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

Exa Example (Solved example)

Eqn Equation (Particular equation of the above book)

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

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

Fundamental Thoughts

check Appendix AP 101 for dependency:

2_1data.sci

Scilab code Exa 2.1 Example 1

1 pathname=get_absolute_file_path( ’ 2 1 . s c e ’ )
2 filename=pathname+filesep ()+ ’ 2 1da ta . s c i ’
3 exec(filename)

4 T=p/(( density)*(R))

5 printf(”\Answer : \ n”)
6 printf(”\n\Temperature at tha t po i n t %f K\n\n”,T)

check Appendix AP 100 for dependency:

2_2data.sci

Scilab code Exa 2.2 Example 2

1 pathname=get_absolute_file_path( ’ 2 2 . s c e ’ )
2 filename=pathname+filesep ()+ ’ 2 2da ta . s c i ’
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3 exec(filename)

4

5 disp(M,”Mass i n Kg”,M1 ,”Mass i n pound”);

check Appendix AP 99 for dependency:

2_3data.sci

Scilab code Exa 2.3 Example 3

1 pathname=get_absolute_file_path( ’ 2 3 . s c e ’ )
2 filename=pathname+filesep ()+ ’ 2 3da ta . s c i ’
3 exec(filename)

4 density=P/(R*T);

5 v=1/ density;// s p e c i f i c volume
6 printf(”\Answer : \ n”)
7 printf(”\n\Dens i ty o f a i r : %f Kg/mˆ3\n\n”,density)
8 printf(”\n\ S p e c i f i c volume o f a i r : %f mˆ3/Kg\n\n”,v)

check Appendix AP 98 for dependency:

2_4data.sci

Scilab code Exa 2.4 Example 4

1 pathname=get_absolute_file_path( ’ 2 4 . s c e ’ )
2 filename=pathname+filesep ()+ ’ 2 4da ta . s c i ’
3 exec(filename)

4 printf(”\Answer : \ n”)
5 printf(”\n\Dens i ty o f a i r a t the g i v en po i n t : %f Kg/

mˆ3\n\n”,density)

check Appendix AP 97 for dependency:

2_5data.sci
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Scilab code Exa 2.5 Example 5

1 pathname=get_absolute_file_path( ’ 2 5 . s c e ’ )
2 filename=pathname+filesep ()+ ’ 2 5da ta . s c i ’
3 exec(filename)

4 function[unit]= Conversion(SI)

5 unit =(9.8*(0.3048) ^2)*(SI)/4.448;

6 endfunction

7 disp(”1 l b / f t ˆ 2=( 9 . 8∗ ( 0 . 3 0 4 8 ) ˆ2) ∗ / 4 . 4 4 8 ) kg f /mˆ2”)
8 disp(Conversion (280.8) ,”wing l o a d i n g i n l b / f t ˆ2 f o r

F−117A s t e a l t h f i g h t e r ”);

check Appendix AP 96 for dependency:

2_6data.sci

Scilab code Exa 2.6 example 6

1 pathname=get_absolute_file_path( ’ 2 6 . s c e ’ )
2 filename=pathname+filesep ()+ ’ 2 6da ta . s c i ’
3 exec(filename)

4 function[ftPerSecond ]= conversion(MilePerHour)

5 ftPerSecond =(5280* MilePerHour)/3600;

6 endfunction

7 function[meterPerSecond ]= conversion1(MilePerHour)

8 meterPerSecond =(1609.344* MilePerHour)/3600;

9 endfunction

10 disp(”1 f tPe rSe cond =(5280∗MilePerHour ) /3600 ”)
11

12 disp(conversion (60),” v e l o c i t y i n terms o f f t / s ”);
13

14 disp(”1 meterPerSecond =(1609 .344∗MilePerHour ) /3600 ”)
15 disp(conversion1 (60),” v e l o c i t y i n terms o f m/ s ”);
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Chapter 3

The Standard Atmosphere

check Appendix AP 95 for dependency:

3_01data.sci

Scilab code Exa 3.01 Example 1

1 pathname=get_absolute_file_path( ’ 3 01 . s c e ’ )
2 filename=pathname+filesep ()+ ’ 3 01da ta . s c i ’
3 exec(filename)

4 printf(”\Answer : \ n”)
5 printf(”\ p r e s s u r e at an a l t i t u d e o f 14 Km: %f N/mˆ2\

n”,P2)
6 printf(”\n\ d e n s i t y at an a l t i t u d e o f 14 Km: %f Kg/m

ˆ3\n\n”,D2)

check Appendix AP 94 for dependency:

3_02data.sci

Scilab code Exa 3.02 Example 2
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1 pathname=get_absolute_file_path( ’ 3 02 . s c e ’ )
2 filename=pathname+filesep ()+ ’ 3 02da ta . s c i ’
3 exec(filename)

4 printf(”\Answer : \ n”)
5 printf(”\n\ p r e s s u r e a l t i t u d e : %f Km\n\n”,P1)
6 printf(”\n\ t empera tu re a l t i t u d e : %f Km\n\n”,T1)
7 printf(”\n\ d e n s i t y a l t i t u d e : %f Km\n\n”,D1)

check Appendix AP 93 for dependency:

3_03data.sci

Scilab code Exa 3.03 Example 3

1 pathname=get_absolute_file_path( ’ 3 03 . s c e ’ )
2 filename=pathname+filesep ()+ ’ 3 03da ta . s c i ’
3 exec(filename)

4 printf(”\Answer : \ n”)
5 printf(”\n\Temperature o f a i r a t f l y i n g a l t i t u d e o f

a i r p l a n e : %f K\n\n”,T)

check Appendix AP 92 for dependency:

3_04data.sci

Scilab code Exa 3.04 Example 4

1 pathname=get_absolute_file_path( ’ 3 04 . s c e ’ )
2 filename=pathname+filesep ()+ ’ 3 04da ta . s c i ’
3 exec(filename)

4 printf(”\Answer : \ n”)
5 printf(”\ p r e s s u r a l t i t u d e : %f Km\n”,Hp)
6 printf(”\n\ d e n s i t y a l t i t u d e : %f Km\n\n”,Hd)

14



Chapter 4

Basic Aerodynamics

check Appendix AP 91 for dependency:

4_01data.sci

Scilab code Exa 4.01 Example 1

1 pathname=get_absolute_file_path( ’ 4 01 . s c e ’ )
2 filename=pathname+filesep ()+ ’ 4 01da ta . s c i ’
3 exec(filename)

4 printf(”\Answer : \ n”)
5 printf(”\n\ a r ea o f the duct e x i t : %f mˆ2\n\n”,A2)

check Appendix AP 90 for dependency:

4_02data.sci

Scilab code Exa 4.02 Example 1

1 pathname=get_absolute_file_path( ’ 4 02 . s c e ’ )
2 filename=pathname+filesep ()+ ’ 4 02da ta . s c i ’
3 exec(filename)
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4 printf(”\Answer : \ n”)
5 printf(”\n\ d e n s i t y o f a i r a t the duct e x i t : %f Kg/m

ˆ3\n\n”,D2)

check Appendix AP 89 for dependency:

4_03data.sci

Scilab code Exa 4.03 Example 3

1 pathname=get_absolute_file_path( ’ 4 03 . s c e ’ )
2 filename=pathname+filesep ()+ ’ 4 03da ta . s c i ’
3 exec(filename)

4 disp(”P1+(D∗V1ˆ2/2)=Pa+(D∗Vaˆ2/2) ”,” B e r n o u l l i
e qua t i on ”);

5 Va =[(2*(P1 -Pa)/D)+(V1)^2]^0.5; disp(Va,”Va=”)
6 printf(”\Answer : \ n”)
7 printf(”\n\ v e l o c i t y at a po i n t A on a i r f o i l : %f m/ s \

n\n”,Va)

check Appendix AP 88 for dependency:

4_04data.sci

Scilab code Exa 4.04 Example 4

1 pathname=get_absolute_file_path( ’ 4 04 . s c e ’ )
2 filename=pathname+filesep ()+ ’ 4 04da ta . s c i ’
3 exec(filename)

4 printf(”\Answer : \ n”)
5 printf(”\n\ p r e s s u r e at the duct e x i t : %f N/mˆ2\n\n”,

P2)

check Appendix AP 87 for dependency:
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4_05data.sci

Scilab code Exa 4.05 Example 5

1 pathname=get_absolute_file_path( ’ 4 05 . s c e ’ )
2 filename=pathname+filesep ()+ ’ 4 05da ta . s c i ’
3 exec(filename)

4 D=1.067*D*V^2*R;

5 printf(”\Answer : \ n”)
6 printf(”\n\Aerodynamic f o r c e e x e r t e d by s u r f a c e

p r e s s u r e d i s t r i b u t i o n : %f N\n\n”,D)

check Appendix AP 86 for dependency:

4_06data.sci

Scilab code Exa 4.06 Example 6

1 pathname=get_absolute_file_path( ’ 4 06 . s c e ’ )
2 filename=pathname+filesep ()+ ’ 4 06da ta . s c i ’
3 exec(filename)

4 printf(”\Answer : \ n”)
5 printf(”\n\ i n t e r n a l ene rgy per un i t mass i n SI un i t :

%f J/Kg .K\n\n”,e)
6 printf(”\n\ i n t e r n a l ene rgy per un i t mass i n Eng l i s h

e n g i n e r i n g un i t : %f Ft . Lb/ s l u g \n\n”,e1)
7 printf(”\n\ en tha lpy per un i t mass i n SI un i t : %f J/

Kg .K\n\n”,h)
8 printf(”\n\ en tha lpy per un i t mass i n Eng l i s h

e n g i n e r i n g un i t : %f Ft . Lb/ s l u g \n\n”,h1)

check Appendix AP 85 for dependency:

4_07data.sci
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Scilab code Exa 4.07 Example 7

1 pathname=get_absolute_file_path( ’ 4 07 . s c e ’ )
2 filename=pathname+filesep ()+ ’ 4 07da ta . s c i ’
3 exec(filename)

4 disp(”P2/P1=(T2/T1) ˆy/y−1”,”For i s e n t r o p i c f l ow ”,”
l e t P2 be the p r e s s u r e at tha t po i n t o f wing ”);

5 P2=P1*(T/T1)^(y/(y-1));disp(P2,”P2=”)
6 printf(”\Answer : \ n”)
7 printf(”\n\ Pr e s s u r e at t h i s p o i n t : %f N/mˆ2\n\n”,P2)

check Appendix AP 84 for dependency:

4_08data.sci

Scilab code Exa 4.08 Example 8

1 pathname=get_absolute_file_path( ’ 4 08 . s c e ’ )
2 filename=pathname+filesep ()+ ’ 4 08da ta . s c i ’
3 exec(filename)

4 disp(”T2=T1∗ (P2/P1 ) ˆ ( ( y−1)/y ) ”,” from i s e n t r o p i c
c o n d i t i o n : ”)

5 T2=T1*(P2/P1)^((y-1)/y)// t empera tu r e at e x i t
6 printf(”\Answer : \ n”)
7 printf(”\n\Gas tempera tu r e at the e x i t : %f K\n\n”,T2

)

check Appendix AP 83 for dependency:

4_09data.sci
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Scilab code Exa 4.09 Example 9

1 pathname=get_absolute_file_path( ’ 4 09 . s c e ’ )
2 filename=pathname+filesep ()+ ’ 4 09da ta . s c i ’
3 exec(filename)

4 disp(”So V1ˆ2=2Cp∗ (To−T1) ”,”CpTo=CpT1+(V1ˆ2) /2 ”,”
From energy equa t i on : ”,” l e t V1 be the v e l o c i t y o f
t h r o a t ”)

5 V1=(2*Cp*(To -T1))^0.5;

6 printf(”\n\Ve l o c i t y at t h r o a t : %f m/ s \n\n”,V1)
7 disp(”So Veˆ2=2Cp∗ (To−Te ) ”,”CpTo=CpTe+(Veˆ2) /2 ”,”

From energy equa t i on : ”,” l e t Ve be the v e l o c i t y o f
e x i t ”)

8 Ve=(2*Cp*(To -Te))^0.5;

9 printf(”\n\Ve l o c i t y at the e x i t : %f m/ s \n\n”,Ve)
10 disp(”A1=Mt/(D1∗V1) ”,”Area o f t h r o a t ”)
11 A1=Mt/(D1*V1);

12 printf(”\n\Area o f t h r o a t : %f mˆ2\n\n”,A1)
13 disp(”Ae=Mt/(De∗Ve) ”,”Area o f the e x i t ”)
14 Ae=Mt/(De*Ve);

15 printf(”\n\Area o f the e x i t : %f mˆ2\n\n”,Ae)

check Appendix AP 82 for dependency:

4_10data.sci

Scilab code Exa 4.10 Example 10

1 pathname=get_absolute_file_path( ’ 4 10 . s c e ’ )
2 filename=pathname+filesep ()+ ’ 4 10da ta . s c i ’
3 exec(filename)

4 disp(”So Vaˆ2=2Cp∗ (T−Ta)+Vˆ2”,”CpT+(Vˆ2) /2=CpTa+(Va
ˆ2) /2 ”,”From energy equa t i on : ”,” l e t Va be the
v e l o c i t y o f the po i n t A”)

