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

Exa Example (Solved example)

Eqn Equation (Particular equation of the above book)

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

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

Basic Concepts and Fluid
Properties

Scilab code Exa 1.1 Chapter1 Example1

1 clc

2 // i n i t i a l i z a t i o n o f new v a r i a b l e s
3 clear

4 M=29 // Mo l e cu l a r we ight o f a i r
5 R=8314.3 // J/mol K Gas c on s t an t
6 T=300 //K Temperature
7 P=1 // kg/cmˆ2 P r e s s u r e
8 g=9.8 //m/ s ˆ2 A c c e l e r a t i o n due to g r a v i t y
9 // c a l c u l a t i o n s

10 R=R/M

11 P=P*g*10^4

12 rho=P/(R*T)

13 // r e s u l t
14 printf( ’ Dens i ty = %. 3 f kg/mˆ3 ’ ,rho)

Scilab code Exa 1.2 Chapter1 Example2
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1 clc

2 // i n i t i a l i z a t i o n o f new v a r i a b l e s
3 clear

4 t=2 //cm t h i c k n e s s
5 U=3 //m/ s Ve l o c i t y
6 mu=0.29 // kg/m s C o e f f i c i e n t o f V i s c o c i t y
7 // c a l c u l a t i o n s
8 tau=mu*U/(t*10^ -2)

9 // r e s u l t s
10 printf( ’ Shear = %d N/mˆ2 ’ ,tau)

Scilab code Exa 1.4 Chapter1 Example4

1 clc

2 // i n i t i a l i z a t i o n o f new v a r i a b l e s
3 clear

4 sigma =2.5*10^ -2 //N/m
5 D=10 //cm
6 // c a l c u l a t i o n s
7 R=D/2

8 dP=2* sigma/(R*10^ -2)

9 // r e s u l t
10 printf( ’ The p r e s s u r e d i f f e r e n c e i s = %. 1 f N/mˆ2 ’ ,dP)

Scilab code Exa 1.5 Chapter1 Example5

1 clc

2 // i n i t i a l i z a t i o n o f new v a r i a b l e s
3 clear

4 R=1 //mm
5 sigma =0.073 //N/m
6 theta=0 // d e g r e e s
7 rho =1000 // kg/mˆ3
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8 g=9.8 //m/ s ˆ2
9 // c a l c u l a t i o n s

10 theta=theta*%pi /180 // r a d i a n s
11 h=2* sigma*cos(theta)/(rho*g*R*10^ -3)

12 // r e s u l t
13 printf( ’ The r i s e o f water = %. 3 f m’ ,h)
14 R=1 //mm
15 sigma =0.48 //N/m
16 theta =130 // d e g r e e s
17 rho =13600 // kg/mˆ3
18 g=9.8 //m/ s ˆ2
19 // c a l c u l a t i o n s
20 theta=theta*%pi /180 // r a d i a n s
21 h=2* sigma*cos(theta)/(rho*g*R*10^ -3)

22 // r e s u l t
23 printf( ’ \n The r i s e o f mercury = %. 4 f m’ ,h)

Scilab code Exa 1.6 Chapter1 Example6

1 clc

2 // i n i t i a l i z a t i o n o f new v a r i a b l e s
3 clear

4 E=2.34*10^9 //N/mˆ2 Modulus o f E l a s t i c i t y
5 d=1 //km depth
6 rho =1000 // kg/mˆ3 d e n s i t y
7 g=9.8 //m/ s ˆ2 A c c e l e r a t i o n due to g r a v i t y
8 // c a l c u l a t i o n s
9 d=d*1000

10 dp=rho*g*d

11 dVV=dp/E

12 // r e s u l t
13 printf( ’ The change i n p r e s s u r e i s %. 2 e N/mˆ2 ’ ,dp)
14 printf( ’ \n Change i n volume i s %. 3 e ’ ,dVV)
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Scilab code Exa 1.7 Chapter1 Example7

1 clc

2 // i n i t i a l i z a t i o n o f new v a r i a b l e s
3 clear

4 T=300 //K
5 gama =1.4

6 R=286.6

7 // c a l c u l a t i o n
8 // f o r a i r
9 a=sqrt(gama*R*T)

10 // r e s u l t
11 printf( ’ The speed o f sound in a i r i s %. 1 f m/ s ’ ,a)
12 // f o r s e a water
13 E=2.34*10^9 // N/mˆ2
14 rho =1000 // kg/cmˆ2
15 a=sqrt(E/rho)

16 // r e s u l t
17 printf( ’ \n The speed o f sound in s ea waer i s %d m/ s

’ ,a)
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Chapter 2

The Fluid Dynamic Eqaution

Scilab code Exa 2.3 Chapter2 Example3

1 clc

2 // i n i t i a l i z a t i o n o f new v a r i a b l e s
3 clear

4 A1=30 //cmˆ2 Area at s t a t i o n 1
5 u1=1 //m/ s Ve l o c i t y at s t a t i o n 1
6 A3=20 //cmˆ2 Area at s t a t i o n 3
7 u3=1.2 //m/ s Ve l o c i t y at S t a t i o n 3
8 A2=20 //cmˆ2 Area at s t a t i o n 2
9 rho =1000 // kg/mˆ3 d e n s i t y

10 // Ca l c u l a t i o n s
11 // m s tand s f o r mass f l ow r a t e which i s c on s e r v ed
12 m1=rho*u1*A1*10^-4

13 m3=rho*u3*A3*10^-4

14 m2=m1-m3

15 u2=m2/(rho*A2*10^ -4)

16 // r e s u l t
17 printf( ’ Mass f l ow r a t e e n t e r i n g s t a t i o n 1 i s %. 1 f kg

/ s ’ ,m1)
18 printf( ’ \n Mass f l ow r a t e e n t e r i n g s t a t i o n 2 i s %. 1 f

kg/ s ’ ,m2)
19 printf( ’ \n The ave rage v e l o c i t y l e a v i n g at s t a t i o n 2
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i s %. 1 f m/ s ’ ,u2)

Scilab code Exa 2.4 Chapter2 Example4

1 clc

2 // i n i t i a l i z a t i o n o f new v a r i a b l e s
3 clear

4 Ue=5 //m/ s Ve l o c i t y
5 Ae=20 //cmˆ2 Area
6 dp=0 // P r e s s u r e d i f f e r e n c e
7 rho =1000 // kg/mˆ3 d e n s i t y
8 // c a l c u l a t i o n s
9 Ae=Ae*10^-4

10 Fx=rho*Ue^2*Ae

11 // r e s u l t
12 printf( ’ The f o r c e on the water p ip e i s %d N ’ ,Fx)
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Chapter 3

Fluid Statics

Scilab code Exa 3.1 Chapter3 Example1

1 clc

2 // i n i t i a l i z a t i o n o f new v a r i a b l e s
3 clear

4 h=380 //m
5 T=300 //K
6 g=9.81 //m/ s ˆ2
7 R=286.6 //m2/( s ˆ2 K)
8 // c a l c u l a t i o n s
9 Pr=exp(-g*h/(R*T)) //P2/P1

10 P1=1 //atm
11 dP=(P1-Pr)*101325 //N/mˆ2
12 // r e s u l t
13 printf( ’ The d i f f e r e n c e i n p r e s s u r e i s %d N/mˆ2 ’ ,dP)

Scilab code Exa 3.2 Chapter3 Example2

1 clc

2 // i n i t i a l i z a t i o n o f new v a r i a b l e s
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3 clear

4 d=4 //m Diameter
5 h=10 //m depth
6 th=60 // d e g r e e s Wall i n c l i n a t i o n
7 rho =1000 // kg/mˆ3 d e n s i t y
8 g=9.8 //m/ s ˆ2 A c c e l a r a t i o n due to g r a v i t y
9 // c a l c u l a t i o n s

10 p=rho*g*h

11 th=th*%pi /180

12 R=d/2

13 S=%pi*R^2

14 Fz=-p*S

15 Y=%pi*R^4/(4*h*%pi*R^2/ sin(th))

16 M=Fz*Y

17 // r e s u l t
18 printf( ’ Hyd r o s t a t i c f o r c e = %. 2 e N ’ ,Fz)
19 printf( ’ \n Y c o o r d i n a t e o f c e n t e r o f p r e s s u r e with

r e s p e c t to c e n t r o i d i s %. 4 f m ’ ,Y)
20 printf( ’ \n The moment r e q u i r e d to open i t i s %. 2 e Nm

