(u1-u2)*m; // Heat s u p p l i e d i n

KJ
29

30 // Output
31 printf( ’ Constant volume p r o c e s s=%f mˆ3/Kg \n ’ ,Vg2);
32 printf( ’ I n i t i a l i n t e r n a l ene rgy=%f KJ/Kg \n ’ ,u1);
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33 printf( ’ F i n a l i n t e r n a l ene rgy= %f KJ \n ’ ,u2);
34 printf( ’ Heat s u p p l i e d=%f KJ \n ’ ,deltaU);

Scilab code Exa 10.27 Enthalpy of steam

1 // /////// Chapter 10 P r o p e r t i e s Of Steam
2 // / Example 1 0 . 2 7 Page No : 2 0 8
3 // Find Enthalpy o f steam
4 clc;

5 clear;

6 // Input data
7 P1=20; // I n i t i a l steam i n bar
8 x1 =0.95; // d r y n e s s t h r o t t l e d
9 P2=1.2; // Abso lu te p r e s s u r e i n bar
10

11 //From steam t a b l e ( p r e s s u r e b a s i s at 20 bar )
12 ts =212.4; // In d e g r e e c e l s i u s
13 hf =908.6; // In KJ/Kg
14 hfg =1888.6; // In KJ/Kg
15 hg =2797.2; // In KJ/Kg
16 //From steam t a b l e ( p r e s s u r e b a s i s at 1 . 2 bar )
17 // h2=h1 ; // In KJ/Kg
18 ts2 =104.8; // In d e g r e e c e l s i u s
19 hf2 =439.3; // In KJ/Kg
20 hfg2 =2244.1; // In KJ/Kg
21 hg2 =2683.4; // In KJ/Kg
22 Cps =2.3;

23

24

25 // C a l c u l a t i o n
26 h1=hf+x1*hfg; // Enthalpy o f steam i n KJ/Kg
27 tsup2 =((h1 -hg2)/Cps)+ts2; // Enthalpy o f wet steam i n

d e g r e e c e l s i u s
28 DOS=tsup2 -ts2; // Degree o f s u p e r h e a t i n d e g r e e

c e l s i u s
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29

30

31 // Output
32 printf( ’ Enthalpy o f steam=%f KJ/Kg \n ’ ,h1);
33 printf( ’ Enthalpy o f wet steam=%f d e g r e e c e l s i u s \n ’

,tsup2);

34 printf( ’ Degree o f s u p e r h e a t=%f d e g r e e c e l s i u s \n ’ ,
DOS);

Scilab code Exa 10.28 Enthalpy after throttling

1 // /////// Chapter 10 P r o p e r t i e s Of Steam
2 // / Example 1 0 . 2 8 Page No : 2 0 9
3 // / Enthalpy a f t e r t h r o t t l i n g
4 // Input data
5 clc;

6 clear;

7 P1=12; // T h r o t t l e d steam
8 x1 =0.96; // Dryness i s b r o t t l e d
9 x2=1; // Constant en tha lpy p r o c e s s

10 //From steam t a b l e at12 bar
11 ts=188; // In d e g r e e c e l s i u s
12 hf =798.4; // In KJ/Kg
13 hfg =1984.3; // In KJ/Kg
14 hg =2782.7; // In KJ/Kg
15

16

17 // C a l c u l a t i o n
18 h1=hf+x1*hfg; // Enthalpy o f the steam i n KJ/Kg
19 h2=h1; // Enthalpy a f t e r t h r o t t l i n g i n KJ/

Kg
20

21 // / Output
22 printf( ’ Enthalpy o f the steam=%f KJ/Kg \n ’ ,h1);
23 printf( ’ Enthalpy a f t e r t h r o t t l i n= %f KJ/Kg \n ’ ,h2);
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Scilab code Exa 10.29 Entropy of of superheated steam

1 // /////// Chapter 10 P r o p e r t i e s Of Steam
2 // / Example 1 0 . 2 9 Page No : 2 1 0
3 // / Find Entropy o f s u p e r h e a t e d steam
4 // Input data
5 clc;

6 clear;

7 P1=15; // I n i t i a l steam i n
bar

8 tsup1 =250+273; // Temperature o f
steam i n d e g r e e c e l s i u s

9 P2=0.5; // Steam t u r b i n e i n
bar

10

11 //From steam t a b l e at 15 bar
12 ts1 =198.3+273; // In d e g r e e c e l s i u s
13 hg1 =2789.9; // In KJ/Kg
14 sf1 =2.3145; // In KJ/KgK
15 sfg1 =4.1261; // In KJ/KgK
16 sg1 =6.4406; // In KJ/KgK
17 //From steam t a b l e at 0 . 5 bar
18 ts2 =81.53; // In d e g r e e c e l s i u s
19 sf2 =1.0912; // In KJ/Kg
20 sfg2 =6.5035; // In KJ/Kg
21 sg2 =7.5947; // In KJ/Kg
22 hf2 =340.6;

23 Cps =2.3;

24 hfg2 =2646;

25

26 // C a l c u l a t i o n
27 S1=sg1+Cps*(log(tsup1/ts1)); // Entropy o f

s u p e r h e a t e d steam i n KJ/KgK
28 S2=S1 // Entropy a f t e r
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i s e n t r o p i c p r o c e s s e s i n KJ/KgK
29 x2=(S2-sf2)/sfg2; // Enthalpy o f wet

steam
30 h1=hg1+Cps*(tsup1 -ts1); // Enthalpy o f

steam at 15 bar
31 h2=hf2+x2*hfg2; // Enthalpy o f wet

steam at 0 . 5 bar
32 WOT=h1 -h2; //Work output o f

the t u r b i n e
33

34 // /OUTPUT
35 printf( ’ Entropy o f s u p e r h e a t e d steam= %f KJ/KgK \n

’ ,S1);
36 printf( ’ Entropy a f t e r i s e n t r o p i c p r o c e s s e s=%f KJ/KgK

\n ’ ,S2);

37 printf( ’ Enthalpy o f wet steam= %f \n ’ ,x2);
38 printf( ’ Enthalpy o f steam= %f KJ/Kg ’ ,h1);
39 printf( ’ Enthalpy o f wet steam= %f KJ/Kg \n ’ ,h2);
40 printf( ’Work output o f the t u r b i n e=%f KJ/Kg \n ’ ,WOT

);
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Chapter 11

Steam Boilers

Scilab code Exa 11.1 Mass of evaporation

1 // / Chapter No 11 Steam B o i l e r s
2 // // Example 1 1 . 1 Page No 228
3 // / Find Mass o f e v a p o r a t i o n
4 // Input data
5 clc;

6 clear;

7 ms =5000; // B o i l e r p roduce s wet steam
i n Kg/h

8 x=0.95; // Dryness f u n c t i o n
9 P=10; // Operat ing p r e s s u r e i n bar

10 mf =5500; // Bour i n the f u r n a c e i n Kg
11 Tw=40; // Feed water temp i n d e g r e e

c e l s i u s
12

13 // C a l c u l a t i o n
14 // from steam t a b l e
15 hfw =167.45; // In KJ/Kg
16 hf =762.61; // In KJ/Kg
17 hfg =2031.6; // In KJ/Kg
18 hs=(hf+x*hfg); // Enthalpy o f wet stream i n

KJ/Kg
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19 me=ms/mf; // Mass o f e v a p o r a t i o n
20 E=((me*(hs-hfw))/(2257))*10; // E q u i v a l e n t

e v a p o r a t i o n i n Kg/Kg o f c o a l
21

22 // Output
23 printf( ’ Enthalpy o f wet st ream=%f KJ/Kg \n ’ ,hs);
24 printf( ’ Mass o f e v a p o r a t i o n=%f KJ/Kg \n ’ ,me);
25 printf( ’ E q u i v a l e n t e v a p o r a t i o n = %f Kg/Kg o f c o a l \n

’ ,E);

Scilab code Exa 11.2 Enthalpy of wet stream

1 // / Chapter No 11 Steam B o i l e r s
2 // // Example 1 1 . 2 Page No 229
3 // / Find Enthalpy o f wet st ream
4 // / Input data
5 clc;

6 clear;

7 p=14; // B o i l e r p r e s s u r e
i n bar

8 me=9; // Evaporate s o f
water i n Kg

9 Tw=35; // Feed water
e n t e r i n g i n d e g r e e c e l s i u s

10 x=0.9; // Steam stop v a l u e
11 CV =35000; // C a l o r i f i c v a l u e

o f the c o a l
12

13 // / C a l c u l a t i o n
14 //From Steam Table
15 hfw =146.56; // In KJ/Kg
16 hf =830.07; // In KJ/Kg
17 hfg =1957.7; // In KJ/Kg
18 hs=hf+x*hfg; // Enthalpy o f wet

stream i n KJ/Kg
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19 E=((me*(hs-hfw))/2257); // E q u i v a l e n t
e v a p o r a t i o n i n Kg/Kg o f c o a l

20 etaboiler =((me*(hs-hfw))/CV)*100; // B o i l e r e f f i c i e n c y
i n %

21

22 // / Output
23 printf( ’ Enthalpy o f wet st ream=%f KJ/Kg \n ’ ,hs);
24 printf( ’ E q u i v a l e n t e v a p o r a t i o n=%f Kg/Kg o f c o a l \n ’ ,

E);

25 printf( ’ B o i l e r e f f i c i e n c y=%f p e r c e n t \n ’ ,etaboiler);

Scilab code Exa 11.3 mass of evaporation

1 // / Chapter No 11 Steam B o i l e r s
2 // // Example 1 1 . 3 Page No 230
3 // / Find mass o f e v a p o r a t i o n
4 // Input data
5 clc;

6 clear;

7 ms =2500; // S a t u r a t e d steam
per bour i n Kg

8 x=1;

9 P=15; // B o i l e r p r e s s u r e
i n bar

10 Tw=25; // Feed water
e n t e r i n g i n d e g r e e c e l s i u s

11 mf=350; // Coal burnt i n Kg
/ bour

12 CV =32000; // C a l o r i f i c v a l u e
i n Kj/Kg

13

14 // C a l c u l a t i o n
15 // steam t a b l e
16 hfw =104.77; // In KJ/Kg
17 hf =844.66; // In KJ/Kg
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18 hfg =1945.2; // In KJ/Kg
19 hg =2789.9; // In KJ/Kg
20 hs =2789.9; // Enthalpy o f dry

steam i n KJ/Kg
21 me=ms/mf; // mass o f

e v a p o r a t i o n
22 E=((me*(hs-hfw))/2257); // E q u i v a l e n t

e v a p o r a t i o n i n Kg/Kg o f c o a l
23 etaboiler =((me*(hs-hfw))/CV)*100; // B o i l e r

e f f i c i e n c y i n %
24

25 // Output
26 printf( ’ mass o f e v a p o r a t i o n= %f \n ’ ,me);
27 printf( ’ E q u i v a l e n t e v a p o r a t i o n= %f Kg/Kg o f c o a l \n ’ ,

E);

28 printf( ’ B o i l e r e f f i c i e n c y= %f p e r c e n t \n ’ ,etaboiler)
;

Scilab code Exa 11.4 Enthalpy of superheated steam

1 // / Chapter No 11 Steam B o i l e r s
2 // // Example 1 1 . 4 Page No 231
3 // / Find Enthalpy o f s u p e r h e a t e d steam
4 // Input data
5 clc;

6 clear;

7 mf=500; // B o i l e r p l a n t
consumes o f c o a l i n Kg/h

8 CV =32000; // C a l o r i f i c v a l u e
i n Kj/Kg

9 ms =3200; // p l a n t g e n e r a t e s
i n Kg/h

10 P=1.2; // Abso lu t e p r e s s u r e
MN/mˆ2

11 MN=12;
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12 Tsup =300; // Abso lu t e
t empera tu re i n d e g r e e c e l s i u s

