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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

compressible flow some history
and introductory thoughts

Scilab code Exa 1.1 Fractional change in pressure

1 clc

2 // Example 1 . 1 . py
3 // Cons ide r the low−speed f l o w o f a i r ove r an

a i r p l a n e wing at s tandard
4 // s ea l e v e l c o n d i t i o n s the f r e e−s t ream v e l o c i t y f a r

ahead o f the wing
5 // i s 100 mi/h . The f l o w a c c e l e r a t e s ove r the wing ,

r e a c h i n g a maximum
6 // v e l o c i t y o f 150 mi/h at some p o i n t on the wing .

What i s the p e r c e n t a g e
7 // p r e s s u r e change between t h i s p o i n t and the f r e e

st ream //
8

9

10 // V a r i a b l e d e c l a r a t i o n
11 rho = 0.002377 // d e n s i t y at s ea l e v e l ( s l u g / f t

ˆ3)
12 p_1 = 2116.0 // p r e s s u r e at s ea l e v e l ( l b / f t

ˆ2)
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13 v_1 = 100.0 // v e l o c i t y f a r ahead o f the wing
( mi/h )

14 v_2 = 150.0 // v e l o c i t y at some p o i n t on the
wing ( mi/h )

15

16 // C a l c u l a t i o n s
17

18 u_1 = v_1 * 88.0/60.0 // c o n v e r t i n g v 1 i n f t / s
19 u_2 = v_2 * 88.0/60.0 // c o n v e r t i n g v 2 i n f t / s
20

21 delP = 0.5* rho*(u_2*u_2 - u_1*u_1) // p 1 − p 2 from
B e r n o u l l i ’ s e q u a t i o n

22 fracP = delP/p_1 // f r a c t i o n a l change i n p r e s s u r e
with r e s p e c t to f r e e s t r e a m

23

24 // R e s u l t
25 printf(”\n F r a c t i o n a l change i n p r e s s u r e i s %. 3 f or

%. 1 f p e r c e n t ”, fracP , fracP *100)

Scilab code Exa 1.2 Total mass stored

1 clc

2 // Example 1 . 2 . py
3 // A p r e s s u r e v e s s e l tha t has a volume o f 10 mˆ3 i s

used to s t o r e h igh
4 // p r e s s u r e a i r f o r o p e r a t i n g a s u p e r s o n i c wind

t u n n e l . I f the a i r p r e s s u r e
5 // and tempera tu r e i n s i d e the v e s s e l a r e 20 atm and

300 K, r e s p e c t i v e l y ,
6 // what i s the mass o f a i r s t o r e d i n the v e s s e l //
7

8 // V a r i a b l e d e c l a r a t i o n
9 V = 10 // volume o f v e s s e l (mˆ3)

10 p = 20.0 // p r e s s u r e ( atm )
11 T = 300 // t empera tu r e (K)
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12

13 R = 287.0 // gas c o n s t a n t ( J/Kg/K)
14

15 // C a l c u l a t i o n s
16 p = p * 101000.0 // u n i t s c o n v e r s i o n to N/mˆ2
17 rho = p/R/T // from i d e a l gas e q u a t i o n o f

s t a t e
18 m = V * rho // t o t a l mass volume ∗ d e n s i t y
19

20

21 // R e s u l t
22 printf(”\n Tota l mass s t o r e d i s %. 1 f Kg”, m)

Scilab code Exa 1.3 Isothermal compressibility for air

1 clc

2 // Example 1 . 3 . py
3 // C a l c u l a t e the i s o t h e r m a l c o m p r e s s i b i l i t y f o r a i r

a t a p r e s s u r e o f 0 . 5 atm .
4

5 // V a r i a b l e d e c l a r a t i o n
6 p = 0.5 // p r e s s u r e ( atm )
7 p_si = 0.5*101325 // p r e s s u r e (N/mˆ2)
8 p_eng = 0.5*2116 // p r e s s u r e ( l b / f t ˆ2)
9

10 // C a l c u l a t i o n s
11 tau_atm = 1/p // i s o t h e r m a l c o m p r e s s i b i l i t y i n

atmˆ−1
12 tau_si = 1/p_si // i s o t h e r m a l c o m p r e s s i b i l i t y i n

mˆ2/N
13 tau_eng = 1/ p_eng // i s o t h e r m a l c o m p r e s s i b i l i t y i n

f t ˆ2/ l b
14

15 // R e s u l t
16 printf(”\n I s o t h e r m a l c o m p r e s s i b i l i t y f o r a i r a t %. 1
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f atm i s %. 2 f atmˆ−1 or %. 2 e mˆ2/N or %. 2 e f t ˆ2/
l b ”, p, tau_atm , tau_si , tau_eng)

Scilab code Exa 1.4 Total internal energy

1 clc

2 // Example 1 . 4 . py
3 // For t h r e p r e s s u r e v e s s e l i n Example 1 . 2 ,

c a l c u l a t e the t o t a l i n t e r n a l
4 // ene rgy o f the gas s t o r e d i n the v e s s e l .
5

6 // V a r i a b l e d e c l a r a t i o n from example 1 . 2
7 V = 10 // volume o f v e s s e l (mˆ3)
8 p = 20.0 // p r e s s u r e ( atm )
9 T = 300 // t empera tu r e ( Ke lv in )

10

11 R = 287.0 // gas c o n s t a n t ( J/Kg/K)
12 gamma1 = 1.4 // r a t i o o f s p e c i f i c h e a t s f o r

a i r
13

14 // C a l c u l a t i o n s
15 cv = R / (gamma1 -1) // s p e c i f i c heat c a p a c i t y at

c o n s t a n t volume ( J/Kg K)
16 e = cv * T // i n t e r n a l ene rgy per Kg ( J/Kg)
17 p = p * 101000.0 // u n i t s c o n v e r s i o n to N/mˆ2
18 rho = p/R/T // from i d e a l gas e q u a t i o n o f

s t a t e (Kg/mˆ3)
19 m = V * rho // t o t a l mass = volume ∗ d e n s i t y

(Kg)
20 E = m*e // t o t a l ene rgy i n J
21

22 // R e s u l t
23 printf(”\n Tota l i n t e r n a l ene rgy i s %. 2 e J”, E)
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Scilab code Exa 1.5 Total change in entropy

1 clc

2 // Example 1 . 5 . py
3 // Cons ide r the a i r i n the p r e s s u r e v e s s e l i n

Example 1 . 2 . Let us now heat
4 // the gas i n the v e s s e l . Enough heat i s added to

i n c r e a s e the t empera tu r e
5 // to 600 K. C a l c u l a t e the change i n ent ropy o f the

a i r i n s i d e the v e s s e l .
6

7 // V a r i a b l e d e c l a r a t i o n from example 1 . 2
8 V = 10 // volume o f v e s s e l (mˆ3)
9 p = 20.0 // p r e s s u r e ( atm )

10 T = 300.0 // i n i t i a l t empera tu r e (K)
11 T2 = 600.0 // f i n a l t empera tu r e ( Ke lv in )
12 R = 287.0 // gas c o n s t a n t ( J/Kg/K)
13 gamma1 = 1.4 // r a t i o o f s p e c i f i c h e a t s f o r

a i r
14

15

16 // C a l c u l a t i o n s
17 p2_by_p = T2/T // p2/p , at c o n s t a n t volume p/T =

c o n s t a n t
18

19 cv = R / (gamma1 -1) // s p e c i f i c heat c a p a c i t y at
c o n s t a n t volume ( J/Kg K)

20 cp = cv + R // s p e c i f i c heat c a p a c i t y at
c o n s t a n t p r e s s u r e ( J/Kg K)

21

22 p = p * 101000.0 // u n i t s c o n v e r s i o n to N/mˆ2
23 rho = p/R/T // from i d e a l gas e q u a t i o n o f

s t a t e (Kg/mˆ3)
24 m = V * rho // t o t a l mass = volume ∗ d e n s i t y
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(Kg)
25

26 //
27 del_s = cp*log(T2/T) - R*log(p2_by_p) // change i n

ent ropy per u n i t mass ( J/ Kg K)
28 total_del_s = m*del_s // t o t a l

change i n ent ropy ( J/K)
29

30 // R e s u l t
31 printf(”\n Tota l change i n ent ropy i s %. 3 e J/K”,

total_del_s)

Scilab code Exa 1.6 Pressure at the exit

1 clc

2 // Example 1 . 6 . py
3 // Cons ide r the f l o w through a r o c k e t e n g i n e n o z z l e .

