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Eqn Equation (Particular equation of the above book)
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a scilab code whose theory is explained in Section 2.3 of the book.
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Chapter 1

Introduction Basic Principles

Scilab code Exa 1.1 Ex 1

1 clear all;

2 clc;

3 funcprot (0);

4
5 // g i v en data
6 gamma = 1.4;

7 pi = 8; // p r e s s u r e r a t i o
8 T01 = 300; // i n l e t t empera tu r e i n K
9 T02 = 586.4; // o u t l e t t empera tu r e i n K

10
11 // C a l c u l a t i o n s
12 // Ca l c u l a t i o n o f Ov e r a l l Tota l to Tota l e f f i c i e n c y
13 Tot_eff = ((pi^((gamma -1)/gamma)) -1)/(( T02/T01) -1);

14
15 // Ca l c u l a t i o n o f p o l y t r o p i c e f f i c i e n c y
16 Poly_eff = ((gamma -1)/gamma)*((log(pi))/log(T02/T01)

);

17
18 // Re su l t s
19 printf( ’ The Ove r a l l t o t a l−to−t o t a l e f f i c i e n c y i s %. 2

f . \ n ’ ,Tot_eff);
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20 printf( ’ The p o l y t r o p i c e f f i c i e n c y i s %. 4 f . ’ ,Poly_eff
);
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Chapter 2

Dimensional Analysis
Similitude

Scilab code Exa 2.1 Ex 1

1 clear;

2 clc;

3 funcprot (0);

4
5 // g i v en data
6 T01_te = 298; // i n K
7 mdot_te = 15; // i n kg/ s
8 p01_te = 101; // i n kPa
9 T01_cr = 236; // i n K

10 p01_cr = 10.2; // i n kPa
11 N_te = 6200; // i n rpm
12 pi = 20; // p r e s s u r e r a t i o
13 gamma = 1.4;

14 Cp = 1005; // i n J /( kg .K)
15 eff = 0.85; // e f f i c i e n c y
16
17 // C a l c u l a t i o n s
18 mdot_cr = (p01_cr/sqrt(T01_cr))*( mdot_te*sqrt(T01_te

)/p01_te);
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19 N_cr = sqrt(T01_cr/T01_te)*N_te;

20 delT0_T01 = (((pi^((gamma -1)/gamma)) - 1)/eff);

21 P_cr = mdot_cr*Cp*T01_cr*delT0_T01;

22
23 // Re su l t s
24 printf( ’ The mass f l ow r a t e = %. 2 f kg/ s ’ ,mdot_cr);
25 printf( ’ \n Ro t a t i o n a l speed = %d rpm ’ ,N_cr);
26 printf( ’ \n The power input at the c r u i s e c o n d i t i o n =

%d kW. ’ ,P_cr /1000);
27
28 // t h e r e i s a sma l l e r r o r i n the answer g i v en i n

t ex tbook

Scilab code Exa 2.2 Ex 2

1 clear;

2 clc;

3 funcprot (0);

4
5 // g i v en data
6 D = 4.31; // i n m
7 H = 543; // i n m
8 Q = 71.4; // i n mˆ3/ s
9 P = 350; // i n MW

10 N = 333; // i n r ev /min
11 D1 = 6; // i n m
12 H1 = 500; // i n m
13 g = 9.81; // i n m/ s ˆ2
14 rho = 1000; // i n kg/mˆ3
15
16 // C a l c u l a t i o n s
17 omega = N*%pi /30;

18 omega_s = omega*(Q^0.5) /(g*H)^0.75;

19 D_s = D*(g*H)^0.25 /Q^0.5;

20 P_n = rho*g*Q*H;
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21 eff_t = P*10^6 /P_n;

22 Q1 = ((D1/D_s)^2)*(g*H1)^0.5;

23 P1 = eff_t*rho*g*Q1*H1;

24 N1 = (30/ %pi)*omega_s *((g*H1)^0.75) /(Q1 ^0.5);

25
26 // Re su l t s
27 printf( ’ ( a )The s p e c i f i c speed = %. 3 f rad . ’ ,omega_s);
28 printf( ’ \n The s p e c i f i c d i amete r = %. 3 f ’ ,D_s);
29 printf( ’ \n The t u r b i n e e f f i c i e n c y i s = %. 3 f ’ ,eff_t);
30 printf( ’ \n ( b ) The r e q u i r e d f l ow r a t e = %d mˆ3/ s ’ ,

ceil(Q1));

31 printf( ’ \n The expec t ed power output = %. 1 f MW’ ,P1
/(10^6));

32 printf( ’ \n The r o t a t i o n a l speed o f the t u r b i n e = %. 1
f rpm . ’ ,N1);

Scilab code Exa 2.3 Ex 3

1 clear;

2 clc;

3 funcprot (0);

4
5 // g i v en data
6 N = 300000; // i n rpm
7 Q = 10; // i n L/min
8 p01 = 3; // i n bar
9 T01 = 300; // i n K

10 p02 = 1; // i n bar
11 rho = 1.16; // i n kg/mˆ3
12 Cp = 1005; // i n J /( kg .K)
13 gamma = 1.4;

14
15 // C a l c u l a t i o n s
16 N = N/60; // i n r ev / s
17 Qe = Q/(1000*60);
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18 delh0s = Cp*T01*(1-(p02/p01)^((gamma -1)/gamma));

19 Ns = N*sqrt(Qe)*( delh0s ^ -0.75);

20 omega_s = Ns*2*%pi;

21 P = rho*Qe*delh0s;

22
23 // Re su l t s
24 printf( ’ The s p e c i f i c speed o f the t u r b i n e = %. 3 f rad

. ’ ,omega_s);
25 printf( ’ \n The type o f machine r e q u i r e d f o r t h i s

ve ry low s p e c i f i c speed i s a Pe l t on whee l . ’ );
26 printf( ’ \n The power consumption o f the t u r b i n e = %

. 1 f W. ’ ,P);
27 printf( ’ \n The ma j o r i t y o f t h i s power w i l l be

d i s s i p a t e d as heat through f r i c t i o n i n the
bea r i ng s , \n l o s s e s i n the Pe l t on whee l and
f r i c t i o n with the too th . ’ )
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Chapter 3

Two Dimensional Cascades

Scilab code Exa 3.1 Ex 1

1 clear;

2 clc;

3 funcprot (0);

4
5 // g i v en data
6 alpha1 = 55; // f l ow i n l e t ang l e i n deg
7 alpha2 = 30; // f l ow e x i t ang l e i n deg
8 cmaxs_c2 = 1.95; // expec t ed d e s i g n va lu e o f the

d i f f u s i o n r a t i o
9 DF = 0.6; // d i f f u s i o n f a c t o r

10
11 // Ca l c u l a t i o n
12 theta2_l = 0.004/(1 -1.17* log(cmaxs_c2));

13 alpham = (180/ %pi)*atan (0.5*( tan(alpha1*%pi /180)+tan

(alpha2*%pi /180)));

14 CD = 2*( theta2_l)*(( cos(alpham*%pi /180))^2) /((cos(

alpha2*%pi /180))^2);

15 s_l_max = ((2* cos(alpha1*%pi /180)/cos(alpha2*%pi

/180)) -0.8)/(cos(alpha1*%pi /180) *(tan(alpha1*%pi

/180)-tan(alpha2*%pi /180)));

16 CL = 2* s_l_max*cos(alpham*%pi /180)*(tan(alpha1*%pi
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/180)-tan(alpha2*%pi /180)) - CD*tan(alpham*%pi

/180);

17
18 // Re su l t s
19 printf( ’CD = %. 5 f \n CL = %. 3 f ’ ,CD ,CL);
20 printf( ’ \n The maximum a l l owab l e p i t c h c h o r d r a t i o

= %. 3 f ’ ,s_l_max);
21
22 // t h e r e i s some e r r o r i n the answer g i v en i n

t ex tbook

Scilab code Exa 3.2 Ex 2

1 clear all;

2 clc;

3 funcprot (0);

4
5 // f u n c t i o n to c a l c u l a t e m and d e l t a
6 function [m,delta] = func(a_l ,alpha2 ,theta)

7 m = 0.23*(2* a_l)^2 + alpha2 /500;

8 delta = m*theta;

9 endfunction

10
11 // g i v en data
12 alpha1_ = 50; // i n deg
13 alpha2_ = 20; // i n deg
14 a_l = 0.5; // p e r c en t a g e
15 s_l = 1.0;

16 eps = 21; // i n deg
17
18 // C a l c u l a t i o n s
19 theta = alpha1_ - alpha2_;

20 alpha21 = 20; // i n deg
21 [m1 ,delta1] = func(a_l ,alpha21 ,theta);

22 alpha22 = 28.1; // i n deg
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23 [m2 ,delta2] = func(a_l ,alpha22 ,theta);

24 alpha23 = 28.6; // i n deg
25 [m3 ,delta3] = func(a_l ,alpha23 ,theta);

26 alpha1 = eps + alpha23;

27 i = alpha1 - alpha1_;

28 alpham = (180/ %pi)*atan (0.5*( tan(alpha1*%pi /180) +

tan(alpha23*%pi /180)));

29 CL = 2*(s_l)*cos(alpham*%pi /180)*(tan(alpha1*%pi

/180) - tan(alpha23*%pi /180));

30
31 // Re su l t s
32 printf( ’ The f l u i d d e f l e c t i o n = %d deg . ’ ,eps);
33 printf( ’ \n The f l u i d i n c i d e n c e = %. 1 f deg . ’ ,i);
34 printf( ’ \n The i d e a l l i f t c o e f f i c i e n t at the d e s i g n

po i n t = %. 2 f ’ ,CL);

Scilab code Exa 3.4 Ex 4

1 clear;

2 clc;

3 funcprot (0);

4
5 // g i v en data
6 alpha1 = 22; // i n l e t f l ow ang l e i n deg
7 M1 = 0.3; // i n l e t Mach number
8 M2 = 0.93; // e x i t Mach number
9 alpha2 = 61.4; // e x i t f l ow ang l e i n deg

10 Q1 = 0.6295; //Q(M1) from c omp r e s s i b l e f l ow t a b l e s
11 Q2 = 1.2756; //Q(M2) from c omp r e s s i b l e f l ow t a b l e s
12 gamma = 1.333;

13 Z = 0.6;

14
15 // C a l c u l a t i o n s
16 p02_p01 = (Q1/Q2)*(cos(alpha1*%pi /180)/cos(alpha2*

%pi /180));
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17 p01_p2 = (1+0.5*( gamma -1)*M2)^( gamma/(gamma -1)) *(1/

p02_p01);

18 YP = (1-( p02_p01))/(1 -(1/ p01_p2));

19 K1 = M1/sqrt ((1+0.5*( gamma -1)*(M1^2))/(gamma -1));

20 K2 = M2/sqrt ((1+0.5*( gamma -1)*(M2^2))/(gamma -1));

21 s_b = ((1 -(1/ p01_p2))*Z)/(Q1*(K1*sin(alpha1*%pi /180)

+K2*sin(alpha2*%pi /180))*cos(alpha1*%pi /180));

22
23 // Re su l t s
24 printf( ’ The r a t i o o f i n l e t s t a g n a t i o n p r e s s u r e to

e x i t s t a t i c p r e s s u r e = %. 3 f ’ ,p01_p2);
25 printf( ’ \n The ca s cade s t a g n a t i o n p r e s s u r e l o s s

c o e f f i c i e n t = %. 4 f ’ ,YP);
26 printf( ’ \n The p i t c h to a x i a l chord r a t i o f o r the

b l a d e s = %. 3 f ’ ,s_b);
27
28 // t h e r e a r e e r r o r s i n the answers g i v en i n t ex tbook
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Chapter 4

Axial Flow Turbines Mean Line
Analysis and Design

Scilab code Exa 4.1 Ex 1

1 clear;

2 clc;

3 funcprot (0);

4
5 // g i v en data
6 n = 5; //number o f s t a g e s
7 T01 = 1200; // Turbine i n l e t s t a g n a t i o n tempera tu r e i n