’ ,-M)

Scilab code Exa 3.3 Chapter3 Example3

1 clc

2 // i n i t i a l i z a t i o n o f new v a r i a b l e s
3 clear

4 d=5 //m depth
5 h=11 //m where t r a i n g l e base i s l o c a t e d
6 rho =1000 // kg/mˆ3 d e n s i t y
7 g=9.8 //m/ s ˆ2 A c c e l e r a t i o n due to g r a v i t y
8 s=6 //m from f i g u r e
9 theta =30 // d e g r e e s

10 k=8 //m from the f i g u r e
11 kk=4 //m from the f i g u r e
12 b=6 //m from the f i g u r e
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13 // c a l c u l a t i o n s
14 theta=theta*%pi /180

15 h_bar=d+k*sin(theta)

16 p=rho*g*h_bar

17 S=0.5*b*(kk+k)

18 Fz=-p*S

19 Ixx=b*(kk+k)^3/36

20 Ixy=b*(b-2*s)*(kk+k)^2/72

21 y_bar=h_bar/sin(theta)

22 X=Ixy/( y_bar*S)

23 Y=Ixx/( y_bar*S)

24 // r e s u l t s
25 printf( ’ Force = %. 3 e N ’ ,Fz)
26 printf( ’ \n c o o r d i n a t e s o f c e n t e r o f p r e s s u r e

r e l a t i v e to c e n t r o i d a r e \n (X, Y) = (%. 3 f , %. 3 f )
m ’ ,X,Y)

Scilab code Exa 3.4 Chapter3 Example4

1 clc

2 // i n i t i a l i z a t i o n o f new v a r i a b l e s
3 clear

4 F=20.9 //N
5 Vc=310 //cmˆ3
6 rho_w =1000 // kg/mˆ3
7 g=9.8 //m/ s ˆ2
8 // c a l c u l a t i o n s
9 Wc=F+rho_w*g*Vc*10^-6

10 rho_c=Wc/(Vc*10^ -6*g)

11 // r e s u l t
12 printf( ’ The crown d en s i t y i s %d kg/mˆ3 ’ ,rho_c)

Scilab code Exa 3.5 Chapter3 Example5
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1 clc

2 // i n i t i a l i z a t i o n o f new v a r i a b l e s
3 clear

4 W=275 // kg
5 rho_c =1.22 // kg/mˆ3
6 D=15 //m
7 g=9.8 //m/ s ˆ2
8 Tc=290 //K
9 // c a l c u l a t i o n s

10 L=W*g

11 Tr=1-(6*L/(rho_c*g*%pi*D^3)) // Tc/Th
12 Th=Tc/Tr

13 // r e s u l t
14 printf( ’ The t empera tu r e r e q u i r e d i s % . 1 f K ’ ,Th)
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Chapter 4

Introduction to Fluid in Motion

Scilab code Exa 4.1 Chapter4 Example1

1 clc

2 // i n i t i a l i z a t i o n o f new v a r i a b l e s
3 clear

4 An=1 //cmˆ2
5 Un=15 //m/ s
6 Ub=10 //m/ s
7 U1=5 //m/ s
8 U2=5 //m/ s
9 th=120 // d e g r e e s

10 rho =1000 // kg/mˆ3
11 // c a l c u l a t i o n s
12 th=th*%pi /180

13 Fx=rho*U1^2*An*10^ -4*( cos(th) -1)

14 Fz=rho*U1^2*An*10^ -4* sin(th)

15 W=Fx*Ub

16 // r e s u l t s
17 printf( ’ The f o r c e s a c t i n g a r e Fx = %. 2 f N \n Fz = %

. 2 f N ’ ,Fx ,Fz)
18 printf( ’ \n The power g en e r a t ed i s %. 1 f W’ ,-W)
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Scilab code Exa 4.2 Chapter4 Example2

1 clc

2 // i n i t i a l i z a t i o n o f new v a r i a b l e s
3 clear

4 u=15 //m/ s
5 D=0.1 //m
6 u1=10 //m/ s
7 u2=10 //m/ s
8 rho =1000 // kg/mˆ3
9 th=60 // d e g r e e s

10 // c a l c u l a t i o n s
11 th=th*%pi /180

12 A=%pi*D^2/4

13 Fx=rho*u^2*A*(cos(th) -1)

14 // r e s u l t
15 printf( ’ Force on the wedge i s Fx = %. 1 f N ’ ,Fx)
16 printf( ’ \n Fz = 0 N ’ )

Scilab code Exa 4.7 Chapter4 Example7

1 clc

2 // i n i t i a l i z a t i o n o f new v a r i a b l e s
3 clear

4 m=1 // kg
5 p=10^5 //N/mˆ2
6 A=1 //cmˆ2
7 w=0.5 // kg
8 rho =1000 // kg/mˆ2
9 // c a l c u l a t i o n s

10 Ue=sqrt (2*p/rho)

11 m_0=w+m
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12 m_s=w

13 Uf=Ue*log(m_0/m_s)

14 // r e s u l t s
15 printf( ’ The e x i t v e l o c i t y i s %. 2 f m/ s ’ ,Ue)
16 printf( ’ \n The f i n a l v e l o c i t y o f the system i s %. 2 f

m/ s ’ ,Uf)

Scilab code Exa 4.8 Chapter4 Example8

1 clc

2 // i n i t i a l i z a t i o n o f new v a r i a b l e s
3 clear

4 h=20 //cm
5 g=9.8 //m/ s ˆ2
6 rho_w =1000 // kg/mˆ3
7 rho_a =1.2 // kg/mˆ3
8 // c a l c u l a t i o n s
9 dP=rho_w*g*h*10^-2

10 U=sqrt (2*dP/rho_a)

11 // r e s u l t s
12 printf( ’ Ai r speed i s %. 2 f m/ s ’ ,U)

20



Chapter 5

Viscous Incompressible Flow
Exact Solutions

Scilab code Exa 5.2 Chapter5 Example2

1 clc

2 // i n i t i a l i z a t i o n o f new v a r i a b l e s
3 clear

4 U=5 //m/ s
5 h=1 //cm
6 mu =0.001

7 // c a l c u l a t i o n s
8 Uav=U/2

9 Q=U*h*10^ -2/2

10 tau_xz=mu*U/(h*10^ -2)

11 S=1 //mˆ2
12 F=tau_xz*S

13 // r e s u l t s
14 printf( ’ Shear s t r e s s per un i t width at wa l l i s %. 1 f

N/mˆ2 ’ ,tau_xz)
15 printf( ’ \n The f o r c e r e q u i r e d i s %. 1 f N ’ ,F)
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Scilab code Exa 5.3 Chapter5 Example3

1 clc

2 // i n i t i a l i z a t i o n o f new v a r i a b l e s
3 clear

4 Uav=1 //m/ s
5 h=1 //cm
6 mu =0.001

7 rho =1000 // kg/mˆ3
8 // c a l c u l a t i o n s
9 h=h*10^-2

10 Umax =1.5* Uav

11 Dp=-12*mu*Uav/h^2

12 tau=-h/2*Dp

13 Re=rho*Uav*h/mu

14 Cf=12/Re

15 // r e s u l t s
16 printf( ’Max v e l o c i t y = %. 2 f m/ s ’ ,Umax)
17 printf( ’ \n Pr e s s u r e g r a d i e n t = %. 2 f N/mˆ3 ’ ,Dp)
18 printf( ’ \n sh ea r = %. 1 f N ’ ,tau)
19 printf( ’ \n f r i c t i o n c o e f f i c i e n t = %. 2 e ’ ,Cf)

Scilab code Exa 5.4 Chapter5 Example4

1 clc

2 // i n i t i a l i z a t i o n o f new v a r i a b l e s
3 clear

4 h1=0.2 //mm gap
5 hr=2.2 // gap r a t i o
6 u=50 //m/ s l i n e a r v e l o c i t y
7 mu=1.8*10^ -5 // C o e f f i c i e n t o f V i s c o c i t y
8 l=1 //cm Length o f the magnet i c p i ckup
9 // c a l c u l a t i o n s

10 l=l*10^-2

11 h1=h1*10^-3
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12 L=0.16* mu*u*(l/h1)^2

13 R=4.7* h1/l

14 // r e s u l t s
15 printf( ’ L i f t = %. 2 f N/m’ ,L)
16 printf( ’ \n Drag to L i f t r a t i o = %. 3 f ’ ,R)