13 Tw=35; // Feed water
t empera tu re

14 Cps =2.3;

15

16 // C a l c u l a t i o n
17 hfw =146.56; // In KJ/Kg
18 Ts =187.96; // In Degree c e l s i u s
19 hf =798.43; // In KJ/Kg
20 hfg =1984.3; // In KJ/Kg
21 hg =2782.7; // In KJ/Kg
22 hs=hg+Cps*(Tsup -Ts); // Enthalpy o f

s u p e r h e a t e d steam i n KJ/Kg
23 me=ms/mf; // mass o f

e v a p o r a t i o n
24 E=((me*(hs-hfw))/2257); // E q u i v a l e n t

e v a p o r a t i o n i n Kg/Kg o f c o a l
25 etaboiler =((me*(hs-hfw))/CV)*100; // B o i l e r

e f f i c i e n c y i n %
26

27

28 // / Output
29 printf( ’ Enthalpy o f s u p e r h e a t e d steam= %f KJ/Kg\n ’ ,

hs);

30 printf( ’ mass o f e v a p o r a t i o n=%f \n ’ ,me);
31 printf( ’ E q u i v a l e n t e v a p o r a t i o n=%f Kg/Kg o f c o a l \n ’ ,

E);

32 printf( ’ B o i l e r e f f i c i e n c y %f p e r c e n t \n ’ ,etaboiler)
;

Scilab code Exa 11.5 Enthalpy of wet stream

1 // / Chapter No 11 Steam B o i l e r s
2 // // Example 1 1 . 5 Page No 232
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3 // Find Enthalpy o f wet st ream
4 // Input data
5 clc;

6 clear;

7 ms =5000; // Steam g e n e r t e d
i n Kg/h

8 mf=700; // Coal burnt i n
Kg/h

9 CV =31402; //Cv o f c o a l i n
KJ/Kg

10 x=0.92; // q u a l i t y o f
steam

11 P=1.2; // B o i l e r p r e s s u r e
i n MPa

12 Tw=45; // Feed water
t empera tu re i n d e g r e e c e l s i u s

13

14

15 // C a l c u l a t i o n
16 hfw =188.35; // In KJ/Kg
17 hf =798.43; // In KJ/Kg
18 hfg =1984.3; // In KJ/Kg
19 hs=hf+x*hfg; // Enthalpy o f wet

stream i n KJ/Kg
20 me=ms/mf; // mass o f

e v a p o r a t i o n
21 E=((me*(hs-hfw))/2257); // E q u i v a l e n t

e v a p o r a t i o n i n Kg/Kg o f c o a l
22 etaboiler =((me*(hs-hfw))/CV)*100; // B o i l e r

e f f i c i e n c y i n %
23

24

25

26 // Output
27 printf( ’ Enthalpy o f wet st ream= %f KJ/Kg \n ’ ,hs);
28 printf( ’ mass o f e v a p o r a t i o n=%f \n ’ ,me);
29 printf( ’ E q u i v a l e n t e v a p o r a t i o n=%f Kg/Kg o f c o a l \n ’ ,

E);
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30 printf( ’ B o i l e r e f f i c i e n c y=%f p e r c e n t \n ’ ,etaboiler);

Scilab code Exa 11.6 Boiler efficiency

1 // / Chapter No 11 Steam B o i l e r s
2 // // Example 1 1 . 6 Page No 233
3 // / Enthalpy o f s u p e r h e a t e d steam
4 // Input data
5 clc;

6 clear;

7 ms =6000; // B o i l e r produce o f steam
Kg/h

8 P=25; // B o i l e r p r e s s u r e i n bar
9 Tsup =350; // B o i l e r t empera tu re i n

d e g r e e c e l s i u s
10 Tw=40; // Feed water t empera tu re

i n d e g r e e c e l s i u s
11 CV =42000; // C a l o r i f i c v a l u e i n Kj/

Kg
12 etaboiler =75/100; // Expected therma l

e f f i c i e n c y i n %
13

14

15 // C a l c u l a t i o n
16 hfw =167.45; // In KJ/Kg
17 Ts =223.94; // In d e g r e e c e l s i u s
18 hf =961.96; // In KJ/Kg
19 hfg =1839.0; // In KJ/Kg
20 hg =2800.9; // In KJ/Kg
21 Cps =2.3;

22 hs=((hg)+(Cps)*(Tsup -Ts)); // Enthalpy o f
s u p e r h e a t e d steam KJ/Kg

23 mf=((ms*(hs -hfw))/(CV*etaboiler)); // B o i l e r
e f f i c i e n c y i n %

24 me=ms/mf; // E q u i v a l e n t mass
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o f e v a p o r a t i o n
25 E=((me*(hs-hfw))/2257); // E q u i v a l e n t

e v a p o r a t i o n i n Kg/Kg o f o i l
26

27

28 // Output
29 printf( ’ Enthalpy o f s u p e r h e a t e d steam=%f KJ/Kg \n ’ ,

hs);

30 printf( ’ B o i l e r e f f i c i e n c y=%f p e r c e n t \n ’ ,mf);
31 printf( ’ E q u i v a l e n t mass o f e v a p o r a t i o n=%f \n ’ ,me);
32 printf( ’ E q u i v a l e n t e v a p o r a t i o n=%fKg/Kg o f o i l \n ’ ,E

);

Scilab code Exa 11.7 Boiler efficiency

1 // / Chapter No 11 Steam B o i l e r s
2 // // Example 1 1 . 7 Page No 234
3 // / Find B o i l e r e f f i c i e n c y
4 // / Input data
5 clc;

6 clear;

7 E=12; // B o i l e r found steam i n
Kg/Kg

8 CV =35000; // C a l o r i f i c v a l u e i n KJ
/Kg

9 ms =15000; // B o i l e r p roduce s i n Kg
/h

10 P=20; // B o i l e r p r e s s u r e i n
bar

11 Tw=40; // Feed water i n d e g r e e
c e l s i u s

12 mf =1800; // Fue l consumption
13

14

15 // C a l c u l a t i o n
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16 //R=me( hs−hfw )
17 hfw =167.45; // In KJ/Kg
18 hg =2797.2; // In KJ/Kg
19 Ts =211.37; // In d e g r e e c e l s i u s
20 Cps =2.3;

21 R=E*2257; // E q u i v a l e n t
e v a p o r a t i o n i n KJ/Kg o f c o a l

22 etaboiler =(R/CV)*100; // B o i l e r e f f i c i e n c y i n
%

23 me=ms/mf; // E q u i v a l e n t mass
e v a p o r a t i o n i n KJ/Kg o f c o a l

24 hs=(R/me)+hfw; // In KJ/Kg
25 Tsup =((hs-hg)/Cps)+Ts; // Enthalpy o f

s u p e r h e a t e d steam i n d e g r e e c e l s i u s
26

27

28

29 // Output
30 printf( ’ E q u i v a l e n t e v a p o r a t i o n=%f KJ/Kg o f c o a l \n ’ ,

R);

31 printf( ’ B o i l e r e f f i c i e n c y=%f p e r c e n t \n ’ ,etaboiler);
32 printf( ’ E q u i v a l e n t mass e v a p o r a t i o n= %f KJ/Kg o f

c o a l \n ’ ,me);
33 printf( ’ hs=%f KJ/Kg \n ’ ,hs);
34 printf( ’ Enthalpy o f s u p e r h e a t e d steam=%f d e g r e e

c e l s i u s \n ’ ,Tsup);

Scilab code Exa 11.8 Equivalent mass evaporation

1 // / Chapter No 11 Steam B o i l e r s
2 // // Example 1 1 . 8 Page No 236
3 // / Find E q u i v a l e n t mass e v a p o r a t i o n
4 // Input data
5 clc;

6 clear;
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7 ms =6000; // Steam g e n e r a t e d
i n Kg/h

8 mf=700; // Coal burnt i n
Kg/h

9 CV =31500; //Cv o f c o a l i n
KJ/Kg

10 x=0.92; // Dryness i n
f r a c t i o n o f steam

11 P=12; // B o i l e r p r e s s u r e
i n bar

12 Tsup =259; // Temperature o f
steam i n d e g r e e c e l s i u s

13 Tw=45; // Hot w e l l
t empera tu re i n d e g r e e c e l s i u s

14

15 // C a l c u l a t i o n
16 hfw =188.35; // In KJ/Kg
17 Ts =187.96; // In d e g r e e

c e l s i u s
18 hf =798.43; // In KJ/Kg
19 hfg =1984.3; // In KJ/Kg
20 hg =2782.7; // In KJ/Kg
21 Cps =2.3;

22 me=ms/mf; // E q u i v a l e n t mass
e v a p o r a t i o n

23 hs=hf+x*hfg; // Enthalpy o f wet
steam i n KJ/Kg

24 E=((me*(hs-hfw))/2257); // E q u i v a l e n t
e v a p o r a t i o n i n Kg/Kg o f c o a l

25 hs1=(hg+Cps*(Tsup -Ts)); // Enthalpy o f
s u p e r h e a t e d steam i n KJ/Kg

26 E1=((me*(hs1 -hfw))/2257); // E q u i v a l e n t
e v a p o r a t i o n ( with s u p e r h e a t e r ) i n Kg/Kg o f c o a l

27 etaboiler =((me*(hs-hfw))/CV)*100; // B o i l e r
e f f i c i e n c y wi thout s u p e r h e a t e r i n %

28 etaboiler1 =((me*(hs1 -hfw))/CV)*100; // B o i l e r
e f f i c i e n c y with s u p e r h e a t e r i n %

29
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30

31 // Output
32 printf( ’ E q u i v a l e n t mass e v a p o r a t i o n=%f \n ’ ,me);
33 printf( ’ Enthalpy o f wet steam=%f KJ/Kg \n ’ ,hs);
34 printf( ’ E q u i v a l e n t e v a p o r a t i o n=%f Kg/Kg o f c o a l \n ’ ,E

);

35 printf( ’ Enthalpy o f s u p e r h e a t e d steam=%f KJ/Kg \n ’ ,
hs1);

36 printf( ’ E q u i v a l e n t e v a p o r a t i o n ( with s u p e r h e a t e r )=%f
Kg/Kg o f c o a l \n ’ ,E1);

37 printf( ’ B o i l e r e f f i c i e n c y wi thout s u p e r h e a t e r=%f
p e r c e n t \n ’ ,etaboiler);

38 printf( ’ B o i l e r e f f i c i e n c y wi thout s u p e r h e a t e r=%f
p e r c e n t \n ’ ,etaboiler1);

Scilab code Exa 11.9 Mass of steam consumption

1 // / Chapter No 11 Steam B o i l e r s
2 // // Example 1 1 . 9 Page No 237
3 // / Find Mass o f steam consumption
4 // / Input data
5 clc;

6 clear;

7 P=15; // B o i l e r p roduce s
steam i n bar

8 Tsup =250; // B o i l e r
t empera tu re i n d e g r e e c e l s i u s

9 Tw=35; // Feed water i n
d e g r e e c e l s i u s

10 MWh =1.5; // steam s u p p l i e d
to the t u r b i n e

11 CV =32000; // Coal o f
c a l o r i f i c v a l u e i n KJ/Kg

12 etaboiler =80/100; // Thermal
e f f i c i e n c y i n %
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13 fr=210; // F i r i n g r a t e i n
Kg/mˆ2/h

14 //From steam t a b l e ( temp b a s i s at 35 d e g r e e c e l s i u s )
15 hfw =146.56; // In KJ/Kg
16 Ts =198.29; // In d e g r e e

c e l s i u s
17 hfg =1945.2; // In KJ/Kg
18 hg =2789.9; // In KJ/Kg
19 Cps =2.3;