K
8 p01 = 213; // i n l e t s t a g n a t i o n p r e s s u r e i n kPa
9 mdot = 15; // mass f l ow r a t e i n kg/ s

10 P = 6.64; // Mechan ica l power i n MW
11 alpha1 = 15; // i n deg
12 alpha2 = 70; // i n deg
13 rm = 0.46; // t u r b i n e mean r a d i u s i n m
14 N = 5600; // r o t a t i o n a l speed i n rpm
15 gamma = 1.333;

16 R = 287.2; // i n J /( kg .K)
17 Cp = 1150; // i n J /( kg .K)
18
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19 // C a l c u l a t i o n s
20 U = rm*N*2* %pi /60;

21 psi = P*(10^6) /(mdot*n)/(U^2);

22 phi = psi/(tan(alpha1*%pi /180) + tan(alpha2*%pi /180)

);

23 R = 1-0.5*psi+phi*tan(alpha1*%pi /180);

24
25 k1 = phi*U/sqrt(Cp*T01);

26 k2 = 0.3663;

27
28 // i t e r a t i o n to f i n d out Mach number
29 i = 1;

30 M = 0.0; // i n i t i a l gu e s s o f Mach number
31 while (i>0), i = i+1

32 res = M*(sqrt(gamma -1))*(1 + 0.5*( gamma -1)*(M^2)

)^( -0.5)- k1;

33 if res > 0 then

34 M = M - 0.0001;

35 elseif res < 0

36 M = M + 0.0001;

37 end

38 if abs(res) <0.000001 then

39 break;

40 end

41 end

42 Ax = mdot*sqrt(Cp*T01)/(k2*p01 *1000);

43 H = Ax/(2* %pi*rm);

44 HTR = (rm -0.5*H)/(rm+0.5*H);

45
46 // Re su l t s
47 printf( ’ ( a ) The t u r b i n e s t a g e l o a d i n g c o e f f i c i e n t =

%. 3 f ’ ,psi);
48 printf( ’ \n The f l ow c o e f f i c i e n t = %. 3 f ’ ,phi);
49 printf( ’ \n The r e a c t i o n = %. 1 f ’ ,R);
50 printf( ’ \n ( b ) The annu lus a r ea at i n l e t to the

t u r b i n e = %. 3 f mˆ2 ’ ,Ax);
51 printf( ’ \n The b l ade h e i g h t = %. 4 f ’ ,H);
52 printf( ’ \n The hub−to−t i p r a t i o , HTR = %. 3 f ’ ,HTR);
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Scilab code Exa 4.2 Ex 2

1 clear all;

2 clc;

3 funcprot (0);

4
5 // g i v en data
6 phi = 0.4;

7 epsilon = 28.6; // i n deg
8
9 // c a l c u l a t i o n s

10 alpha2 = (180/ %pi)*atan (1/ phi);// i n deg
11 zeta = 0.04*(1+ 1.5*( alpha2 /100) ^2);

12 eta = 1 + (phi^2)*(zeta *((1/ cos(%pi*alpha2 /180))^2)

+0.5);

13
14 // r e s u l t s
15 printf( ’ The e f f i c i e n c y = %. 3 f . \ n ’ ,1/eta);
16 printf( ’ This va l u e appea r s to be the same as the

peak va lu e o f e f f i c i e n c y curve . \ n ’ );

Scilab code Exa 4.3 Ex 3

1 clear all;

2 clc;

3 funcprot (0);

4
5 // g i v en data
6 alpha2 = 70; // i n deg
7 p01 = 311; // i n kPa
8 T01 = 850; // i n degC
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9 p3 = 100; // i n kPa
10 eff_tot_stat = 0.87;

11 U = 500; // i n m/ s
12 Cp = 1.148; // i n kJ /( kgC )
13 gamma = 1.33;

14
15 // C a l c u l a t i o n s
16 delW = eff_tot_stat*Cp*(T01 +273.15) *(1-(p3/p01)^((

gamma -1)/gamma));// s p e c i f i c work
17 cy2 = delW *1000/U;// i n m/ s
18 c2 = cy2/sin(%pi*alpha2 /180);// i n m/ s
19 T2 = (T01 +273.15) - 0.5*(c2^2)/(Cp *1000);// Nozz l e

e x i t t empera tu r e i n K
20 M2 = c2/sqrt(gamma *287*T2);// Nozz l e e x i t mach number
21 cx = c2*cos(%pi*alpha2 /180);// a x i a l v e l o c i t y i n m/ s
22 eff_tot_tot = 1/((1/ eff_tot_stat) -((cx^2) /(2*1000*

delW)));// Tota l to t o t a l e f f i c i e n c y
23 R = 1 - 0.5*(cx/U)*tan(%pi*alpha2 /180);// s t a g e

r e a c t i o n
24
25 // r e s u l t s
26 printf( ’ ( i ) The s p e c i f i c work done = %d kJ/kg . \ n ’ ,

delW);

27 printf( ’ ( i i ) The Mach number l e a v i n g the n o z z l e = %
. 2 f . \ n ’ ,M2);

28 printf( ’ ( i i i ) The a x i a l v e l o c i t y = %d m/ s . \ n ’ ,cx);
29 printf( ’ ( i v ) The t o t a l−to−t o t a l e f f i c i e n c y = %. 2 f . \ n

’ ,eff_tot_tot);
30 printf( ’ ( v ) The s t a g e r e a c t i o n = %. 3 f . \ n ’ ,R);
31
32
33 // t h e r e a r e sma l l e r r o r s i n the answers g i v en i n the

book

Scilab code Exa 4.4 Ex 4
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1 clear all;

2 clc;

3 funcprot (0);

4
5 // g i v en data
6 H_b = 5.0; // ave rage b l a d e a s p e c t r a t i o f o r the s t a g e
7 t_c = 0.2; //max . b l ade t h i c k n e s s to chord r a t i o
8 Re = 1*10^5; // ave rage Reynolds number
9 cx = 200; // i n m/ s

10 cy2 = 552; // i n m/ s
11 U = 500; // i n m/ s
12 c2 = 588; // i n m/ s
13 delW = 276; // i n kJ
14 c3 = 200; // i n m/ s
15 Cp = 1.148; // i n kJ /( kgC )
16 T2 = 973; // i n K
17 T01 = 1123; // i n K
18 alpha1 = 0; // i n deg
19 alpha2 = 70; // i n deg
20
21 // c a l c u l a t i o n s
22 eps = alpha1 + alpha2;// i n deg
23 zetaN = 0.04*(1 + 1.5*( eps /100) ^2);

24 zetaN1 = (1+ zetaN)*(0.993 + 0.021/ H_b) - 1;

25 beta2 = (180/ %pi)*atan((cy2 -U)/cx);

26 beta3 = (180/ %pi)*atan(U/cx);

27 epsR = beta2 + beta3;

28 zetaR = 0.04*(1 + 1.5*( epsR /100) ^2);

29 zetaR1 = (1+ zetaR)*(0.975 + 0.075/ H_b) - 1;

30 w3_U = sqrt (1+(cx/U)^2);

31 eff_ts = 1/(1 + (zetaR1*w3_U + zetaN1 *((c2/U)^2) + (

cx/U)^2) /(2* cy2/U));

32 T3 = T01 - (delW *1000 + 0.5*c3^2)/(Cp *1000);

33 eff_ts1 = 1/(1 + (zetaR1 *(w3_U)^2 + (T3/T2)*zetaN1

*((c2/U)^2) + (cx/U)^2) /(2* cy2/U));

34
35 // Re su l t s
36 printf( ’ The t o t a l−to s t a t i c e f f i c i e n c y = %. 3 f . ’ ,
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eff_ts);

37 printf( ’ \n The r e s u l t i s ve ry c l o s e to the va lu e
assumed in f i r s t example . ’ )

38 printf( ’ \n The t o t a l−to−s t a t i c e f f i c i e n c y a f t e r
i n c l u d i n g the t empera tu re r a t i o i n the equa t i on =
%. 3 f . ’ ,eff_ts1);

39
40 // t h e r e a r e sma l l e r r o r s i n the answers g i v en i n the

book

Scilab code Exa 4.5 Ex 5

1 clear;

2 clc;

3 funcprot (0);

4
5 // g i v en data
6 T02 = 1200; // i n K
7 p01 = 4.0; // i n bar
8 dt = 0.75; // t i p d i amete r i n m
9 hb = 0.12; // b l ade h e i g h t i n m

10 v = 10500; // s h a f t speed in r ev /min
11 R = 0.5; // deg r e e o f r e a c t i o n at mean r a d i u s
12 phi = 0.7; // f l ow c o e f f i c i e n t
13 psi = 2.5; // s t a g e l o a d i n g c o e f f i c i e n t
14 eff_noz = 0.96; // Nozz l e e f f i c i e n c y
15 Cp = 1160; // i n kJ /( kgC )
16 gamma = 1.33;

17 Rg = 287.8; // s p e c i f i c gas c on s t an t
18 A2 = 0.2375; // i n mˆ2
19 K = 2/3; // s t r e s s t ap e r f a c t o r
20 rho = 8000; // i n kg/mˆ3
21
22 // c a l c u l a t i o n s
23 beta3 = (180/ %pi)*atan ((0.5* psi + R)/phi);
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24 beta2 = (180/ %pi)*atan ((0.5* psi - R)/phi);

25 alpha2 = beta3;

26 alpha3 = beta2;

27 rm = (dt-hb)/2;

28 Um = (v/30)*%pi*rm;

29 cx = phi*Um;

30 c2 = cx/(cos(alpha2*%pi /180));

31 T2 = T02 - 0.5*( c2^2)/Cp;

32 p2 = p01 *((1 -((1 -(T2/T02))/eff_noz))^( gamma/(gamma

-1)));

33 mdot = ((p2 *10^5) /(Rg*T2))*A2*cx;

34 Ut = (v/30)*%pi *0.5*dt;

35 sig_rho = K*0.5*( Ut^2)*(1-((dt -2*hb)/dt)^2);

36 sig = rho*sig_rho;

37 Tb = T2 + 0.85*(( cx/cos(beta2*%pi /180))^2) /(2*Cp);

38
39 // Re su l t s
40 printf( ’ ( i ) The r e l a t i v e and ab s o l u t e a n g l e s f o r the

f l ow : \n beta3 = %. 1 f deg , and beta2 = %. 2 f deg . ’
,beta3 ,beta2);

41 printf( ’ \n a lpha2 = %. 1 f deg , and a lpha3 = %. 2 f deg .
’ ,alpha2 ,alpha3);

42 printf( ’ \n ( i i ) The v e l o c i t y at n o z z l e e x i t = %. 2 f m
/ s ’ ,c2);

43 printf( ’ \n ( i i i ) The s t a t i c t empera tu r e and p r e s s u r e
at n o z z l e e x i t assuming a n o z z l e e f f i c i e n c y o f %
. 2 f : \n T2 = %. 1 f K\n p2 = %. 3 f bar ’ ,eff_noz ,T2 ,
p2);

44 printf( ’ \n and mass f l ow = %. 1 f kg/ s ’ ,mdot);
45 printf( ’ \n ( i v )The r o t o r b l ade r o o t s t r e s s assuming

the b l ade i s t ap e r ed with a s t r e s s t ap e r f a c t o r K
o f 2/3 and \n the b l ade ma t e r i a l d e n s i t y i s %d

kg/m2 = %. 1 f MPa ’ ,rho ,sig /(10^6));
46 printf( ’ \n ( v ) The approx imate ave rage mean b lade

t empera tu re i s Tb = %. 1 f K ’ ,Tb);
47 printf( ’ \n ( v i ) I n s p e c t i o n o f the data f o r I n c o n e l

713 c a s t a l l o y s u g g e s t s tha t i t might be a b e t t e r
c h o i c e \n o f b l ade ma t e r i a l as the
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t e m p e r a t u r e s t r e s s po i n t o f the above
c a l c u l a t i o n i s to the \n l e f t o f the l i n e marked
c r e ep s t r a i n o f 0 . 2 p e r c en t a g e i n 1000 hr . ’ )