Scilab code Exa 5.5 Chapter5 Example5

1 clc

2 // i n i t i a l i z a t i o n o f new v a r i a b l e s
3 clear

4 L=3 //m
5 D=1.2 //cm
6 Q=0.5 //L/min
7 mu=1.9*10^ -2

8 rho =814 // kg/mˆ3
9 // c a l c u l a t i o n s

10 R=D/2*10^ -2

11 Q=Q/60*10^ -3

12 Dp=-Q*8*mu/(%pi*R^4)

13 S=%pi*R^2

14 Uav=Q/S

15 Re=rho*Uav*D/mu

16 // r e s u l t s
17 printf( ’ The p r e s s u r e drop i s %. 1 f N/mˆ2 ’ ,Dp)
18 // Answer g i v en i n the ex t i s wrong by a s c a l e o f 10

Scilab code Exa 5.6 Chapter5 Example6

1 clc

2 // i n i t i a l i z a t i o n o f new v a r i a b l e s
3 clear

4 L=10 //m
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5 D=0.02 //m
6 Uav =0.15 //m/ s
7 rho =1000 // kg/mˆ3
8 mu=10^-3

9 g=9.8 //m/ s ˆ2
10 // c a l c u l a t i o n s
11 Re=rho*Uav*D/mu

12 f=64/Re

13 Hf=f*L*Uav ^2/(D*2*g)

14 // r e s u l t s
15 printf( ’ Head l o s s i s = %. 4 f m’ ,Hf)

Scilab code Exa 5.7 Chapter5 Example7

1 clc

2 // i n i t i a l i z a t i o n o f new v a r i a b l e s
3 clear

4 Q=6 //L/min
5 D=3 //cm
6 K=0.32

7 g=9.8 //m/ s ˆ2
8 rho =1000 // kg/mˆ3
9 // c a l c u l a t i o n s

10 R=D/2*10^ -2

11 S=%pi*R^2

12 Q=Q/60*10^ -3

13 Uav=Q/S

14 Hf=K*Uav ^2/(2*g)

15 dP=Hf*rho*g

16 // r e s u l t s
17 printf( ’ The p r e s s u r e drop i s %. 2 f N/mˆ2 ’ ,dP)
18 printf( ’ \n Head l o s s i s %. 2 e m’ ,Hf)
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Scilab code Exa 5.8 Chapter5 Example8

1 clc

2 // i n i t i a l i z a t i o n o f new v a r i a b l e s
3 clear

4 h=20 //m
5 a=2 //m
6 f=0.015

7 D=0.3 //m
8 K=0.3

9 g=9.8 //m/ s ˆ2
10 rho =804 // kg/mˆ3
11 mu=1.9*10^ -3 //N s /mˆ2
12 // c a l c u l a t i o n s
13 u2=sqrt((h+a)*2*g/(1+f*202/D+2*K))

14 S=%pi*D^2/4

15 Q=u2*S

16 Re=rho*u2*D/mu

17 // r e s u l t s
18 printf( ’ Average d i s c a r g e v e l o c i t y = %. 2 f m/ s ’ ,u2)
19 printf( ’ \n Re = %. 3 e ’ ,Re)

Scilab code Exa 5.9 Chapter5 Example9

1 clc

2 // i n i t i a l i z a t i o n o f new v a r i a b l e s
3 clear

4 h2=0.2 //m
5 D=0.01 //m
6 h1=0.1 //m
7 rho =1254 // kg/mˆ3
8 mu=0.62 //N s /mˆ2
9 g=9.8 //m/ s ˆ2

10 // c a l c u l a t i o n s
11 // Quadrat i c e qua t i on : a∗uˆ2+b∗u+c=0
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12 a=1/(2*g)

13 b=32*mu*h2/(rho*g*D^2)

14 c=-(h1+h2)

15 u2a=(-b+sqrt(b^2-4*a*c))/(2*a)

16 u2b=(-b-sqrt(b^2-4*a*c))/(2*a)

17 u2=max(u2a ,u2b)

18 // r e s u l t s
19 printf( ’ Ex i t v e l o c i t y i s %. 3 f m/ s ’ ,u2)
20 // Answer i n the t e x t d i f f e r s by a s c a l e o f 10

Scilab code Exa 5.10 Chapter5 Example10

1 clc

2 // i n i t i a l i z a t i o n o f new v a r i a b l e s
3 clear

4 h=20 //m
5 D1=0.3 //m upto 50 m d i s t a n c e
6 D2=0.2 //m
7 K=0.1

8 L1=50 //m
9 L2=100 //m

10 f=0.015

11 g=9.8 //m/ s ˆ2
12 // c a l c u l a t i o n s
13 u3=sqrt(h*2*g/(1+f*L1/D1*(D2/D1)^4+K*(D2/D1)^4+f*L2/

D2))

14 S3=%pi*D2^2/4

15 Q=u3*S3

16 // r e s u l t s
17 printf( ’ Average d i s c h a r g e v e l o c i t y i s %. 2 f m/ s ’ ,u3)
18 printf( ’ \n The c o r r e s p ond i n g f l ow r a t e i s %. 2 f m/ s ’ ,

Q)
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Scilab code Exa 5.11 Chapter5 Example11

1 clc

2 // i n i t i a l i z a t i o n o f new v a r i a b l e s
3 clear

4 L=20 //m
5 D=6 //cm
6 th=40 // d e g r e e s
7 Q=7.63 //L/ s
8 rho =900 // kg/mˆ3
9 mu=0.18 //N s /mˆ2

10 g=9.8 //m/ s ˆ2
11 // c a l c u l a t i o n s
12 th=th*%pi /180

13 R=D/2*10^ -2

14 S=%pi*R^2

15 U=Q*10^ -3/S

16 Re=rho*U*D*10^ -2/mu

17 f=64/Re

18 Hf=f*L/D*U^2/(2*g)*10^2

19 Dp=rho*g*(L*sin(th)+Hf)

20 P=Dp*Q*10^-3

21 // r e s u l t
22 printf( ’ Power = %. 1 f W’ ,P)

Scilab code Exa 5.12 Chapter5 Example12

1 clc

2 // i n i t i a l i z a t i o n o f new v a r i a b l e s
3 clear

4 Q=5 //L/min
5 L=10 //m
6 D=5 //cm
7 UD=3 //cm
8 L1=12 //m
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9 K1=0.9

10 K2=0.2

11 f=0.025

12 // c a l c u l a t i o n s
13 Q=Q*10^-3

14 D=D*10^-2

15 R=D/2

16 UD=UD*10^-2

17 UR=UD/2

18 Ur=f*L/D/(f*L1/UD+2*K1+2*K2)

19 Ur=sqrt(Ur)

20 Ul=Q/%pi *1/(R^2+Ur*UR^2)

21 Ql=%pi*R^2*Ul*10^3

22 // r e s u l t s
23 printf( ’ V e l o c i t y and f l ow r a t e i n the l owe r p ip e a r e

r e s p e c t i v e l y %. 2 f m/ s %. 2 f L/ s ’ ,Ul ,Ql)

Scilab code Exa 5.13 Chapter5 Example13

1 clc

2 // i n i t i a l i z a t i o n o f new v a r i a b l e s
3 clear

4 z=0.8 //m
5 b=1 //m
6 th=60 // d e g r e e s
7 n=0.012

8 phi =0.3 // d e g r e e s
9 // c a l c u l a t i o n s

10 th=th*%pi /180

11 phi=phi*%pi /180

12 S=(1+z/tan(th))*z

13 Ph=1+2*z/sin(th)

14 Rh=S/Ph

15 Uav =1/n*Rh ^(2/3)*sqrt(tan(phi))

16 Q=Uav*S
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Figure 5.1: Chapter5 Example14

17 // r e s u l t s
18 printf( ’ Average v e l o c i t y i s %. 2 f m/ s ’ ,Uav)
19 printf( ’ \n Flow r a t e = %. 2 f mˆ3/ s ’ ,Q)

Scilab code Exa 5.14 Chapter5 Example14

1 clc

2 // i n i t i a l i z a t i o n o f new v a r i a b l e s
3 clear

4 n = 0.012;

5 S = 1;
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6 alpha = 1; // d e g r e e s
7 Z = 0.00005:0.05:5;

8 k = (5 -0.00005) /0.05 +1;

9 for i = 1:k

10 R_h(i) = S/((1/Z(i))+2*Z(i));

11 U_av(i) = (1/n)*(R_h(i)^(2/3))*sqrt(tan(alpha*

%pi /180));