Assume tha t the gas f l o w
4 // through the n o z z l e i n an i s e n t r o p i c expans i on o f

a c a l o r i c a l l y p e r f e c t gas .
5 // In the combust ion chamber , the gas which r e s u l t s

from the combust ion o f the
6 // r o c k e t f u e l and o x i d i z e r i s a t a p r e s s u r e and

tempera tu re o f 15 atm and
7 // 2500 K, r e s p e c t i v e l y , the m o l e c u l a r we ight and

s p e c i f i c heat at c o n s t a n t
8 // p r e s s u r e o f the combust ion gas a r e 12 and 4157 J/

kg K, r e s p e c t i v e l y . The gas
9 // expands to s u p e r s o n i c speed through the n o z z l e ,

with t empera tu r e o f 1350 K at
10 // the n o z z l e e x i t . C a l c u l a t e the p r e s s u r e at the

e x i t .
11

12

13 // V a r i a b l e d e c l a r a t i o n
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14 pc = 15.0 // p r e s s u r e combust ion chamber (
atm )

15 Tc = 2500.0 // t empera tu r e combust ion chamber
(K)

16 mol_wt = 12.0 // m o l e c u l a r we ight (gm)
17 cp = 4157.0 // s p e c i f i c heat at c o n s t a n t

p r e s s u r e ( J/Kg/K)
18

19 Tn = 1350.0 // t empera tu r e at n o z z l e e x i t (K)
20

21 // C a l c u l a t i o n s
22 R = 8314.0/ mol_wt // gas c o n s t a n t = R prime /mo wt ,

R prime = 8314 J/K
23 cv = cp - R // s p e c i f i c heat at c o n s t a n t

volume ( J/Kg/K)
24 gamma1 = cp/cv // r a t i o o f s p e c i f i c heat
25

26 pn_by_pc = (Tn/Tc** gamma1 /(gamma1 -1)) // r a t i o o f
p r e s s u r e f o r i s e n t r o p i c p r o c e s s ∗∗ pn/ pc

27

28 pn = pc * pn_by_pc // pn = pc ∗ pn/ pc
29

30 // R e s u l t
31 printf(”\n P r e s s u r e at the e x i t i s %. 3 f atm”, pn)

Scilab code Exa 1.7 Total Drag per unit span

1 clc

2 // Example 1 . 7 . py
3 // A f l a t p l a t e with a chord l e n g t h o f 3 f t and an

i n f i n i t e span ( p e r p e n d i c u l a r to
4 // the page i n f i g 1 . 5 ) i s immersed i n a Mach 2 f l o w

at s tandard s ea l e v e l
5 // c o n d i t i o n s at an a n g l e o f a t t a c k o f 10 d e g r e e s .

The p r e s s u r e d i s t r i b u t i o n
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6 // ove r the p l a t e i s as f o l l o w s : upper s u r f a c e , p2=
c o n s t a n t =1132 l b / f t ˆ2 l owe r

7 // s u r f a c e , p3=c o n s t a n t =3568 l b / f t ˆ 2 . The l o c a l
s h e a r s t r e s s i s g i v e n by tau w =

8 // 13/ xe ta ˆ 0 . 2 , where tau w i s i n pounds per squ a r e
f e e t and xe ta i s the d i s t a n c e

9 // i n f e e t a l ong the p l a t e from the l e a d i n g edge .
Assume the d i s t r i b u t i o n o f

10 // tau w ove r the top and bottom s u r f a c e s i s the
same . Both the p r e s s u r e and

11 // s h e a r d i s r i b u t i o n s a r e s k e t c h e d q u a l i t a t i v e l y i n
f i g . 1 . 5 . C a l c u l a t e the l i f t

12 // and drag per u n i t span on the p l a t e .
13

14 //
15

16 // V a r i a b l e d e c l a r a t i o n
17 M1 = 2.0 // mach number f r e e s t r e a m
18 p1 = 2116.0 // p r e s s u r e at s ea l e v e l ( i n l b / f t

ˆ2)
19 l = 3.0 // chord o f p l a t e ( i n f t )
20 alpha = 10.0 // a n g l e o f a t t a c k i n d e g r e e s
21

22 p2 = 1132.0 // p r e s s u r e on the upper s u r f a c e ( i n
l b / f t ˆ2)

23 p3 = 3568.0 // p r e s s u r e on the l owe r s u r f a c e ( i n
l b / f t ˆ2)

24

25 // C a l c u l a t i o n s
26

27 // assuming u n i t span
28

29 pds = -p2*l + p3*l // i n t e g r a l p . ds from l e a d i n g
edge to t r a i l i n g edge ( i n l b / f t )

30

31 L = pds*cos(alpha*%pi /180.0) // l i f t per u n i t span (
i n l b / f t ) , a lpha i s c o n v e r t e d to r a d i a n s

32
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33 Dw = pds*sin(alpha*%pi /180.0) // p r e s s u r e drag per
u n i t span ( i n l b / f t ) , a lpha i s c o n v e r t e d to
r a d i a n s

34

35 Df = 16.25 * (l** 4.0/5.0) // s k i n f r i c t i o n drag per
u n i t span ( i n l b / f t )

36 // from i n t e g r a l tau . d (
xe ta )

37

38 Df = 2 * Df * cos(alpha*%pi /180.0) // s i n c e s k i n
f r i c t i o n a c t s on both the s i d e

39

40 D = Df + Dw // t o t a l drag per u n i t
span ( i n l b / f t )

41 // R e s u l t
42 printf(”\n Tota l L i f t per u n i t span = %. 0 f l b ”, L)

43

44 printf(”\n Tota l Drag per u n i t span = %. 0 f l b ”, D)
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Chapter 3

one dimentional flow

Scilab code Exa 3.2 Velocity at the exit of the rocket nozzle

1 clc

2 // Example 3 . 2 . py
3 // Return to Example 1 . 6 , C a l c u l a t e the Mach Number

and v e l o c i t y at the e x i t o f the r o c k e t
4 // n o z z l e .
5

6 // V a r i a b l e d e c l a r a t i o n from example 1 . 6
7 pc = 15.0 // p r e s s u r e combust ion chamber (

atm )
8 Tc = 2500.0 // t empera tu r e combust ion chamber

(K)
9 mol_wt = 12.0 // m o l e c u l a r we ight (gm)

10 cp = 4157.0 // s p e c i f i c heat at c o n s t a n t
p r e s s u r e ( J/Kg/K)

11

12 Tn = 1350.0 // t empera tu r e at n o z z l e e x i t (K)
13

14 // C a l c u l a t i o n s
15 R = 8314.0/ mol_wt // gas c o n s t a n t = R prime /mo wt ,

R prime = 8314 J/K
16 cv = cp - R // s p e c i f i c heat at c o n s t a n t
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volume ( J/Kg k )
17 gamma1 = cp/cv // r a t i o o f s p e c i f i c heat
18

19 pn_by_pc = (Tn/Tc** gamma1 /(gamma1 -1)) // r a t i o o f
p r e s s u r e f o r i s e n t r o p i c p r o c e s s ∗∗ pn/ pc

20

21 Mn = (2/( gamma1 -1) *((1/ pn_by_pc **( gamma1 -1)/gamma1)

- 1)** 0.5) // Mach number at e x i t ∗∗ from
i s e n t r o p i c f l o w r e l a t i o n

22

23 an = (gamma1*R*Tn** 0.5) // Speed o f sound at e x i t
(m/ s )

24 Vn = Mn*an // V e l o c i t y at e x i t (m/ s
)

25

26

27 // R e s u l t
28 printf(”\n Mach number at the e x i t o f the r o c k e t

n o z z l e i s %. 3 f ” ,(Mn))
29

30 printf(”\n V e l o c i t y at the e x i t o f the r o c k e t n o z z l e
i s %. 1 f m/ s ” ,(Vn))