20

21

22 // c a l c u l a t o r
23 hs=hg+Cps*(Tsup -Ts); // Enthalpy o f

s u p e r h e a t e d steam ( with s u p e r h e a t e r ) i n KJ/Kg
24 ms =9000/ MWh; // Steam r a t e i n

Kg/MWh
25 mf=((ms*(hs -hfw))/( etaboiler*CV)); // Mass o f steam

consumption i n Kg/h
26 GA=mf/fr; // Grate r a t e i n m

ˆ2
27

28

29

30 // Output
31 printf( ’ Enthalpy o f s u p e r h e a t e d steam ( with

s u p e r h e a t e r )=%f KJ/Kg \n ’ ,hs);
32 printf( ’ Steam r a t e= %f Kg/h \n ’ ,ms);
33 printf( ’ Mass o f steam consumption=%f Kg/h \n ’ ,mf);
34 printf( ’ Grate r a t e=%f mˆ2 \n ’ ,GA);

Scilab code Exa 11.10 Draught produce in terms of water

1 // / Chapter No 11 Steam B o i l e r s
2 // // Example 1 1 . 1 0 Page No 242
3 // Find Draught produce i n terms o f water
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4 // Input data
5 clc;

6 clear;

7 ma=18; // B o i l e r u s e s o f per Kg o f f u e l i n
Kg/Kg

8 hw=25*10^ -3; // Chimney h e i g h t to produce draught
i n mm

9 Tg =315+273; // Temperature o f chimney g a s e s i n
d e g r e e c e l s i u s

10 Ta =27+273; //Out s i d e a i r temp i n d e g r e e
c e l s i u s

11

12 // C a l c u l a t i o n
13 // Draught produce i n terms o f water column i n m
14 H=(hw /(353*(1/Ta -1/Tg*((ma+1)/ma))))*1000;

15

16 // Output
17 printf( ’ Draught produce i n terms o f water column=%f

m \n ’ ,H);

Scilab code Exa 11.11 Draught produce in terms of hot gas

1 // / Chapter No 11 Steam B o i l e r s
2 // // Example 1 1 . 1 1 Page No 242
3 // / Find Draught produce i n terms o f hot gas
4 // Input data
5 clc;

6 clear;

7 H=40; // High d i s c h a r g e
i n m

8 ma=19; // Fue l g a s e s per
Kg o f f u e l burnt

9 Tg =220+273; // Average temp o f
f u e l g a s e s i n d e g r e e c e l s i u s

10 Ta =25+273; // Ambient
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t empera tu re i n d e g r e e e c e l s i u s
11

12

13 // C a l c u l a t i o n
14 hw=353*H*(1/Ta -1/Tg*((ma+1)/ma)); // Draught produce

i n terms o f water column i n mm
15 H1=H*((Tg/Ta)*(ma/(ma+1)) -1); // Draught produce

i n terms o f hot gas column i n m
16

17 // Output
18 printf( ’ Draught produce i n terms o f water column=%f

mm \n ’ ,hw);
19 printf( ’ Draught produce i n terms o f hot gas column=

%f m \n ’ ,H1);

Scilab code Exa 11.12 Mean temperature of fuel gases

1 // / Chapter No 11 Steam B o i l e r s
2 // // Example 1 1 . 1 2 Page No 243
3 // / Find Mean tempera tu r e o f f u e l g a s e s
4 // Input data
5 clc;

6 clear;

7 H=27; // Chimney
h e i g h t i n m

8 hw=15; // Draught
produce s o f water column i n mm

9 ma=21; // Gases formed
per Kg o f f u e l burnt i n Kg/Kg

10 Ta =25+273; // Temperature
o f the ambient a i r i n d e g r e e c e l s i u s

11

12

13 // C a l c u l a t i o n
14 Tg=-(((ma+1)/ma)/((hw /(353*H)) -(1/Ta))) //Mean
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t empera tu re o f f u e l g a s e s i n K
15

16 // Output
17 printf( ’Mean tempera tu r e o f f u e l g a s e s= %f K \n ’ ,Tg)

;

Scilab code Exa 11.13 Air fuel ratio

1 // / Chapter No 11 Steam B o i l e r s
2 // // Example 1 1 . 1 3 Page No 244
3 // Find Air− f u e l r a t i o
4 // Input data
5 clc;

6 clear;

7 hw=20; // S t a t i c draught o f water
i n mm

8 H=50; // Chimney h e i g h t i n m
9 Tg =212+273; // Temperature o f the f u e l

d e g r e e c e l s i u s
10 Ta =27+273; // Atmospher ic a i r i n d e g r e e

c e l s i u s
11

12 // C a l c u l a t i o n
13 ma=(-((hw /(353*H))-Ta*Tg))*10^-4 // Air− f u e l r a t i o

i n Kg/Kg o f f u e l burnt−3
14

15 // Output
16 printf( ’ Air− f u e l r a t i o= %f Kg/Kg o f f u e l burnt \n ’ ,

ma);

Scilab code Exa 11.14 Theoretical draught in millimeters of water

1 // / Chapter No 11 Steam B o i l e r s
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2 // // Example 1 1 . 1 4 Page No 245
3 // / Find T h e o r e t i c a l draught i n m i l l i m e t e r s o f water
4 // Input data
5 clc;

6 clear;

7 H=24; // Chimney h e i g h t i n m
8 Ta =25+273; // Ambient t empera tu r e i n d e g r e e

c e l s i u s
9 Tg =300+273; // Temperature o f f u e l g a s e s i n

d e g r e e c e l s i u s
10 ma=20; // Combustion space o f f u e l burnt i n

Kg/ Kgof f u e l
11 g=9.81;

12

13

14 // C a l c u l a t i o n
15 hw =((353*H)*((1/ Ta) -((1/Tg)*((ma+1)/ma))));//

T h e o r e t i c a l draught i n m i l l i m e t e r s o f water i n mm
16 H1=H*((Tg/Ta)*(ma/(ma+1)) -1); //

T h e o r e t i c a l draught produced i n hot gas column i n
m

17 H2=H1 -9.975; // Draught
l o s t i n f r i c t i o n at the g r a t e and p a s s a g e i n m

18 V=round(sqrt (2*g*H2)); //
Actua l draught produced i n hot gas column i n m

19

20 // / Output
21 printf( ’ T h e o r e t i c a l draught i n m i l l i m e t e r s o f water=

%f mm \n ’ ,hw);
22 printf( ’ T h e o r e t i c a l draught produced i n hot gas

column=%f m \n ’ ,H1);
23 printf( ’ Draught l o s t i n f r i c t i o n at the g r a t e and

p a s s a g e=%f m \n ’ ,H2);
24 printf( ’ Actua l draught produced i n hot gas column=

%f m \n ’ ,V);
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Scilab code Exa 11.15 Draught lost in friction at the grate and pasage

1 // / Chapter No 11 Steam B o i l e r s
2 // // Example 1 1 . 1 5 Page No 246
3 // // Find Draught l o s t i n f r i c t i o n at the g r a t e and

pasage
4 // Input data
5 clc;

6 clear;

7 H=38; // Stack h e i g h t i n m
8 d=1.8; // Stack d iamete r

d i s c h a r g e i n m
9 ma=17; // Fue l g a s e s per Kg

o f f u e l burnt Kg/Kg
10 Tg =277+273; // Average t empera tu r e

o f f u e l g a s e s i n d e g r e e c e l s i u s
11 Ta =27+273; // Temperature o f

o u t s i d e a i r i n d e g r e e c e l s i u s
12 h1=0.4; // T h e o r e t i c a l draught

i s l o s t i n f r i c t i o n i n
13 g=9.81;

14 pi =3.142;

15

16 // C a l c u l a t i o n
17 H1=H*(((Tg/Ta)*(ma/(ma+1)) -1)); // T h e o r e t i c a l

draught produce i n hot gas column i n m
18 gp =0.45*27.8; // Draught l o s t i n

f r i c t i o n at the g r a t e and pasage i n m
19 C=H1 -gp; // Actua l draught

produce i n hot gas column i n m
20 V=sqrt (2*9.81*C); // V e l o c i t y o f the f l u e

g a s e s i n the chimney i n m/ s
21 rhog =((353*( ma+1))/(ma*Tg)); // Dens i ty o f f l u e

g a s e s i n Kg/mˆ3
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22 mg=round(rhog *((pi/4)*(d**(2))*V)); // Mass o f gas
f l o w i n g through the chimney i n Kg/ s

23

24

25 // / Output
26 printf( ’ T h e o r e t i c a l draught produce i n hot gas

column=%f m \n ’ ,H1);
27 printf( ’ Draught l o s t i n f r i c t i o n at the g r a t e and

pasage=%f m \n ’ ,gp);
28 printf( ’ Actua l draught produce i n hot gas column=%f

m \n ’ ,C);
29 printf( ’ V e l o c i t y o f the f l u e g a s e s i n the chimney =

%f m/ s \n ’ ,V);
30 printf( ’ Dens i ty o f f l u e g a s e s=%f Kg/mˆ3 \n ’ ,rhog);
31 printf( ’ Mass o f gas f l o w i n g through the chimney=%f

Kg/ s \n ’ ,mg);

Scilab code Exa 11.16 Theoretical draught produced in water

1 // / Chapter No 11 Steam B o i l e r s
2 // // Example 1 1 . 1 6 Page No 247
3 // / Find T h e o r e t i c a l draught produced i n water
4 // Input data
5 clc;

6 clear;

7 hw=1.9; // Drauhgt water i n cm
8 Tg =290+273; //Temp o f f l u e g a s e s i n d e g r e e

c e l s i u s
9 Ta =20+273; // Ambient temp i n d e g r e e c e l s i u s
10 ma=22; // Flue g a s e s formed i n kg /Kg o f

c o a l
11 d=1.8; // Fue l burnt i n m
12 pi =3.142;

13 g=9.81;

14
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15 // C a l c u l a t i o n
16 H=(hw /(353*(1/Ta -1/Tg*((ma+1)/ma))))*10; //

T h e o r e t i c a l draught produced i n water column i n m
17 H1=round(H*(((Tg/Ta)*(ma/(ma+1)) -1))); //

T h e o r e t i c a l draught produced i n hot gas column n
m

18 V=sqrt (2*g*H1); // V e l o c i t y o f
t t h e f l u e g a s e s i n the chimney i n m/ s

19 rhog =((353*( ma+1))/(ma*Tg)); // Dens i ty
o f f l u e g a s e s i n Kg/mˆ3

20 mg=rhog *((pi/4)*d^2)*V; // Mass o f
gas f l o w i n g through the chimney i n Kg/ s

21

22 // Output
23 printf( ’ T h e o r e t i c a l draught produced i n water column

= %f m \n ’ ,H);
24 printf( ’ T h e o r e t i c a l draught produced i n hot gas

column= %f m \n ’ ,H1);
25 printf( ’ V e l o c i t y o f t t h e f l u e g a s e s i n the chimney=

%f m \n ’ ,V);
26 printf( ’ Dens i ty o f f l u e g a s e s=%f Kg/mˆ3 \n ’ ,rhog);
27 printf( ’ Mass o f gas f l o w i n g through the chimney= %f

Kg/ s \n ’ ,mg);

Scilab code Exa 11.17 Actual draught produced in hot gas

1 // / Chapter No 11 Steam B o i l e r s
2 // // Example 1 1 . 1 7 Page No 248
3 // / Find Actua l draught produced i n hot gas
4 // Input data
5 clc;

6 clear;

7 mf1 =8000; // Average c o a l consumption i n Kg
/h

8 ma1 =19; // Flue g a s e s formed i n Kg/Kg
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9 Tg1 =270+273; // Average t empera tu r e o f the
chimney i n d e g r e e c e l s i u s