12 Q(i) = U_av(i)*S;

13 b(i) = S/Z(i);

14 AR(i) = Z(i)/b(i);

15 end

16
17 plot(AR (1:46) ,U_av (1:46));

18 xlabel( ’ Aspect r a t i o ’ );
19 ylabel( ’Q (mˆ3/ s ) ’ );

Scilab code Exa 5.15 Chapter5 Example15

1 clc

2 // i n i t i a l i z a t i o n o f new v a r i a b l e s
3 clear

4 D=1 //m
5 alpha =0.5 // d e g r e e s
6 n=0.012

7 // c a l c u l a t i o n s
8 R=D/2

9
10
11 theta = 1:1:180;

12 R_h = 0.5*R - (45*R/%pi)*(sin (2* theta*%pi /180))./(

theta *180/ %pi);

13 Z = R*(1-cos(theta*%pi /180));

14 U_av = (1/n)*(R_h ^(2/3))*sqrt(tan(alpha));
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Figure 5.2: Chapter5 Example15
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15 Q = U_av*%pi*R^2 .*( theta *180/ %pi) - (0.5*R^2)*sin

(2* theta*%pi /180);

16
17 plot(Z/D,(U_av -U_av (1))/max(U_av -U_av (1)), ’ r >−. ’ );
18 // y l a b e l ( ’U/U max ’ ) ;
19 plot((Q-Q(1))/max(Q-Q(1)),Z/D, ’ b<−. ’ );
20 // y l a b e l ( ’Q/Q max ’ ) ;
21 xlabel( ’ z /d ’ );
22 legend ([ ’U/U max ” ; ’ Q/Q_max ’;],opt=2);

Scilab code Exa 5.16 Chapter5 Example16

1 clc

2 // i n i t i a l i z a t i o n o f new v a r i a b l e s
3 clear

4 u1=8 //m/ s
5 z1=1 //m
6 g=9.8 //m/ s ˆ2
7 // c a l c u l a t i o n s
8 Fr1=u1/sqrt(g*z1)

9 zr=(-1+ sqrt (1+8* Fr1 ^2))/2

10 z2=z1*zr

11 u2=u1*z1/z2

12 Fr2=u2/sqrt(g*z2)

13 hr=1-zr+u1 ^2/(2*g*z1)-u2 ^2/(2*g*z1)

14 loss=hr*z1/(z1+u1 ^2/(2*g))

15 // r e s u l t s
16 printf( ’ Fr1 = %. 3 f ’ ,Fr1)
17 printf( ’ \n Fr2 = %. 3 f ’ ,Fr2)
18 printf( ’ \n pe r c en t o f l o s s = %. 1 f p e r c en t ’ ,loss *100)

Scilab code Exa 5.17 Chapter5 Example17
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1 clc

2 // i n i t i a l i z a t i o n o f new v a r i a b l e s
3 clear

4 D=0.5 //m
5 H=0.5 //m
6 d=1 //m
7 g=9.8 //m/ s ˆ2
8 // c a l c u l a t i o n s
9 Cd =0.399+0.0598*H/D

10 Q=Cd*d/2* sqrt (2*g)*H^(3/2)

11 // r e s u l t s
12 printf( ’ Flow r a t e i s Q = %. 3 f mˆ3/ s ’ ,Q)
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Chapter 7

The Laminar Boundary Layer

Scilab code Exa 7.1 Chapter7 Example1

1 clc

2 // i n i t i a l i z a t i o n o f new v a r i a b l e s
3 clear

4 w=1 //m
5 L=0.5 //m
6 u=2 //m/ s
7 rho =1000 // kg/mˆ3
8 mu=10^-3

9 // c a l c u l a t i o n s
10 ReL=rho*u*L/mu

11 Cd =2*0.664/ sqrt(ReL)

12 D=2*Cd *1/2* rho*u^2*(w*L)

13 del =1.721*L/sqrt(ReL)

14 th =0.664*L/sqrt(ReL)

15 // r e s u l t s
16 printf( ’ The drag on teh p l a t e i s %. 3 f N ’ ,D)

Scilab code Exa 7.2 Chapter7 Example2
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1 clc

2 // i n i t i a l i z a t i o n o f new v a r i a b l e s
3 clear

4 u=12 //m/ s
5 w=10 //m
6 L=4 //m
7 rho =1.22 // kg/mˆ3
8 mu=1.8*10^ -5

9 // c a l c u l a t i o n s
10 ReL=rho*u*L/mu

11 Cd =0.0032 // from f i g u r e
12 D=2*Cd *1/2* rho*u^2*(w*L)

13 // r e s u l t s
14 printf( ’ Tota l drag on p l a t e s i s %. 2 f N ’ ,D)
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Chapter 8

High Reynolds Number Flow
Over Bodies

Scilab code Exa 8.1 Chapter8 Example1

1 clc

2 // i n i t i a l i z a t i o n o f new v a r i a b l e s
3 clear

4 sigma=5 //mˆ2/ s
5 x0=1

6 y0=1 // ( x0 , y0 ) l o c a t i o n o f s o u r c e
7 x=0

8 y=-1

9 // c a l c u l a t i o n s
10 u=sigma /(2* %pi)*(x-x0)/((x-x0)^2+(y-y0)^2)

11 w=sigma /(2* %pi)*(y-y0)/((x-x0)^2+(y-y0)^2)

12 // r e s u l t s
13 printf( ’ u = %. 3 f m/ s ’ ,u)
14 printf( ’ \n w = %. 3 f m/ s ’ ,w)

Scilab code Exa 8.2 Chapter8 Example2
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1 clc

2 // i n i t i a l i z a t i o n o f new v a r i a b l e s
3 clear

4 mu=1 //mˆ3/ s
5 x0=0

6 z0=0

7 x=1

8 z=0

9 // c a l c u l a t i o n s
10 u=mu/(2* %pi)*((x-x0)^2-(z-z0)^2) /((x-x0)^2+(z-z0)^2)

^2

11 w=mu/(2* %pi)*2*(x-x0)*(z-z0)/((x-x0)^2+(z-z0)^2)^2

12 // r e s u l t s
13 printf( ’ u = %. 2 f m/ s ’ ,u)
14 printf( ’ \n w = %. 2 f m/ s ’ ,w)

Scilab code Exa 8.3 Chapter8 Example3

1 clc

2 // i n i t i a l i z a t i o n o f new v a r i a b l e s
3 clear

4 gama=5 //mˆ2/ s
5 x0=1

6 y0=1 // ( x0 , y0 ) l o c a t i o n o f s o u r c e
7 x=0

8 y=-1

9 // c a l c u l a t i o n s
10 w=-gama /(2* %pi)*(x-x0)/((x-x0)^2+(y-y0)^2)

11 u=gama /(2* %pi)*(y-y0)/((x-x0)^2+(y-y0)^2)

12 // r e s u l t s
13 printf( ’ u = %. 3 f m/ s ’ ,u)
14 printf( ’ \n w = %. 3 f m/ s ’ ,w)
15 x=3

16 y=0

17 // c a l c u l a t i o n s
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18 w=-gama /(2* %pi)*(x-x0)/((x-x0)^2+(y-y0)^2)

19 u=gama /(2* %pi)*(y-y0)/((x-x0)^2+(y-y0)^2)

20 // r e s u l t s
21 printf( ’ \n f o r the second po i n t ’ )
22 printf( ’ \n u = %. 3 f m/ s ’ ,u)
23 printf( ’ \n w = %. 3 f m/ s ’ ,w)

Scilab code Exa 8.6 Chapter8 Example6

1 clc

2 // i n i t i a l i z a t i o n o f new v a r i a b l e s
3 clear

4 Re =3*10^6

5 CdT =0.004

6 x=0.4 // 40%
7 // c a l c u l a t i o n s
8 Cd =2*0.664/ sqrt(Re)

9 Cd=x*Cd+(1-x)*CdT

10 Cd=2*Cd

11 // r e s u l t s
12 printf( ’ For two s i d e s the drag c o e f f i c i e n t i s

e s t ima t ed as %. 4 f ’ ,Cd)

Scilab code Exa 8.7 Chapter8 Example7

1 clc

2 // i n i t i a l i z a t i o n o f new v a r i a b l e s
3 clear

4 h=15 //m
5 D=0.25 //m
6 u=30 //m/ s
7 rho =1.2 // kg/mˆ3
8 mu =1.81*10^ -5
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9 Cd=0.7