5 Va=(2*Cp*(T-Ta)+V^2) ^0.5; disp(Va ,”Va=”)
6 printf(”\Answer : \ n”)
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7 printf(”\n\Ve l o c i t y at po i n t A: %f m/ s \n\n”,Va)

check Appendix AP 81 for dependency:

4_11data.sci

Scilab code Exa 4.11 Example 11

1 pathname=get_absolute_file_path( ’ 4 11 . s c e ’ )
2 filename=pathname+filesep ()+ ’ 4 11da ta . s c i ’
3 exec(filename)

4 disp(”Mach No M=V/a”);
5 M=V/a;disp(M,”M=”)
6 printf(”\Answer : \ n”)
7 printf(”\n\Mach No o f the j e t t r a n s p o r t : %f\n\n”,M)

check Appendix AP 80 for dependency:

4_12data.sci

Scilab code Exa 4.12 Example 12

1 pathname=get_absolute_file_path( ’ 4 12 . s c e ’ )
2 filename=pathname+filesep ()+ ’ 4 12da ta . s c i ’
3 exec(filename)

4 disp(”Mach No at Throat Mt=V1/a”);
5 Mt=V1/a;disp(Mt,”Mt=”)
6 disp(”Mach No at Throat Me=Ve/Ae”);
7 Me=Ve/Ae;disp(Me,”Me=”)
8 printf(”\Answer : \ n”)
9 printf(”\n\Mach No at t h r o a t : %f\n\n”,Mt)
10 printf(”\n\Mach No at e x i t : %f\n\n”,Me)

check Appendix AP 79 for dependency:
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4_13data.sci

Scilab code Exa 4.13 Example 13

1 pathname=get_absolute_file_path( ’ 4 13 . s c e ’ )
2 filename=pathname+filesep ()+ ’ 4 13da ta . s c i ’
3 exec(filename)

4 disp(” ( 2 ( P1−P2 ) /(D1(1−(A2/A1) ˆ2) ) ) ˆ0 . 5=(2∗ (Dp) /(D1
∗(1− r ˆ2) ) ) ˆ 0 . 5 ”,” A i r f l ow v e l o c i t y at t e s t s e c t i o n
V=”);

5 V=(2*( Dp)/(D1*(1-r^2)))^0.5; disp(V,”V=”);
6 printf(”\Answer : \ n”)
7 printf(”\n\Ai r f l ow v e l o c i t y i n the t e s t s e c t i o n : %f

m/ s \n\n”,V)

check Appendix AP 78 for dependency:

4_14data.sci

Scilab code Exa 4.14 Example 14

1 pathname=get_absolute_file_path( ’ 4 14 . s c e ’ )
2 filename=pathname+filesep ()+ ’ 4 14da ta . s c i ’
3 exec(filename)

4 disp(”P2+D(V2ˆ2−V1ˆ2) /2 ”,” p r e s s u r e at r e s e r v o i r P1=”
)

5 P1=P2+D*(V2^2-V1^2) /2; disp(P1,”P1=”)
6 disp(”Mt=D∗A1∗V1”,”mass f l ow r a t e : ”)
7 Mt=D*A1*V1;disp(Mt,”Mt=”)
8 printf(”\Answer : \ n”)
9 printf(”\n\ p r e s s u r e r e q u i r e d to have a v e l o c i t y o f

40 m/ s at t e s t s e c t i o n : %f N/mˆ2\n\n”,P1)
10 printf(”\n\mass f l ow through the wind tunne l : %f Kg/

s \n\n”,Mt)
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check Appendix AP 77 for dependency:

4_15data.sci

Scilab code Exa 4.15 Example 15

1 pathname=get_absolute_file_path( ’ 4 15 . s c e ’ )
2 filename=pathname+filesep ()+ ’ 4 15da ta . s c i ’
3 exec(filename)

4 disp(”V2 p r o p e r t i o n a l to (P2−P1 ) ˆ0 . 5 ”,” v e l o c i t y i n
t e s t s e c t i o n i s p r o p e r t i o n a l to squa r e r o o t o f
p r e s s u r e d i f f e r e n c e ”)

5 V2=(40) *2^(0.5);disp(V2 ,” v e l o c i t y a f t e r p r e s s u r e
d i f f e r e n c e i s doubled i s s q u a r e r o o t 2 t imes 40 ”)

6 disp(” ( 2 ( P1−P2 ) /(D(1−(A2/A1) ˆ2) ) ) ˆ0 . 5=(2∗ (Dp) /(D
∗(1−(1/R) ˆ2) ) ) ˆ 0 . 5 ”,” A i r f l ow v e l o c i t y at t e s t
s e c t i o n V3=”);

7 V3=(2*(Dp)/(D*(1 -(1/R)^2)))^0.5; disp(V3,”V3=”);
8 printf(”\Answer : \ n”)
9 printf(”\n\Ai r f l ow v e l o c i t y i n the t e s t s e c t i o n

a f t e r doub l i ng p r e s s u r e d i f f e r e n c e : %f m/ s \n\n”,
V2)

10 printf(”\n\Ai r f l ow v e l o c i t y i n the t e s t s e c t i o n
a f t e r doub l i ng c o n t r a c t i o n r a t i o : %f m/ s \n\n”,V3)

check Appendix AP 76 for dependency:

4_16data.sci

Scilab code Exa 4.16 Example 16

1 pathname=get_absolute_file_path( ’ 4 16 . s c e ’ )
2 filename=pathname+filesep ()+ ’ 4 16da ta . s c i ’
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3 exec(filename)

4 disp(”Vt=(2(Po−P) /D) ˆ0 . 5 ”,”True v e l o c i t y o f a i r p l a n e
”)

5 Vt=sqrt (2*(Po -P)/D);disp(Vt,”Vt=”);
6 disp(”Ve=(2(Po−P) /Ds ) ˆ 0 . 5 ”,” Eq i v a l e n t a i r s p e e d o f

a i r p l a n e ”)
7 Ve=sqrt (2*(Po -P)/Ds);disp(Ve,”Ve=”);
8 printf(”\Answer : \ n”)
9 printf(”\n\True v e l o c i t y o f the a i r p l a n e : %f m/ s \n\n

”,Vt)
10 printf(”\n\Equ iva l en t a i r s p e e d o f the a i r p l a n e : %f m

/ s \n\n”,Ve)

check Appendix AP 75 for dependency:

4_17data.sci

Scilab code Exa 4.17 Example 17

1 pathname=get_absolute_file_path( ’ 4 17 . s c e ’ )
2 filename=pathname+filesep ()+ ’ 4 17da ta . s c i ’
3 exec(filename)