10 Ta1 =27+273; // Ambient t empera tu r e i n d e g r e e
c e l s i u s

11 hw1 =18; // T h e o r e t i c a l draught produced by
the chimney i n mm

12 h11 =0.6; // Draught i s l o s t i n f r i c t i o n H1
13 g1 =9.81;

14 pi1 =3.142;

15

16

17 // C a l c u l a t i o n
18 H2=(hw1 /(353*(1/ Ta1 -1/Tg1*((ma1 +1)/ma1)))); //

T h e o r e t i c a l draught produced i n water column i n m
19 H3=H2*((( Tg1/Ta1)*(ma1/(ma1+1))) -1); //

T h e o r e t i c a l draught produced i n hot gas column i n
m

20 gp1=h11*H3; // Draught i s
l o s t i n f r i c t i o n at the g r a t e and p a s s i n g i n m

21 hgc1=H3-gp1; // Actua l
draught produced i n hot gas column i n m

22 V1=sqrt (2*g1*(hgc1)); // V e l o c i t y
o f the f l u e g a s e s i n the chimney i n m/ s

23 rhog1 =((353*( ma1+1))/(ma1*Tg1)); // Dens i ty
o f f l u e g a s e s i n Kg/mˆ3

24 mg1 =((mf1 /3600)*ma1); // Mass o f
gas f ow ing throgh the chimney i n Kg/ s

25 d1=sqrt(mg1/(rhog1*(pi1/4)*V1)); //
Diameter o f the chimney i n m

26

27

28 // Output
29 printf( ’ T h e o r e t i c a l draught produced i n water column

=%f m \n ’ ,H2);
30 printf( ’ T h e o r e t i c a l draught produced i n hot gas

column=%f m \n ’ ,H3);
31 printf( ’ Draught i s l o s t i n f r i c t i o n at the g r a t e and

p a s s i n g=%f m \n ’ ,gp1);
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32 printf( ’ Actua l draught produced i n hot gas column=%f
m \n ’ ,hgc1);

33 printf( ’ V e l o c i t y o f the f l u e g a s e s i n the chimney=%f
\n ’ ,V1);

34 printf( ’ Dens i ty o f f l u e g a s e s=%f Kg/mˆ3 \n ’ ,rhog1);
35 printf( ’ Mass o f gas f ow ing throgh the chimney=%f Kg/

s \n ’ ,mg1);
36 printf( ’ Diameter o f the chimney=%f m \n ’ ,d1);

Scilab code Exa 11.18 Actual draught produced in hot gas

1 // / Chapter No 11 Steam B o i l e r s
2 // // Example 1 1 . 1 8 Page No 251
3 // / Find Actua l draught produced i n hot gas
4 // Input data
5 clc;

6 clear;

7 H2=24; // Chimney h e i g h t i n m
8 Ta1 =25+273; // Ambient t empera tu r e i n

d e g r e e c e l s i u s
9 Tg1 =300+273; //Temp o f f l u e g a s e s p a s s i n g

through the chimney i n d e g r e e c e l s i u s
10 ma1 =20; // Combustion space o f f u e l

burnt i n Kg/ kg o f f u e l
11 g1 =9.81;

12

13 // C a l c u l a t i o n
14 hw1 =((353* H2)*((1/ Ta1) -((1/Tg1)*(( ma1+1)/ma1)))); //

T h e o r e t i c a l draught produced i n water column i n m
15 //

C a l c u l a t i o n

mi s take

i n
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o f

hw1

i t

i s

c o r r e c t

a c c o r d i n g

to

data

&
c a l c u l a t i o n

16 H3=H2*((( Tg1/Ta1)*(ma1/(ma1+1)) -1)); //
T h e o r e t i c a l draught produced i n hot gas column i n
m

17 H4=0.5*H3; //
Draught i s l o s t i n f r i c t i o n at the g r a t e and
p a s s i n g i n m

18 hgc1=H3-H4; //
Actua l draught produced i n hot gas column i n m

19 V1=sqrt (2*g1*H4); //
V e l o c i t y o f the f l u e g a s e s i n the chimney i n m/ s

20

21

22 // Output
23 printf( ’ T h e o r e t i c a l draught produced i n water column

=%f m \n ’ ,hw1);
24 printf( ’ T h e o r e t i c a l draught produced i n hot gas
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column= %f m \n ’ ,H3);
25 printf( ’ Draught i s l o s t i n f r i c t i o n at the g r a t e and

p a s s i n g=%f m \n ’ ,H4);
26 printf( ’ Actua l draught produced i n hot gas column=

%f m \n ’ ,hgc1);
27 printf( ’ V e l o c i t y o f the f l u e g a s e s i n the chimney=

%f m/ s \n ’ ,V1);

Scilab code Exa 11.19 Velocity of the flue gases in the chimney

1 // / Chapter No 11 Steam B o i l e r s
2 // // Example 1 1 . 1 9 Page No 252
3 // / Find V e l o c i t y o f the f l u e g a s e s i n the chimney
4 // Input data
5 clc;

6 clear;

7 H2=38; // Stack h e i g h t i n m
8 d1=1.8; // Stack d iamete r i n m
9 ma1 =18; // Flue g a s e s per kg o f the f u e l

burnt
10 Tg1 =277+273; // Average temp o f the f l u e g a s e s

i n d e g r e e c e l s i u s
11 Ta1 =27+273; // Temperature o f o u t s i d e a i r i n

d e g r e e c e l s i u s
12 h11 =0.4; // T h e o r i c a l draught i s l o s t i n

f r i c t i o n i n %
13 g1 =9.81;

14 pi1 =3.142

15

16 // C a l c u l a t i o n
17 H3=H2*((( Tg1/Ta1)*(ma1/(ma1+1)) -1)); // T h e o r e t i c a l

draught produced i n hot gas column i n m
18 gp1 =0.40* H3; // Draught i s l o s t

i n f r i c t i o n at the g r a t e and p a s s i n g i n m
19 hgc1=H3-gp1; // Actua l draught
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produced i n hot gas column i n m
20 V1=sqrt (2*g1*hgc1); // V e l o c i t y o f the

f l u e g a s e s i n the chimney i n m/ s
21 rhog1 =((353*( ma1+1))/(ma1*Tg1)); // Dens i ty o f

f l u e g a s e s i n Kg/mˆ3
22 mg1=rhog1 *((pi1 /4)*d1^2)*V1; // Mass o f gas

f ow ing throgh the chimney i n Kg/ s
23

24

25 // Output
26 printf( ’ T h e o r e t i c a l draught produced i n hot gas

column= %f m \n ’ ,H3);
27 printf( ’ Draught i s l o s t i n f r i c t i o n at the g r a t e and

p a s s i n g= %f m \n ’ ,gp1);
28 printf( ’ Actua l draught produced i n hot gas column=%f

m \n ’ ,hgc1);
29 printf( ’ V e l o c i t y o f the f l u e g a s e s i n the chimney=%f

m/ s \n ’ ,V1);
30 printf( ’ Dens i ty o f f l u e g a s e s=%f Kg/mˆ3 \n ’ ,rhog1);
31 printf( ’ Mass o f gas f ow ing throgh the chimney=%f Kg/

s \n ’ ,mg1);

Scilab code Exa 11.20 Density of flue gases

1 // / Chapter No 11 Steam B o i l e r s
2 // // Example 1 1 . 2 0 Page No 253
3 // // Find Dens i ty o f f l u e g a s e s
4 // Input data
5 clc;

6 clear;

7 hw1 =19; // Draught produced water i n cm
8 Tg1 =290+273; // Temperature o f f l u e g a s e s i n

d e g r e e c e l s i u s
9 Ta1 =20+273; // Ambient t empera tu r e i n d e g r e e

c e l s i u s
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10 ma1 =22; // Flue g a s e s formed per kg o f
f u e l burnt i n kg / kg o f c o a l

11 d1=1.8; // Diameter o f chimney
12 g1 =9.81;

13 pi1 =3.142

14

15

16 // C a l c u l a t i o n
17 H2=(hw1 /((353) *((1/ Ta1) -((1/Tg1)*((ma1+1)/ma1)))));

// T h e o r e t i c a l draught produced i n hot gas column
i n m

18 H3=round(H2*((( Tg1/Ta1)*(ma1/(ma1+1)) -1)));

// Draught i s l o s t i n f r i c t i o n at
the g r a t e and p a s s i n g i n m

19 V1=(sqrt (2*g1*H3)); //
V e l o c i t y o f the f l u e g a s e s i n the chimney i n m/ s

20 rhog1 =((353*( ma1+1))/(ma1*Tg1)); //
Dens i ty o f f l u e g a s e s i n Kg/m∗∗3

21 mg1=rhog1 *((pi1 /4)*d1^2)*V1; //
Mass o f gas f ow ing throgh the chimney i n Kg/ s

22

23

24 // Output
25 printf( ’ T h e o r e t i c a l draught produced i n hot gas

column= %f m \n ’ ,H2);
26 printf( ’ Draught i s l o s t i n f r i c t i o n at the g r a t e and

p a s s i n g=%f m \n ’ ,H3);
27 printf( ’ V e l o c i t y o f the f l u e g a s e s i n the chimney=

%f m/ s \n ’ ,V1);
28 printf( ’ Dens i ty o f f l u e g a s e s=%f Kg/mˆ2 \n ’ ,rhog1);
29 printf( ’ Mass o f gas f ow ing throgh the chimney= %f Kg

/ s \n ’ ,mg1);

Scilab code Exa 11.21 Mass of gas fowing throgh the chimney
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1 // / Chapter No 11 Steam B o i l e r s
2 // // Example 1 1 . 2 1 Page No 254
3 // / Find Mass o f gas f ow ing throgh the chimney
4 // Input data
5 clc;

6 clear;

7 mf =8000; // Average c o a l consumption
i n m

8 ma=18; // Fue l g a s e s formed c c o a l
f i r e d i n m

9 Tg =270+273; // Average temp o f the
chimney o f water i n d e g r e e c e l s i u s

10 Ta =27+273; // Ambient temp i n d e g r e e
c e l s i u s

11 hw=18; // T h e o r e t i c a l draught
produced by the chimney i n mm

12 h1=0.6; // Draught i s l o s t i n
f r i c t i o n i n H1

13 g=9.81;

14 pi =3.142;

15

16

17 // C a l c u l a t i o n
18 H=(hw /((353) *((1/Ta) -((1/Tg)*((ma+1)/ma))))); //

T h e o r e t i c a l draught produced i n water column i n m
19 H1=H*(((Tg/Ta)*(ma/(ma+1)) -1)); //

T h e o r e t i c a l draught produced i n hot gas column i n
m

20 gp=0.6*H1; //
Draught i s l o s t i n f r i c t i o n at the g r a t e and
p a s s i n g i n m

21 hgc=H1 -gp; //
Actua l draught produced i n hot gas column i n m

22 V=sqrt (2*g*hgc); //
V e l o c i t y o f the f l u e g a s e s i n the chimney i n m/ s

23 rhog =((353*( ma+1))/(ma*Tg)); //
Dens i ty o f f l u e g a s e s i n Kg/mˆ3

24 mg=mf /3600*( ma+1); // Mass
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o f gas f ow ing throgh the chimney i n Kg/ s
25 d=sqrt(mg/(rhog*(pi/4)*V)); //

Diameter o f f l u e g a s e s i n Kg/mˆ3
26

27 // / Output
28 printf( ’ T h e o r e t i c a l draught produced i n water column

= %f m \n ’ ,H);
29 printf( ’ T h e o r e t i c a l draught produced i n hot gas

column= %f m \n ’ ,H1);
30 printf( ’ Draught i s l o s t i n f r i c t i o n at the g r a t e and

p a s s i n g= %f m \n ’ ,gp);
31 printf( ’ Actua l draught produced i n hot gas column=