10 Re=rho*u*D/mu

11 D=Cd*1/2* rho*u^2*(h*D)

12 M=h/2*D

13 // r e s u l t s
14 printf( ’D = %. 1 f N ’ ,D)
15 printf( ’ \n M = %d N m’ ,M)

Scilab code Exa 8.8 Chapter8 Example8

1 clc

2 // i n i t i a l i z a t i o n o f new v a r i a b l e s
3 clear

4 D=0.5 //cm
5 rAl =2700 // kg/mˆ3
6 mu=0.29

7 rOil =919 // kg/mˆ3
8 g=9.8 //m/ s ˆ2
9 // c a l c u l a t i o n s

10 D=D*10^-2

11 R=D/2

12 U=2/(9* mu)*(rAl -rOil)*g*R^2

13 // r e s u l t
14 printf( ’ The b a l l w i l l s i n k with %. 3 f m/ s ’ ,U)

Scilab code Exa 8.9 Chapter8 Example9

1 clc

2 // i n i t i a l i z a t i o n o f new v a r i a b l e s
3 clear

4 Cd=1.2

5 r=1.2 // kg/mˆ3
6 u=15 //km/h
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7 l=1 //m
8 b=1 //m
9 // c a l c u l a t i o n s

10 D=Cd*1/2*r*(u/3.6) ^2*(l*b)

11 // r e s u l t
12 printf( ’ The f o r c e on the p l a t e i s %. 1 f N ’ ,D)

Scilab code Exa 8.10 Chapter8 Example10

1 clc

2 // i n i t i a l i z a t i o n o f new v a r i a b l e s
3 clear

4 u=25 //km/h
5 t=1 //h
6 S=0.36 //mˆ2
7 Cd=0.88

8 r=1.2 // kg/mˆ3
9 // c a l c u l a t i o n s

10 D=Cd*1/2*r*(u/3.6) ^2*(S)

11 P=D*u/3.6

12 E=P*t*3600

13 // r e s u l t s
14 printf( ’ Drag f o r c e = %. 2 f N ’ ,D)
15 printf( ’ \n Power = %. 2 f W’ ,P)
16 printf( ’ \n Energy spen t i s %. 1 f KJ ’ ,E/1000)

Scilab code Exa 8.11 Chapter8 Example11

1 clc

2 // i n i t i a l i z a t i o n o f new v a r i a b l e s
3 clear

4 u=20 //km/h
5 Cd=0.15
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6 S=4 //mˆ2
7 r=1025 // kg/mˆ3
8 // c a l c u l a t i o n s
9 D=Cd*1/2*r*(u/3.6) ^2*(S)

10 P=D*u/3.6

11 // r e s u l t s
12 printf( ’ Drag f o r c e = %d N ’ ,D)
13 printf( ’ \n Power = %. 2 f KW’ ,P/1000)

Scilab code Exa 8.12 Chapter8 Example12

1 clc

2 // i n i t i a l i z a t i o n o f new v a r i a b l e s
3 clear

4 m=90 // kg
5 D=6 //m
6 g=9.8 //m/ s ˆ2
7 r=1.2 // kg/mˆ3
8 Cd=1.2

9 // c a l c u l a t i o n s
10 R=D/2

11 S=%pi*R^2

12 U=sqrt (2*m*g/(Cd*r*S))

13 // r e s u l t s
14 printf( ’U = %. 2 f m/ s ’ ,U)

Scilab code Exa 8.13 Chapter8 Example13

1 clc

2 // i n i t i a l i z a t i o n o f new v a r i a b l e s
3 clear

4 Cd=0.32

5 S=1.8 //mˆ2
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6 Pe=300 //hp
7 u=100 //km/h
8 r=1.2 // kg/mˆ3
9 // c a l c u l a t i o n s

10 D=Cd*1/2*r*(u/3.6) ^2*(S)

11 P=D*u/3.6

12 // r e s u l t
13 printf( ’ Power r e q u i r e d = %. 1 f kW = %. 1 f hp ’ ,P/1000,P

*1.341/1000)

Scilab code Exa 8.14 Chapter8 Example14

1 clc

2 // i n i t i a l i z a t i o n o f new v a r i a b l e s
3 clear

4 D=0.3 //m
5 u=35 //m/ s
6 r=1.2 // kg/mˆ3
7 mu =1.81*10^ -5

8 St=0.23

9 // c a l c u l a t i o n s
10 Re=r*u*D/mu

11 f=St*u/D

12 // r e s u l t s
13 printf( ’ So t h e r e a r e %d f u l l c y c l e s per second ’ ,f)

Scilab code Exa 8.15 Chapter8 Example15

1 clc

2 // i n i t i a l i z a t i o n o f new v a r i a b l e s
3 clear

4 w=2 //m
5 u=100 //km/h
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6 r=1.2 // kg/mˆ3
7 mu =1.81*10^ -5

8 // c a l c u l a t i o n s
9 D=w

10 Re=r*u*D/(3.6* mu)

11 St=0.23 // based on Re
12 f=St*u/(3.6*D)

13 l=u/(3.6*f)

14 // r e s u l t s
15 printf( ’ O s c i l l a t i o n f r e qu en cy i s %. 2 f Hz ’ ,f)
16 printf( ’ \n The d i s t a n c e between two c y c l e s i s %. 2 f m

’ ,l)

Scilab code Exa 8.16 Chapter8 Example16

1 clc

2 // i n i t i a l i z a t i o n o f new v a r i a b l e s
3 clear

4 D=0.65 //cm
5 u=50 //km/h
6 r=1.2 // kg/mˆ3
7 mu =1.81*10^ -5

8 // c a l c u l a t i o n s
9 D=D*10^-2

10 Re=r*u*D/(3.6* mu)

11 St=0.21 // based on Re
12 f=St*u/(3.6*D)

13 // r e s u l t s
14 printf( ’ So t h e r e a r e %d f u l l c y c l e s per second ’ ,f)

Scilab code Exa 8.17 Chapter8 Example17

1 clc
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2 // i n i t i a l i z a t i o n o f new v a r i a b l e s
3 clear

4 D=3 //cm
5 u=11 //m/ s
6 w=7000 //RPM
7 r=1.2 // kg/mˆ3
8 // c a l c u l a t i o n s
9 D=D*10^-2

10 R=D/2

11 S=%pi*R^2

12 Rw=R*2*%pi*w/60*1/u

13 Cl=0.27 // based on Rw
14 Cd=0.63 // based on Rw
15 L=Cl*0.5*r*u^2*S

16 D=Cd*0.5*r*u^2*S

17 // r e s u l t s
18 printf( ’ L i f t = %. 3 f N ’ ,L)
19 printf( ’ \n Drag = %. 3 f N ’ ,D)

Scilab code Exa 8.18 Chapter8 Example18

1 clc

2 // i n i t i a l i z a t i o n o f new v a r i a b l e s
3 clear

4 c=3.5 //m
5 u=20 //km/h
6 alpha=5 // d e g r e e s
7 r=1.2 // kg/mˆ3
8 // c a l c u l a t i o n s
9 alpha=alpha*%pi /180

10 Cl=2*%pi*alpha

11 L=0.5* Cl*r*(u/3.6) ^2*c*1

12 // r e s u l t s
13 printf( ’ L i f t per un i t span i s %. 2 f N ’ ,L)
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Scilab code Exa 8.19 Chapter8 Example19

1 clc

2 // i n i t i a l i z a t i o n o f new v a r i a b l e s
3 clear

4 m=50 // kg
5 r=1.2 // kg/mˆ3
6 u=150 //km/h
7 Cl=0.5

8 g=9.8 //m/ s ˆ2
9 // c a l c u l a t i o n s

10 c=m*g/(0.5*r*(u/3.6) ^2*Cl)

11 Cd =0.005 // from f i g u r e
12 r=Cl/Cd

13 // r e s u l t s
14 printf( ’ The chord l e n g t h r e q u i r e d i s %. 2 f m ’ ,c)
15 printf( ’ \n L i f t to Drag r a t i o i s %d ’ ,r)

Scilab code Exa 8.20 Chapter8 Example20

1 clc

2 // i n i t i a l i z a t i o n o f new v a r i a b l e s
3 clear

4 c=3.5 //m
5 b=10 //m
6 u=20 //km/h
7 r=1.2 // kg/mˆ3
8 a=5 // d e g r e e s
9 // c a l c u l a t i o n s