Scilab code Exa 3.3 Percentage change in density

1 clc

2 // Example 3 . 3 . py
3 // Return to Example 1 . 1 , c a l c u l a t e the p e r c e n t a g e

d e n s i t y change between the g i v e n p o i n t
4 // on the wing and the f r e e−stream , assuming

c o m p r e s s i b l e f l o w .
5

6 // V a r i a b l e d e c l a r a t i o n from example 1 . 1
7 rho_1 = 0.002377 // d e n s i t y at s ea l e v e l ( s l u g / f t

ˆ3)

16



8 T_1 = 519.0 // t empera tu r e at s ea l e v e l (R)
9 v_1 = 100.0 // v e l o c i t y f a r ahead o f the wing

( mi/h )
10 v_2 = 150.0 // v e l o c i t y at some p o i n t on the

wing ( mi/h )
11 gamma1 = 1.4 // r a t i o o f s p e c i f i c heat

c a p a c i t y f o r a i r
12 R = 1716.0 // gas c o n s t a n t ( f t l b f / s l u g /R)
13

14 // C a l c u l a t i o n s
15 cp = gamma1*R/(gamma1 -1) // s p e c i f i c heat c a p a c i t y

at c o n s t a n t p r e s s u r e ( f t l b / s l u g / R)
16 u_1 = v_1 * 88.0/60.0 // c o n v e r t i n g v 1 i n f t / s
17 u_2 = v_2 * 88.0/60.0 // c o n v e r t i n g v 2 i n f t / s
18

19 T_2 = T_1 + (u_1*u_1 - u_2*u_2)/cp/2.0 //
t empera tu re at a p o i n t from energy e q u a t i o n (R)

20

21 rho_2_by_rho_1 = ((T_2/T_1)** 1/( gamma1 -1))//
d e n s i t y r a t i o from i s e n t r o p i c f l o w r e l a t i o n

22

23 rho_2 = rho_2_by_rho_1 * rho_1 //
d e n s i t y at the p o i n t ( s l u g / f t ˆ3)

24

25 delrho = rho_1 - rho_2 //
change i n d e n s i t y ( s l u g / f t ˆ3)

26 fracrho = delrho/rho_1 //
f r a c t i o n a l change i n d e n s i t y

27

28 // R e s u l t
29 printf(”\n Per c en tage change i n d e n s i t y i s %. 1 f ” ,(

fracrho *100))

Scilab code Exa 3.4 downstream pressure
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1 clc

2 // Example 3 . 4 . py
3 // A normal shock wave i s s t a n d i n g i n the t e s t

s e c t i o n o f a s u p e r s o n i c wind t u n n e l .
4 // Upstream o f the wave , M1 = 3 , p1 = 0 . 5 atm , and

T1 = 200 K. Find M2, p2 , T2 and
5 // u2 downstream o f the wave
6

7

8 // V a r i a b l e d e c l a r a t i o n from example 1 . 1
9 M1 = 3.0 // upstream mach number
10 p1 = 0.5 // upstream p r e s s u r e ( atm )
11 T1 = 200.0 // upstream tempera tu r e (K)
12 R = 287.0 // gas c o n s t a n t ( J/Kg/K)
13 gamma1 = 1.4 // r a t i o o f s p e c i f i c h e a t s f o r a i r
14

15 // C a l c u l a t i o n s
16

17 // from shock r e l a t i o n ( Table A2) f o r M1 = 3 . 0
18 // s u b s c r i p t 2 means downstream o f the shock
19 p2_by_p1 = 10.33 // p2/p1
20 T2_by_T1 = 2.679 // T2/T1
21 M2 = 0.4752 // M2
22

23 p2 = p2_by_p1 * p1 // downstream p r e s s u r e ( atm
)

24 T2 = T2_by_T1 * T1 // downstream tempera tu re (
K)

25 a2 = (gamma1*R*T2** 0.5) // speed o f sound
downstream o f the shock (m/ s )

26 u2 = M2*a2 // downstream v e l o c i t y (m/ s
)

27

28

29 // R e s u l t
30 printf(”\n M2 = %. 4 f ” ,(M2))
31

32 printf(”\n p2 = %. 3 f atm” ,(p2))
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33

34 printf(”\n T2 = %. 1 f K” ,(T2))
35

36 printf(”\n u2 = %. 1 f m/ s ” ,(u2))

Scilab code Exa 3.6 Mach number

1 clc

2 // Example 3 . 6 . py
3 // Cons ide r a p o i n t i n a s u p e r s o n i c f l o w where the

s t a t i c p r e s s u r e i s 0 . 4 atm . When
4 // a p i t o t tube i s i n s e r t e d i n the at t h i s po int ,

the p r e s s u r e measured by the
5 // p i t o t tube i s 3 atm . C a l c u l a t e the mach number at

t h i s p o i n t .
6

7 // V a r i a b l e d e c l a r a t i o n
8 p1 = 0.4 // s t a t i c p r e s s u r e ( i n atm )
9 po2 = 3.0 // p r e s s u r e measured by the p i t o t

tube ( i n atm )
10

11 // C a l c u l a t i o n s
12 // from t a b l e A2 f o r po2 /p1 = 7 . 5
13 M1 = 2.35

14

15 // R e s u l t s
16 printf(”\n Mach number i s %. 2 f ” ,(M1))

Scilab code Exa 3.7 Change

1 clc

2 // Example 3 . 7 . py
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3 // For the normal shock tha t o c c u r s i n f r o n t o f the
p i t o t tube i n Example 3 . 6 ,

4 // c a l c u l a t e the ent ropy change a c r o s s the shock .
5

6

7 // V a r i a b l e d e c l a r a t i o n
8 M1 = 2.34 // mach number from example 3 . 6
9 R = 1716.0 // gas c o n s t a n t ( f t l b f / s l u g /R)
10

11 // C a l c u l a t i o n s
12 // s u b s c r i p t 2 means downstream o f the shock
13

14 po2_by_po1 = 0.5615 // from shock t a b l e A2 f o r
mach M1

15 //
16 dels = -R*log(po2_by_po1) // s2 − s1 ( i n l b / s l u g R)
17

18 // R e s u l t
19 printf(”\n Change i s en t ropy i s %. 1 f l b / s l u g R”,

dels)

Scilab code Exa 3.10 Heat require to choke the flow

1 clc

2 // Example 3 . 1 0 . py
3 // In example 3 . 9 , how much heat per u n i t mass must

be added to choke the f l o w //
4

5

6 // V a r i a b l e d e c l a r a t i o n from example 3 . 9
7 To1 = 840 // upstream t o t a l t empera tu re

( i n K)
8 M1 = 3.0 // upstream mach number
9 To1_by_Tostar = 0.6540 // To1/ Tostar from Table A3
10 cp = 1004.5 // s p e c i f i c heat at c o n s t a n t
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p r e s s u r e f o r a i r ( i n J/Kg K)
11

12 // C a l c u l a t i o n s
13 Tostar = To1 / To1_by_Tostar // Tostar = To1 ∗

Tostar /To1 ( i n K)
14

15 M2 = 1.0 // f o r choked f l o w
16 To2 = Tostar // s i n c e M2 = 1 . 0
17

18 q = cp * (To2 - To1) // r e q u i r e d heat = cp ( To2 − To1
) ( i n J/ kg )

19

20

21 // R e s u l t
22 printf(”\n Heat r e q u i r e to choke the f l o w i s %. 2 e J/

kg ”, q)

Scilab code Exa 3.13 Length required to choke the flow

1 clc

2 // Example 3 . 1 3 . py
3 // In example 3 . 1 2 , what i s the l e n g t h o f the duct

r e q u i r e d to choke the f l o w //
4

5

6 // V a r i a b l e d e c l a r a t i o n from example 3 . 1 2
7 M1 = 3.0 // mach number
8 C1 = 0.5222 // C1 = 4∗ f ∗ L 1 s t a r /D
9 f = 0.005 // f r i c t i o n c o e f f i c i e n t
10 D = 0.4 // d iamete r o f p ip e ( i n f t )
11