%f \n ’ ,hgc);
32 printf( ’ V e l o c i t y o f the f l u e g a s e s i n the chimney=

%f m/ s \n ’ ,V);
33 printf( ’ Dens i ty o f f l u e g a s e s= %f Kg/mˆ3 \n ’ ,rhog);
34 printf( ’ Mass o f gas f ow ing throgh the chimney= %f Kg

/ s \n ’ ,mg);
35 printf( ’ Diameter o f f l u e g a s e s= %f Kg/mˆ3 \n ’ ,d);

Scilab code Exa 11.22 Efficeincy of chimney draught

1 // / Chapter No 11 Steam B o i l e r s
2 // // Example 1 1 . 2 2 Page No 256
3 // / Find E f f i c e i n c y o f chimney draught
4 // / Input data
5 clc;

6 clear;

7 H=45; // Chimney h e i g h t i n m
8 Tg =370+273; // Temperature o f f l u e g a s e s i n d e g r e e

c e l s i u s
9 T1 =150+273; // Temperature o f f l u e g a s e s i n d e g r e e

c e l s i u s
10 ma=25; // Mass o f the f l u e gas formed i n Kg/

kg o f a c o s l f i r e d
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11 Ta =35+273; //The b o i l e r t empera tu r e i n d e g r e e
c e l s i u s

12 Cp =1.004; // f u e l gas
13

14 // C a l c u l a t i o n
15 // E f f i c e i n c y o f chimney draught i n %
16 A=(H*(((Tg/Ta)*(ma/(ma+1))) -1))/(Cp*(Tg-T1))*100;

17

18 // Output
19 printf( ’ E f f i c e i n c y o f chimney draught= %f p e r c e n t \n

’ ,A);
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Chapter 13

Steam Engines

Scilab code Exa 13.1 Therotical mean effective pressure

1 // // Chapter 13 Steam Eng ines
2 // // Example 1 3 . 1 Page No 281
3 // / Find T h e r o t i c a l mean e f f e c t i v e p r e s s u r e
4 // Input data
5 clc;

6 clear;

7 Pa=10; // S i n g l e c y l i n d e r
doub le a c t i n g steam e n g i n e p r e s s u r e i n bar

8 Pb=1.5; // S i n g l e c y l i n d e r
doub le a c t i n g steam e n g i n e p r e s s u r e i n bar

9 rc =100/35; //Cut−o f f o f the
s t r o k e i n %

10

11

12 // C a l c u l a t i o n
13 Pm=((Pa/rc)*(1+ log(rc))-Pb); // T h e r o t i c a l mean

e f f e c t i v e p r e s s u r e
14

15 // Output
16 printf( ’ T h e r o t i c a l mean e f f e c t i v e p r e s s u r e= %f bar \

n ’ ,Pm);
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Scilab code Exa 13.2 Therotical mean effective pressure

1 // // Chapter 13 Steam Eng ines
2 // // Example 1 3 . 2 Page No 283
3 // / Find T h e r o t i c a l mean e f f e c t i v e p r e s s u r e
4 // Input data
5 clc;

6 clear;

7 a=5/100; // Engine c y l i n d e r o f the s t r o k e valume
i n %

8 P1=12; // P r e s s u r e o f the st ream
9 rc=3; //Cut−o f f i s one−t h i r d
10 Pb=1.1; // Constant the back p r e s s u r e i n bar
11

12 // C a l u l a t i o n
13 // T h e r o t i c a l mean e f f e c t i v e p r e s s u r e Pm
14 Pm=P1*(1/rc+((1/rc)+a)*log ((1+a)/((1/rc)+a)))-Pb;

15

16 // Output
17 printf( ’ T h e r o t i c a l mean e f f e c t i v e p r e s s u r e=%f N/mˆ2

\n ’ ,Pm);

Scilab code Exa 13.3 Mean Effective pressure

1 // // Chapter 13 Steam Eng ines
2 // // Example 1 3 . 2 Page No 285
3 // / Find Mean E f f e c t i v e p r e s s u r e
4 // / Input data
5 clc;

6 clear;

7 P1=14; // Steam i s s s u p p l i e d i n bar
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8 P6=6; // P r e s s u r e at the end i n bar
9 Pb=1.2; // P r e s s u r e at back i n bar
10 a=0.1;

11 re=4;

12 //From h y p e r b o l i c p r o c e s s
13 b=0.4;

14

15 // / C a l c u l a t i o n
16 //Mean E f f e c t i v e p r e s s u r e i n N/mˆ2
17 Pm=P1 *((1/re)+((1/re)+a)*log ((1+a)/((1+re)+a)))-Pb

*((1+b)+(a+b)*log((a+b)/a));

18

19

20 // Output
21 printf( ’Mean E f f e c t i v e p r e s s u r e= %f N/mˆ2 \n ’ ,-Pm);

Scilab code Exa 13.4 Cover end mean effective pressure

1 // // Chapter 13 Steam Eng ines
2 // // Example 1 3 . 2 Page No 285
3 // / Find Cover end mean e f f e c t i v e p r e s s u r e
4 // Input data
5 clc;

6 clear;

7 Cover =1200; // Area o f the
i n d i c a t o r diagram f o r c o v e r

8 Crank =1100; // Area o f the
i n d i c a t o r diagram f o r crank

9 ID=75;

10 PS =0.15;

11

12

13 // / C a l c u l a t i o n
14 CoverMEP=Cover/ID*PS; // Cover end mean

e f f e c t i v e p r e s s u r e
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15 CrankMEP=Crank/ID*PS; // Crank end mean
e f f e c t i v e p r e s s u r e

16 AverageMEP =( CoverMEP+CrankMEP)/2; // Average end mean
e f f e c t i v e p r e s s u r e

17

18

19 // / Output
20 printf( ’ Cover end mean e f f e c t i v e p r e s s u r e= %f bar \n

’ ,CoverMEP);
21 printf( ’ Crank end mean e f f e c t i v e p r e s s u r e= %f bar \n

’ ,CrankMEP);
22 printf( ’ Average end mean e f f e c t i v e p r e s s u r e= %f bar

\n ’ ,AverageMEP);

Scilab code Exa 13.5 Mean effective pressure

1 // // Chapter 13 Steam Eng ines
2 // // Example 1 3 . 5 Page No 286
3 // / Find Mean e f f e c t i v e p r e s s u r e
4 // Input data
5 clc;

6 clear;

7 a=25; // Area o f i n d i c a t o r diagram
cmˆ2

8 Vs =0.15; // swept volume mˆ2
9 S=1; // S c a l e i n cm

10 cm =0.02; // p r e s s u r e a x i s mˆ3
11

12

13 // / C a l c u l a t i o n
14 b=Vs/cm; // Base l e n g t h o f diagram
15 Pm=a/b*S; //Mean e f f e c t i v e p r e s s u r e
16

17 // Output
18 printf( ’ Base l e n g t h o f diagram=%f bar \n ’ ,b);
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19 printf( ’Mean e f f e c t i v e p r e s s u r e= %f bar \n ’ ,Pm);

Scilab code Exa 13.6 Therotical mean effective pressure

1 // // Chapter 13 Steam Eng ines
2 // // Example 1 3 . 6 Page No 287
3 // / Find T h e r o t i c a l mean e f f e c t i v e p r e s s u r e
4 // Input data
5 clc;

6 clear;

7 P1=14; // Steam Engine
p r e s s u r e i n bar

8 Pb =0.15; // Back p r e s s u r e i n
bar

9 K=0.72; // Diagram f a c t o r
10 rc =100/20;

11

12 // C a l c u l a t i o n
13 Pm=((P1/rc)*(1+ log(rc))-Pb); // T h e r o t i c a l mean

e f f e c t i v e p r e s s u r e Pm
14 Pma=Pm*K; // Actua l mean

e f f e c t i v e p r e s s u r e Pma
15

16 // Output
17 printf( ’ T h e r o t i c a l mean e f f e c t i v e p r e s s u r e= %f bar \

n ’ ,Pm);
18 printf( ’ Actua l mean e f f e c t i v e p r e s s u r e= %f bar \n ’ ,

Pma);

Scilab code Exa 13.7 Actual mean effective pressure

1 // // Chapter 13 Steam Eng ines
2 // // Example 1 3 . 7 Page No 287
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3 // // Find Actua l mean e f f e c t i v e p r e s s u r e
4 // Input data
5 clc;

6 clear;

7 P1=9; // R e c i p r o c a t i n g e n g i n e
p r e s s u r e i n bar

8 Pb=1.5; // Back p r e s s u r e i n bar
9 rc =100/25; //Cut−o f f

10 K=0.8; // Diagram f a c t o r
11

12 // C a l c u l a t i o n
13 Pm=((P1/rc)*(1+ log(rc))-Pb); // T h e r o t i c a l mean

e f f e c t i v e p r e s s u r e Pm
14 Pma=Pm*K; // Actua l mean

e f f e c t i v e p r e s s u r e Pma
15

16 // / Output
17 printf( ’ T h e r o t i c a l mean e f f e c t i v e p r e s s u r e= %f bar \

n ’ ,Pm);
18 printf( ’ Actua l mean e f f e c t i v e p r e s s u r e= %f bar \n ’ ,

Pma);

Scilab code Exa 13.8 Diagram factor

1 // // Chapter 13 Steam Eng ines
2 // // Example 1 3 . 8 Page No 288
3 // // Find Diagram f a c t o r
4 // Input data
5 clc;

6 clear;

7 P1=10; // I n l e t p r e s s u r e
8 Pb=1; // Back p r e s s u r e
9 rc=3; // Expans ion r a t i o

10 a=12.1; // Area o f i n d i c a t o r diagram
11 b=7.5; // Length o f i n d i c a t o r
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diagram
12 S=3; // P r e s s u r e s c a l e
13

14

15 // C a l c u l a t i o n
16 Pm=round((P1/rc)*(1+ log(rc))-Pb ); // T h e r o t i c a l mean

e f f e c t i v e p r e s s u r e Pm
17 Pma=a/b*S; // Actua l mean

e f f e c t i v e p r e s s u r e Pma
18 K=Pma/Pm; // Diagram f a c t o r
19

20 // / Output
21 printf( ’ T h e r o t i c a l mean e f f e c t i v e p r e s s u r e= %f bar \

n ’ ,Pm);
22 printf( ’ Actua l mean e f f e c t i v e p r e s s u r e= %f bar \n ’ ,

Pma);

23 printf( ’ Diagram f a c t o r= %f \n ’ ,K);

Scilab code Exa 13.9 Indicated power of steam engine

1 // // Chapter 13 Steam Eng ines
2 // // Example 1 3 . 9 Page No 289
3 // Input data
4 clc;

5 clear;

6 D=200*10^ -3; // Steam e n g i n e
c y l i n d e r i n mm

7 L=300*10^ -3; // Bore o f steam
e n g i n e c y l i n d e r i n mm

8 rc =100/40; //Cut−o f f o f the
s r o k e

9 P1=7; // Admiss ion
p r e s s u r e o f steam i n bar

10 Pb =0.38; // Exhaust p r e s s u r e
o f steam i n bar
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11 K=0.8; // Diagram f a c t o r
12 N=200; // I n d i c a t o r f a c t o r

o f e n g i n e
13 pi =3.142; // Constant v a l u e
14 // I n d i c a t e d power o f the e n g i n e i n rpm
15 A1=pi *(200*10^ -3) ^2/4;