48
49
50 // t h e r e a r e very sma l l e r r o r s i n the answers g i v en

i n t ex tbook
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Chapter 5

Axial Flow Compressors and
Ducted Fans

Scilab code Exa 5.1 Ex 1

1 clear;

2 clc;

3 funcprot (0);

4
5 // g i v en data
6 T01= 288; // i n l e t a b s o l u t e s t a g n a t i o n t empera tu re i n

K
7 p01 = 101; // i n l e t a b s o l u t e s t a g n a t i o n p r e s s u r e i n

kPa
8 beta1 = 45; // r e l a t i v e f l ow ang l e at i n l e t to the

r o t o r i n deg
9 M1_rel = 0.9; // i n l e t r e l a t i v e Mach number

10 Yp = 0.068; // r o t o r l o s s c o e f f i c i e n t
11 Yp1 = 0.04; // s t a t o r l o s s c o e f f i c i e n t
12 M = 0.5; // r o t o r e x i t r e l a t i v e Mach number
13 gamma = 1.4;

14 R = 287.15;

15 Cp = 1005; // i n J /( kg .K) ;
16 Q1 = 1.2698; //Q( 0 . 9 ) from c omp r e s s i b l e f l ow t a b l e s
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17 Q2 = 0.9561; //Q( 0 . 5 ) from c omp r e s s i b l e f l ow t a b l e s
18 M2_rel = 0.5; // r o t o r e x i t r e l a t i v e Mach number i s

0 . 5 ,
19
20 // C a l c u l a t i o n s
21 M1 = M1_rel*cos(beta1*%pi /180);

22 T1 = T01 /(1+( gamma -1) *0.5* M1^2);

23 U = M1*sqrt(gamma*R*T1);

24 p01_rel = p01*((T1/T01)^( gamma/(gamma -1)))*((1+(

gamma -1) *0.5* M1_rel ^2)^(gamma/(gamma -1)));

25 p1 = p01*((T1/T01)^(gamma /(gamma -1)));

26
27 p02_rel_p01_rel = 1-Yp*(1 -((1+( gamma -1) *0.5* M1_rel

^2)^(gamma/(gamma -1)))^-1);

28 beta2 = (180/ %pi)*acos((Q1/Q2)*cos(beta1*%pi /180)/

p02_rel_p01_rel);

29 p2_p02_rel = 0.8430; // from t a b l e s
30 p2_p1 = p2_p02_rel*p02_rel_p01_rel *((1+( gamma -1)

*0.5* M1_rel ^2)^(gamma /(gamma -1)));

31 p2 = p1*p2_p1;

32 T2_T2_rel = 0.9524; // from t a b l e s
33 T2 = T1*( T2_T2_rel)*(1+( gamma -1) *0.5* M1_rel ^2);

34 W2 = M2_rel*sqrt(gamma*R*T2);

35 M2 = sqrt((W2*cos(beta2*%pi /180))^2 +(U-W2*sin(beta2

*%pi /180))^2)/sqrt(gamma*R*T2);

36 T02 = T2*(1+( gamma -1) *0.5*M2^2);

37 p02 = p2*(1+( gamma -1) *0.5*M2^2)^( gamma/(gamma -1));

38 delS_rot = R*Yp*(1-(p1/p01_rel));

39 delS_sta = R*Yp1*(1-(p2/p02));

40 eff_tt = 1 - (T02*( delS_rot+delS_sta)/(Cp*(T02 -T01))

);

41
42 // Re su l t s
43 printf( ’ ( i ) The r o t o r b l ade speed = %. 1 f m/ s ’ ,U);
44 printf( ’ \n The b l ade r e l a t i v e s t a g n a t i o n p r e s s u r e =

%d kPa ’ ,p01_rel);
45 printf( ’ \n ( i i ) The r o t o r e x i t r e l a t i v e f l ow ang l e

= %d deg . ’ ,ceil(beta2));
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46 printf( ’ \n The s t a t i c p r e s s u r e r a t i o a c r o s s the
r o t o r = %. 3 f ’ ,p2_p1);

47 printf( ’ \n ( i i i ) The a b s o l u t e s t a g n a t i o n tempera tu r e
at en t ry to the s t a t o r = %. 1 f K ’ ,T02);

48 printf( ’ \n The ab s o l u t e s t a g n a t i o n p r e s s u r e at
en t ry to the s t a t o r = %d kPa ’ ,ceil(p02));

49 printf( ’ \n The t o t a l−to−t o t a l i s e n t r o p i c e f f i c i e n c y
o f the compre s so r s t a g e = %. 3 f ’ ,eff_tt);

Scilab code Exa 5.2 Ex 2

1 clear;

2 clc;

3 funcprot (0);

4
5 // g i v en data
6 T01 = 293; // i n K
7 pi = 5; // p r e s s u r e r a t i o
8 R = 0.5; // s t a g e r e a c t i o n
9 Um = 275; // i n m/ s

10 phi = 0.5; // f l ow c o e f f i c i e n t
11 psi = 0.3; // s t a g e l o a d i n g f a c t o r
12 eff_stage = 0.888; // s t a g e e f f i c i e n c y
13 Cp = 1005; //J /( kgC )
14 gamma = 1.4;

15
16 // C a l c u l a t i o n s
17 beta1 = (180/ %pi)*atan((R + 0.5* psi)/phi);

18 beta2 = (180/ %pi)*atan((R - 0.5* psi)/phi);

19 alpha2 = beta1;

20 alpha1 = beta2;

21 delT0 = psi*(Um^2)/Cp;

22 N = (T01/delT0)*((pi^((gamma -1)/( eff_stage*gamma)))

- 1);

23 N = ceil(N);
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24 eff_ov = ((pi^((gamma -1)/gamma)) - 1)/((pi^((gamma

-1)/( eff_stage*gamma))) - 1);

25 printf( ’ The f l ow an g l e s a r e : be ta1 = a lpha2 = %. 2 f
deg and beta2 = a lpha1 = %d deg . ’ ,beta1 ,ceil(
beta2));

26 printf( ’ \n The number o f s t a g e s r e q u i r e d = %d ’ ,N);
27 printf( ’ \n The o v e r a l l e f f i c i e n c y = %. 1 f p e r c en t a g e ’

,eff_ov *100);

28
29 // t h e r e i s a sma l l e r r o r i n the answer g i v en i n

t ex tbook

Scilab code Exa 5.3 Ex 3

1 clear;

2 clc;

3 funcprot (0);

4
5 // g i v en data
6 R = 0.5; // s t a g e r e a c t i o n
7 s_c = 0.9; // space−chord r a t i o
8 beta1_ = 44.5; // i n deg
9 beta2_ = -0.5; // i n deg

10 h_c = 2.0; // he i ght−chord r a t i o
11 lamda = 0.86; //work done f a c t o r
12 i = 0.4; //mean r a d i u s r e l a t i v e i n c i d e n c e
13 rho = 3.5; // d e n s i t y i n kg/mˆ3
14 Um = 242; // i n m/ s
15 eps_ = 30; // i n deg
16 eps_max = 37.5; // i n deg
17 eps = 37.5; // i n deg
18 delp0 = 0.032; // the p r o f i l e t o t a l p r e s s u r e l o s s

c o e f f i c i e n t
19
20 // C a l c u l a t i o n s
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21 theta = beta1_ - beta2_;

22 deltaN = (0.229* theta *(s_c ^0.5))/(1 - (theta *(s_c

^0.5) /500));

23 beta2N = deltaN + beta2_;

24 i_ = beta2N + eps_ - beta1_;

25 i = 0.4* eps_ + i_;

26 beta1 = beta1_ + i;

27 beta2 = beta1 - eps;

28 alpha2 = beta1;

29 alpha1 = beta2;

30 phi = 1/(tan(alpha1*%pi /180) + tan(beta1*%pi /180));

31 psi = lamda*phi*(tan(alpha2*%pi /180) - tan(alpha1*

%pi /180));

32
33 // Re su l t s
34 printf( ’ ( i ) The nominal i n c i d e n c e = %. 1 f deg . ’ ,i_);
35 printf( ’ \n ( i i ) The i n l e t f l ow ang le , be ta1 = a lpha2

= %. 1 f deg \n Out l e t f l ow ang l e beta2 = a lpha1 =
%. 1 f deg . ’ ,beta1 ,beta2);

36 printf( ’ \n ( i i i ) The f l ow c o e f f i c i e n t = %. 3 f \n The
s t a g e l o a d i n g f a c t o r = %. 3 f ’ ,phi ,psi);

37 // t h e r e a r e sma l l e r r o r s i n the answers g i v en i n
t ex tbook
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Chapter 6

Three Dimensional Flows in
Axial Turbomachines

Scilab code Exa 6.1 Ex 1

1 clear;

2 clc;

3 funcprot (0);

4
5 // g i v en data
6 dt = 1.0; // t i p d i amete r i n m
7 dh = 0.9; //hub d iamete r i n m
8 alpha1 = 30; // i n deg
9 beta1 = 60; // i n deg

10 alpha2 = 60; // i n deg
11 beta2 = 30; // i n deg
12 N = 6000; // r o t a t i o n a l speed i n r ev /min
13 rhog = 1.5; // gas d e n s i t y i n kg/mˆ3
14 Rt = 0.5; // deg r e e o f r e a c t i o n at the t i p
15
16 // C a l c u l a t i o n s
17 omega = 2*%pi*N/60;

18 Ut = omega *0.5* dt;

19 Uh = omega *0.5* dh;
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20 cx = Ut/(tan(alpha1*%pi /180) + tan(beta1*%pi /180));

21 mdot = %pi *((0.5* dt)^2 - (0.5* dh)^2)*rhog*cx;

22 Wcdot = mdot*Ut*cx*(tan(alpha2*%pi /180)- tan(alpha1*

%pi /180));

23 ctheta1t = cx*tan(alpha1*%pi /180);

24 ctheta1h = ctheta1t *(dt/dh);

25 ctheta2t = cx*tan(alpha2*%pi /180);

26 ctheta2h = ctheta2t *(dt/dh);

27 alpha1_ = (180/ %pi)*atan(ctheta1h/cx);

28 beta1_ = (180/ %pi)*atan((Uh/cx) - tan(alpha1_*%pi

/180));

29 alpha2_ = (180/ %pi)*atan(ctheta2h/cx);

30 beta2_ = (180/ %pi)*atan((Uh/cx) - tan(alpha2_*%pi

/180));

31 k = Rt *(0.5* dt)^2;

32 Rh = 1 - (k/(0.5* dh)^2);

33
34 // Re su l t s
35 printf( ’ ( i ) The a x i a l v e l o c i t y , cx = %d m/ s ’ ,cx);
36 printf( ’ \n ( i i ) The mass f l ow r a t e = %. 1 f kg/ s ’ ,mdot)

;

37 printf( ’ \n ( i i i ) The power absorbed by the s t a g e = %
. 1 f MW’ ,Wcdot /(10^6));

38 printf( ’ \n ( i v )The f l ow an g l e s at the hub a r e : \ n
a lpha1 = %. 2 f deg , \ n beta1 = %. 2 f deg , \ n a lpha2 =
%. 1 f deg , and\n beta2 = %. 2 f deg . ’ ,alpha1_ ,
beta1_ ,alpha2_ ,beta2_);

39 printf( ’ \n ( v )The r e a c t i o n r a t i o o f the s t a g e at the
hub , R = %. 3 f . ’ ,Rh);

40
41
42 // t h e r e a r e sma l l e r r o r s i n the answers g i v en i n

t ex tbook

Scilab code Exa 6.2 Ex 2
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1 clear;

2 clc;

3 funcprot (0);

4
5 // g i v en data
6
7 R = 0.5; // deg r e e o f r e a c t i o n
8 Cp = 1005; // kJ /( kgC )
9 cx1_Ut_rt = 0.4;