12 // C a l c u l a t i o n s
13 L1star = 0.5222 * D/4.0/f

14

15
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16 // R e s u l t
17 printf(”\n Length r e q u i r e d to choke the f l o w i s %. 2 f

f t ”, L1star)
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Chapter 4

oblique shock and expansion
waves

Scilab code Exa 4.1 To2

1 clc

2 // Example 4 . 1 . py
3 // A uni fo rm s u p e r s o n i c s t ream with M1 = 3 . 0 , p1 = 1

atm , T1 = 288 K e n c o u n t e r s
4 // a compre s s i on c o r n e r which d e f l e c t s the stream by

an a n g l e t h e t a = 20 deg .
5 // C a l c u l a t e the shock wave ang le , and p2 , T2 , M2,

po2 and To2 behind the shock
6 // wave .
7

8

9 // V a r i a b l e d e c l a r a t i o n
10 M1 = 3.0 // upstream mach number
11 p1 = 1.0 // upstream p r e s s u r e ( i n atm )
12 T1 = 288 // upstream tempera tu r e ( i n K)
13 theta = 20 // d e f l e c t i o n ( i n d e g r e e s )
14

15 // C a l c u l a t i o n s
16 // s u b s c r i p t 2 means beh ind the shock
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17

18 // from f i g u r e 4 . 5 from M1 = 3 . 0 , t h e t a = 2 0 . 0 deg .
19 beta1 = 37.5 // shock a n g l e ( i n

d e g r e s s )
20

21 // d e g r e e to r a d i a n c o n v e r s i o n i s done by
m u l t i p l y i n g by %pi /180

22 //
23 Mn1 = M1 * sin(beta1*%pi /180) // upstream mach

number normal to the shock
24

25 // from Table A2 f o r Mn1 = 1 . 8 2 6
26 p2_by_p1 = 3.723 // p2/p1
27 T2_by_T1 = 1.551 // T2/T1
28 Mn2 = 0.6108

29 po2_by_po1 = 0.8011 // po2 / po1
30

31 p2 = p2_by_p1 * p1 // p2 ( i n atm ) = p2/p1 ∗
p1

32 T2 = T2_by_T1 * T1 // T2 ( i n K) = T2/T1 ∗
T1

33

34 M2 = Mn2/(sin((beta1 -theta)*%pi /180)) // mach number
beh ind the shock

35

36 // from A1 f o r M1 = 3 . 0
37 po1_by_p1 = 36.73

38 To1_by_T1 = 2.8

39

40 po2 = po2_by_po1 * po1_by_p1 * p1 // po2 ( i n atm )
= po2 / po1 ∗ po1 /p1 ∗ p1

41 To1 = To1_by_T1 * T1 // To2 ( i n atm ) = To2/To1 ∗
To1/T1 ∗ T1

42 To2 = To1_by_T1 * T1 // To2 ( i n atm ) = To2/To1 ∗
To1/T1 ∗ T1

43

44

45 // R e s u l t
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46 printf(”\n Shock wave a n g l e %. 2 f d e g r e e s ” ,(beta1))
47

48 printf(”\n p2 = %. 2 f atm”, p2)

49

50 printf(”\n T2 = %. 2 f K”, T2)

51

52 printf(”\n M2 = %. 2 f ”, M2)

53

54 printf(”\n po2 = %. 2 f atm”, po2)

55

56 printf(”\n To2 = %. 2 f K”, To2)

Scilab code Exa 4.2 comparison

1

2 clc

3 // Example 4 . 2 . py
4 // In Example 4 . 1 , the d e f l e c t i o n a n g l e i s i n c r e a s e d

to t h e t a = 30 d e g r e e s .
5 // C a l c u l a t e the p r e s s u r e and Mach number beh ind the

wave , and compare t h e s e
6 // r e s u l t s with t h o s e o f Example 4 . 1 .
7

8

9 // V a r i a b l e d e c l a r a t i o n
10 M1 = 3.0 // upstream mach number
11 p1 = 1.0 // upstream p r e s s u r e ( i n atm )
12 T1 = 288 // upstream tempera tu r e ( i n K)
13 theta = 30 // d e f l e c t i o n ( i n d e g r e e s )
14

15 // C a l c u l a t i o n s
16 // s u b s c r i p t 2 means beh ind the shock
17

18 // from f i g u r e 4 . 5 from M1 = 3 . 0 , t h e t a = 3 0 . 0 deg .
19 beta1 = 52.0 // shock a n g l e ( i n
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d e g r e e s )
20

21 // d e g r e e to r a d i a n c o n v e r s i o n i s done by
m u l t i p l y i n g by %pi /180

22 //
23 Mn1 = M1 * sin(beta1*%pi /180) // upstream mach

number normal to the shock
24

25 // from Table A2 f o r Mn1 = 2 . 3 6 4
26 p2_by_p1 = 6.276 // p2/p1
27 Mn2 = 0.5286

28

29 p2 = p2_by_p1 * p1 // p2 ( i n atm ) = p2/p1 ∗
p1

30 M2 = Mn2/(sin((beta1 -theta)*%pi /180)) // mach number
beh ind the shock

31

32

33 printf(”\n Shock wave a n g l e %. 2 f d e g r e e s ” ,(beta1))
34

35 printf(”\n p2 = %. 3 f atm”, p2)

36

37 printf(”\n M2 = %. 2 f ”, M2)

38 printf(”\n compar i son ”)

Scilab code Exa 4.3 Shock wave angle

1

2 clc

3 // Example 4 . 3 . py
4 // In Example 4 . 1 , the f r e e st ream mach number i s

i n c r e a s e d to 5 . 0 .
5 // C a l c u l a t e the p r e s s u r e and Mach number beh ind the

wave , and compare t h e s e
6 // r e s u l t s with t h o s e o f Example 4 . 1 .
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7

8

9 // V a r i a b l e d e c l a r a t i o n
10 M1 = 5.0 // upstream mach number
11 p1 = 1.0 // upstream p r e s s u r e ( i n atm )
12 T1 = 288 // upstream tempera tu r e ( i n K)
13 theta = 20.0 // d e f l e c t i o n ( i n d e g r e e s )
14

15 // C a l c u l a t i o n s
16 // s u b s c r i p t 2 means beh ind the shock
17

18 // from f i g u r e 4 . 5 from M1 = 5 . 0 , t h e t a = 2 0 . 0 deg .
19 beta1 = 30.0 // shock a n g l e ( i n

d e g r e e s )
20

21 // d e g r e e to r a d i a n c o n v e r s i o n i s done by
m u l t i p l y i n g by %pi /180

22 //
23 Mn1 = M1 * sin(beta1*%pi /180) // upstream mach

number normal to the shock
24

25 // from Table A2 f o r Mn1 = 2 . 5
26 p2_by_p1 = 7.125 // p2/p1
27 Mn2 = 0.513

28

29 p2 = p2_by_p1 * p1 // p2 ( i n atm ) = p2/p1 ∗
p1

30 M2 = Mn2/(sin((beta1 -theta)*%pi /180)) // mach number
beh ind the shock

31

32

33 printf(”\n Shock wave a n g l e %. 2 f d e g r e e s ” ,(beta1))
34

35 printf(”\n p2 = %. 3 f atm”, p2)

36

37 printf(”\n M2 = %. 2 f ”, M2)
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Scilab code Exa 4.5 Coefficient of pressure

1 clc

2 // Example 4 . 5 . py
3 // Cons ide r a 15 deg h a l f a n g l e wedge at z e r o a n g l e

o f a t t a c k . C a l c u l a t e the
4 // p r e s s u r e c o e f f i c i e n t on the wedge s u r f a c e i n a

Mach 3 f l o w o f a i r .
5

6

7 // V a r i a b l e d e c l a r a t i o n
8 M1 = 3.0 // upstream mach number
9 theta = 15.0 // d e f l e c t i o n ( i n d e g r e e s )
10 gamma1 = 1.4 // r a t i o o f s p e c i f i c h e a t s
11

12

13 // C a l c u l a t i o n s
14 // s u b s c r i p t 2 means beh ind the shock
15