16

17

18 // C a l c u l a t i o n
19 Pm=((P1/rc)*(1+ log(rc))-Pb); // T h e r o t i c a l mean

e f f e c t i v e p r e s s u r e Pm
20 Pma=round(Pm*K); // Actua l

mean e f f e c t i v e p r e s s u r e Pma
21 IP=(2* Pma*L*A1*N/60000) *10^5; // I n d i c a t e d power

o f steam e n g i n e i n Kw
22

23

24 // Output
25 printf( ’ T h e r o t i c a l mean e f f e c t i v e p r e s s u r e= %f bar \

n ’ ,Pm);
26 printf( ’ Actua l mean e f f e c t i v e p r e s s u r e= %f bar \n ’ ,

Pma);

27 printf( ’ I n d i c a t e d power o f steam e n g i n e= %f Kw \n ’ ,
IP);

Scilab code Exa 13.10 Indicated power of steam engine

1 // // Chapter 13 Steam Eng ines
2 // // Example 1 3 . 1 0 Page No 290
3 // / Find I n d i c a t e d power o f steam e n g i n e
4 // Input data
5 clc;

6 clear;

7 IP=343; // Steam e n g i n e deve l op
i n d i c a t e d power i n Kw
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8 N=180; // power In rpm
9 P1=15; // Steam s u p p l i e d i bar
10 Pb =1.25; // Steam i s exhaus t ed i n bar
11 rc =100/25; //Cut−o f f t ake p l a c e o f

s t r o k e
12 K=0.78; // Diagram f a c t o r
13 //x=L/D=4/3
14 x=4/3; // S t r o k e to bore r a t i o
15 pi =3.142;

16

17

18 // C a l c u l a t i o n
19 Pm=((P1/rc)*(1+ log(rc))-Pb); // T h e r o t i c a l mean

e f f e c t i v e p r e s s u r e Pm
20 Pma=Pm*K; // Actua l mean

e f f e c t i v e p r e s s u r e Pma
21 D=(((60000* IP)/(2*( Pma *10^5) *(4/3)*N))/(pi/4))^(1/3)

;// I n d i c a t e d power o f steam e n g i n e
22 A=((pi/4)*(D^2));

23 L=(x)*D;

24

25

26 // Output
27 printf( ’ T h e r o t i c a l mean e f f e c t i v e p r e s s u r e= %f bar \

n ’ ,Pm);
28 printf( ’ Actua l mean e f f e c t i v e p r e s s u r e=%f bar \n ’ ,

Pma);

29 printf( ’ I n d i c a t e d power o f steam e n g i n e=%f mm \n ’ ,D)
;

30 printf( ’ I n d i c a t e d power o f steam e n g i n e= %f mm \n ’ ,L
);

Scilab code Exa 13.11 Actual mean effective pressure

1 // // Chapter 13 Steam Eng ines
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2 // // Example 1 3 . 1 1 Page No 290
3 // / Find Actua l mean e f f e c t i v e p r e s s u r e
4 // Input data
5 clc;

6 clear;

7 D=240*10^ -3; // Steam e n g i n e bor
8 L=300*10^ -3; // S t r o k e o f e n g i n e
9 N=220; // Speed o f e n g i n e 220 i n rpm

10 IP=36; // I n d i c a t e d power i n Kw
11 Pb=1.3; // Exhaust p r e s s u r e i n bar
12 re=2.5; // Expans ion r a t i o
13 K=0.8; // Diagram f a c t o r
14 pi =3.142

15 A=((pi/4)*(D^2));

16

17

18

19 // C a l c u l a t i o n
20 Pma =((IP *60000) /(2*10^5*L*A*N)); // I n d i c a t e d power

o f steam e n g i n e i n bar
21 Pm=Pma/K; // Actua l mean

e f f e c t i v e p r e s s u r e i n bar
22 P1=((Pm+Pb)*re)/(1+ log(re)); // T h e o r e t i c a l mean

e f f e c t i v e p r e s s u r e i n bar
23

24 // Output
25 printf( ’ I n d i c a t e d power o f steam e n g i n e= %f bar \n ’ ,

Pma);

26 printf( ’ Actua l mean e f f e c t i v e p r e s s u r e= %f bar \n ’ ,
Pm);

27 printf( ’ t h e o r e t i c a l mean e f f e c t i v e p r e s s u r e= %f bar
\n ’ ,P1);

Scilab code Exa 13.12 Indicated power of steam engine
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1 // // Chapter 13 Steam Eng ines
2 // // Example 1 3 . 1 2 Page No 291
3 // / Find I n d i c a t e d power o f steam e n g i n e
4 // Input data
5 clc;

6 clear;

7 D=700*10^ -3; // Steam e n g i n e d i amete r i n
mm

8 L=900*10^ -3; // Steam e n g i n e d i amete r i n
mm

9 Ip=450; // Develop i n d i c a t e d power
Kw

10 N=90; // Speed o f steam e n g i n e i n
rpm

11 P2=12; // P r e s s u r e at cut−o f f i n
bar

12 P1=12; // P r e s s u r e at cut−o f f i n
bar

13 Pb=1.3; // Back p r e s s u r e i n bar
14 K=0.76; // Diameter f a c t o r
15 pi =3.142;

16 A=((pi/4) *0.7^2);

17

18 // C a l c u l a t i o n
19 Pma=(Ip *60000) /(2*10^5*L*A*90); // I n d i c a t e d power o f

steam e n g i n e i n bar
20 Pm=Pma/K; // T h e o r e t i c a l mean

e f f e c t i v e p r e s s u r e i n bar
21 // u s i n g t r i a l and e r r o r method
22 re =1/0.241; // Expans ion

r a t i o
23 // / Output
24 printf( ’ I n d i c a t e d power o f steam e n g i n e= %f bar \n ’ ,

Pma);

25 printf( ’ T h e o r e t i c a l mean e f f e c t i v e p r e s s u r e= %f bar
\n ’ ,Pm);

26 printf( ’ Expans ion r a t i o= %f \n ’ ,re);
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Scilab code Exa 13.13 Brake Power

1 // // Chapter 13 Steam Eng ines
2 // // Example 1 3 . 1 3 Page No 293
3 // / Find Brake Power
4 // Input data
5 clc;

6 clear;

7 Db =900*10^ -3; // Diameter o f break drum i n mm
8 dr=50*10^ -3; // Diameter o f rope i n mm
9 W=105*9.81; // dead we ight on the t i g h t s i d e

o f the rope i n Kg
10 S=7*9.81; // Spr ing b a l a n c e o f the rope i n

N
11 N=240; // Speed o f the e n g i n e i n rpm
12 pi =3.142;

13 // C a l c u l a t i o n
14 T=(W-S)*((Db+dr)/2); // Torque Nm
15 Bp=2*pi*N*T/60000; // Brake Power i n Kw
16

17 // Output
18 printf( ’ Torque= %f Nm \n ’ ,T);
19 printf( ’ Brake Power= %f Kw \n ’ ,Bp);

Scilab code Exa 13.14 Mechanical efficiency

1 // // Chapter 13 Steam Eng ines
2 // // Example 1 3 . 1 4 Page No 294
3 // / Example Mechan ica l e f f i c i e n c y
4 // Input data
5 clc;

6 clear;
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7 D=300*10^ -3; // steam e n g i n e bor
8 L=400*10^ -3; // s t r o k e
9 Db=1.5; // e f f e c t i v e brake

d i amete r
10 W=6.2*10^3; // net l oad on the brake
11 N=180; // speed o f e n g i n e i n

rpm
12 Pma =6.5*10^3; //mean e f f e c t i v e

p r e s s u r e i n bar
13 pi =3.142;

14 A=((pi/4) *0.3^2);

15 dr=0;

16 S=0;

17

18 // C a l c u l a t i o n
19 Ip=((2* Pma*L*A*N)/60000) *100; // I n d i c a t e d power o f

steam e n g i n e i n Kw
20 T=(W-S)*((Db+dr)/2); // Torque i n Nm
21 Bp=2*pi*N*T/ 60000; // Break power Kw
22 eta=(Bp/Ip)*100; // Mechan ica l

e f f i c i e n c y in%
23

24

25 // Output
26 printf( ’ I n d i c a t e d power o f steam e n g i n e= %f Kw \n ’ ,

Ip);

27 printf( ’ Torque=%f Nm \n ’ ,T);
28 printf( ’ Break power= %f Kw \n ’ ,Bp);
29 printf( ’ Mechan ica l e f f i c i e n c y= %f p e r c e n t \n ’ ,eta);
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Chapter 14

Air Standard Cycles

Scilab code Exa 14.1 thermal efficiency of the carnot cycle eta

1 // // Chapter No 14 Air Standard Cyc l e s
2 // // Example 1 4 . 1 Page No : 3 0 2
3 // / Find therma l e f f i c i e n c y o f the c a r n o t c y c l e e t a
4 // / Input data
5 clc;

6 clear;

7 Tmax =477+273; // Temperature l i m i t s f o r the
e n g i n e 477 d e g r e e c e l c i u s

8 Tmin =27+273; // Temperature l i m i t s f o r the
e n g i n e 27 d e g r e e c e l c i u s

9 wd=150; // Carnot c y c l e produce i n KJ
10

11 // C a l c u l a t k i o n
12 eta=(1-( Tmin/Tmax)); // Thermal e f f i c i e n c y o f the

c a r n o t c y c l e i n %
13 Qs=(wd/eta); //Added dur ing the p r o c e s s i n

Kj
14

15

16 // Output
17 printf( ’ the rma l e f f i c i e n c y o f the c a r n o t c y c l e e t a=
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%f p e r c e n t \n ’ ,100*eta);
18 printf( ’ added dur ing the p r o c e s s Qs= %f KJ \n ’ ,Qs);

Scilab code Exa 14.2 Engin work on carnot cycle

1 // // Chapter No 14 Air Standard Cyc l e s
2 // // Example 2 Page No : 3 0 2
3 // / Find Engin work on c a r n o t c y c l e
4 // Input data
5 clc;

6 clear;

7 QR=1.5; // tau=QS−QR
8 //T=Tmax−Tmin
9 T=300; // t empera tu r e l i m i t o f the

c y c l e i n d e g r e e c e l s i u s
10

11

12 // C a l c u l a t i o n
13 //QR=1.5∗ (QS−QR)
14 QR =(1.5/2.5); // Engin work on c a r n o t c y c l e
15 eta=(1-QR); // Thermal e f f e c i e n c y
16 Tmax=round((T/eta) -273.15); //Maximum

tempera taure
17 Tmin=(Tmax -T); //Minimum tempera taure
18

19

20 // Output
21 printf( ’ Engin work on c a r n o t c y c l e= %f QS \n ’ ,QR);
22 printf( ’ Thermal e f f e c i e n c y= %f p e r c e n t \n ’ ,100*eta);
23 printf( ’Maximum tempera taure= %f d e g r e e c e l s i u s \n ’

,Tmax);

24 printf( ’Minimum tempera taure= %f d e g r e e c e l s i u s \n ’
,Tmin);
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Scilab code Exa 14.3 pressure at intermediate salient points

1 // // Chapter No 14 Air Standard Cyc l e s
2 // // Example No 1 4 . 3 Page No 303
3 // / Find p r e s s u r e at i n t e r m e d i a t e s a l i e n t p o i n t s
4 // Input data
5 clc;

6 clear;

7 // Re f e r f i g u r e
8

9 T1=300; // Carnot e n g i n e work i n
minimum tempera tu r e i n k e l v i n

10 T2=750; // Carnot e n g i n e work i n
maximum tempera tu re k e l v i n

11 P2=50; // p r e s s u r e o f c a r n o t
e n g i n e N/mˆ2

12 P4=1; // p r e s s u r e o f c a r n o t
e n g i n e N/mˆ2

13 // C o n s i d e r i n g a i r as the work ing f l u i d t h e r e f o r e
14 R=0.287; // Air as the work ing f l u i d

i n KJ/Kg K
15 Cp =1.005; //KJ/Kg K
16 Cv =0.718; //KJ/Kg K
17 K=1.4;