10 a=a*%pi /180

11 Cl=2*%pi*a/(1+2*c/b)

12 L=Cl*0.5*r*(u/3.6) ^2*(c*b)
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13 AR=b/c

14 Cdi=Cl^2/( %pi*AR)

15 Di=Cdi *0.5*r*(u/3.6) ^2*(c*b)

16 // r e s u l t s
17 printf( ’ L i f t = %. 2 f N ’ ,L)

Scilab code Exa 8.21 Chapter8 Example21

1 clc

2 // i n i t i a l i z a t i o n o f new v a r i a b l e s
3 clear

4 m=100 // tonne
5 u=200 //km/h
6 b=47 //m
7 r=1.22 // kg/mˆ3
8 g=9.8 //m/ s ˆ2
9 // c a l c u l a t i o n s

10 gama=m*1000*g/(r*u/3.6*b)

11 w=2* gama/(%pi*b/2)

12 // r e s u l t s
13 printf( ’Downwash = %. 2 f m/ s ’ ,w)

Scilab code Exa 8.22 Chapter8 Example22

1 clc

2 // i n i t i a l i z a t i o n o f new v a r i a b l e s
3 clear

4 a=8 // d e g r e e s In t e x t c a l c u l a t e d f o r 8 d e g r e e s even
thoygh they mentioned i t as 5 d e g r e e s

5 c=0.5 //m
6 b1=2 //m
7 b2=4 //m
8 // c a l c u l a t i o n s
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9 a=a*%pi /180

10 AR1=b1/c

11 AR2=b2/c

12 Cla1 =2*%pi /(1+b1/AR1)

13 Cla2 =2*%pi /(1+b2/AR2)

14 Cl1=Cla1*a

15 Cl2=Cla2*a

16 Cd1=Cl1 ^2/( %pi*AR1)

17 Cd2=Cl2 ^2/( %pi*AR2)

18 r1=Cl1/Cd1

19 r2=Cl2/Cd2

20 // r e s u l t s
21 printf( ’ L i f t to induced drag r a t i o s a r e r e s p e c t i v e l y

%. 2 f and %. 2 f ’ ,r1 ,r2)

Scilab code Exa 8.23 Chapter8 Example23

1 clc

2 // i n i t i a l i z a t i o n o f new v a r i a b l e s
3 clear

4 m=250 // tonne Weight
5 b=64.4 //m wing span
6 S=541 //mˆ2 Wing a r ea
7 c=8.4 //m Wing chord
8 r=1.1 // kg/mˆ3 Air d e n s i t y
9 u=600 //km/h a i r speed

10 g=9.8 //m/ s ˆ2 A c c e l e r a t i o n due to g r a v i t y
11 // c a l c u l a t i o n s
12 u=u/3.6

13 Cl=m*g*1000/(0.5*r*u^2*S)

14 AR=b^2/S

15 Cla =2*%pi /(1+2/ AR)

16 aa=Cl/Cla

17 aa=aa *180/ %pi

18 // r e s u l t s
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19 printf( ’ A i r p l an e ang l e o f a t t a c k i s %. 1 f d e g r e e s ’ ,aa
)

20 printf( ’ \n L i f t s l o p e i s %. 2 f ’ ,Cla)

Scilab code Exa 8.24 Chapter8 Example24

1 clc

2 // i n i t i a l i z a t i o n o f new v a r i a b l e s
3 clear

4 b=4 //m wide
5 c=0.5 //m chord
6 a=5 // d e g r e e s ang l e o f i n c l i n a t i o n
7 u=12 //m/ s speed
8 r=1030 // kg/mˆ3 d e n s i t y
9 // c a l c u l a t i o n s

10 a=a*%pi /180

11 AR=b/c

12 Cla =2*%pi /(1+2/ AR)

13 Cl=Cla*a

14 W=Cl*0.5*r*u^2*b

15 Cdi=Cl^2/( %pi*AR)

16 Di=0.5* Cdi*r*u^2*b

17 P=Di*u

18 printf( ’ The power r e q u i r e d i s %. 2 f kW’ ,P/1000)
19 printf( ’ \n The we ight o f the boat i s %. d N ’ ,W)

Scilab code Exa 8.25 Chapter8 Example25

1 clc

2 // i n i t i a l i z a t i o n o f new v a r i a b l e s
3 clear

4 u=70 //m/ s
5 a=20 // d e g r e e s
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6 b=15 //m
7 c=25 //m
8 r=1.2 // kg/mˆ3
9 // c a l c u l a t i o n s

10 AR=b^2/(0.5*b*c)

11 a=a*%pi /180

12 Cl =(0.963+1.512* AR)*sin(a)

13 W=Cl*0.5*r*u^2*(b*c/2)

14 D=W*tan(a)

15 // r e s u l t s
16 printf( ’ A i r p l an e we ight i s %. 1 f N ’ ,W)
17 printf( ’ \n Drag i s %. 1 f N ’ ,D)
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Chapter 10

Elements of Inviscid
Compressible flow

Scilab code Exa 10.1 Chapter10 Example1

1 clc

2 // i n i t i a l i z a t i o n o f new v a r i a b l e s
3 clear

4 T=300 //k
5 gama =1.4

6 R=286.6

7 // c a l c u l a t i o n s
8 a=sqrt(gama*R*T)

9 // r e s u l t s
10 printf( ’ The speed o f sound in a i r i s %. 2 f m/ s ’ ,a)

Scilab code Exa 10.2 Chapter10 Example2

1 clc

2 // i n i t i a l i z a t i o n o f new v a r i a b l e s
3 clear

50



4 T0=850 //k
5 T=270 //k
6 gama =1.4

7 // c a l c u l a t i o n s
8 M=sqrt (2/(gama -1)*(T0/T-1))

9 // r e s u l t s
10 printf( ’M = %. 2 f ’ ,M)

Scilab code Exa 10.3 Chapter10 Example3

1 clc

2 // i n i t i a l i z a t i o n o f new v a r i a b l e s
3 clear

4 M=1

5 T0=300 //k
6 P0=4 //atm
7 gama =1.4

8 // c a l c u l a t i o n s
9 Tr=1+(gama -1)*M^2/2

10 Pr=Tr^(gama/(gama -1))

11 P=P0/Pr

12 T=T0/Tr

13 // r e s u l t s
14 printf( ’ At the s e c t i o n : ’ )
15 printf( ’ \n Pr e s s u r e i s %. 2 f atm ’ ,P)
16 printf( ’ \n Temperature i s %. 2 f K ’ ,T)

Scilab code Exa 10.5 Chapter10 Example5

1 clc

2 // i n i t i a l i z a t i o n o f new v a r i a b l e s
3 clear

4 P0=4 //atm
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5 T0=300 //K
6 At=5 //cmˆ2
7 Ae=10 //cmˆ2
8 // c a l c u l a t i o n s
9 // c a s e ( 1 )

10 P1=3.8 //atm
11 Pr=P0/P1

12 M1=0.26 // from the f i g u r e
13 Ar=2.32

14 Aa=Ae/Ar //A∗
15 Art=At/Aa //At/A∗
16 Mt=0.64 // from the f i g u r e
17 printf( ’ c a s e ( 1 ) ’ )
18 printf( ’ \n Ex i t Mach = %. 2 f ’ ,Mt)
19 // c a s e ( 2 )
20 Aer =2.00 // from f i g u r e
21 M2=0.3 // based on the a r ea r a t i o
22 Pr =0.939

23 P2=Pr*P0

24 printf( ’ \n ca s e ( 2 ) ’ )
25 printf( ’ \n back P r e s s u r e i s %. 2 f atm ’ ,P2)
26 printf( ’ \n Ex i t Mach = %. 2 f ’ ,M2)
27 printf( ’ \n So when the p r e s s u r e at the e x i t i s

l owe r ed a b i t , the v e l o c i t y at the t h r o a t becomes
s o n i c . ’ )

28 // c a s e ( 3 )
29 Ar=2.00 // from f i g u r e
30 M2=2.2 // based on a r ea r a t i o
31 Pr =0.094

32 P2=Pr*P0

33 printf( ’ \n ca s e ( 3 ) ’ )
34 printf( ’ \n back p r e s s u r e i s %. 2 f atm ’ ,P2)
35 printf( ’ \n Ex i t Mach = %. 2 f ’ ,M2)
36 printf( ’ \n The p r e s s u r e r a t i o has to be very sma l l e r

to c r e a t e a s u p e r s o n i c n o z z l e ’ )
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Scilab code Exa 10.6 Chapter10 Example6