10 delT0 = 16.1; // t empera tu r e r i s e
11 Ut = 300; // i n m/ s
12
13 // c a l c u l a t i o n s
14 A1 = cx1_Ut_rt ^2 +(0.5 -0.18* log(1));

15 c1 = 2*(1-R);

16 c2 = Cp*delT0 /(2*Ut^2 *(1-R));

17 A2 = 0.56;

18 k = 0.4:0.01:1.0;

19 n = (1.0 -0.4) /0.01 + 1;

20 i = 1;

21 for i = 1:n

22 cx1_Ut(i) = sqrt(A1 - (c1^2) *(0.5*k(i)^2 - c2*

log(k(i))));

23 cx2_Ut(i) = sqrt(A2 - (c1^2) *(0.5*k(i)^2 + c2*

log(k(i))));

24 R_(i) = 0.778+ log(k(i));

25 Rn(i) = 0.5;

26 end

27
28 // Re su l t s
29 plot(k,cx1_Ut , ’ bo− ’ );
30 plot(k,cx2_Ut , ’<>r− ’ );
31 title(” S o l u t i o n o f e x i t a x i a l−v e l o c i t y p r o f i l e f o r a

f i r s t power s t a g e ”,” f o n t s i z e ” ,3) ;// t i t l e o f the
p l o t

32 xlabel(” Radius r a t i o , r / r t ”,” f o n t s i z e ” ,3) ;//x l a b e l
33 ylabel(” cx /Ut”,” f o n t s i z e ” ,3) ;//y l a b e l
34 legend ([” ( cx2 /Ut ) ”;” ( cx1 /Ut ) ”] , opt=2); // l e g end
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box
35 a=gca();

36 b = newaxes ();

37 b.y_location = ” r i g h t ”;
38 b.filled = ” o f f ”;
39 b.axes_visible = [” o f f ”,”on”,”on”];
40 b.axes_bounds = a.axes_bounds;

41 b.font_size = a.font_size;

42 plot(k,R_,”g”);
43 plot(k,Rn ,);

44 ylabel(” Reac t i on ”,” f o n t s i z e ” ,3) ;//y l a b e l
45 legend ([”True Reac t i on ”;”Nominal Reac t i on ”] , opt=1)

; // l e g end box
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Chapter 7

Centrifugal Pumps Fans and
Compressors

Scilab code Exa 7.1 Ex 1

1 clear;

2 clc;

3 funcprot (0);

4
5 // g i v en data
6 c1 = 300; // v e l o c i t y i n m/ s
7 p01 = 200; // s t a g n a t i o n p r e s s u r e i n kPa
8 T01 = 200; // s t a g n a t i o n t empera tu r e i n degC
9 c2 = 50; // e x i t v e l o c i t y i n m/ s

10 eff_d = 0.9; // d i f f u s e r e f f i c i e n c y
11
12 gamma = 1.4;

13 R = 287; // i n J /( kg .K)
14 Cp = 1005; // i n J /( kg .K)
15
16 // C a l c u l a t i o n s
17 T01 = T01 +273; // s t a g n a t i o n t empera tu r e i n K
18 T1 = T01*(1-(c1^2) /(2*Cp*T01));

19 M1 = c1/sqrt(gamma*R*T1);
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20 T2 = T01*(1-(c2^2) /(2*Cp*T01))

21 T2s_T1 = eff_d*(T2/T1 -1)+1;

22 p2_p1 = (T2s_T1)^(gamma /(gamma -1));

23 p01_p1 = (T01/T1)^(gamma/(gamma -1));

24 p1 = p01/p01_p1;

25 p2 = p2_p1*p1;

26 ds = Cp*log(T2/T1) - R*log(p2/p1);

27
28 // Re su l t s
29 printf( ’ ( i ) The s t a t i c t empera tu r e at i n l e t o f the

d i f f u s e r = %. 1 f K ’ ,T1);
30 printf( ’ \n The s t a t i c t empera tu r e at o u t l e t o f the

d i f f u s e r = %. 1 f K ’ ,T2);
31 printf( ’ \n The i n l e t Mach number = %. 4 f ’ ,M1);
32 printf( ’ \n ( i i ) The s t a t i c p r e s s u r e at d i f f u s e r

i n l e t = %. 1 f kPa ’ ,p1);
33 printf( ’ \n ( i i i ) The i n c r e a s e i n ent ropy caused by

the d i f f u s i o n p r o c e s s = %. 1 f J/kg .K ’ ,ds);
34
35 // t h e r e a r e sma l l e r r o r s i n the answers g i v en i n

t ex tbook

Scilab code Exa 7.2 Ex 2

1 clear;

2 clc;

3 funcprot (0);

4
5 // f u n c t i o n to c a l c u l a t e b l ade c a v i t a t i o n c o e f f i c i e n t
6 function [res] = fun(sigmab ,k,omega_ss)

7 res = (sigmab ^2) *(1 + sigmab)- (((3.42*k)^2)/(

omega_ss ^4));

8 endfunction

9
10 // g i v en data
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11 Q = 25; // f l ow r a t e i n dmˆ3/ s
12 omega = 1450; // r o t a t i o n a l speed i n r ev /min
13 omega_ss = 3; //max . s u c t i o n s p e c i f i c speed i n rad /

s e c
14 r = 0.3; // i n l e t eye r a d i u s r a t i o
15 g = 9.81; // i n m/ s ˆ2
16
17 // C a l c u l a t i o n s
18 k = 1-(r^2);

19 sigmab = 0.3; // i n i t i a l gu e s s
20 res = fun(sigmab ,k,omega_ss);// i n i t i a l v a l u e
21 i = 0;

22 while (abs(res) >0.0001)

23 if res >0.0 then

24 sigmab = sigmab - 0.0001;

25 elseif res <0.0

26 sigmab = sigmab + 0.0001;

27 end

28 res = fun(sigmab ,k,omega_ss);

29 end

30 phi = (sigmab /(2*(1+ sigmab)))^0.5;

31 rs1 = ((Q*10^ -3)/(%pi*k*(omega*%pi /30)*phi))^(1/3);

32 ds1 = 2*rs1;

33 cx1 = phi*( omega*%pi /30)*rs1;

34 Hs = (0.75* sigmab*cx1 ^2)/(g*phi ^2);

35
36 // Re su l t s
37 printf( ’ ( i ) The b l ade c a v i t a t i o n c o e f f i c i e n t = %. 3 f ’ ,

sigmab);

38 printf( ’ \n ( i i ) The shroud r a d i u s at the eye = %. 5 f m
\n The r e q u i r e d d iamete r o f the eye = %. 1 f mm’ ,
rs1 ,ds1 *10^3);

39 printf( ’ \n ( i i i ) The eye a x i a l v e l o c i t y = %. 3 f m/ s ’ ,
cx1);

40 printf( ’ \n ( i v )The NPSH = %. 3 f m’ ,Hs);
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Scilab code Exa 7.3 Ex 3

1 clear;

2 clc;

3 funcprot (0);

4
5 // g i v en data
6 alpha1 = 30; // p r ewh i r l i n deg
7 hs = 0.4; // i n l e t hub−shrub r a d i u s r a t i o
8 Mmax = 0.9; //max Mach number
9 Q = 1; // a i r mass f l ow in kg/ s

10 p01 = 101.3; // s t a g n a t i o n p r e s s u r e i n kPa
11 T01 = 288; // s t a g n a t i o n t empera tu r e i n K
12 gamma = 1.4;

13 Rg = 287; // i n J /(kgK)
14
15 // C a l c u l a t i o n s
16 beta1 = 49.4; // i n deg
17 f = 0.4307;

18 a01 = sqrt(gamma*Rg*T01);

19 rho01 = p01 *1000/( Rg*T01);

20 k = 1-(hs^2);

21 omega = (%pi*f*k*rho01*a01^3) ^0.5;

22 N = (omega *60/(2* %pi));

23 rho1 = rho01 /(1 + 0.2*( Mmax*cos(beta1*%pi /180))^2)

^2.5;

24 cx = (( omega ^2)/(%pi*k*rho1*(tan(beta1*%pi /180) +

tan(alpha1*%pi /180))^2))^(1/3);

25 rs1 = (1/( %pi*rho1*cx*k))^0.5;

26
27 ds1 = 2*rs1;

28 U = omega*rs1;

29
30 // Re su l t s
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31 printf( ’ ( i ) The r o t a t i o n a l speed o f the i m p e l l e r = %
. 1 f rad / s and N = %d rev /min . ’ ,omega ,N);

32 printf( ’ \n ( i i ) The i n l e t s t a t i c d e n s i t y downstream
o f the gu ide vanes at the shroud = %. 5 f kg/mˆ3 .\ n
The a x i a l v e l o c i t y = %. 2 f m/ s . ’ ,rho1 ,cx);

33 printf( ’ \n ( i i i ) The i ndu c e r t i p d i amete r = %. 3 f cm\n
U = %. 1 f m/ s . ’ ,ds1*100,U);

34
35 // t h e r e a r e e r r o r s i n the answers g i v en i n t ex tbook

Scilab code Exa 7.4 Ex 4

1 clear;

2 clc;

3 funcprot (0);

4
5 // g i v en data
6 Q = 0.1; // i n mˆ3/ s
7 N = 1200; // r o t a t i o n a l speed i n r ev /min
8 beta2_ = 50; // i n deg
9 D = 0.4; // i m p e l l e r e x t e r n a l d i amete r i n m

10 d = 0.2; // i m p e l l e r i n t e r n a l d i amete r i n m
11 b2 = 31.7; // a x i a l width i n mm
12 eff = 0.515; // d i f f u s e r e f f i c i e n c y
13 H = 0.1; // head l o s s e s
14 De = 0.15; // d i f f u s e r e x i t d i amete r
15 A = 0.77;

16 B = 1;

17 g = 9.81;

18
19 // C a l c u l a t i o n s
20 U2 = %pi*N*D/60;

21 cr2 = Q/(%pi*D*b2 /1000);

22 sigmaB = (A - H*tan(beta2_*%pi /180))/(B - H*tan(

beta2_*%pi /180));
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23 ctheta2 = sigmaB*U2*(1-H*tan(beta2_*%pi /180));

24 Hi = U2*ctheta2/g;

25 c2 = sqrt(cr2^2 + ctheta2 ^2);

26 c3 = 4*Q/(%pi*De^2);

27 HL = 0.1*Hi + 0.485*(( c2^2) -(c3^2))/(2*g) + (c3^2)

/(2*g);

28 H = Hi - HL;

29 eff_hyd = H/Hi;

30
31 // Re su l t s
32 printf( ’ The s l i p f a c t o r = %. 3 f . ’ ,sigmaB);
33 printf( ’ \n The manometric head = %. 2 f m. ’ ,H);
34 printf( ’ \n The hyd r a u l i c e f f i c i e n c y = %. 1 f

p e r c en t a g e . ’ ,eff_hyd *100);
35
36 // t h e r e i s a very sma l l e r r o r i n the answer g i v en i n

t ex tbook

Scilab code Exa 7.5 Ex 5

1 clear;

2 clc;

3 funcprot (0);

4
5 // g i v en data
6 T01 = 22; // s t a g n a t i o n t empera tu r e i n degC
7 Z = 17; //number o f vanes
8 N = 15000; // r o t a t i o n a l speed i n r ev /min
9 r = 4.2; // s t a g n a t i o n p r e s s u r e r a t i o between d i f f u s e r

and i m p e l l e r
10 eff_ov = 0.83; // o v e r a l l e f f i c i e n c y
11 mdot = 2; // mass f l ow r a t e i n kg/ s
12 eff_m = 0.97; // mechan i ca l e f f i c i e n c y
13 rho2 = 2; // a i r d e n s i t y at i m p e l l e r o u t l e i n kg/mˆ3
14 gamma = 1.4;
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15 R = 0.287; // i n kJ /( kg .K)
16 b2 = 11; // a x i a l width at the en t r an c e to the

d i f f u s e r i n mm
17
18 // C a l c u l a t i o n s
19 Cp = gamma*R*1000/( gamma -1);