4 disp(”M1ˆ2=2∗ [ (Po/P1 ) ˆ ( ( y−1)/y ) −1]/(y−1) ) ”,” l e t Mach
no at which the a i r p l a n e f l y i n g i s M1 then ”)

5 M1=sqrt (2*[( Po/P1)^((y-1)/y) -1]/(y-1));disp(M1,”M1=”
);

6 a1=sqrt(y*R*T);disp(a1 ,” a1=(y∗R∗T) ˆ0 . 5 ”,” speed o f
sound at tha t po i n t ”);

7 V1=sqrt (2*a1^2*[(Po/P1)^((y-1)/y) -1]/(y-1));

8 disp(V1,”V1=”,”V1ˆ2=2∗a1 ˆ 2 ∗ [ ( Po/P1 ) ˆ ( ( y−1)/y ) −1]/(y
−1)”,” equva l en t a i r speed V1”)

9 R=((y-1)/y);

10 Vc=sqrt ([2*a^2*[(((Po -P1)/P)+1) ^((y-1)/y) -1]/(y-1)])

;

11 disp(Vc,”Vc=”,”Vcˆ2=2∗a ˆ 2 ∗ [ ( ( Po−P1 ) /P)+1) ˆ ( ( y−1)/y )
−1]/(y−1)”,” c a l i b e r a t e d a i r speed Vc”)
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12 printf(”\Answer : \ n”)
13 printf(”\n\mach no at which a i r p l a n e i s f l y i n g : %f \

n\n”,M1)
14 printf(”\n\True a i r s p e e d o f the a i r p l a n e : %f m/ s \n\n

”,V1)
15 printf(”\n\ c a l i b e r a t e d a i r s p e e d o f the a i r p l a n e : %f

m/ s \n\n”,Vc)

check Appendix AP 74 for dependency:

4_18data.sci

Scilab code Exa 4.18 Example 18

1 pathname=get_absolute_file_path( ’ 4 18 . s c e ’ )
2 filename=pathname+filesep ()+ ’ 4 18da ta . s c i ’
3 exec(filename)

4 Po=P*[(y+1)^2*M^2/((4*y*M^2) -2*(y-1))]^3.5*(1 -y+2*y*

M^2)/(y+1)

5 disp(”Po=P1 ∗ [ ( y+1) ˆ2∗Mˆ2/( ( 4∗ y∗Mˆ2)−2∗(y−1) )
] ˆ3 .5∗ (1 − y+2∗y∗Mˆ2) /( y+1)”,” p r e s s u r e measured by
p i t o t tube Po”)

6 printf(”\Answer : \ n”)
7 printf(”\n\ p r e s s u r e measured by p i t o t tube : %f N/m

ˆ2\n\n”,Po)

check Appendix AP 73 for dependency:

4_19data.sci

Scilab code Exa 4.19 Example 19

1 pathname=get_absolute_file_path( ’ 4 19 . s c e ’ )
2 filename=pathname+filesep ()+ ’ 4 19da ta . s c i ’
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3 exec(filename)

4 Ma=[[(Po/Pa)^((y-1)/y) -1]*2/(y-1) ]^0.5; disp(Ma,”Ma=”
,”Ma=[(Po/Pa ) ˆ ( ( y−1)/y ) −1]∗2/(y−1)”,”Mach no at
po i n t A”)

5 Ta=Toa /[1+(y-1)*Ma ^2/2];

6 disp(Ta,”Ta=”,”Ta=Toa /[1+(y−1)∗Maˆ2/2 ] ”,” s t a t i c
t empera tu re at A”)

7 Va=sqrt(y*R*Ta)*Ma;

8 disp(Va,”Va=”,” v e l o c i t y at A =a∗Ma, where a ( s q r t ( y∗R∗
Ta) ) i s apeed o f sound at A”)

9 printf(”\Answer : \ n”)
10 printf(”\n\Mach No at A: %f \n\n”,Ma)
11 printf(”\n\ v e l o c i t y at A: %f m/ s \n\n”,Va)

check Appendix AP 72 for dependency:

4_20data.sci

Scilab code Exa 4.20 Example 20

1 pathname=get_absolute_file_path( ’ 4 20 . s c e ’ )
2 filename=pathname+filesep ()+ ’ 4 20da ta . s c i ’
3 exec(filename)

4 To=Te*A

5 disp(To,”To=”,”To=Te∗(1+(y−1)∗Meˆ2/2) ”,” l e t
r e s e r v o i r t empera tu r e r e q u i r e d i s To ”)

6 Po=Pe*A^(y/(y-1));

7 disp(Po,”Po=”,”Po=Pe ∗ ( (1+(y−1)∗Meˆ2/2) ) ˆy/y−1”,” l e t
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 i s Po ”)

8 r=sqrt ((2*A/(y+1))^((y+1)/(y-1))/Me^2)

9 disp(r,”Ae/At=”,”Ae/At=s q r t ( (2∗ ( 1+( y−1)∗Meˆ2/2) /( y
+1) ) ˆ ( ( y+1) /( y−1) ) /Meˆ2”,”Area r a t i o r e q u i r e d i s
equa l to ”)

10 printf(”\Answer : \ n”)
11 printf(”\n\ r e q u i r e d r e s e r v o i r t empera tu r e : %f K\n\n

”,To)
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12 printf(”\n\ r e q u i r e d r e s e r v o i r p r e s s u r e : %f N/mˆ2\n\
n”,Po)

13 printf(”\n\ r e q u i r e d Area Rat io : %f \n\n”,r)

check Appendix AP 71 for dependency:

4_21data.sci

Scilab code Exa 4.21 Example 21

1 pathname=get_absolute_file_path( ’ 4 21 . s c e ’ )
2 filename=pathname+filesep ()+ ’ 4 21da ta . s c i ’
3 exec(filename)

4 Pstag=Pe*[(y+1)^2*Me ^2/((4*y*Me^2) -2*(y-1))]^(y/(y

-1))*(1-y+2*y*Me^2)/(y+1)

5 disp(Pstag ,” Pstag=”,” Pstag=Pe ∗ [ ( y+1)∗Meˆ2/ ( ( 4∗ y∗Me
ˆ2)−2∗(y−1) ) ] ˆ ( y /( y−1) ) ∗(1−y+2∗y∗Meˆ2) /( y+1)”,”
the s t a g n a t i o n p r e s u r e i s g i v en by Pstag ”)

6 Dstag=Pstag /(R*Tstag);

7 disp(Dstag ,”Dstag=”,”Dstag=Pstag /(R∗Tstag ) ”,” the
s t a g n a t i o n d e n s i t y i s g i v en by Dstag ”)