16 // from f i g u r e 4 . 5 from M1 = 3 . 0 , t h e t a = 1 5 . 0 deg .
17 beta1 = 32.2 // shock a n g l e ( i n

d e g r e s s )
18

19 // d e g r e e to r a d i a n c o n v e r s i o n i s done by
m u l t i p l y i n g by %pi /180

20 //
21 Mn1 = M1 * sin(beta1*%pi /180) // upstream mach

number normal to the shock
22

23 // from Table A2 f o r Mn1 = 1 . 6
24 p2_by_p1 = 2.82 // p2/p1
25

26 Cp = 2/( gamma1*M1*M1) * (p2_by_p1 - 1)

27
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28

29 // R e s u l t s
30 printf(”\n C o e f f i c i e n t o f p r e s s u r e i s %. 3 f ” ,(Cp))

Scilab code Exa 4.6 Coefficient of drag

1 clc

2 // Example 4 . 6 . py
3 // Cons ide r a 15 deg h a l f a n g l e wedge at z e r o a n g l e

o f a t t a c k i n a Mach 3 f l o w o f
4 // a i r . C a l c u l a t e the drag c o e f f i c i e n t . Assume tha t

the p r e s s u r e e x e r t e d ove r the
5 // base o f the wedge , the base p r e s s u r e , i s e q u a l to

the f r e e st ream p r e s s u r e .
6

7

8

9 // V a r i a b l e d e c l a r a t i o n
10 M1 = 3.0 // upstream mach number
11 theta = 15.0 // d e f l e c t i o n ( i n d e g r e e s )
12 gamma1 = 1.4 // r a t i o o f s p e c i f i c h e a t s
13

14

15 // C a l c u l a t i o n s
16 // s u b s c r i p t 2 means beh ind the shock
17

18 // from f i g u r e 4 . 5 from M1 = 3 . 0 , t h e t a = 1 5 . 0 deg .
19 beta1 = 32.2 // shock a n g l e ( i n

d e g r e s s )
20

21 // d e g r e e to r a d i a n c o n v e r s i o n i s done by
m u l t i p l y i n g by %pi /180

22 //
23 Mn1 = M1 * sin(beta1*%pi /180) // upstream mach

number normal to the shock
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24

25 // from Table A2 f o r Mn1 = 1 . 6
26 p2_by_p1 = 2.82 // p2/p1
27

28 cd1 = 4/( gamma1*M1*M1)*( p2_by_p1 - 1)*tan(theta*%pi

/180)

29

30

31 // R e s u l t s
32 printf(”\n C o e f f i c i e n t o f drag i s %. 3 f ” ,(cd1))

Scilab code Exa 4.7 Mach behind reflected shock M3

1 clc

2 // Example 4 . 7 . py
3 // Cons ide r a h o r i z o n t a l s u p e r s o n i c f l o w at Mach 2 . 8

with a s t a t i c p r e s s u r e and
4 // t empera tu r e o f 1 atm and 519 R, r e s p e c t i v e l y .

This f l o w p a s s e s ove r a compr−
5 // e s s i o n c o r n e r with d e f l e c t i o n a n g l e o f 16 d e g r e e s

. The o b l i q u e shock g e n e r a t e d
6 // at the c o r n e r p r o p a g a t e s i n t o the f low , and i s

i n c i d e n t on a h o r i z o n t a l wa l l ,
7 // as shown i n Fig . 4 . 1 5 . C a l c u l a t e the a n g l e ph i

made by the r e f l e c t e d shock wave
8 // with r e s p e c t to the wa l l , and the Mach number ,

p r e s s u r e and tempera tu r e beh ind
9 // the r e f l e c t e d shock .
10

11

12 // V a r i a b l e d e c l a r a t i o n
13 M1 = 2.8 // upstream mach number
14 p1 = 1.0 // upstream p r e s s u r e ( i n atm )
15 T1 = 519.0 // upstream tempera tu r e ( i n R)
16 theta = 16.0 // d e f l e c t i o n ( i n d e g r e e s )
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17

18 // C a l c u l a t i o n s
19 // s u b s c r i p t 2 means beh ind the shock
20

21 // from f i g u r e 4 . 5 from M1 = 2 . 8 , t h e t a = 1 6 . 0 deg .
22 beta1_1 = 35.0 // shock

a n g l e ( i n d e g r e s s )
23

24 // d e g r e e to r a d i a n c o n v e r s i o n i s done by
m u l t i p l y i n g by %pi /180

25 //
26 Mn1 = M1 * sin(beta1_1*%pi /180) // upstream

mach number normal to the shock
27

28 // from Table A2 f o r Mn1 = 1 . 6 0 6
29 p2_by_p1 = 2.82 // p2/p1
30 T2_by_T1 = 1.388 // T2/T1
31 Mn2 = 0.6684

32

33

34 p2 = p2_by_p1 * p1 // p2 ( i n atm )
= p2/p1 ∗ p1

35 T2 = T2_by_T1 * T1 // T2 ( i n R) =
T2/T1 ∗ T1

36

37 M2 = Mn2/(sin((beta1_1 -theta)*%pi /180)) // mach
number beh ind the shock

38

39 // from f i g u r e 4 . 5 from M2 = 2 . 0 5 3 , t h e t a = 1 6 . 0 deg
.

40 beta1_2 = 45.5 // shock
a n g l e o f r e f l e c t e d ( i n d e g r e s s )

41

42 // d e g r e e to r a d i a n c o n v e r s i o n i s done by
m u l t i p l y i n g by %pi /180

43 Mn2 = M2 * sin(beta1_2*%pi /180) // upstream
mach number normal to the shock

44

31



45 // from Table A2 f o r Mn1 = 1 . 4 6
46 p3_by_p2 = 2.32 // p3/p2
47 T3_by_T2 = 1.294 // T3/T2
48 Mn3 = 0.7157

49

50

51 p3 = p3_by_p2 * p2 // p3 ( i n atm )
= p3/p2 ∗ p2

52 T3 = T3_by_T2 * T2 // T3 ( i n R) =
T3/T2 ∗ T2

53

54 phi = beta1_2 - theta // ( i n
d e g r e e s )

55 M3 = Mn3/(sin((beta1_2 -theta)*%pi /180)) // mach
number beh ind the r e f l e c t e d shock

56

57

58

59

60 // R e s u l t
61 printf(”\n ph i %. 2 f d e g r e e s ”, phi)

62

63 printf(”\n P r e s s u r e beh ind r e f l e c t e d shock , p3 = %. 2
f atm”, p3)

64

65 printf(”\n Temperature beh ind r e f l e c t e d shock , T3 =
%. 2 f R”, T3)

66

67 printf(”\n Mach behind r e f l e c t e d shock , M3 = %. 2 f ”,
M3)

Scilab code Exa 4.8 Angle rearward

1 clc

2 // Example 4 . 8 . py
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3 // A uni fo rm s u p e r s o n i c s t ream with M1 = 1 . 5 , p1 =
1700 l b / f t ˆ2 , and T1 = 4 6 0 . 0 R

4 // e n c o u n t e r s an expans i on c o r n e r which d e f l e c t s the
stream by and a n g l e t h e t a 2

5 // = 20 d e g r e e s . C a l c u l a t e M2, p2 , T2 , po2 , To2 , and
the a n g l e s the fo rward and

6 // rearward Mach l i n e s make with r e s p e c t to the
upstream f l o w d i r e c t i o n .