20 sigmaS = 1 - 2/Z;

21 U2 = sqrt(Cp*(T01 +273) *((r)^((gamma -1)/gamma) -1)/(

sigmaS*eff_ov));

22 omega = N*%pi /30;

23 rt = U2/omega;

24 Wdot_act = mdot*sigmaS *(U2^2)/( eff_m);

25 cr2 = mdot/(rho2 *2*%pi*rt*b2 /1000);

26 ctheta2 = sigmaS*U2;

27 c2 = sqrt(ctheta2 ^2 +cr2^2);

28 delW = sigmaS*U2^2;

29 T2 = T01 +273+( delW - 0.5*c2^2)/Cp;

30 M2 = c2/sqrt(gamma*R*1000* T2);

31
32 // Re su l t s
33 printf( ’ The i m p e l l e r t i p r a d i u s = %. 3 f m’ ,rt);
34 printf( ’ \n The a c t u a l s h a f t power = %d kW’ ,Wdot_act

/1000);

35 printf( ’ \n Abso lu te mach number , M2 = %. 2 f . ’ ,M2);

Scilab code Exa 7.6 Ex 6

1 clear;

2 clc;

3 funcprot (0);

4
5 // g i v en data
6 N_R = 8.0; //non−d imen s i ona l l e n g t h
7 Cp = 0.7; // from Figu r e 7 . 2 6
8 Ag = 2.8; // from Figu r e 7 . 2 6
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9
10 // C a l c u l a t i o n s
11 Cp_id = 1-(1/Ag^2);

12 eff_d = Cp/Cp_id;

13 theta = (180/ %pi)*atan ((1/ N_R)*(sqrt(Ag) -1));

14
15 // Re su l t s
16 printf( ’ The e f f i c i e n c y o f a c o n i c a l low speed

d i f f u s e r = %. 3 f ’ ,eff_d);
17 printf( ’ \n The i n c l u d ed ang l e o f the cone = %. 1 f deg

. ’ ,2*theta);
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Chapter 8

Radial Flow Gas Turbines

Scilab code Exa 8.1 Ex 1

1 clear;

2 clc;

3 funcprot (0);

4
5 // g i v en data
6 D2 = 23.76; // d iamete r o f r o t o r i n cm
7 N = 38140; // r o t a t i o n a l speed i n r ev /min
8 alpha2 = 72; // ab s o l u t e f l ow ang l e i n deg
9 d = 0.5*D2;// r o t o r mean e x i t d i amete r

10
11 // C a l c u l t a i o n s
12 U2 = %pi*N*D2 /(100*60);

13 w2 = U2/tan(alpha2*%pi /180);

14 c2 = U2*sin(alpha2*%pi /180);

15 w3 = 2*w2;

16 U3 = 0.5*U2;

17 c3 = sqrt(w3^2 - U3^2);

18 delW = 0.5*(( U2^2 - U3^2)+(w3^2 - w2^2)+(c2^2 - c3

^2));

19 inp_U2 = 0.5*( U2^2 - U3^2)/delW;

20 inp_w2 = 0.5*(w3^2 - w2^2)/delW;
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21 inp_c2 = 0.5*(c2^2 - c3^2)/delW;

22
23 // Re su l t s
24 printf( ’ The f r a c t i o n a l i n pu t s from the t h r e e terms

are , f o r the Uˆ2 terms , %. 3 f ; \n f o r the wˆ2
terms , %. 3 f ; f o r the c ˆ2 terms , %. 3 f . ’ ,inp_U2 ,
inp_w2 ,inp_c2);

25
26 // t h e r e a r e e r r o r s i n the answers g i v en i n t ex tbook

Scilab code Exa 8.2 Ex 2

1 clear;

2 clc;

3 funcprot (0);

4
5 // g i v en data
6 r = 1.5; // op e r a t i n g p r e s s u r e r a t i o
7 K1 = 1.44*10^ -5;

8 K2 = 2410;

9 K3 = 4.59*10^ -6;

10 T01 = 400; // i n K
11 D2 = 72.5; // r o t o r i n l e t d iamete i n mm
12 D3_av = 34.4; // r o t o r meaan o u t l e t d i amete r i n mm
13 b = 20.1; // r o t o r o u t l e t annu lus width i n mm
14 zetaN = 0.065; // en tha lpy l o s s c o e f f i c i e n t
15 alpha2 = 71; // i n deg
16 beta3_av = 53; // i n deg
17 Cp = 1005; // inJ /( kg .K)
18 gamma = 1.4;

19
20 // C a l c u l a t i o n s
21 N = K2*sqrt(T01);

22 U2 = %pi*N*D2 /(60*1000)

23 delW = U2^2;
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24 delh = Cp*T01 *(1 -(1/r)^((gamma -1)/gamma));

25 eff_ts = delW/(delh);

26 delW_act = K3*K2*%pi*T01 /(30* K1);

27 eff_ov = delW_act/delh;

28 zetaR = (2*((1/ eff_ts) -1) - (zetaN/sin(alpha2*%pi

/180)))*((D2/D3_av)^2)*(sin(beta3_av*%pi /180))^2

- (cos(beta3_av*%pi /180))^2;

29 r3 = 0.5*( D3_av -b)*10^ -3;

30 w3_w2av_min = (D3_av/D2)*tan(alpha2*%pi /180) *((2* r3/

D3_av)^2 + (1/tan(beta3_av*%pi /180))^2) ^0.5;

31 w3_w2av = (D3_av/D2)*tan(alpha2*%pi /180) *(1+((1/ tan(

beta3_av*%pi /180))^2))^0.5;

32
33 // Re su l t s
34 printf( ’ The t o t a l−to−s t a t i c e f f i c i e n c y = %. 2 f

p e r c en t a g e . ’ ,eff_ts *100);
35 printf( ’ \n The o v e r a l l e f f i c i e n c y = %. 2 f p e r c en t a g e .

’ ,eff_ov *100);
36 printf( ’ \n The r o t o r en tha lpy l o s s c o e f f i c i e n t = %. 3

f ’ ,zetaR);
37 printf( ’ \n The r o t o r r e l a t i v e v e l o c i t y r a t i o = %. 2 f ’

,w3_w2av);

38
39
40 // t h e r e a r e sma l l e r r o r s i n the answers g i v en i n

t ex tbook

Scilab code Exa 8.3 Ex 3

1 clear;

2 clc;

3 funcprot (0);

4
5 // g i v en data
6 Z = 12; //number o f vanes
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7 delW = 230; // i n kW
8 T01 = 1050; // s t a g n a t i o n t empera tu r e i n K
9 mdot = 1; // f l ow r a t e i n kg/ s

10 eff_ts = 0.81; // t o t a l−to−s t a t i c e f f i c i e n c y
11 Cp = 1.1502; // i n kJ /( kg .K)
12 gamma = 1.333;

13 R = 287; // gas c on s t an t
14
15 // C a l c u l a t i o n s
16 S = delW/(Cp*T01);

17 alpha2 = (180/ %pi)*acos(sqrt (1/Z));

18 beta2 = 2*(90- alpha2);

19 p3_p01 = (1-(S/eff_ts))^(gamma /(1- gamma));

20 M02 = sqrt((S/(gamma -1))*((2* cos(beta2*%pi /180))/(1+

cos(beta2*%pi /180))));

21 M2 = sqrt((M02^2) /(1 -0.5*( gamma -1)*(M02^2)));

22 U2 = sqrt((gamma*R*T01)*(1/ cos(beta2*%pi /180))*(S/(

gamma -1)));

23
24 // Re su l t s
25 printf( ’ ( i ) The ab s o l u t and r e l a t i v e f l ow an g l e s : \ n

a lpha2 = %. 2 f deg \n beta2 = %. 2 f deg ’ ,alpha2 ,
beta2);

26 printf( ’ \n ( i i ) The o v e r a l l p r e s s u r e r a t i o = %. 3 f ’ ,
p3_p01);

27 printf( ’ \n ( i i i ) The r o t o r r i p speed = %. 1 f m/ s \n
The i n l e t a b s o l u t e Mach number = %. 3 f ’ ,U2 ,M2);

28
29
30 // t h e r e a r e sma l l e r r o r s i n the answers g i v en i n

t ex tbook

Scilab code Exa 8.4 Ex 4

1 clear;

44



2 clc;

3 funcprot (0);

4
5 // g i v en data
6 cm3_U2 = 0.25;

7 nu = 0.4;

8 r3s_r2 = 0.7;

9 w3av_w2 = 2.0;

10
11 // C a l c u l a t i o n s
12 r3av_r3s = 0.5*(1+ nu);

13 r3av_r2 = r3av_r3s*r3s_r2;

14 beta3_av = (180/ %pi)*atan(r3av_r2/cm3_U2);

15 beta3s = (180/ %pi)*atan(r3s_r2/cm3_U2);

16 w3s_w2 = 2*cos(beta3_av*%pi /180)/cos(beta3s*%pi /180)

;

17
18 // Re su l t s
19 printf( ’ The r e l a t i v e v e l o c i t y r a t i o = %. 3 f . ’ ,w3s_w2)

;

Scilab code Exa 8.5 Ex 5

1 clear;

2 clc;

3 funcprot (0);

4
5 // g i v en data
6 Z = 12; //number o f vanes
7 delW = 230; // i n kW
8 T01 = 1050; // s t a g n a t i o n t empera tu r e i n K
9 mdot = 1; // f l ow r a t e i n kg/ s

10 eff_ts = 0.81; // t o t a l−to−s t a t i c e f f i c i e n c y
11 Cp = 1.1502; // i n kJ /( kg .K)
12 gamma = 1.333;
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13 R = 287; // gas c on s t an t
14 cm3_U2 = 0.25;

15 nu = 0.4;

16 r3s_r2 = 0.7;

17 w3av_w2 = 2.0;

18 p3 = 100; // s t a t i c p r e s s u r e at r o t o r e x i t i n kPa
19 zetaN = 0.06; // n o z z l e en tha lpy l o s s c o e f f i c i e n t
20 U2 = 538.1; // i n m/ s
21 p01 = 3.109*10^5; // i n Pa
22
23 // C a l c u l a t i o n s
24 S = delW/(Cp*T01);

25 T03 = T01*(1-S);

26 T3 = T03 - (cm3_U2 ^2)*(U2^2) /(2*Cp *1000);

27 r2 = sqrt(mdot /((p3 *1000/(R*T3))*( cm3_U2)*U2*%pi*(

r3s_r2 ^2)*(1-nu^2)));

28 D2 = 2*r2;

29 omega = U2/r2;

30 N = omega *30/ %pi;

31 ctheta2 = S*Cp *1000* T01/U2;

32 alpha2 = (180/ %pi)*acos(sqrt (1/Z));

33 cm2 = ctheta2/tan(alpha2*%pi /180);

34 c2 = ctheta2/sin(alpha2*%pi /180);

35 T2 = T01 - (c2^2) /(2*Cp *1000);

36 p2 = p01 *(1 -(((c2^2) *(1+ zetaN))/(2*Cp *1000* T01)))^(

gamma/(gamma -1));

37 b2_D2 = (0.25/ %pi)*(R*T2/p2)*(mdot/(cm2*r2^2));

38
39 // Re su l t s
40 printf( ’ ( i ) The d iamaet e r o f the r o t o r = %. 4 f m\n

i t s speed o f r o t a t i o n = %. 1 f rad / s (N = %d rev /
min ) ’ ,D2 ,omega ,N);

41 printf( ’ \n ( i i ) The vane width to d i amete r r a t i o at
r o t o r i n l e t = %. 4 f ’ ,b2_D2);

42
43 // t h e r e a r e some e r r o r s i n the answers g i v en i n

t ex tbook
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Scilab code Exa 8.6 Ex 6

1 clear;

2 clc;

3 funcprot (0);

4
5 // g i v en data
6 Z = 12; //number o f vanes
7 delW = 230; // i n kW
8 T01 = 1050; // s t a g n a t i o n t empera tu r e i n K
9 mdot = 1; // f l ow r a t e i n kg/ s