18 gamma1 =1.4;

19

20 // C a l c u l a t i o n
21 //T2/T1=(P2/P1 ) ∗∗ ( gamma1−1)/gamma1 ;
22 P1=P2*(T1/T2)^( gamma1 /(gamma1 -1)); // P r e s s u r e at

i n t e r m e d i a t e s a l i e n t p o i n t s (1−2) i n bar
23 P3=P4*(T2/T1)**( gamma1 /(gamma1 -1)); // P r e s s u r e at

i n t e r m e d i a t e s a l i e n t p o i n t s (3−4) i n bar
24 QS=R*T2*log(P2/P3 ); // Heat s u p p l i e d and

r e j e c t e d per Kg o f a i r i n KJ/Kg
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25 QR=R*T1*log(P1/P4 ); // Heat s u p p l i e d and
r e j e c t e d per Kg o f a i r i n KJ/Kg

26 W=QS -QR; //Work done i n KJ/
Kg

27 eta=(1-(T1/T2)); // Thermal o f the
c a r n o t c y c l e

28

29 // Output
30 printf( ’ p r e s s u r e at i n t e r m e d i a t e s a l i e n t p o i n t s (1−2)

= %f bar \n ’ ,P1);
31 printf( ’ p r e s s u r e at i n t e r m e d i a t e s a l i e n t p o i n t s (3−4)

= %f bar \n ’ ,P3);
32 printf( ’ heat s u p p l i e d and r e j e c t e d per Kg o f a i r

(2−3)= %f KJ/Kg \n ’ ,QS);
33 printf( ’ heat s u p p l i e d and r e j e c t e d per Kg o f a i r

(4−1)= %f KJ/Kg \n ’ ,QR);
34 printf( ’ work done= %f KJ/Kg \n ’ ,W);
35 printf( ’ the rma l o f the c a r n o t c y c l e= %f p e r c e n t \n ’

,100*eta);

Scilab code Exa 14.4 Heat supplied process

1 // // Chapter No 14 Air Standard Cyc l e s
2 // // Example No 1 4 . 4 Page No 304
3 // / Find Heat s u p p l i e d p r o c e s s
4 // input data
5 clc;

6 clear;

7 T2 =377+273; // Carnot c y c l e
t empera tu re i n bar

8 P2 =20*10^5; // Carnot c y c l e p r e s s u r e
i n bar

9 V2=1;

10 V1=5;

11 V3=2;
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12 // Cons ide r a i r as the work ing f l u i d t h e r e f o r e
13 R=0.287; // In KJ/Kg K
14 Cp =1.005; // In KJ/Kg K
15 Cv =0.718; // In KJ/Kg K
16 K=1.4;

17 gamma1 =1.4;

18

19 // C a l c u l a t i o n
20 T1=T2*((V2/V1)^(gamma1 -1)); //Minimum

temp i n d e g r e e c e l s i u s
21 Qs=R*T2*log(V3/V2); // Heat

s u p p l i e d p r o c e s s i n KJ/Kg
22 QR=R*T1*log((V1/V2)*(V2/V3)*((T2/T1)^(1/( gamma1 -1)))

); // Heat R e j e c t e d P r o c e s s i n KJ/Kg
23 etath =(1-(T1/T2))*100; //

Thermal E f f e i c i e n c y o f the c a r n o t c y c l e i n %
24

25

26

27 // Output
28 printf( ’Minimum temp= %f d e g r e e c e l s i u s \n ’ ,T1);
29 printf( ’ Heat s u p p l i e d p r o c e s s= %f KJ/Kg \n ’ ,Qs);
30 printf( ’ Heat R e j e c t e d P r o c e s s= %f KJ/Kg \n ’ ,QR);
31 printf( ’ Thermal E f f e i c i e n c y o f the c a r n o t c y c l e=%f

p e r c e n t \n ’ ,etath);

Scilab code Exa 14.5 compression ratio

1 // // Chapter No 14 Air Standard Cyc l e s
2 // // Example No 1 4 . 5 Page No 308
3 // / Find compre s s i on r a t i o
4 // / Input data
5 clc;

6 clear;

7 P1=1; // I s e n t r o p i c
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Compress ion i n bar
8 P2=20; // I s e n t r o p i c

Compress ion i n bar
9 // Cons ide r a i r as the work ing f l u i d t h e r e f o r e
10 gamma1 =1.4;

11

12

13 // C a l c u l a t i o n
14 r=(P2/P1)**(1/ gamma1); // I s e n t r o p i c p r o c e s s
15 eta =100*(1 -(1/(r^(gamma1 -1)))); // Otto c y c l e a i r

s t andard e f f e c i e n c y i n %
16

17

18 // Output
19 printf( ’ c ompre s s i on r a t i o= %f \n ’ ,r);
20 printf( ’ s t andard e f f i c i e n c y= %f p e r c e n t \n ’ ,eta);

Scilab code Exa 14.6 standard efficiency

1 // // Chapter No 14 Air Standard Cyc l e s
2 // // Example No 1 4 . 6 Page No 308
3 // / Find s tandard e f f i c i e n c y
4 // Input data
5 clc;

6 clear;

7 T1 =27+273; // I n i t i a l temp i n
d e g r e e c e l s i u s

8 T2 =450+273; // F i n a l temp i n
d e g r e e c e l s i u s

9 gamma1 =1.4;

10

11 // C a l c u l a t i o n
12 r=(T2/T1)^(1/( gamma1 -1)); // I s e n t r o p i c p r o c e s s
13 eta =100*(1 -(1/(r^(gamma1 -1)))); // Otto c y c l e a i r

s t andard e f f e c i e n c y i n %
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14

15 // Output
16 printf( ’ c ompre s s i on r a t i o= %f \n ’ ,r);
17 printf( ’ s t andard e f f i c i e n c y= %f p e r c e n t \n ’ ,eta);

Scilab code Exa 14.7 Swept volume

1 // // Chapter No 14 Air Standard Cyc l e s
2 // // Example No 1 4 . 7 Page No 309
3 // / Find Swept volume
4 // Input data
5 clc;

6 clear;

7 D=200*10^ -3; // Otto c y c l e
c y l i n d r i c a l bore i n mm

8 L=450*10^ -3; // Otto c y c l e S t r o k e
i n mm

9 vc=2*10^ -3; // C l e a r a nc e volume i n
mmˆ3

10 gamma1 =1.4;

11 pi =3.142;

12

13 // C a l c u l a t i o n
14 vs=(pi/4)*(D^2*L); // Swept volume
15 r=((vs+vc)/vc); // Compress ion r a t i o
16 eta =100*(1 -(1/(r**(gamma1 -1)))); // Standard

e f f i c i e n c y
17

18 // Output
19 printf( ’ Swept volume= %f mˆ3 \n ’ ,vs);
20 printf( ’ c ompre s s i on r a t i o= %f \n ’ ,r);
21 printf( ’ s t andard e f f i c i e n c y= %f p e r c e n t \n ’ ,eta);
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Scilab code Exa 14.8 Max temp of cycle

1 // // Chapter No 14 Air Standard Cyc l e s
2 // // Example No 1 4 . 8 Page No 309
3 // / Find Max temp o f c y c l e
4 // Input data
5 clc;

6 clear;

7 P1 =0.1*10^6; // Otto c y c l e a i r
8 T1 =35+273; // Otto c y c l e temp

d e g r e e c e l s i u s
9 r=9; // Compress ion r a t i o

10 Qs =1800; // S u p p l i e d heat i n kJ/
kg

11 v1=9;

12 v2=1;

13 R=0.287*10^3;

14 gamma1 =1.4;

15 Cv =0.718;

16

17 // C a l c u l a t i o n
18 T2=(T1*((v1/v2)^(gamma1 -1))); // Temperature at p o i n t

2 i n K
19 P2=(P1*((v1/v2)^1.4))*10^ -6; // p r e s s u r e at p o i n t 2

i n MPa
20 T3=((Qs/Cv)+(T2)); //Max temp o f c y c l e i n

d e g r e e c e l s i u s
21 P3=(T3/T2*P2); //Max p r e s s u r e o f

c y c l e i n MPa
22 eta =100*(1 -(1/(r^(gamma1 -1))));// Otto c y c l e the rma l

e f f i c i e n c y i n %
23 WD=(Qs*eta)*10^ -2; //Work done dur ing the

c y c l e i n KJ/Kg
24 v1=((R*T1)/P1); // Char g a s s e q u a t i o n

i n mˆ3/Kg
25 v2=v1/r; // Char g a s s e q u a t i o n

i n mˆ3/Kg
26 Sv=v1-v2; // Swept volume i n mˆ3/
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Kg
27 Pme=(WD/Sv)*10^ -3; //Mean e f f e c t i v e

p r e s s u r e i n MPa
28 alpha=P3/P2; // E x p l o s i o n r a t i o
29 Pm=(((P1*r)/((r-1)*(gamma1 -1)))*(((r^(gamma1 -1)) -1)

*(alpha -1)))*10^ -6; //Mean e f f e c t i v e p r e s s u r e i n
MPa

30

31

32 // Output
33 printf( ’ Temperature at p o i n t= %f K \n ’ ,T2);
34 printf( ’ p r e s s u r e at p o i n t= %f MPa \n ’ ,P2);
35 printf( ’Max temp o f c y c l e= %f K \n ’ ,T3);
36 printf( ’Max p r e s s u r e= %f MPa \n ’ ,P3);
37 printf( ’ Otto c y c l e the rma l e f f i c i e n c y= %f p e r c e n t \n

’ ,eta);
38 printf( ’Work done dur ing the c y c l e= %f KJ/Kg \n ’ ,WD)

;

39 printf( ’ Char g a s s e q u a t i o n= %f mˆ3/Kg \n ’ ,v1);
40 printf( ’ Char g a s s e q u a t i o n= %f mˆ3/Kg \n ’ ,v2);
41 printf( ’ Swept volume= %f mˆ3/Kg \n ’ ,Sv);
42 printf( ’Mean e f f e c t i v e p r e s s u r e= %f MPa \n ’ ,Pme);
43 printf( ’ E x p l o s i o n r a t i o= %f \n ’ ,alpha);
44 printf( ’Mean e f f e c t i v e p r e s s u r e= %f MPa \n ’ ,Pm);

Scilab code Exa 14.9 Work done per Kg of air

1 // // Chapter No 14 Air Standard Cyc l e s
2 // // Example No 1 4 . 9 Page No 311
3 // / Find Work done per Kg o f a i r
4 // Input data
5 clc;

6 clear;

7 P1=0.1; // Beg inn ing compre s s i on
i n MPa
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8 T1 =40+273; // Beg inn ing temp i n
d e g r e e c e l s i u s

9 eta =0.55; // Standard e f f e c i e n c y i n
%

10 QR=540; // R e j e c t e d heat i n KJ/Kg
11 r=7.36; // Compress ion r a t i o
12 gamma1 =1.4;

13 Cv =0.718;

14

15 // C a l c u l a t i o n
16 // e t a =(1−(1/( r ˆ(gamma−1) ) ) )
17 QS=(-QR/(eta -1)); // Heat s u p p l i e d / u n i t mass

i n KJ/Kg
18 WD=QS-QR; //Work done per Kg o f a i r

i n KJ/Kg
19 T2=T1*(r^(gamma1 -1)); //Temp at end o f

compre s s i on i n K
20 P2=P1*((r)^gamma1); // p r e s s u r e at p o i n t 2 i n