7

8

9 // V a r i a b l e d e c l a r a t i o n
10 M1 = 1.5 // upstream mach number
11 p1 = 1700.0 // upstream p r e s s u r e ( i n l b / f t ˆ2)
12 T1 = 460.0 // upstream tempera tu r e ( i n R)
13 theta_2 = 20.0 // d e f l e c t i o n ( i n d e g r e e s )
14

15

16 // C a l c u l a t i o n s
17 // s u b s c r i p t 2 means a f t e r the expans i on fan
18

19 // from Table A5 f o r M1 = 1 . 5
20 v1 = 11.91 // ( i n d e g r e e s )
21 mu1 = 41.81 // ( i n d e g r e e s )
22

23 v2 = v1 + theta_2

24

25 // from Table A5 , f o r v2 = 3 1 . 9 1
26 M2 = 2.207 // Mach behind the expans i on fan
27 mu2 = 26.95 // ( i n d e g r e e s )
28

29 // from Table A1 f o r M1 = 1 . 5
30 po1_by_p1 = 3.671 // po1 /p1
31 To1_by_T1 = 1.45 // To1/T1
32

33 // from Table A1 f o r M2 = 2 . 2 0 7
34 po2_by_p2 = 10.81 // po2 /p2
35 To2_by_T2 = 1.974 // To2/T2
36
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37 p2 = 1/ po2_by_p2 * po1_by_p1 * p1 // p2 ( i n l b / f t ˆ2)
= p2/ po2 ∗ po2 / po1 ∗ po1 /p1 ∗ p1 and po2 = po1

38 T2 = 1/ To2_by_T2 * To1_by_T1 * T1 // T2 ( i n R) = T2/
To2 ∗ To2/To1 ∗ To1/T1 ∗ T1 and To2 = To1

39

40

41 angle_forward = mu1 // a n g l e o f
f o rward ray ( i n d e g r e e s )

42 angle_rearward = mu2 - theta_2 // a n g l e o f
backward ray ( i n d e g r e e s )

43

44 po2 = po1_by_p1 * p1 // po2 ( i n l b / f t ˆ2) =
po1 /p1 ∗ p1

45 To2 = To1_by_T1 * T1 // To2 ( i n R) = To1/T1
∗ T1

46 po1 = po1_by_p1 * p1 // po2 ( i n l b / f t ˆ2) =
po1 /p1 ∗ p1

47 To1 = To1_by_T1 * T1 // To2 ( i n R) = To1/T1
∗ T1

48

49 // R e s u l t
50 printf(”\n M2 = %. 3 f ”, M2)

51

52 printf(”\n p2 = %. 2 f l b / f t ˆ2 ”, p2)

53

54 printf(”\n T2 = %. 2 f deg R”, T2)

55

56 printf(”\n po2 = %. 2 f l b / f t ˆ2 ”, po2)

57

58 printf(”\n To2 = %. 2 f deg R”, To2)

59

60 printf(”\n Angle f o rward = %. 2 f d e g r e e s ”,
angle_forward)

61

62 printf(”\n Angle r ea rward = %. 2 f d e g r e e s ”,
angle_rearward)
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Scilab code Exa 4.9 Freestream mach number

1 clc

2 // Example 4 . 9 . py
3 // Cons ide r the arrangement shows i n f i g . 4 . 2 9 . A 15

d e g r e e h a l f a n g l e diamond
4 // wedge a i r f o i l i s i n s u p e r s o n i c f l o w at z e r o a n g l e

o f a t t a c k . A p i t o t tube i s
5 // i n s e r t e d i n t o the f l o w at the l o c a t i o n shown i n

f i g 4 . 2 9 . The p r e s s u r e measured
6 // by the P i t o t tube i s 2 . 5 9 6 atm . At p o i n t a on the

back face , the p r e s s u r e i s 0 . 1
7 // atm . C a l c u l a t e the f r e e s t r e a m Mach number M1.
8

9 //
10

11 // V a r i a b l e d e c l a r a t i o n
12 theta = 15.0 // wedge a n g l e / d e f l e c t i o n ( i n

d e g r e e s )
13 po4 = 2.596 // measured p r e s s u r e ( i n atm )
14 p3 = 0.1 // p r e s s u r e at p o i n t a ( i n atm )
15

16 // C a l c u l a t i o n s
17

18 po4_by_p3 = po4/p3

19

20 // from Table A 2 f o r po4 /p3 = 2 5 . 9 6
21 M3 = 4.45

22 v3 = 71.27

23 v2 = v3 - 2*theta

24

25 // from Table A 5 , f o r v2 = 4 1 . 2 7 d e g r e e s
26 M2 = 2.6

27 // Mn2 = M2∗ s i n ( ( beta1−t h e t a ) ∗%pi /180) @equat ion 1
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28

29 // Guess ing
30

31 // Guess 1
32 M1 = 4.0 // Guess f o r

f r e e s t r e a m number
33 beta1 = 27.0 // from f i g 4 . 5 (

i n d e g r e e s )
34 Mn1 = M1*sin(beta1*%pi /180) // mach number

normal to shock
35

36 // from Table A2 f o r Mn1 = 1 . 8 1 6
37 Mn2 = 0.612

38 // but Mn2 from e q u a t i o n 1 i s 0 . 5 4
39

40 // Guess 2
41 M1 = 4.5 // Guess f o r

f r e e s t r e a m number
42 beta1 = 25.5 // from f i g 4 . 5 (

i n d e g r e e s )
43 Mn1 = M1*sin(beta1*%pi /180) // mach number

normal to shock
44

45 // from Table A2 f o r Mn1 = 1 . 9 3 7
46 Mn2 = 0.588

47 // but Mn2 from e q u a t i o n 1 i s 0 . 4 7
48

49 // Guess 3
50 M1 = 3.5 // Guess f o r

f r e e s t r e a m number
51 beta1 = 29.2 // from f i g 4 . 5 (

i n d e g r e e s )
52 Mn1 = M1*sin(beta1*%pi /180) // mach number

normal to shock
53

54 // from Table A2 f o r Mn1 = 1 . 7 1
55 Mn2 = 0.638

56 // but Mn2 from e q u a t i o n 1 i s 0 . 6 3 8
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57

58

59

60

61 // R e s u l t
62 printf(”\n Free s t r eam mach number i s %. 1 f ”, M1)

Scilab code Exa 4.10 Drag coefficient

1 clc

2 // Example 4 . 1 0 . py
3 // Cons ide r an i n f i n i t e l y t h i s f l a t p l a t e at 5

d e g r e e s a n g l e o f a t t a c k i n a Mach
4 // 2 . 6 f r e e st ream . C a l c u l a t e the l i f t and drag

c o e f f i c i e n t s .
5

6 //
7

8 // V a r i a b l e d e c l a r a t i o n
9 alpha = 5.0 // a n g l e o f a t t a c k i n d e g r e e s ( i n

d e g r e e s )
10 M1 = 2.6 // f r e e s t r e a m mach number
11 gamma1 = 1.4 // r a t i o o f s p e c i f i c h e a t s
12

13 // C a l c u l a t i o n s
14

15 // from t a b l e A5 f o r M1 = 2 . 6
16 v1 = 41.41 // ( i n d e g r e e s )
17 v2 = v1 + alpha // ( i n d e g r e e s )
18 // from t a b l e A5 f o r v2 = 4 6 . 4 1 deg
19 M2 = 2.85

20 // from A1 f o r M1 = 2 . 6
21 po1_by_p1 = 19.95

22 // from A1 f o r M2 = 2 . 8 5
23 po2_by_p2 = 29.29
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24

25 p2_by_p1 = 1/ po2_by_p2 * po1_by_p1 // p2/p1 = p2/ po2
∗ po2 / po1 ∗ po1 /p1 and po2 = po1

26

27 // from theta−beta1−M diagram f o r M1 = 2 . 6
28 theta = 5.0 // d e f l e c t i o n ( i n d e g r e e s )
29 beta1 = 26.5 // shock a n g l e ( i n

d e g r e e s )
30 Mn1 = M1*sin(beta1*%pi /180) // mach number normal to

the shock
31

32 // from t a b l e A2 f o r Mn1 = 1 . 1 6
33 p3_by_p1 = 1.403 // p3/p1
34

35 cl = 2.0/( gamma1*M1*M1)*( p3_by_p1 - p2_by_p1)*cos(

alpha*%pi /180) // c o e f f i c i e n t o f l i f t
36 cd1 = 2.0/( gamma1*M1*M1)*( p3_by_p1 - p2_by_p1)*sin(

alpha*%pi /180) // c o e f f i c i e n t o f drag
37

38

39 // R e s u l t s
40 printf(”\n L i f t c o e f f i c i e n t : %. 3 f ” ,(cl))
41