1 clc

2 // i n i t i a l i z a t i o n o f new v a r i a b l e s
3 clear

4 T0=2100 //k
5 P0=3.5 //atm
6 At=4 //cmˆ2
7 Ar=4.0 // Ae/At
8 Pa=1 //atm
9 gama =1.4

10 R=286.6

11 // c a l c u l a t i o n s
12 Me=2.94

13 Pr =0.030

14 Tr =0.366

15 // from I s e n t r o p i c t a b l e f o r Area r a t i o = 4
16 Pe=Pr*P0

17 Te=T0*Tr

18 ue=Me*sqrt(gama*R*Te)

19 re=Pe *10^5/(R*Te)

20 Ae=At*Ar

21 Ae=Ae*10^-4

22 Fx=re*ue^2*Ae+(Pe*10^5 -0)*Ae

23 printf( ’ The t h r u s t i n space i s %. 2 f N ’ ,Fx)
24 // at s ea l e v e l
25 M1=2.9

26 M2=sqrt ((2+( gama -1)*M1^2)/(gama *(2*M1^2-1)+1))

27 P0r =0.358

28 Ar=3.85 // I s e n t r o p i c t a b l e
29 Aer =1.433

30 Me=0.45

31 Per =0.870

32 Tr =0.961
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33 // A l l the v a l u e s from i s e n t r o p i c t a b l e
34 Pe=P0*P0r*Per

35 Te=T0*Tr

36 ue=Me*sqrt(gama*R*Te)

37 re=Pe *10^5/(R*Te)

38 Fx=re*ue^2*Ae+(Pe*10^5-Pa *10^5)*Ae

39 printf( ’ \n The t h r u s t at s ea l e v e l i s %. 2 f N ’ ,Fx)
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Chapter 11

Fluid Machinary

Scilab code Exa 11.1 Chapter11 Example1

1 clc

2 // i n i t i a l i z a t i o n o f new v a r i a b l e s
3 clear

4 r=0.3 //m
5 w=3000 //RPM
6 Cz=61 //m/ s
7 th=45 // d e g r e e s
8 // c a l c u l a t i o n s
9 U=%pi*2*r*w/60

10 beta1=atan(U/Cz)

11 beta1=beta1 *180/ %pi

12 beta2=th

13 DCth=U-Cz

14 // r e s u l t s
15 printf( ’ Beta 1 = %d de g r e e s ’ ,beta1)

Scilab code Exa 11.2 Chapter11 Example2
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1 clc

2 // i n i t i a l i z a t i o n o f new v a r i a b l e s
3 clear

4 Cz=120 //m/ s
5 R_av =0.5 //m
6 T01 =300 //k
7 w=4000 //RPM
8 alpha1 =22 // d e g r e e s
9 beta2 =27 // d e g r e e s

10 eta =0.98

11 Cp=0.24 // k c a l /kg C
12 gama =1.4

13 // c a l c u l a t i o n s
14 Cp=Cp *4200 // 1 k c a l= 4200 J
15 alpha1=alpha1*%pi /180

16 beta2=beta2*%pi /180

17 U=2*%pi*R_av*w/60

18 DCth=U-Cz*(tan(alpha1)+tan(beta2))

19 Pr=(1+ eta*U*DCth/(Cp*T01))^(gama/(gama -1))

20 // r e s u l t s
21 printf( ’ The p r e s s u r e r i s e ( compre s s i on r a t i o ) i s %. 2

f ’ ,Pr)

Scilab code Exa 11.3 Chapter11 Example3

1 clc

2 // i n i t i a l i z a t i o n o f new v a r i a b l e s
3 clear

4 beta_d =15 // d e g r e e s f l ow turn ang l e
5 r2=0.5 //m t i p r a d i u s
6 r1=0.2 //m hub r a d i u s
7 w=5500 //RPM r o t a i o n speed
8 Cz=120 //m/ s Ax ia l v e l o c i t y
9 T=350 //k Temperature

10 eta =0.98 // E f f i c i e n c y
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11 // a i r p r o p e r t i e s
12 gama =1.4

13 R=286.6

14 cp=0.24

15 // c a l c u l a t o n s
16 cp=cp *4200

17 T01=T

18 Uhub =2*%pi*r1*w/60

19 Utip =2*%pi*r2*w/60

20 w1=sqrt(Utip ^2+Cz^2)

21 a1=sqrt(gama*R*T)

22 M1=w1/a1

23 //Hub
24 beta1=atan(Uhub/Cz)

25 beta2=beta1 *180/%pi -beta_d

26 beta2=beta2*%pi /180

27 Cp=1-cos(beta1)^2/ cos(beta2)^2

28 DCth=Uhub -Cz*tan(beta2)

29 Pr=(1+ eta*Uhub*DCth/(cp*T01))^(gama/(gama -1))

30 printf( ’Hub : ’ )
31 printf( ’ \n The p r e s s u r e r i s e c o e f f i c i e n t i s %. 2 f ’ ,Cp

)

32 printf( ’ \n Compress ion r a t i o = %. 3 f ’ ,Pr)
33 // t i p
34 beta1=atan(Utip/Cz)

35 beta2=beta1 *180/%pi -beta_d

36 beta2=beta2*%pi /180

37 Cp=1-cos(beta1)^2/ cos(beta2)^2

38 DCth=Utip -Cz*tan(beta2)

39 Pr=(1+ eta*Utip*DCth/(cp*T01))^(gama/(gama -1))

40 printf( ’ \n t i p : ’ )
41 printf( ’ \n The p r e s s u r e r i s e c o e f f i c i e n t i s %. 2 f ’ ,Cp

)

42 printf( ’ \n Compress ion r a t i o = %. 3 f ’ ,Pr)
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Scilab code Exa 11.4 Chapter11 Example4

1 clc

2 // i n i t i a l i z a t i o n o f new v a r i a b l e s
3 clear

4 r=0.5 //m ave rage r a d i u s
5 Cz=140 //m/ s Ax ia l v e l o c i t y
6 w=4000 //RPM turn r a t e
7 T01 =300 //K Stagna t i on t empera tu r e ahead o f r o t o r
8 alpha1 =20 // d e g r e e s Incoming v e l o c i t y ang l e
9 Cp=0.45 // P r e s s u r e r i s e c o e f f i c i e n t

10 eta =0.98 // e f f i c i e n c y
11 cp=0.24 // s p e c i f i c heat
12 gama =1.4

13 // c a l c u l a t i o n s
14 temp=alpha1 // j u s t to s t o r e i t
15 cp=cp *4200

16 U=r*w*2*%pi /60

17 alpha1=alpha1*%pi /180

18 beta1=atan(U/Cz-tan(alpha1))

19 beta2=acos(sqrt(cos(beta1)^2/(1-Cp)))

20 DCth=U-Cz*(tan(alpha1)+tan(beta2))

21 Pr=(1+ eta*U*DCth/(cp*T01))^(gama/(gama -1))

22 printf( ’ p a r t ( 1 ) ’ )
23 printf( ’ \n s t a g n a t i o n p r e s s u r e r i s e ( r a t i o ) i s %. 2 f ’ ,

Pr)

24 // pa r t ( 2 )
25 Cz=100 //m/ s
26 alpha1=atan(U/Cz -tan(beta1))

27 Dalpha=alpha1 *180/%pi -temp

28 printf( ’ \n S t a t o r ahead o f t h i s s t a g e must be
r o t a t e d by %. 1 f d e g r e e s ’ ,Dalpha)

29 DCth=U-Cz*(tan(alpha1)+tan(beta2))

30 Pr=(1+ eta*U*DCth/(cp*T01))^(gama/(gama -1))

31 printf( ’ \n pa r t ( 2 ) ’ )
32 printf( ’ \n s t a g n a t i o n p r e s s u r e r i s e ( r a t i o ) i s %. 2 f ’ ,

Pr)
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Scilab code Exa 11.5 Chapter11 Example5

1 clc

2 // i n i t i a l i z a t i o n o f new v a r i a b l e s
3 clear

4 R=0.5

5 U=290 //m/ s
6 c1=150 //m/ s
7 alpha1 =37 // d e g r e e s
8 beta2=alpha1

9 cp=0.24

10 eta =0.85

11 gama =1.4

12 T01 =280 //k
13 // c a l c u l a t i o n s
14 cp=cp *4200

15 alpha1=alpha1*%pi /180

16 Cth1=c1*sin(alpha1)

17 DCth=U-2*c1*sin(alpha1)

18 beta1=atan((U-Cth1)/c1*cos(alpha1))