8 printf(”\Answer : \ n”)
9 printf(”\n\ S tagna t i on t empera tu r e : %f K\n\n”,Tstag)
10 printf(”\n\ S tagna t i on p r e s s u r e : %f N/mˆ2\n\n”,Pstag

)

11 printf(”\n\ S tagna t i on d e n s i t y : %f Kg/mˆ3\n\n”,Dstag
)

check Appendix AP 70 for dependency:

4_22data.sci

Scilab code Exa 4.22 Example 22
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1 pathname=get_absolute_file_path( ’ 4 22 . s c e ’ )
2 filename=pathname+filesep ()+ ’ 4 22da ta . s c i ’
3 exec(filename)

4 Ve=Ae*Me;disp(Ve,”Ve=”,” v e l o c i t y at e x i t Ve=Ae∗Me”)
5 Mt=Dt*At*Vt;disp(Mt,”Mt=Dt∗At∗Vt”,”mass f l ow through

n o z z l e Mt”)
6 printf(”\Answer : \ n”)
7 printf(”\n\Ve l o c i t y at e x i t : %f m/ s \n\n”,Ve)
8 printf(”\n\mass f l ow through n o z z l e : %f Kg/mˆ3\n\n”,

Mt)

check Appendix AP 69 for dependency:

4_23data.sci

Scilab code Exa 4.23 Example 23

1 pathname=get_absolute_file_path( ’ 4 23 . s c e ’ )
2 filename=pathname+filesep ()+ ’ 4 23da ta . s c i ’
3 exec(filename)

4 t=5.2*x/Re^0.5; disp(t,” t=”,” boundary l a y e r t h i c k n e s s
t =5.2∗x/Re ˆ0 . 5 ”)

5 D=q*S*Cf;disp(D,”D=”,” drag on one s u r f a c e o f the
p l a t e g i v en by D=q∗ s ∗Cf”)

6 disp (2*D,”Dn=”,”Net drag Dn i s two t imes both
s u r f a c e i . e 2D”)

7 printf(”\Answer : \ n”)
8 printf(”\n\Boundary l a y e r t h i c k n e s s at downstream

edge : %f m\n\n”,t)
9 printf(”\n\The drag f o r c e on p l a t e : %f N\n\n” ,2*D)

check Appendix AP 68 for dependency:

4_24data.sci
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Scilab code Exa 4.24 Example 24

1 pathname=get_absolute_file_path( ’ 4 24 . s c e ’ )
2 filename=pathname+filesep ()+ ’ 4 24da ta . s c i ’
3 exec(filename)

4 Tw1=q*Cf1;disp(Tw1 ,”Tw1=”,”Tw1=q∗Cf1 ”,” sh ea r s t r e s s
at 1 cm Tw1 : ”);

5 Tw2=q*Cf2;disp(Tw2 ,”Tw2=”,”Tw2=q∗Cf2 ”,” sh ea r s t r e s s
at 1 cm Tw2 : ”);

6 printf(”\Answer : \ n”)
7 printf(”\n\ Loca l s h e a r s t r e s s at 1 cm : %f N/mˆ2\n\n”

,Tw1)

8 printf(”\n\ Loca l s h e a r s t r e s s at 5 cm : %f N/mˆ2”,Tw2
)

9 disp(”Hence Tw d e c r e a s e s with d i s t a n c e i n f l ow
d i r e c t i o n ”);

check Appendix AP 67 for dependency:

4_25data.sci

Scilab code Exa 4.25 Example 25

1 pathname=get_absolute_file_path( ’ 4 25 . s c e ’ )
2 filename=pathname+filesep ()+ ’ 4 25da ta . s c i ’
3 exec(filename)

4 T=0.37*x/Re^0.2; disp(T,”T=”,”T=0.37∗x/Re ˆ0 . 2 ”,”
Th i ckne s s at t r a i l i n g edge T: ”);

5 Df=q*S*Cf;disp(Df,”Df=”,”Df=q∗S∗Cf”,”Drag at top
s u r f a c e ”)

6 printf(”\Answer : \ n”)
7 printf(”\n\Thi ckne s s at t r a i l i n g edge : %f m\n\n”,T)
8 printf(”\n\Tota l Drag : %f N” ,2*Df)

check Appendix AP 66 for dependency:

4_26data.sci
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Scilab code Exa 4.26 Example 26

1 pathname=get_absolute_file_path( ’ 4 26 . s c e ’ )
2 filename=pathname+filesep ()+ ’ 4 26da ta . s c i ’
3 exec(filename)

4 Tw1=q*Cf1;disp(Tw1 ,”Tw1=”,”Tw1=q∗Cf1 ”,” sh ea r s t r e s s
at 1 cm Tw1 : ”);

5 Tw2=q*Cf2;disp(Tw2 ,”Tw2=”,”Tw2=q∗Cf2 ”,” sh ea r s t r e s s
at 1 cm Tw2 : ”);

6 printf(”\Answer : \ n”)
7 printf(”\n\ Loca l s h e a r s t r e s s at 1 cm : %f N/mˆ2\n\n”

,Tw1)

8 printf(”\n\ Loca l s h e a r s t r e s s at 5 cm : %f N/mˆ2”,Tw2
)

check Appendix AP 65 for dependency:

4_27data.sci

Scilab code Exa 4.27 Example 27

1 pathname=get_absolute_file_path( ’ 4 27 . s c e ’ )
2 filename=pathname+filesep ()+ ’ 4 27da ta . s c i ’
3 exec(filename)

4 Tw=q*Cf;disp(Tw,”Tw=”,”Tw=q∗Cf”,” sh ea r s t r e s s at
po i n t 0 . 6 096 m Tw: ”);

5 printf(”\Answer : \ n”)
6 printf(”\n\ s h e a r s t r e s s at a po i n t 0 . 6 096m

downstream o f the l e a d i n g edge : %f m\n\n”,Tw)

check Appendix AP 64 for dependency:

4_28data.sci
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Scilab code Exa 4.28 Example 28

1 pathname=get_absolute_file_path( ’ 4 28 . s c e ’ )
2 filename=pathname+filesep ()+ ’ 4 28da ta . s c i ’
3 exec(filename)

4 Ds=q*S*0.074/ Re ^0.2; disp(Ds,”Ds=”,”Ds=q∗S ∗0 . 074/Re
ˆ0 . 2 ”,” t u r bu l e n t drag ove r comple te a r ea (A+B) ”);

5 Da=q*A*0.074/ Ret ^0.2; disp(Da,”Da=”,”Da=q∗A∗0 . 074/ Ret
ˆ 0 . 2 ”,” t u r bu l e n t drag ove r a r ea A”);

6 disp(Ds-Da,”Db=”,” t u r bu l e n t drag ove r a r ea B Db : ”);
Db=Ds-Da;