42 printf(”\n Drag c o e f f i c i e n t : %. 4 f ” ,(cd1))
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Chapter 5

quasi one dimensional flow

Scilab code Exa 5.1 Converging section

1 clc

2 // Example 5 . 1 . py
3 // Cons ide r the subson i c−s u p e r s o n i c f l o w through a

convergent−d i v e r g e n t n o z z l e . The
4 // r e s e r v o i r p r e s s u r e and tempera tu r e a r e 10 atm and

300 K, r e p e c t i v e l y . There a r e
5 // two l o c a t i o n s i n the n o z z l e where A/ Astar = 6 ,

one i n the c o n v e r g e n t s e c t i o n and
6 // the o t h e r i n the d i v e r g e n t s e c t i o n . At each

l o c a t i o n c a l c u l a t e M, p , T, u .
7

8 // V a r i a b l e d e c l a r a t i o n
9 po = 10.0 // r e s e r v o i r p r e s s u r e ( i n atm )
10 To = 300.0 // r e s e r v o i r t empera tu r e ( i n K)
11 A_by_Astar = 6.0 // a r ea r a t i o
12 gamma1 = 1.4 // r a t i o o f s p e c i f i c heat
13 R = 287.0 // gas c o n s t a n t ( i n J/ Kg K)
14

15 // C a l c u l a t i o n s
16

17 // from t a b l e A1 f o r s u b s o n i c f l o w with A/ Astar =
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6 . 0
18 Msub = 0.097 // mach number i n

c o n v e r g i n g s e c t i o n
19 po_by_p = 1.006 // po/p i n c o n v e r g i n g

s e c t i o n
20 To_by_T = 1.002 // To/T i n c o n v e r g i n g

s e c t i o n
21

22 psub = 1 / po_by_p * po // p r e s s u r e ( i n atm )
i n c o n v e r g i n g s e c t i o n

23 Tsub = 1 / To_by_T * To // t empera tu re ( i n K)
i n c o n v e r g i n g s e c t i o n

24 asub = (gamma1*R*Tsub** 0.5) // speed o f sound ( i n m
/ s ) i n c o n v e r g i n g s e c t i o n

25 usub = Msub*asub // v e l o c i t y ( i n m/ s )
i n c o n v e r g i n g s e c t i o n

26

27 // from t a b l e A1 f o r s u p e r s o n i c f l o w with A/ Astar =
6 . 0

28 Msup = 3.368 // mach number i n
d i v e r g i n g s e c t i o n

29 po_by_p = 63.13 // po/p i n d i v e r g i n g
s e c t i o n

30 To_by_T = 3.269 // To/T i n d i v e r g i n g
s e c t i o n

31

32 psup = 1 / po_by_p * po // p r e s s u r e ( i n atm )
i n d i v e r g i n g s e c t i o n

33 Tsup = 1 / To_by_T * To // t empera tu re ( i n K)
i n d i v e r g i n g s e c t i o n

34 asup = (gamma1*R*Tsup** 0.5) // speed o f sound ( i n m
/ s ) i n d i v e r g i n g s e c t i o n

35 usup = Msup*asup // v e l o c i t y ( i n m/ s )
i n d i v e r g i n g s e c t i o n

36

37

38 // R e s u l t s
39 printf(”\n Converg ing s e c t i o n ”)
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40 printf(”\n M = %. 3 f ”, Msub)

41

42 printf(”\n p = %. 2 f atm”, psub)

43

44 printf(”\n T = %. 1 f K”, Tsub)

45

46 printf(”\n u = %. 2 f m/ s ”, usub)

47

48

49 printf(”\n D i v e r i n g s e c t i o n ”)
50 printf(”\n M = %. 3 f ”, Msup)

51

52 printf(”\n p = %. 4 f atm”, psup)

53

54 printf(”\n T = %. 2 f K”, Tsup)

55

56 printf(”\n u = %. 2 f m/ s ”, usup)

Scilab code Exa 5.2 Reservoir temperature required

1 clc

2 // Example 5 . 2 . py
3 // A s u p e r s o n i c wind t u n n e l i s d e s i g n e d to produce

Mach 2 . 5 f l o w i n the t e s t s e c t i o n
4 // with s tandard s ea l e v e l c o n d i t i o n s . C a l c u l a t e the

e x i t a r ea r a t i o and r e s e r v o i r
5 // c o n d i t i o n s n e c e s s a r y to a c h i e v e t h e s e d e s i g n

c o n d i t i o n s .
6

7 // V a r i a b l e d e c l a r a t i o n
8 Me = 2.5 // e x i t mach number
9 pe = 1.0 // s ea l e v e l p r e s s u r e ( i n atm )
10 Te = 288.0 // s ea l e v e l t empera tu r e ( i n K)
11 // C a l c u l a t i o n s
12
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13 // from t a b l e A1 f o r Me = 2 . 5
14 Ae_by_Astar = 2.637 // Ae/ Astar
15 po_by_pe = 17.09 // po/p
16 To_by_Te = 2.25 // To/T
17

18 po = po_by_pe * pe // r e s e r v o i r p r e s s u r e ( i n
atm )

19 To = To_by_Te * Te // r e s e r v o i r t empera tu r e
( i n K)

20

21 // R e s u l t s
22 printf(”\n Area r a t i o r e q u i r e d %. 3 f ”, Ae_by_Astar)

23

24 printf(”\n R e s e r v o i r p r e s s u r e r e q u i r e d %. 2 f atm”, po

)

25

26 printf(”\n R e s e r v o i r t empera tu re r e q u i r e d %. 1 f K”,
To)

Scilab code Exa 5.3 Area of the exit

1 clc

2 // Example 5 . 3 . py
3 // Cons ide r a r o c k e t e n g i n e burn ing hydrogen and

oxygen combust ion chamber temper−
4 // a t u r e and p r e s s u r e a r e 3571 K and 25 atm ,

r e s p e c t i v e l y . The m o l e c u l a r we ight o f
5 // the c h e m i c a l l y r e a c t i n g gas i n the combust ion

chamber i s 1 6 . 0 and gamma1 = 1 . 2 2 .
6 // The p r e s s u r e at the e x i t o f the convergent−

d i v e r g e n t r o c k e t n o z z l e i s 1.174∗10ˆ−2
7 // atm . The a r ea o f the t h r o a t i s 0 . 4 mˆ 2 . Assuming

a c a l o r i f i c a l l y p e r f e c t gas ,
8 // c a l c u l a t e ( a ) the e x i t mach number ( b ) the e x i t

v e l o c i t y ( c ) the mass through the
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9 // n o z z l e and ( d ) the a r ea o f the e x i t .
10

11 // V a r i a b l e d e c l a r a t i o n
12 po = 25.0 // combust ion chamber p r e s s u r e (

i n atm )
13 To = 3571.0 // combust ion chamber

t empera tu re ( i n K)
14 pe = 1.174e-2 // p r e s s u r e at the e x i t o f the

n o z z l e ( i n atm )
15 Astar = 0.4 // t h r o a t a r ea ( i n mˆ2)
16 gamma1 = 1.22 // r a t i o o f s p e c i f i c h e a t s
17 mol_wt = 16.0 // m o l e c u l a r we ight ( i n gms )
18

19 // C a l c u l a t i o n s
20

21 // pa r t ( a )
22 Me = (2/( gamma1 -1) *((po/pe**( gamma1 -1)/gamma1) - 1)

** 0.5) // Ex i t mach number
23

24 // pa r t ( b )
25 Te_by_To = (pe/po** (gamma1 -1)/gamma1) // Te/To
26 Te = Te_by_To * To // e x i t

t empera tu re ( i n K)
27

28 R = 8314.0/ mol_wt // gas
c o n s t a n t ( i n J/Kg K)

29 ae = (gamma1*R*Te** 0.5) // speed o f
sound at e x i t ( i n m/ s )

30 ve = Me * ae // v e l o c i t y
at e x i t ( i n m/ s )

31

32 // pa r t ( c )
33 rhoo = po *101325/R/To //

d e n s i t y at r e s e r v o i r ( i n Kg/mˆ3)
34 rhostar_by_rhoo = (2.0/( gamma1 +1) **1/( gamma1 -1)) //

r h o s t a r / rhoo
35 rhostar = rhostar_by_rhoo * rhoo //

r h o s t a r , t h r o a t d e n s i t y ( i n Kg/mˆ3)
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36