19 Cp=1-cos(beta1)^2/ cos(beta2)^2

20 Pr=(1+ eta*U*DCth/(cp*T01))^(gama/(gama -1))

21 // r e s u l t s
22 printf( ’ The compre s s i on r a t i o i s %. 2 f ’ ,Pr)

Scilab code Exa 11.6 Chapter11 Example6

1 clc

2 // i n i t i a l i z a t i o n o f new v a r i a b l e s
3 clear

4 r1=0.1 //m
5 r2=0.4 //m
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6 bet =15 // d e g r e e s
7 eta =0.9

8 cp=0.24

9 w=5000 //RPM
10 Cth1=0

11 gama =1.4

12 T01 =300 //K
13 // c a l c u l a t i o n s
14 bet=bet*%pi /180

15 U2=r2*w*2* %pi/60

16 U1=r1*w*2* %pi/60

17 wr2=U2/2

18 cp=cp *4200

19 Cth2=wr2*tan(bet)+U2

20 Tr=(U2*Cth2 -U1*Cth1)/(cp*T01)

21 Pr=(1+ eta*Tr)^(gama/(gama -1))

22 // r e s u l t s
23 printf( ’ The p r e s s u r e r i s e i s %. 2 f ’ ,Pr)

Scilab code Exa 11.7 Chapter11 Example7

1 clc

2 // i n i t i a l i z a t i o n o f new v a r i a b l e s
3 clear

4 w=1000 //RPM
5 r1=0.05 //m
6 r2=0.10 //m
7 bet=0 // d e g r e e s
8 eta =0.9

9 r=1000 // kg/mˆ3
10 // c a l c u l a t i o n s
11 bet=bet*%pi /180

12 U2=r2*w*2* %pi/60

13 Cth2=U2

14 dp=r*eta*U2*Cth2
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15 U1=r1*w*2* %pi/60

16 beta1 =50 // d e g r e e s
17 beta1=90-beta1

18 beta1=beta1*%pi /180

19 c1=U1*tan(beta1)

20 m=r*c1*%pi*r1^2

21 P=m*U2*Cth2

22 // r e s u l t s
23 printf( ’ P r e s s u r e r i s e i s %. 1 f N/mˆ2 ’ ,dp)
24 printf( ’ \n mass f l ow r a t e i s %. 2 f kg/ s ’ ,m)
25 printf( ’ \n Power = %. 2 f W’ ,P)
26
27 // wrong answer f o r p r e s s u r e r i s e pa r t i n t e x t

Scilab code Exa 11.8 Chapter11 Example8

1 clc

2 // i n i t i a l i z a t i o n o f new v a r i a b l e s
3 clear

4 S=3 //cmˆ2
5 m=15 // kg/ s
6 alpha2 =68.5 // d e g r e e s
7 r=0.3 //m
8 w=1000 //RPM
9 ma=100 // kg

10 rho =1000 // kg/mˆ3
11 g=9.8 //m/ s ˆ2
12 // c a l c u l a t i o n s
13 S=S*10^-4

14 alpha2=alpha2*%pi /180

15 U=r*w*2*%pi /60

16 c2=m/(rho*S)

17 cz=c2*cos(alpha2)

18 beta2=atan((c2*sin(alpha2)-U)/cz)

19 P=m*U*2*cz*tan(beta2)
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20 v=P/(ma*g)

21 // r e s u l t s
22 printf( ’ b e t a 2 = %. 1 f d e g r e e s ’ ,beta2 *180/ %pi)
23 printf( ’ \n v = %. 2 f m/ s ’ ,v)

Scilab code Exa 11.9 Chapter11 Example9

1 clc

2 // i n i t i a l i z a t i o n o f new v a r i a b l e s
3 clear

4 r=0.3 //m
5 w=7000 //RPM
6 T01 =1200 //K
7 rho2 =0.5 // kg/mˆ3
8 R=0.5

9 beta2 =30 // d e g r e e s
10 eta =0.9

11 gama =1.4

12 cp=0.24

13 // c a l c u l a t i o n s
14 cp=cp *4200

15 U=r*w*2*%pi /60

16 beta2=beta2*%pi /180

17 // to s o l v e f o r c2 and w2
18 //Ax=b
19 A=[-sin(%pi/2-beta2) -sin(beta2)

20 cos(%pi/2-beta2) -cos(beta2)]

21 b=[-U;0]

22 x=inv(A)*b

23 w2=x(2)

24 c2=x(1)

25 wt=U*(U-2*w2*sin(beta2))

26 Tr=wt/(cp*T01)

27 Pr=(1-Tr/eta)^(gama/(gama -1))

28 // r e s u l t s
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29 printf( ’ The power o f the t u r b i n e ( per un i t mass ) i s
%. 2 f mˆ2/ s ˆ2 ’ ,wt)

30 printf( ’ \n The p r e s s u r e r a t i o i s %. 3 f ’ ,Pr)
31 printf( ’ \n Because R = %. 2 f , h a l f o f p r e s s u r e drop

t ak e s p l a c e i n t u r b i n e ’ ,R)

Scilab code Exa 11.10 Chapter11 Example10

1 clc

2 // i n i t i a l i z a t i o n o f new v a r i a b l e s
3 clear

4 r2=0.1 //m
5 m=1 // kg/ s
6 T01 =1200 //K
7 alpha2 =65 // d e g r e e s
8 c2=330 //m/ s
9 rho2 =0.5 // kg/mˆ3

10 eta =0.9

11 gama =1.4

12 cp=0.24

13 // c a l c u l a t i o n s
14 alpha2=alpha2*%pi /180

15 cp=cp *4200

16 Cthd=c2*sin(alpha2)

17 U=Cthd/2

18 P=m*U*Cthd

19 Tr=U*Cthd/(cp*T01)

20 Pr=(1-Tr/eta)^(gama/(gama -1))

21 RPM=U/(2* %pi*r2)

22 // r e s u l t s
23 printf( ’ p a r t ( a ) ’ )
24 printf( ’ \n Power g en e r a t ed i s %. 1 f W’ ,P)
25 printf( ’ p a r t ( b ) ’ )
26 printf( ’ \n S tagna t i on p r e s s u r e drop i s %. 3 f ’ ,Pr)
27 printf( ’ \n In ro t o r , z e r o s t a t i c p r e s s u r e drop t ak e s
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p l a c e ’ )
28 printf( ’ \n pa r t ( c ) ’ )
29 printf( ’ \n RPM = %d RPM’ ,RPM *60)

Scilab code Exa 11.11 Chapter11 Example11

1 clc

2 // i n i t i a l i z a t i o n o f new v a r i a b l e s
3 clear

4 r=0.1 //m
5 RPM =1000 //RPM
6 c2=30 //m/ s
7 S=2 //cmˆ2
8 beta3 =60 // d e g r e e s
9 alpha2 =90 // d e g r e e s

10 rho =1000 // kg/mˆ3
11 // c a l c u l a t i o n s
12 beta3=beta3*%pi /180

13 alpha2=alpha2*%pi /180

14 S=S*10^-4

15 U=RPM*r*2* %pi /60

16 w2=c2-U

17 w3=w2

18 CthD=w2*sin(alpha2)+w2*sin(beta3)

19 m=rho*c2*S

20 T=m*r*CthD

21 P=m*U*CthD

22 // r e s u l t s
23 printf( ’ mass f l ow r a t e i s %. 2 f kg/ s ’ ,m)
24 printf( ’ \n Torque T = %. 2 f N m’ ,T)
25 printf( ’ \n Power P = %. 2 f W’ ,P)

Scilab code Exa 11.12 Chapter11 Example12
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1 clc

2 // i n i t i a l i z a t i o n o f new v a r i a b l e s
3 clear

4 P=5 //kW
5 U=30 //km/h
6 eta =70 // p e r c en t
7 rho =1.22 // kg/mˆ3
8 // c a l c u l a t i o n s
9 eta=eta /100

10 P=P*1000

11 R=sqrt(P*27/(8* eta*rho*(U/3.6) ^3* %pi))

12 // r e s u l t s
13 printf( ’R = %. 2 f m ’ ,R)
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