MPa
21 T3=(QS/Cv)+T2; //max temp o f the c y c l e

i n K
22 P3=(T3/T2)*P2; //max p r e s s u r e o f the

c y c l e i n MPa
23

24 // Output
25 printf( ’ Heat s u p p l i e d / u n i t mass= %f KJ/Kg \n ’ ,QS);
26 printf( ’Work done per Kg o f a i r= %f KJ/Kg \n ’ ,WD);
27 printf( ’Temp at end o f compre s s i on= %f K \n ’ ,T2);
28 printf( ’ p r e s s u r e at p o i n t two= %f MPa \n ’ ,P2);
29 printf( ’max temp o f the c y c l e= %f K \n ’ ,T3);
30 printf( ’max p r e s s u r e o f the c y c l e= %f MPa \n ’ ,P3);

Scilab code Exa 14.10 Middle temperature

1 // // Chapter No 14 Air Standard Cyc l e s
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2 // // Example No 1 4 . 1 0 Page No 312
3 // / Find Middle t empera tu re
4 // Input data
5 clc;

6 clear;

7 T1=300; // I n i t i a l temp i n
K

8 T3 =2500; // F i n a l temp i n K
9 P1=1; // I n i t i a l

p r e s s u r e i n N/mˆ2
10 P3=50; // F i n a l p r e s s u r e

i n N/mˆ2
11 gamma1 =1.4;

12 Cv =0.718;

13

14 // C a l c u l a t i o n
15 r=(P3*T1)/(P1*T3); // Compress ion

r a t i o
16 eta =(1 -(1/r^(gamma1 -1))); // Standard

e f f e c i e n c y i n %
17 T2=T1*((P3/P1)^((gamma1 -1)/gamma1)); // Middle

t empera tu re i n K
18 Qs=Cv*(T3-T2); // Heat

s u p p l i e d i n KJ/Kg
19 WD=eta*Qs; //Work done KJ

/Kg
20

21 // Output
22 printf( ’ Compress ion r a t i o= %f \n ’ ,r);
23 printf( ’ Standard e f f e c i e n c y= %f p e r c e n t \n ’ ,eta);
24 printf( ’ Middle t empera tu r e= %f K \n ’ ,T2);
25 printf( ’ Heat s u p p l i e d= %f KJ/Kg \n ’ ,Qs);
26 printf( ’Work done= %f KJ/Kg \n ’ ,WD);

Scilab code Exa 14.11 diesel engine air standard efficiency
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1 // // Chapter No 14 Air Standard Cyc l e s
2 // // Example No 1 4 . 1 1 Page No 316
3 // / Find d i e s e l e n g i n e a i r s t andard e f f i c i e n c y
4 // input data
5 clc;

6 clear;

7 r=18; // compre s s i on r a t i o o f d i e s e l e n g i n e
8 K=6; // cut−o f f r a t i o o f the s t r o k e in%
9 rho =2.02;

10 gamma1 =1.4;

11

12 // / C a l c u l a t i o n
13 // d i e s e l e n g i n e a i r s t andard e f f i c i e n c y
14 eta =100*((1 -(1/r^(gamma1 -1)))*(1/ gamma1 *(rho^(gamma1

-1)/(rho -1))));

15

16 // Output
17 printf( ’ d i e s e l e n g i n e a i r s t andard e f f i c i e n c y %f

p e r c e n t \n ’ ,eta);

Scilab code Exa 14.12 cut off ratio

1 // // Chapter No 14 Air Standard Cyc l e s
2 // // Example No 1 4 . 1 2 Page No 317
3 // / Find cut−o f f r a t i o
4 // Input Data
5 clc;

6 clear;

7 r=22; // compre s s i on r a t i o o f d i e s e l
e n g i n e r=v1 / v2

8 r1=11; // expans i on r a t i o r1=v4 / v3
9 gamma1 =1.4;

10 rho =1.4;

11

12 // C a l c u l a t i o n
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13 rho=r/r1; // cut−o f f r a t i o
14 // d i e s e l e n g i n e a i r s t andard e f f i c i e n c y
15 eta =100*((1 -(1/r^(gamma1 -1)))*(1/ gamma1 *(rho^(gamma1

-1)/(rho -1))));

16

17 // Output
18 printf( ’ cut−o f f r a t i o= %f \n ’ ,rho);
19 printf( ’ d i e s e l e n g i n e a i r s t andard e f f i c i e n c y= %f

p e r c e n t \n ’ ,eta);

Scilab code Exa 14.13 Compression ratio

1 // // Chapter No 14 Air Standard Cyc l e s
2 // // Example No 1 4 . 1 3 Page No 317
3 // / Find Compress ion r a t i o
4 // Input data
5 clc;

6 clear;

7 Vc =10/100; // C l e a r a n c e volume i n %
8 Vs=Vc /0.1;

9 K=0.05; //Cut−o f f o f the s t r o k i n
10 gamma1 =1.4;

11

12 // C a l c u l a t i o n
13 r=((Vs+Vc)/(Vc)); // Compress ion r a t i o
14 rho =1+K*(r-1); //Cut−o f f r a t i o
15 // E f f e c i e n c y i n %
16 eta =(1 -(1/r^(gamma1 -1))*((1/ gamma1)*((( rho^( gamma1))

-1)/(rho -1))))*100;

17

18 // Output
19 printf( ’ Compress ion r a t i o= %f Vs \n ’ ,r);
20 printf( ’ Cut−o f f r a t i o= %f \n ’ ,rho);
21 printf( ’ E f f e c i e n c y= %f \n ’ ,eta);
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Scilab code Exa 14.14 Air standard efficiency

1 // // Chapter No 14 Air Standard Cyc l e s
2 // // Example No 1 4 . 1 4 Page No 317
3 // / Find a i r s t andard e f f i c i e n c y
4 // Input data
5 clc;

6 clear;

7 T1 =50+273; // Temperature at the b e g i n n i n g
o f the compre s s i on

8 T2 =700+273; // Temperature at the end o f the
compre s s i on

9 T3 =2000+273; // Temperature at the b e g i n n i n g
o f the expans i on

10 gamma1 =1.4;

11

12 // C a l c u l a t i o n
13 r=((T2/T1)^(1/( gamma1 -1))); // Compress ion r a t i o
14 rho=(T3/T2); //Cut−o f f r a t i o
15 K=((rho -1)/(r-1)); // Also cut−o f f r a t i o
16 // Air s tandard e f f i c i e n c y
17 eta =(1 -(1/r^(gamma1 -1))*((1/ gamma1)*((( rho^( gamma1))

-1)/(rho -1))))*100;

18

19 // Output
20 printf( ’ c ompre s s i on r a t i o= %f \n ’ ,r);
21 printf( ’ cut−o f f r a t i o= %f \n ’ ,rho);
22 printf( ’ a l s o cut−o f f r a t i o= %f \n ’ ,K);
23 printf( ’ a i r s t andard e f f i c i e n c y= %f p e r c e n t ’ ,eta);

Scilab code Exa 14.15 Maximum temperatureof the cycle
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1 // // Chapter No 14 Air Standard Cyc l e s
2 // // Example No 1 4 . 1 5 Page No 317
3 // / Find maximum t e m p e r a t u r e o f the c y c l e
4 // Input data
5 clc;

6 clear;

7 P1=0.1; // D i e s e l c y c l e i s s u p p l i e d# with
a i r i n MPa

8 T1 =40+273; // D i e s e l c y c l e i s s u p p l i e d with
t empera tu re i n d e g r e e c e l s i u s

9 r=18; // Compress ion r a t i o
10 Qs =1500; // Heat s u p p l i e d
11 v1=18;

12 v2=1;

13 Cp =1.005;

14 gamma1 =1.4;

15

16

17 // C a l c u l a t i o n
18 T2=T1*((v1/v2)^(gamma1 -1)); // For i s e n t r o p i c p r o c e s s

the t empera tu r e i s
19 P2=P1*((v1/v2)^( gamma1)); // For i s e n t r o p i c p r o c e s s

the p r e s s u r e i s
20 T3=(Qs/Cp)+T2; //Maximum t e m p e r a t u r e o f

the c y c l e
21 rho=T3/T2; //Cut−o f f r a t i o
22 // Air s tandard e f f i c i e n c y
23 eta =(1 -(1/r^(gamma1 -1))*((1/ gamma1)*((( rho^( gamma1))

-1)/(rho -1))))*100;

24 NWD=(Qs*eta)*10^ -2; // Net work done
25

26 // Output
27 printf( ’ f o r i s e n t r o p i c p r o c e s s the t empera tu re= %f K

\n ’ ,T2);
28 printf( ’ f o r i s e n t r o p i c p r o c e s s the p r e s s u r e= %f MPa

\n ’ ,P2);
29 printf( ’maximum t e m p e r a t u r e o f the c y c l e= %f K \n ’ ,

T3);
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30 printf( ’ cut−o f f r a t i o= %f MPa \n ’ ,rho);
31 printf( ’ a i r s t andard e f f i c i e n c y= %f p e r c e n t \n ’ ,eta)

;

32 printf( ’ ne t work done= %f KJ/Kg \n ’ ,NWD);

Scilab code Exa 14.16 Constant pressure

1 // // Chapter No 14 Air Standard Cyc l e s
2 // // Example No 1 4 . 1 6 Page No 317
3 // / Find c o n s t a n t p r e s s u r e
4 // Input data
5 clc;

6 clear;

7 r=14; // compre s s i on r a t i o o f s t andard
d i e s e l c y c l e

8 P1=1; // compre s s i on s t r o k e i n bar
9 T1=300; // t empera tu r e o f a i r i n k

10 T3 =2774; // t empera tu r e r i s e s i n k
11 CP =1.005;

12 v1=14;

13 v2=1;

14 gamma1 =1.4;

15 Qs =1921.43;

16 R=0.287*10^3;

17

18

19 // C a l c u l a t i o n
20 T2=T1*((v1/v2)^(gamma1 -1)); // Constant p r e s s u r e
21 rho=T3/T2; // cut−o f f r a t i o
22 eta =(1 -(1/r^(gamma1 -1))*((1/ gamma1)*((( rho^( gamma1))

-1)/(rho -1))))*100; // a i r s t andard e f f i c i e n c y
23 HS=(CP*(T3-T2)); // heat s u p p l i e d
24 WD=(Qs*eta)*10^ -2; // Net work done
25 v1=(R*T1/P1)*10^ -5; // c h a r a c t e r i s t i c s

gas e q u a t i o n
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26 v2=(v1/r ); // c h a r a c t e r i s t i c s
gas e q u a t i o n

27 Sv=(v1-v2); // Swept volume
28 Pme=(WD/Sv )*10^ -2; //Mean e f f e c t i v e

p r e s s u r
29 Pm=((P1*r)/((r-1)*(gamma1 -1)))*(( gamma1 *(r^(gamma1

-1)))*(rho -1) -((rho^( gamma1)) -1)); // mean
e f f e c t i v e p r e s s u r e

30

31

32 // utput
33 printf( ’ c o n s t a n t p r e s s u r e= %f K \n ’ ,T2);
34 printf( ’ cut−o f f r a t i o= %f \n ’ ,rho);
35 printf( ’ a i r s t andard e f f i c i e n c y= %f p e r c e n t \n ’ ,eta)

;

36 printf( ’ heat s u p p l i e d= %f KJ/Kg \n ’ ,HS);
37 printf( ’ Net work done= %f KJ/Kg \n ’ ,WD);
38 printf( ’ c h a r a c t e r i s t i c s gas e q u a t i o n= %f mˆ3/Kg \n ’ ,

v1);

39 printf( ’ c h a r a c t e r i s t i c s gas e q u a t i o n=%f mˆ3/Kg \n ’ ,
v2);

40 printf( ’ Swept volume=%f mˆ3/Kg \n ’ ,Sv);
41 printf( ’Mean e f f e c t i v e p r e s s u r e= %f bar \n ’ ,Pme);
42 printf( ’Mean e f f e c t i v e p r e s s u r e= %f bar \n ’ ,Pm);
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