10 eff_ts = 0.81; // t o t a l−to−s t a t i c e f f i c i e n c y
11 Cp = 1.1502; // i n kJ /( kg .K)
12 gamma = 1.333;

13 R = 287; // gas c on s t an t
14 cm3_U2 = 0.25;

15 nu = 0.4;

16 r3s_r2 = 0.7;

17 w3av_w2 = 2.0;

18 p3 = 100; // s t a t i c p r e s s u r e at r o t o r e x i t i n kPa
19 zetaN = 0.06; // n o z z l e en tha lpy l o s s c o e f f i c i e n t
20 U2 = 538.1; // i n m/ s
21 p01 = 3.109*10^5; // i n Pa
22
23 // r e s u l t s o f Example 8 . 4 and Example 8 . 5
24 r3av_r3s = 0.5*(1+ nu);

25 r3av_r2 = r3av_r3s*r3s_r2;

26 alpha2 = (180/ %pi)*acos(sqrt (1/Z));

27 beta2 = 2*(90- alpha2);

28 beta3_av = (180/ %pi)*atan(r3av_r2/cm3_U2);

29 beta3s = (180/ %pi)*atan(r3s_r2/cm3_U2);

30 w3s_w2 = 2*cos(beta3_av*%pi /180)/cos(beta3s*%pi /180)

;

31 S = delW/(Cp*T01);
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32 T03 = T01*(1-S);

33 T3 = T03 - (cm3_U2 ^2)*(U2^2) /(2*Cp *1000);

34 r2 = sqrt(mdot /((p3 *1000/(R*T3))*( cm3_U2)*U2*%pi*(

r3s_r2 ^2)*(1-nu^2)));

35 D2 = 2*r2;

36 omega = U2/r2;

37 N = omega *30/ %pi;

38 ctheta2 = S*Cp *1000* T01/U2;

39 alpha2 = (180/ %pi)*acos(sqrt (1/Z));

40 cm2 = ctheta2/tan(alpha2*%pi /180);

41 c2 = ctheta2/sin(alpha2*%pi /180);

42 T2 = T01 - (c2^2) /(2*Cp *1000);

43 p2 = p01 *(1 -(((c2^2) *(1+ zetaN))/(2*Cp *1000* T01)))^(

gamma/(gamma -1));

44 b2_D2 = (0.25/ %pi)*(R*T2/p2)*(mdot/(cm2*r2^2));

45
46 // C a l c u l a t i o n s
47 c3 = cm3_U2*U2;

48 cm3 = c3;

49 w3_av = 2*cm3/(cos(beta2*%pi /180));

50 w2 = w3_av /2;

51 c0 = sqrt (2* delW *1000/ eff_ts);

52 zetaR = (c0^2 *(1- eff_ts)- (c3^2)- zetaN*(c2^2))/(

w3_av ^2);

53
54 // Re su l t s
55 printf( ’ The r o t o r en tha lpy l o s s c o e f f i c i e n t = %. 4 f ’ ,

zetaR);

56
57 // t h e r e a r e some e r r o r s i n the answers g i v en i n

t ex tbook

48



Chapter 9

Hydraulic Turbines

Scilab code Exa 9.1 Ex 1

1 clear;

2 clc;

3 funcprot (0);

4
5 // g i v en data
6 Q = 2.272; // water volume f l ow r a t e i n mˆ3/ s
7 l = 300; // l e n g t h i n m
8 Hf = 20; // head l o s s i n m
9 f = 0.01; // f r i c t i o n f a c t o r

10 g = 9.81; // a c c e l e r a t i o n due to g r a v i t y i n m/ s ˆ2
11
12 // C a l c u l a t i o n s
13 d = (32*f*l*((Q/%pi)^2)/(g*Hf))^(1/5);

14
15 // Re su l t s
16 printf( ’ The d iamete r o f the p ip e = %. 4 f m’ ,d);

Scilab code Exa 9.2 Ex 2
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1 clear;

2 clc;

3 funcprot (0);

4
5 // g i v en data
6 P = 4.0; // i n MW
7 N = 375; // i n r ev /min
8 H_eps = 200; // i n m
9 KN = 0.98; // n o z z l e v e l o c i t y c o e f f i c i e n t

10 d = 1.5; // i n m
11 k = 0.15; // d e c r e a s e i n r e l a t i v e f l ow v e l o c i t y a c r o s s

the bucke t s
12 alpha = 165; // i n deg
13 g = 9.81; // i n m/ s ˆ2
14 rho = 1000; // i n kg/mˆ3
15
16 // C a l c u l a t i o n s
17 U = N*%pi*d*0.5/30;

18 c1 = KN*sqrt (2*g*H_eps);

19 nu = U/c1;

20 eff = 2*nu*(1-nu)*(1-(1-k)*cos(alpha*%pi /180));

21 Q = (P*10^6 /eff)/(rho*g*H_eps);

22 Aj = Q/(2*c1);

23 dj = sqrt (4*Aj/%pi);

24 omega_sp = (N*%pi /30)*sqrt((P*10^6)/rho)/((g*H_eps)

^(5/4));

25
26 // Re su l t s
27 printf( ’ ( i ) The runner e f f i c i e n c y = %. 4 f ’ ,eff);
28 printf( ’ \n ( i i ) The d iamete r o f each j e t = %. 4 f m’ ,dj

);

29 printf( ’ \n ( i i i ) The power s p e c i f i c speed = %. 3 f rad ’
,omega_sp);

Scilab code Exa 9.3 Ex 3
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1 clear;

2 clc;

3 funcprot (0);

4
5 // g i v en data
6 H_eps = 150; // i n m
7 z = 2; // i n m
8 U2 = 35; // runner t i p speed in m/ s
9 c3 = 10.5; // mer idona l v e l o c i t y o f water i n m/ s

10 c4 = 3.5; // v e l o c i t y at e x i t i n m/ s
11 delHN = 6.0; // i n m
12 delHR = 10.0; // i n m
13 delHDT = 1.0; // i n m
14 g = 9.81; // i n m/ s ˆ2
15 Q = 20; // i n mˆ3/ s
16 omega_sp = 0.8; // s p e c i f i c speed o f t u r b i n e i n rad
17 c2 = 38.73; // i n m/ s
18
19 // C a l c u l a t i o n s
20 H3 = ((c4^2 - c3^2) /(2*g)) + delHDT - z;

21 H2 = H_eps -delHN -(c2^2) /(2*g);

22 delW = g*(H_eps -delHN -delHR -z) -0.5*c3^2 -g*H3;

23 ctheta2 = delW/U2;

24 alpha2 = (180/ %pi)*atan(ctheta2/c3);

25 beta2 = (180/ %pi)*atan((ctheta2 -U2)/c3);

26 eff_H = delW/(g*H_eps);

27 omega = (omega_sp *(g*H_eps)^(5/4))/sqrt(Q*delW);

28 N = omega *30/ %pi;

29 D2 = 2*U2/omega;

30
31 // Re su l t s
32 printf( ’ \n ( i )The s p e c i f i c work = %. 1 f mˆ2/ s ˆ2\n The

hyd r a u l i c e f f i c i e n c y o f the t u r b i n e = %. 4 f ’ ,delW ,
eff_H);

33 printf( ’ \n ( i i ) The a b s o l u t e v e l o c i t y at runner entry
, c2 = %. 2 f m/ s ’ ,c2);

34 printf( ’ \n ( i i i ) The p r e s s u r e head H3 r e l a t i v e to the
t r a i l r a c e = %. 1 f m\n The p r e s s u r e head H2 at e x i t
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from the runner = %. 2 f m’ ,H3 ,H2);
35 printf( ’ \n ( i v )The a b s o l u t e and r e l a t i v e f l ow an g l e s

at runner i n l e t : \ n a lpha2 = %. 1 f deg \n beta2 = %
. 2 f deg ’ ,alpha2 ,beta2);

36 printf( ’ \n ( v )The speed o f r o t a t i o n , N = %d rev /min ’ ,
N);

37 printf( ’ \n The runner d i amete r i s , D2 = %. 3 f m’ ,D2);
38
39
40 // t h e r e a r e sma l l e r r o r s i n the answers g i v en i n

t ex tbook

Scilab code Exa 9.4 Ex 4

1 clear;

2 clc;

3 funcprot (0);

4
5 // f u n c t i o n to c a l c u l a t e f l ow an g l e s
6 function [alpha2 ,beta2 ,beta3] =fun(r,N,cx2 ,ctheta2)

7 alpha2 = (180/ %pi)*atan(ctheta2/cx2);

8 beta2 = (180/ %pi)*atan((U2)*(r)/cx2 - tan(alpha2

*%pi /180));

9 beta3 = (180/ %pi)*atan((U2)*r/cx2) ;

10 endfunction

11
12 // g i v en data
13 P = 8; // output power i n MW
14 HE = 13.4; // a v a i l a b l e head at en t ry i n m
15 N = 200; // i n r ev /min
16 L = 1.6; // l e n g t h o f i n l e t gu ide vanes
17 d1 = 3.1; // d iamete r o f t r a i l i n g edge i n m
18 D2t = 2.9; // runner d i amete r i n m
19 nu = 0.4; //hub−t i p r a t i o
20 eff = 0.92; // h yd r a u l i c e f f i c i e n c y
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21 rho = 1000; // d e n s i t y i n kg/mˆ3
22 g = 9.81; // a c c e l e r a t i o n due to g r a v i t y i n m/ s ˆ2
23
24 // C a l c u l a t i o n s
25 Q = P*10^6 /(eff*rho*g*HE);

26 cr1 = Q/(2* %pi *0.5* d1*L);

27 cx2 = 4*Q/(%pi*D2t^2 *(1-nu^2));

28 U2 = N*(%pi /30)*D2t/2;

29 ctheta2 = eff*g*HE/U2;

30 ctheta1 = ctheta2 *(D2t/d1);

31 alpha1 = (180/ %pi)*atan(ctheta1/cr1);

32
33 // c a l c u l a t i n g f l ow ang l e f o r d i f f r e n t r a d i i
34 [alpha21 ,beta21 ,beta31] = fun(1.0,U2 ,cx2 ,ctheta2);

35 [alpha22 ,beta22 ,beta32] = fun(0.7,U2 ,cx2 ,ctheta2

/0.7);

36 [alpha23 ,beta23 ,beta33] = fun(0.4,U2 ,cx2 ,ctheta2

/0.4);

37
38 // Re su l t s
39 printf( ’ Ca l c u l a t e d v a l u e s o f f l ow an g l e s : \ n

Parameter Rat io o f r
/ r i ’ );

40 printf( ’ \n
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
’ );

41 printf( ’ \n 0 . 4 0 . 7
1 . 0 ’ );

42 printf( ’ \n
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−− ’ );

43 printf( ’ \n c th e t a 2 ( i n m/ s ) %. 3 f %. 3 f
%. 3 f ’ ,ctheta2 /0.4, ctheta2 /0.7, ctheta2

/1.0);

44 printf( ’ \n tan ( a lpha2 ) %. 3 f %. 4 f
%. 3 f ’ ,tan(alpha23*%pi /180),tan(alpha22

*%pi /180),tan(alpha21*%pi /180));

45 printf( ’ \n a lpha2 ( deg ) %. 2 f %. 2 f
%. 2 f ’ ,alpha23 ,alpha22 ,alpha21);
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46 printf( ’ \n U/ cx2 %. 3 f %. 4 f
%. 3 f ’ ,(U2/cx2)*0.4,(U2/cx2)*0.7,(U2/

cx2)*1.0);

47 printf( ’ \n beta2 ( deg ) %. 2 f %. 2 f
%. 2 f ’ ,beta23 ,beta22 ,beta21);

48 printf( ’ \n beta3 ( deg ) %. 2 f %. 2 f
%. 2 f ’ ,beta33 ,beta32 ,beta31);

49 printf( ’ \n
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
’ );

Scilab code Exa 9.5 Ex 5

1 clear;

2 clc;