37 Tstar_by_To = 2.0/( gamma1 +1) //
Tstar /To

38 Tstar = Tstar_by_To * To //
Tstar , t h r o a t t empera tu r e ( i n K)

39 astar = (gamma1*R*Tstar ** 0.5) //
speed o f sound at t h r o a t ( i n m/ s )

40 mass = rhostar*Astar*astar //
mass f l o w r a t e at t h r o a t ( i n Kg/ s )

41

42 // pa r t ( d )
43 rhoe = pe *101325/R/Te // d e n s i t y at e x i t ( i n Kg/m

ˆ3)
44 Ae = mass/rhoe/ve // e x i t a r ea ( i n mˆ2)
45

46 // R e s u l t s
47

48 printf(”\n Ex i t mach number %. 2 f ”, Me)

49

50 printf(”\n Ex i t v e l o c i t y %. 2 f m/ s ”, ve)

51

52 printf(”\n Mass f l o w r a t e %. 2 f Kg/ s ”, mass)

53

54 printf(”\n Area o f the e x i t %. 2 f mˆ2 ”, Ae)

Scilab code Exa 5.4 Mach number at throat

1 clc

2 // Example 5 . 4 . py
3 // Cons ide r the f l o w through a convergent−d i v e r g e n t

duct with an e x i t to t h r o a t a r ea
4 // r a t i o o f 2 . The r e s e r v o i r p r e s s u r e i s 1 atm , and

the e x i t p r e s s u r e i s 0 . 9 5 atm .
5 // C a l c u l a t e the mach numbers at the t h r o a t and at

the e x i t .
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6

7 // V a r i a b l e d e c l a r a t i o n
8 po = 1.0 // r e s e r v o i r p r e s s u r e ( i n atm )
9 pe = 0.95 // p r e s s u r e at the e x i t ( i n atm )
10 Ae_by_At = 2.0 // r a t i o o f e x i t to t h r o a t a r ea
11

12 // C a l c u l a t i o n s
13 // from t a b l e A1 f o r po/ pe = 1 . 0 5 3
14 Me = 0.28 // mach number at e x i t
15 Ae_by_Astar = 2.17 // n e a r e s t e n t r y
16

17 At_by_Astar = 1 / Ae_by_At * Ae_by_Astar // At/ Astar
= At/Ae ∗ Ae/ Astar

18

19 // from t a b l e A1 f o r At/A∗ = 1 . 0 8 5
20 Mt = 0.72 // mach number at t h r o a t
21

22

23 // R e s u l t s
24 printf(”\n Mach number at e x i t %. 2 f ”, Me)

25

26 printf(”\n Mach number at t h r o a t %. 2 f ”, Mt)

Scilab code Exa 5.5 Exit to reservoir required pressure ratio

1 clc

2 // Example 5 . 5 . py
3 // Cons ide r a c o n v e r g e n t d i v e r g e n t duct with an e x i t

to t h r o a t a r ea r a t i o o f 1 . 6 .
4 // C a l c u l a t e the e x i t to r e s e r v o i r p r e s s u r e r a t i o

r e q u i r e d to a c h i e v e s o n i c f l o w
5 // at the th roa t , but s u b s o n i c f l o w everywhere e l s e .
6

7 // V a r i a b l e d e c l a r a t i o n
8 Ae_by_At = 1.6 // r a t i o o f e x i t to t h r o a t a r ea
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9

10 // C a l c u l a t i o n s
11

12 // s i n c e M = 1 at the t h r o a t Mt = Astar
13 // Ae/At = Ae/ Astar = 1 . 6
14

15 // from t a b l e A1 f o r Ae/ Astar = 1 . 6
16 po_by_pe = 1.1117 // po/ pe
17 pe_by_po = 1/ po_by_pe // pe /po
18

19

20 // R e s u l t s
21 printf(”\n Ex i t to r e s e r v o i r r e q u i r e d p r e s s u r e r a t i o

i s %. 1 f ”, pe_by_po)

Scilab code Exa 5.6 Exit to reservoir pressure ratio

1 clc

2 // Example 5 . 6 . py
3 // Cons ide r a c o n v e r g e n t d i v e r g e n t n o z z l e with an

e x i t to t h r o a t a r ea r a t i o o f 3 .
4 // A normal shock wave i s i n s i d e the d i v e r g e n t

p o r t i o n at a l o c a t i o n where the l o c a l
5 // a r ea r a t i o i s A/At = 2 . 0 . C a l c u l a t e the e x i t to

r e s e r v o i r p r e s s u r e r a t i o .
6

7 // V a r i a b l e d e c l a r a t i o n
8 Ae_by_At = 3.0 // r a t i o o f e x i t to t h r o a t a r ea
9

10 // C a l c u l a t i o n s
11

12 // from t a b l e A1 f o r A/At = 2 . 0
13 M1 = 2.2 // mach number i n f r o n t the

shock
14
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15 // from t a b l e A2 f o r M1 = 2 . 2
16 M2 = 0.5471 // mach number beh ind the shock
17 po2_by_po1 = 0.6281 // s t a g n a t i o n p r e s s u r e r a t i o

a c c r o s s the shock
18

19 // from t a b l e A1 f o r M2 = 0 . 5 4 7 1
20 A2_by_A2star = 1.27 // A2/ A2star
21 At_by_A2 = 1/2.0 // At/A2
22 Ae_by_A2star = Ae_by_At * At_by_A2 * A2_by_A2star //

Ae/ A2star = Ae/At ∗ At/A2 ∗ A2/ A2star
23

24 // from t a b l e A1 f o r Ae/ A2star = 1 . 9 0 5
25 Me = 0.32 // e x i t mach number
26 poe_by_pe = 1.074 // poe / pe
27

28 // po = po1 and poe = po2
29 pe_by_po = 1 / poe_by_pe * po2_by_po1 // pe /po = pe /

poe ∗ poe / po2 ∗ po2 / po1 ∗ po1 /po
30

31 // R e s u l t s
32 printf(”\n Ex i t to r e s e r v o i r p r e s s u r e r a t i o i s %. 3 f ”

, pe_by_po)

Scilab code Exa 5.7 Ratio of total pressure at the diffuser exit to the reservoir pressure

1 clc

2 // Example 5 . 7 . py
3 // Cons ide r the wind t u n n e l d e s c r i b e d i n example

5 . 2 . Est imate the r a t i o o f d i f f u s e r
4 // t h r o a t a r ea to n o z z l e t h r o a t a r ea r e q u i r e d to

a l l o w the t u n n e l to s t a r t . Also ,
5 // assuming tha t the d i f f u s e r e f f i c i e n c y i s 1 . 2

a f t e r the t u n n e l has s t a r t e d , c a l c u l a t e
6 // the p r e s s u r e r a t i o a c r o s s the t u n n e l n e c e s s a r y

f o r runn ing i . e . c a l c u l a t e the r a t i o
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7 // o f t o t a l p r e s s u r e at the d i f f u s e r e x i t to the
r e s e r v o i r p r e s s u r e .

8

9 // V a r i a b l e d e c l a r a t i o n
10

11 M = 2.5 // mach number b e f o r e the shock
12 eta_d = 1.2 // d i f f u s e r e f f i c i e n c y
13

14 // C a l c u l a t i o n s
15

16 // from t a b l e f o r M = 2 . 5
17 po2_by_po1 = 0.499 // po2 / po1
18 At2_by_At1 = 1 / po2_by_po1 // At2/At1 = po1 / po2
19

20 Pdo_by_po = eta_d * po2_by_po1 // pdo/po
21

22 // R e s u l t s
23 printf(”\n Rat io o f d i f f u s e r t h r o a t a r ea to n o z z l e

t h r o a t a r ea %. 2 f ”, At2_by_At1)

24

25 printf(”\n Rat io o f t o t a l p r e s s u r e at the d i f f u s e r
e x i t to the r e s e r v o i r p r e s s u r e , %. 3 f ” ,(Pdo_by_po)
)
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