3 funcprot (0);

4
5 // g i v en data
6 k = 1/5; // s c a l e r a t i o
7 Pm = 3; // i n kW
8 Hm = 1.8; // i n m
9 Nm = 360; // i n r ev /min

10 Qm = 0.215; // i n mˆ3/ s
11 Hp = 60; // i n m
12 n = 0.25;

13 rho = 1000; // i n kg/mˆ3
14 g = 9.81; // i n m/ s ˆ2
15
16 // C a l c u l a t i o n s
17 Np = Nm*k*(Hp/Hm)^0.5;

18 Qp = Qm*(Nm/Np)*(1/k)^3;

19 Pp = Pm*((Np/Nm)^3) *(1/k)^5;

20 eff_m = Pm *1000/( rho*Qm*g*Hm);

21 eff_p = 1 - (1-eff_m)*0.2^n;

22 Pp_corrected = Pp*eff_p/eff_m;
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23
24 // Re su l t s
25 printf( ’ The speed = %. 1 f r ev /min . ’ ,Np);
26 printf( ’ \n The f l ow r a t e = %. 2 f mˆ3/ s . ’ ,Qp);
27 printf( ’ \n Power o f the f u l l −s c a l e = %. 2 f MW. ’ ,Pp

/1000);

28 printf( ’ \n The e f f i c i e n c y o f the model t u r b i n e = %. 2
f . ’ ,eff_m);

29 printf( ’ \n The e f f i c i e n c y o f the p r o t o type = %. 4 f . ’ ,
eff_p);

30 printf( ’ \n The power o f the f u l l −s i z e t u r b i n e = %. 1 f
MW. ’ ,Pp_corrected /1000);

31
32 // t h e r e a r e e r r o r s i n the answer g i v en i n t ex tbook

Scilab code Exa 9.6 Ex 6

1 clear;

2 clc;

3 funcprot (0);

4
5 // g i v en data
6 // data from EXAMPLE 9 . 3
7 H_eps = 150; // i n m
8 z = 2; // i n m
9 U2 = 35; // runner t i p speed in m/ s

10 c3 = 10.5; // mer idona l v e l o c i t y o f water i n m/ s
11 c4 = 3.5; // v e l o c i t y at e x i t i n m/ s
12 delHN = 6.0; // i n m
13 delHR = 10.0; // i n m
14 delHDT = 1.0; // i n m
15 g = 9.81; // i n m/ s ˆ2
16 Q = 20; // i n mˆ3/ s
17 omega_sp = 0.8; // s p e c i f i c speed o f t u r b i n e i n rad
18 c2 = 38.73; // i n m/ s
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19
20 // data from t h i s example
21 Pa = 1.013; // a tmosphe r i c p r e s s u r e i n bar
22 Tw = 25; // t empera tu r e o f water i n degC
23 Pv = 0.03166; // vapor p r e s s u r e o f water at Tw
24 rho = 1000; // d e n s i t y o f wate i n kg/mˆ3
25 g = 9.81; // a c c e l e r a t i o n due to g r a v i t y i n m/ s ˆ2
26
27 H3 = ((c4^2 - c3^2) /(2*g)) + delHDT - z;

28 H2 = H_eps -delHN -(c2^2) /(2*g);

29 delW = g*(H_eps -delHN -delHR -z) -0.5*c3^2 -g*H3;

30 ctheta2 = delW/U2;

31 alpha2 = (180/ %pi)*atan(ctheta2/c3);

32 beta2 = (180/ %pi)*atan((ctheta2 -U2)/c3);

33 eff_H = delW/(g*H_eps);

34 omega = (omega_sp *(g*H_eps)^(5/4))/sqrt(Q*delW);

35
36 Hs = (Pa-Pv)*(10^5) /(rho*g) - z;

37 sigma = Hs/H_eps;

38 omega_ss = omega *(Q^0.5)/(g*Hs)^(3/4);

39
40 // Re su l t s
41 printf( ’ The NSPH f o r the t u r b i n e = %. 3 f m. ’ ,Hs);
42 if omega_ss >4.0 then

43 printf( ’ \n S i n c e the s u c t i o n s p e c i f i c speed (= %
. 4 f . ) i s g r e a t e r than 4 . 0 ( rad ) , the c a v i t a t i o n
i s l i k e l y to oc cu r . ’ ,omega_ss);

44 end

45
46 // t h e r e i s sma l l e r r o r i n the answer g i v en i n

t ex tbook

Scilab code Exa 9.7 Ex 7

1 clear;
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2 clc;

3 funcprot (0);

4
5 // g i v en data
6 P = 600; // power i n kW
7 Cp = 0.3; // power c o e f f i c i e n t
8 D = 16; // d iamete r i n m
9 rho = 1025; // d e n s i t y i n kg/mˆ3

10
11 // C a l c u l a t i o n s
12 cx1 = ((P*1000) /(0.5* rho *0.25* %pi*(D^2)*Cp))^(1/3);

13 Ut = (14/30)*%pi *0.5*D;

14 J = Ut/cx1;

15
16 // Re su l t s
17 printf( ’ The minimum f l ow speed o f the water = %. 2 f m

/ s . ’ ,cx1);
18 printf( ’ \n The b l ade t ip−speed r a t i o ( when f u l l

power i s r eached ) = %. 2 f ’ ,J);

57



Chapter 10

Wind Turbines

Scilab code Exa 10.2 Ex 2

1 clear;

2 clc;

3 funcprot (0);

4
5 // g i v en data
6 a_ = 1/3;

7
8 // C a l c u l a t i o n s
9 R2_R1 = 1/(1-a_)^0.5;

10 R3_R1 = 1/(1 -2*a_)^0.5;

11 R3_R2 = ((1-a_)/(1-2*a_))^0.5;

12
13 // Re su l t s
14 printf( ’R2/R1 = %. 3 f \n R3/R1 = %. 3 f \n R3/R2 = %. 3 f ’ ,

R2_R1 ,R3_R1 ,R3_R2);

Scilab code Exa 10.3 Ex 3
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1 clear;

2 clc;

3 funcprot (0);

4
5 // g i v en data
6 d = 30; // t i p d i amete r i n m
7 cx1 = 7.5; // i n m/ s
8 cx2 = 10; // i n m/ s
9 rho = 1.2; // i n kg/mˆ3

10 a_ = 1/3;

11
12 // C a l c u l a t i o n s
13 P1 = 2*a_*rho*(%pi *0.25*d^2)*(cx1 ^3)*(1-a_)^2;

14 P2 = 2*a_*rho*(%pi *0.25*d^2)*(cx2 ^3)*(1-a_)^2;

15
16
17 // Re su l t s
18 printf( ’ ( i ) With cx1 = %. 1 f m/ s , P = %d kW. ’ ,cx1 ,P1

/1000);

19 printf( ’ \n ( i i ) With cx1 = %d m/s , P = %. 1 f kW. ’ ,cx2 ,
P2 /1000);

Scilab code Exa 10.4 Ex 4

1 clear;

2 clc;

3 funcprot (0);

4
5 // g i v en data
6 P = 20; // power r e q u i r e d i n kW
7 cx1 = 7.5; // s t eady wind speed i n m/ s
8 rho = 1.2; // d e n s i t y i n kg/mˆ3
9 Cp = 0.35;

10 eta_g = 0.75; // output e l e c t r i c a l power
11 eff_d = 0.85; // e l e c t r i c a l g e n e r a t i o n e f f i c i e n c y
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12
13 // C a l c u l a t i o n s
14 A2 = 2*P*1000/( rho*Cp*eta_g*eff_d*cx1^3);

15 D2 = sqrt (4*A2/%pi);

16
17 // Re su l t s
18 printf( ’ The d iamete r = %. 1 f m. ’ ,D2);

Scilab code Exa 10.5 Ex 5

1 clear;

2 clc;

3 funcprot (0);

4
5 // g i v en data
6 Z = 3; //number o f b l a d e s
7 D = 30; // r o t o r d i amete r i n m
8 J = 5.0; // t ip−speed r a t i o
9 l = 1.0; // b l ade chord i n m

10 r_R = 0.9; // r a t i o
11 beta = 2; // p i t c h ang l e i n deg
12
13 // C a l c u l a t i o n s
14 // i t e r a t i n g to ge t v a l u e s o f i n du c t i o n f a c t o r s
15 a = 0.0001; // i n i t a l gu e s s
16 a_ = 0.0001; // i n i t a l gu e s s
17 a_new = 0.0002; // i n i t a l gu e s s
18 i = 0;

19 while (a_~= a_new)

20 phi = (180/ %pi)*atan ((1/( r_R*J))*((1-a)/(1-a_)));

21 alpha = phi -beta;

22 CL = 0.1* alpha;

23 lamda = (Z*l*CL)/(8* %pi *0.5* r_R*D);

24 a = 1/(1+(1/ lamda)*sin(phi*%pi /180)*tan(phi*%pi

/180));
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25 a_new = 1/((1/ lamda)*cos(phi*%pi /180) -1);

26 if a_ < a_new

27 a_ = a_ + 0.0001;

28 elseif a_ > a_new

29 a_ = a_ - 0.0001;

30 end

31 if (abs((a_-a_new)/a_new) < 0.1) then

32 break;

33 end

34 i = i+1;

35 end

36
37 // Re su l t s
38 printf( ’ Ax i a l i n du c t i o n f a c t o r , a = %. 4 f ’ ,a);
39 printf( ’ \n Tangen t i a l i n du c t i o n f a c t o r = %. 5 f ’ ,a_new

);

40 printf( ’ \n ph i = %. 3 f deg . ’ ,phi);
41 printf( ’ \n L i f t c o e f f i c i e n t = %. 3 f . ’ ,CL);
42
43 //The answers g i v en i n t ex tbook a r e wrong

Scilab code Exa 10.6 Ex 6

1 clear;

2 clc;

3 funcprot (0);

4
5 // g i v en data
6 D = 30; // t i p d i amete r i n m
7 CL = 0.8; // l i f t c o e f f i c i e n t
8 J = 5.0;

9 l = 1.0; // chord l e n g t h i n m
10 Z = 3; //number o f b l a d e s
11 r_R = [0.2 0.3 0.4 0.6 0.8 0.9 0.95 1.0];

12 n = 8;
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13 // C a l c u l a t i o n s
14 // i t e r a t i n g to ge t v a l u e s o f i n du c t i o n f a c t o r s
15 a = 0.1; // i n i t a l gu e s s
16 anew = 0;

17 a_ = 0.006; // i n i t a l gu e s s
18 a_new = 0.0; // i n i t a l gu e s s
19 for i = 1:n

20 while (a_~= a_new)

21 lamda = (Z*l*CL)/(8* %pi *0.5* r_R(i)*D);

22 phi = (180/ %pi)*atan ((1/( r_R(i)*J))*((1-a)

/(1-a_)));

23 a = 1/(1+(1/ lamda)*sin(phi*%pi /180)*tan(phi*

%pi /180));

24 a_new = 1/((1/ lamda)*cos(phi*%pi /180) -1);

25 alpha = CL/0.1;

26 beta = phi -alpha;

27 if a_ < a_new

28 a_ = a_ + 0.0001;

29 elseif a_ > a_new

30 a_ = a_ - 0.0001;

31 end

32 if (abs((a_-a_new)/a_new) < 0.01) then

33 break;

34 end

35 end

36 p(i) = phi;b(i) = beta;a1(i) = a;a2(i) = a_new;

37 end

38
39 // Re su l t s
40 printf( ’ Summary o f r e s u l t s o f i t e r a t i o n s (N.B . CL =

0 . 8 a l ong the span ) ’ );
41 printf( ’ \n

−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
’ );

42 printf( ’ \n r /R %. 1 f %. 1 f %. 1 f
%. 1 f %. 1 f %. 1 f %. 2 f %. 1 f ’
,r_R(1),r_R (2),r_R(3),r_R(4),r_R (5),r_R(6),r_R(7)

,r_R(8));
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43 printf( ’ \n
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
’ );

44 printf( ’ \n ph i %. 2 f %. 2 f %. 2 f %. 2 f
%. 2 f %. 2 f %. 2 f %. 3 f ’ ,p(1),p(2),p

(3),p(4),p(5),p(6),p(7),p(8));

45 printf( ’ \n beta %. 2 f %. 2 f %. 2 f %. 2 f
%. 2 f %. 2 f %. 2 f %. 2 f ’ ,b(1),b(2)

,b(3),b(4),b(5),b(6),b(7),b(8));

46 printf( ’ \n a %. 4 f %. 5 f %. 5 f %. 4 f %. 4 f
%. 4 f %. 4 f %. 4 f ’ ,a1(1),a1(2),a1(3),a1(4)

,a1(5),a1(6),a1(7),a1(8));

47 printf( ’ \n a ‘ %. 5 f %. 5 f %. 5 f %. 5 f %. 5 f
%. 5 f %. 5 f %. 5 f ’ ,a2(1),a2(2),a2(3),a2(4),a2

(5),a2(6),a2(7),a2(8));

48 printf( ’ \n
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
’ );

49
50 // t h e r e a r e some e r r o r s i n the answers g i v en i n

t ex tbook

Scilab code Exa 10.7 Ex 7

1 clear;

2 clc;

3 funcprot (0);

4
5 // g i v en data
6 // data from Exampla 10 . 5
7 Z = 3; //number o f b l a d e s
8 D = 30; // r o t o r d i amete r i n m
9 J = 5.0; // t ip−speed r a t i o

10 l = 1.0; // b l ade chord i n m
11 beta = 2; // p i t c h ang l e i n deg
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12 omega = 2.5; // i n rad / s
13
14 rho = 1.2; // d e n s i t y i n kg/mˆ3
15 cx1 = 7.5; // i n m/ s
16 sum_var1 = 6.9682; // from Table 1 0 . 3
17 sum_var2 = 47.509*10^ -3; // from Table 1 0 . 4
18
19 // C a l c u l a t i o n s
20 X = sum_var1 *0.5* rho*Z*l*0.5*D*cx1 ^2;

21 tau = sum_var2 *0.5* rho*Z*l*(omega ^2) *(0.5*D)^4;

22 P = tau*omega;

23 A2 = 0.25* %pi*D^2;

24 P0 = 0.5* rho*A2*cx1^3;

25 Cp = P/P0;

26 zeta = (27/16)*Cp;

27
28 // Re su l t s
29 printf( ’ The t o t a l a x i a l f o r c e = %d N. ’ ,X);
30 printf( ’ \n The to rque = %. 3 f ∗10ˆ3 Nm. ’ ,tau /1000);
31 printf( ’ \n The power deve l oped = %. 3 f kW. ’ ,P/1000);
32 printf( ’ \n The power c o e f f i c i e n t = %. 3 f ’ ,Cp);
33 printf( ’ \n The r e l a t i v e power c o e f f i c i e n t = %. 3 f ’ ,

zeta);

Scilab code Exa 10.8 Ex 8

1 clear;

2 clc;

3 funcprot (0);

4
5 // g i v en data
6 X = 10583; // i n N
7 D = 30; // r o t o r d i amete r i n m
8 Cx = X/23856;

9 rho = 1.2; // d e n s i t y i n kg/mˆ3
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10 cx1 = 7.5; // i n m/ s
11
12 // s l o v i n g quad r a t i c e qau t i on
13 a = 0; // i n i t a l gu e s s
14 res = 1;

15 i = 0;

16 while (res ~=0)

17 res = a*(1-a) - Cx/4;

18 if (res >0) then

19 a = a -0.001;

20 elseif (res <0)

21 a = a+0.001;

22 end

23 if abs(res) <0.0001

24 break;

25 end

26 end

27 A2 = 0.25* %pi*D^2

28 P = 2*rho*A2*(cx1^3)*a*(1-a)^2;

29
30 // Re su l t s
31 printf( ’P = %. 3 f kW. ’ ,P/1000);
32
33 // t h e r e i s sma l l e r r o r i n the answer g i v en i n

t ex tbook

Scilab code Exa 10.9 Ex 9

1 clear;

2 clc;

3 funcprot (0);

4
5 // g i v en data
6 // data from Exampla 10 . 5
7 Z = 3; //number o f b l a d e s
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8 D = 30; // r o t o r d i amete r i n m
9 J = 5.0; // t ip−speed r a t i o

10 l = 1.0; // b l ade chord i n m
11 beta = 1.59; // p i t c h ang l e i n deg
12 omega = 2.5; // i n rad / s
13 rho = 1.2; // d e n s i t y i n kg/mˆ3
14 cx1 = 7.5; // i n m/ s
15 c1 = 1518.8; // from Ex 10 . 6
16 c2 = 0.5695*10^6;

17 P0 = 178.96; //Power deve l oped i n kW from Ex 10 . 7
18 X1 = 10582; // Tota l a x i a l f o r c e i n N from Ex 10 . 7
19 Cp1 = 0.378; //Power c o e f f i c i e n t from Ex 10 . 7
20 zeta1 = 0.638; // r e k a t i v e power c o e f f i c i e n t from Ex

10 . 7
21
22 // C a l c u l a t i o n s
23 r_R = 0.25:0.1:0.95;

24 b = [28.4;19.49;13.80;9.90;7.017;4.900;3.00;1.59];

25 //b =
[ 2 7 . 2 9 8 5 ; 1 7 . 8 1 3 7 ; 1 1 . 8 2 3 1 ; 7 . 8 1 7 6 ; 4 . 9 9 7 2 ; 3 . 0 5 1 1 ; 1 . 6 4 7 6 ; 1 . 5 9 ] ;

26 for j = 1:8

27 i = 1;

28 atemp = 0; a_temp = 0;

29 while i>0, i = i+1;

30 f = (2/%pi)*acos(exp(-0.5*Z*(1-r_R(j))*(1+J

^2) ^0.5));

31 phi = (180/ %pi)*atan ((1/(J*r_R(j)))*((1-

atemp)/(1+ a_temp)));

32 CL = (phi -b(j))/10;

33 lamda = f/(63.32/ CL);

34 anew = (lamda*cos(phi*%pi /180) /( lamda*cos(

phi*%pi /180)+f*(sin(phi*%pi /180))^2));

35 if atemp <anew then

36 atemp = atemp +0.0001;

37 elseif atemp >anew

38 atemp = atemp -0.0001;

39 end
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40 if (abs((atemp -anew)/anew) < 0.001) then

41 break;

42 end

43 end

44 F(j) = f;

45 ph(j) = phi;

46 cl(j) = CL;

47 a(j) = anew;

48 Var1(j) = ((1-anew)/sin(phi*%pi /180))^2 *cos(phi

*%pi /180)*CL*0.1;

49 // a ( j ) = lamda /(F∗ co s ( ph i ∗%pi /180)−lamda ) ;
50 // p r i n t f ( ’ r R = %. 2 f , F = %. 4 f , a = %. 4 f , ph i = %. 4 f

\n ’ , r R ( j ) ,F( j ) , a ( j ) , ph ( j ) ) ;
51 end

52
53 for k = 1:8

54 lam(k) = F(k)*cl(k)/63.32;

55 a_new(k) = lam(k)/(F(k)*cos(ph(k)*%pi /180)-lam(k

));

56 Var2(k) = ((1+ a_new(k))/cos(phi*%pi /180))^2 *(

r_R(k))^3 *cl(k)*sin(ph(k)*%pi /180) *0.1;

57 end

58 X = c1*sum(Var1 (1:8));

59 sum_Var2 = 40.707*10^ -3;

60 tau = c2*sum(Var2 (1:8));

61 P = tau*omega;

62 Cp = P/(P0 *1000);

63 zeta = (26/17)*Cp;

64
65 // Re su l t s
66 printf( ’ Summary o f R e s u l t s : ’ );
67 printf( ’ \n

−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
’ );

68 printf( ’ \n Ax ia l f o r c e ,
kN Power , kW Cp
z e t a ’ );

69 printf( ’ \n
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−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
’ );

70 printf( ’ \n Without t i p c o r r e c t i o n %. 3 f
%. 2 f %. 3 f %

. 3 f ’ ,X1/1000,P0*Cp1 ,Cp1 ,zeta1);
71 printf( ’ \n With t i p c o r r e c t i o n %. 3 f

%. 2 f %. 3 f
%. 3 f ’ ,X/1000,P/1000 ,Cp,zeta);

72 printf( ’ \n
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
’ );

73
74 // There a r e e r r o r s i n the answers g i v en i n t ex tbook

Scilab code Exa 10.10 Ex 10

1 clear;

2 clc;

3 funcprot (0);

4
5 // f u n c t i o n to c a l c u l a t e v a l u e s o f b l ade chord and

r a d i u s ( optimum c o n d i t i o n s )
6 function [j,lamda ,r,l] = fun(phi)

7 lamda = 1-cos(phi*%pi /180);

8 j = sin(phi*%pi /180) *(2* cos(phi*%pi /180) -1)

/(1+2* cos(phi*%pi /180))/(lamda);

9 r = 3*j;

10 l = 8*%pi*j*lamda;

11 endfunction

12
13 // g i v en data
14 D = 30; // t i p d i amete r i n m
15 J = 5.0; // t ip−speed r a t i o
16 Z = 3; // i n m
17 CL = 1.0;
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18
19 // C a l c u l a t i o n s
20 phi1 = 30; // i n deg
21 phi2 = 20; // i n deg
22 phi3 = 15; // i n deg
23 phi4 = 10; // i n deg
24 phi5 = 7.556; // i n deg
25 // Values o f b l ade chord and r a d i u s ( optimum

c o n d i t i o n s )
26 [j1 ,lamda1 ,r1 ,l1] = fun(phi1);

27 [j2 ,lamda2 ,r2 ,l2] = fun(phi2);

28 [j3 ,lamda3 ,r3 ,l3] = fun(phi3);

29 [j4 ,lamda4 ,r4 ,l4] = fun(phi4);

30 [j5 ,lamda5 ,r5 ,l5] = fun(phi5);

31
32 printf( ’ Va lues o f b l ade chord and r a d i u s ( optimum

c o n d i t i o n s ) : ’ );
33 printf( ’ \n

−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
’ );

34 printf( ’ \n ph i ( deg ) j 4 f lamda
r (m) l (m) ’ );

35 printf( ’ \n
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
’ );

36 printf( ’ \n %d %. 2 f %. 3 f %
. 1 f %. 3 f ’ ,phi1 ,j1 ,4*j1*lamda1 ,r1 ,l1)
;

37 printf( ’ \n %d %. 2 f %. 3 f %
. 2 f %. 3 f ’ ,phi2 ,j2 ,4*j2*lamda2 ,r2 ,l2);

38 printf( ’ \n %d %. 2 f %. 3 f %
. 2 f %. 3 f ’ ,phi3 ,j3 ,4*j3*lamda3 ,r3 ,l3);

39 printf( ’ \n %d %. 3 f %. 4 f %. 1
f %. 3 f ’ ,phi4 ,j4 ,4*j4*lamda4 ,r4 ,l4);

40 printf( ’ \n %. 3 f %d %. 4 f
%d %. 3 f ’ ,phi5 ,ceil(j5) ,4*j5*lamda5 ,
ceil(r5),l5);

41 printf( ’ \n
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−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
’ );

42
43 l_R = [l1 ,l2,l3,l4 ,l5 ]/(0.5*D);

44 r_R = [r1 ,r2,r3,r4 ,r5 ]/(0.5*D);

45 plot(r_R ,l_R);

46 xlabel(” r /R”, ’ f o n t s i z e ’ ,3);
47 ylabel(” l /R”, ’ f o n t s i z e ’ ,3);
48 title(”Optimal v a r i a t i o n o f chord l e n g t h with r a d i u s

”, ’ f o n t s i z e ’ ,3);
49
50 // t h e r e a r e very sma l l e r r o r s i n the a n s e r s g i v en i n

t ex tbook
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