7 Dl=q*A*1.328/ Ret ^0.5; disp(Dl,”Dl=”,”Dl=q∗A∗1 . 328/ Ret
ˆ 0 . 5 ”,” l amina r drag ove r a r ea A”);

8 Dn=Db+Dl;disp(Dn,”Dn=”,”Dn=Db+Dl”,”Net drag Dn”)
9 printf(”\Answer : \ n”)
10 printf(”\n\ Skin f r i c t i o n Drag ove r wings o f b i p l a n e

(4 s u r f a c e s ) : %f N\n\n” ,4*Dn)
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Chapter 5

Airfoils Wings and Other
Aerodynamic Shapes

check Appendix AP 63 for dependency:

5_01data.sci

Scilab code Exa 5.01 Example 1

1 pathname=get_absolute_file_path( ’ 5 01 . s c e ’ )
2 filename=pathname+filesep ()+ ’ 5 01da ta . s c i ’
3 exec(filename)

4 L=q*c*Cl;disp(L,”L=”,”L=q∗ c∗Cl ”,” L i f t per un i t span
L : ”)

5 D=q*c*Cd;disp(D,”D=”,”D=q∗ c∗Cd”,”Drag per un i t span
D: ”)

6 M=q*c*Cm*c;disp(M,”M=”,”M=q∗ c∗Cm∗ c ”,”Moment per un i t
span M: ”)

7 printf(”\Answer : \ n”)
8 printf(”\n\ L i f t about the qua r t e r chord , per un i t

span : %f N\n\n”,L)
9 printf(”\n\Drag about the qua r t e r chord , per un i t

span : %f N\n\n”,D)
10 printf(”\n\moment about the qua r t e r chord , per un i t

span : %f N.m\n\n”,M)
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check Appendix AP 62 for dependency:

5_02data.sci

Scilab code Exa 5.02 Example 2

1 pathname=get_absolute_file_path( ’ 5 02 . s c e ’ )
2 filename=pathname+filesep ()+ ’ 5 02da ta . s c i ’
3 exec(filename)

4 printf(”\Answer : \ n”)
5 printf(”\n\ ang l e o f a t t a c k f o r 700 N l i f t : %f d eg r e e

\n\n”,a)
6 printf(”\n\ ang l e o f a t t a c k f o r z e r o l i f t : : %f d eg r e e

\n\n”,a1)

check Appendix AP 61 for dependency:

5_03data.sci

Scilab code Exa 5.03 Example 3

1 pathname=get_absolute_file_path( ’ 5 03 . s c e ’ )
2 filename=pathname+filesep ()+ ’ 5 03da ta . s c i ’
3 exec(filename)

4 Cp=(P1-P)/q;disp(Cp,”Cp=”,”Cp=(P1−P) /q”,” p r e s s u r e
c o e f f i c i e n t Cp : ”)

5 printf(”\Answer : \ n”)
6 printf(”\n\ p r e s s u r e c o e f f i c i e n t at t h i s p o i n t o f

wing : %f \n\n”,Cp)

check Appendix AP 60 for dependency:

5_04data.sci
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Scilab code Exa 5.04 Example 4

1 pathname=get_absolute_file_path( ’ 5 04 . s c e ’ )
2 filename=pathname+filesep ()+ ’ 5 04da ta . s c i ’
3 exec(filename)

4 Cp=(P1-P)/q;disp(Cp,”Cp=”,”Cp=(P1−P) /q”,” p r e s s u r e
c o e f f i c i e n t Cp : ”)

5 printf(”\Answer : \ n”)
6 printf(”\n\ p r e s s u r e c o e f f i c i e n t : %f \n\n”,Cp)

check Appendix AP 59 for dependency:

5_05data.sci

Scilab code Exa 5.05 Example 5

1 pathname=get_absolute_file_path( ’ 5 05 . s c e ’ )
2 filename=pathname+filesep ()+ ’ 5 05da ta . s c i ’
3 exec(filename)

4 Cp=Cpo/(sqrt(1-M^2));disp(Cp,”Cp=”,”Cp=Cpo/( s q r t (1−M
ˆ2) ) ”,” p r e s s u r e c o e f f i c i e n t Cp : ”)

5 printf(”\Answer : \ n”)
6 printf(”\n\ p r e s s u r e c o e f f i c i e n t : %f \n\n”,Cp)

check Appendix AP 58 for dependency:

5_06data.sci

Scilab code Exa 5.06 Example 6
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1 pathname=get_absolute_file_path( ’ 5 06 . s c e ’ )
2 filename=pathname+filesep ()+ ’ 5 06da ta . s c i ’
3 exec(filename)

4 P1=(q*Cp)+P;disp(P1,”P1=”,”P1=q∗Cp+p”,” p r e s s u r e at
t h i s p o i n t P1 : ”)

5 printf(”\Answer : \ n”)
6 printf(”\n\ p r e s s u r e at t h i s p o i n t : %f N/mˆ2\n\n”,P1

)

check Appendix AP 57 for dependency:

5_07data.sci

Scilab code Exa 5.07 Example 7

1 pathname=get_absolute_file_path( ’ 5 07 . s c e ’ )
2 filename=pathname+filesep ()+ ’ 5 07da ta . s c i ’
3 exec(filename)

4 V2=V*((Cp1 -Cp2)+(V1/V)^2) ^0.5;

5 disp(V2,”V2=”,”V2=V∗ ( ( Cp1−Cp2 )+(V1/V) ˆ2) ˆ 0 . 5 ”,”
v e l o c i t y at po i n t 2 V2 : ”)

6 printf(”\Answer : \ n”)
7 printf(”\n\Ve l o c i t y at po i n t 2 : %f m/ s \n\n”,V2)

check Appendix AP 56 for dependency:

5_08data.sci

Scilab code Exa 5.08 Example 8

1 pathname=get_absolute_file_path( ’ 5 08 . s c e ’ )
2 filename=pathname+filesep ()+ ’ 5 08da ta . s c i ’
3 exec(filename)
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4 Cn=integrate( ’ 1−0.95∗y ’ , ’ y ’ ,0,1.0)-integrate( ’ 1−300∗
yˆ2 ’ , ’ y ’ ,0,0.1)-integrate( ’ −2.2277+2.2277∗ y ’ , ’ y ’
,0.1,1.0)

5 printf(”\Answer : \ n”)
6 printf(”\n\Normal f o r c e c o e f f i c i e n t : %f \n\n”,Cn)

check Appendix AP 55 for dependency:

5_09data.sci

Scilab code Exa 5.09 Example 9

1 pathname=get_absolute_file_path( ’ 5 09 . s c e ’ )
2 filename=pathname+filesep ()+ ’ 5 09da ta . s c i ’
3 exec(filename)

4 Cl=Co/(sqrt(1-M^2));disp(Cl,”Cl=”,”Cl=Co/( s q r t (1−M
ˆ2) ) ”,” L i f t c o e f f i c i e n t Cl : ”)

5 printf(”\Answer : \ n”)
6 printf(”\n\ L i f t c o e f f i c i e n t at Mach 0 . 7 : %f \n\n”,Cl

)

check Appendix AP 54 for dependency:

5_10_data.sci

Scilab code Exa 5.10 Example 10

1 pathname=get_absolute_file_path( ’ 5 10 . s c e ’ )
2 filename=pathname+filesep ()+ ’ 5 1 0 d a t a . s c i ’
3 exec(filename)

4 clf();

5 i = 1;

35



Figure 5.1: Example 10
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6 while(i<= length(M))

7 Cpcr(i)=(2/(y*M(i)^2))*[[(2+(y-1)*M(i)^2)/(y+1)

]^(y/(y-1)) -1]

8 Cpmin(i)=Cpomin/sqrt(1-M(i)^2);

9 i = i+1;

10 end

11 xlabel(”Mach Number”);
12 ylabel(”Cp”);
13 plot2d(M,Cpcr ,2);

14 plot2d(M,Cpmin);

15 disp(”The i n t e r s e c t i o n po i n t o f both the graphs i . e
approx 0 . 7 4 i s the c r i t i c a l Mach no o f the NACA
−0012 a i r f o i l . ”)

check Appendix AP 53 for dependency:

5_11_data.sci

Scilab code Exa 5.11 Example 11

1 pathname=get_absolute_file_path( ’ 5 11 . s c e ’ )
2 filename=pathname+filesep ()+ ’ 5 1 1 d a t a . s c i ’
3 exec(filename)

4 L=q*c*Cl;disp(L,”L=”,”L=q∗ c∗Cl ”,” l i f t per un i t span
f o r mach 3 : ”)

5 Dw=q*c*Cd;disp(Dw,”Dw=”,”Dw=q∗ c∗Cd”,”Wave drag per
un i t span f o r mach 3 : ”)

6 L1=q1*c*Cl1;disp(L1,”L1=”,”L1=q1∗ c∗Cl1 ”,” l i f t per
un i t span f o r mach 2 : ”)

7 Dw1=q1*c*Cd1;disp(Dw1 ,”Dw1=”,”Dw1=q1∗ c∗Cd1”,”Wave
drag per un i t span f o r mach 2 : ”)

check Appendix AP 52 for dependency:

5_12_data.sci
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Scilab code Exa 5.12 example 12

1 pathname=get_absolute_file_path( ’ 5 12 . s c e ’ )
2 filename=pathname+filesep ()+ ’ 5 1 2 d a t a . s c i ’
3 exec(filename)

4 a=L*(M^2-1) ^0.5/(4*q*S);

5 disp(a,”a=”,”a=L∗ (Mˆ2−1) ˆ 0 . 5 / ( 4∗ q∗S ) ”,” ang l e o f
a t t a c k at s ea l e v e l : ”)

6 a1=L*(M^2-1) ^0.5/(4* q1*S);

7 disp(a1,” a1=”,” a1=L∗ (Mˆ2−1) ˆ 0 . 5 / ( 4∗ q1∗S ) ”,” ang l e o f
a t t a c k at 10 Km: ”)

8 printf(”\Answer : \ n”)
9 printf(”\n\ ang l e o f a t t a c k at s ea l e v e l : %f d eg r e e \n

\n”,a*180/ %pi)
10 printf(”\n\ ang l e o f a t t a c k at 10 Km: %f deg r e e \n\n”,

a1*180/ %pi)

check Appendix AP 51 for dependency:

5_13data.sci

Scilab code Exa 5.13 Example 13

1 pathname=get_absolute_file_path( ’ 5 13 . s c e ’ )
2 filename=pathname+filesep ()+ ’ 5 13da ta . s c i ’
3 exec(filename)

4 L=q*S*4*a/sqrt(M^2-1);

5 disp(L,”L=”,”L=q∗S∗4∗ a/ s q r t (Mˆ2−1)”,” L i f t e x e r t e d on
a i r p l a n e L : ”)

6 printf(”\Answer : \ n”)
7 printf(”\n\ L i f t e x e r t e d on a i r p l a n e : %f N\n\n”,L)

check Appendix AP 50 for dependency:

5_14data.sci
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Scilab code Exa 5.14 Example 14

1 pathname=get_absolute_file_path( ’ 5 14 . s c e ’ )
2 filename=pathname+filesep ()+ ’ 5 14da ta . s c i ’
3 exec(filename)

4 Cl=L/(q*S);

5 disp(Cl,”Cl=”,”Cl=L/( q∗S ) ”,” L i f t c o e f f i c i e n t Cl : ”)
6 printf(”\Answer : \ n”)
7 printf(”\n\ L i f t c o e f f i c i e n t : %f \n\n”,Cl)

check Appendix AP 49 for dependency:

5_15data.sci

Scilab code Exa 5.15 Example 15

1 pathname=get_absolute_file_path( ’ 5 15 . s c e ’ )
2 filename=pathname+filesep ()+ ’ 5 15da ta . s c i ’
3 exec(filename)

4 Cdi=Cl^2/( %pi*e*AR);disp(Cdi ,”Cdi=”,”Cdi=Cl ˆ2/(%pi∗ e
∗AR) ”,” induced drag c o e f f i c i e n t Cdi : ”)

5 Di=q*S*Cdi;disp(Di,”Di=”,”Di=q∗S∗Cdi ”,” induced drag
Di : ”)

6 printf(”\Answer : \ n”)
7 printf(”\n\ i nduced drag c o e f f i c i e n t : %f \n\n”,Cdi)
8 printf(”\n\ i nduced drag : %f N\n\n”,Di)

check Appendix AP 48 for dependency:

5_16data.sci

Scilab code Exa 5.16 Example 16
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1 pathname=get_absolute_file_path( ’ 5 16 . s c e ’ )
2 filename=pathname+filesep ()+ ’ 5 16da ta . s c i ’
3 exec(filename)

4 Dt=(Cd+Cdi)*S*(D*V^2/2);disp(Dt ,”Dt=”,”Dt=(Cd+Cdi ) ∗S
∗q”,” t o t a l drag Di : ”)

5 printf(”\Answer : \ n”)
6 printf(”\n\Tot l drag : %f N\n\n”,Dt)

check Appendix AP 47 for dependency:

5_17data.sci

Scilab code Exa 5.17 Example 17

1 pathname=get_absolute_file_path( ’ 5 17 . s c e ’ )
2 filename=pathname+filesep ()+ ’ 5 17da ta . s c i ’
3 exec(filename)

4 Cl=a1*(a-a2);disp(Cl,”Cl=”,”Cl=a1 ( a−a2 ) ”,” l i f t
c o e f f i c i e n t Cl : ”)

5 Cd=cd+Cl^2/( %pi*e*AR);disp(Cd,”Cd=”,”Cd=cd+Cl ˆ2/(%pi
∗ e∗AR) ”,” t o t a l drag c o e f f i c i e n t Cd=:”)

6 printf(”\Answer : \ n”)
7 printf(”\n\ L i f t c o e f f i c i e n t : %f \n\n”,Cl)
8 printf(”\n\Tot l drag c o e f f i c i e n t : %f \n\n”,Cd)

check Appendix AP 46 for dependency:

5_18data.sci

Scilab code Exa 5.18 Example 18

1 pathname=get_absolute_file_path( ’ 5 18 . s c e ’ )
2 filename=pathname+filesep ()+ ’ 5 18da ta . s c i ’
3 exec(filename)
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4 Di=q*S*Cdi;disp(Di,”Di=”,”Di=q∗S∗Cdi ”,” induced drag
on one wing Di : ”)

5 printf(”\Answer : \ n”)
6 printf(”\n\ Induced drag e x e r t e d on both the wings :

%f N\n\n” ,2*Di)

check Appendix AP 45 for dependency:

5_19data.sci

Scilab code Exa 5.19 Example 19

1 pathname=get_absolute_file_path( ’ 5 19 . s c e ’ )
2 filename=pathname+filesep ()+ ’ 5 19da ta . s c i ’
3 exec(filename)

4 disp(” comparing the r e s u l t s o f pa r t a and b we can
s e e the high−a sp e c t r a t i o wing e x p e r i e n c e s a 26%
h i gh e r i n c r e a s e i n Cl than the low−a sp e c t r a t i o
wing . ”)

check Appendix AP 44 for dependency:

5_20data.sci

Scilab code Exa 5.20 Example 20

1 pathname=get_absolute_file_path( ’ 5 20 . s c e ’ )
2 filename=pathname+filesep ()+ ’ 5 20da ta . s c i ’
3 exec(filename)

4 V1=sqrt (2*Wt/(D*S*Clm));disp(V1 ,”V1=”,”V1=s q r t (2∗Wt
/(D∗S∗Clm) ) ”,” s t a l l i n g speed f o r f u l l f u e l tank
V1 : ”)

5 V2=sqrt (2*Wf/(D*S*Clm));disp(V2 ,”V2=”,”V2=s q r t (2∗Wf
/(D∗S∗Clm) ) ”,” s t a l l i n g speed f o r empty f u e l tank
V1 : ”)
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6 printf(”\Answer : \ n”)
7 printf(”\n\ s t a l l i n g speed f o r f u l l f u e l tank : %f m/

s \n\n”,V1)
8 printf(”\n\ s t a l l i n g speed f o r empty f u e l tank : %f m

/ s \n\n”,V2)

check Appendix AP 43 for dependency:

5_21data.sci

Scilab code Exa 5.21 Example 21

1 pathname=get_absolute_file_path( ’ 5 21 . s c e ’ )
2 filename=pathname+filesep ()+ ’ 5 21da ta . s c i ’
3 exec(filename)

4 V=sqrt (2*Wt/(D*S*Clm));disp(V,”V=”,”V=s q r t (2∗Wt/(D∗S
∗Clm) ) ”,” s t a l l i n g speed f o r Boeing 727 V: ”)

5 printf(”\Answer : \ n”)
6 printf(”\n\ s t a l l i n g speed f o r f u l l f u e l tank : %f m/

s \n\n”,V)
7 disp(” s t a l l i n g speed f o r l o ckhead F−104 i s a much

h i gh e r va l u e than the Boeing 727 . ”,” compar i son
with s t a l l i n g speed f o r f u l l f u e l tank o f example
5 . 2 0 : ”)
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Chapter 6

Elements Of Airplane
Performance

Scilab code Exa 6.1.a Example 1 a

1 pathname=get_absolute_file_path( ’ 6 1a . s c e ’ )
2 filename=pathname+filesep ()+ ’ 6 1 a d a t a . s c i ’
3 exec(filename)

4 clf();

5 i = 1;

6 Cl = 0;Cd = 0;Cl_Cd =0; Thrust = 0;

7 while(i<= length(V))

8 Cl(i) = 2*W/(D*S*V(i)^2);

9 Cd(i) = Cdo + Cl(i)^2/( %pi*e*AR);

10 Cl_Cd(i) = Cl(i)/Cd(i);

11 Thrust(i) = W/Cl_Cd(i)/1000;

12 i = i+1;

13 end

14 xlabel(” Ve l o c i t y (m/ s ) ”);
15 ylabel(”Thrust (kN) ”);
16 plot2d(V,Thrust ,3);
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Figure 6.1: Example 1 a
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Figure 6.2: Example 1 b

check Appendix AP 42 for dependency:

6_1a_data.sci

Scilab code Exa 6.1.b Example 1 b

1 pathname=get_absolute_file_path( ’ 6 1b . s c e ’ )
2 filename=pathname+filesep ()+ ’ 6 1b da t a . s c i ’
3 exec(filename)

4 clf();

5 i = 1;

6 Cl = 0;Cd = 0;Cl_Cd =0; Thrust = 0;
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7 while(i<= length(V))

8 Cl(i) = 2*W/(D*S*V(i)^2);

9 Cd(i) = Cdo + Cl(i)^2/( %pi*e*AR);

10 Cl_Cd(i) = Cl(i)/Cd(i);

11 Thrust(i) = W/Cl_Cd(i)/1000;

12 i = i+1;

13 end

14 xlabel(” Ve l o c i t y (m/ s ) ”);
15 ylabel(”Thrust (kN) ”);
16 plot2d(V,Thrust ,3);

check Appendix AP 41 for dependency:

6_1b_data.sci

check Appendix AP 30 for dependency:

602data.sci

Scilab code Exa 6.2 Example 2

1 pathname=get_absolute_file_path( ’ 6 0 2 . s c e ’ )
2 filename=pathname+filesep ()+ ’ 602 data . s c i ’
3 exec(filename)

4 clf();

5 i = 1;

6 Cl = 0;Cd = 0;Cl_Cd =0; Thrust = 0;

7 while(i<= length(V))

8 Cl(i) = 2*W/(D*S*V(i)^2);

9 Cd(i) = Cdo + Cl(i)^2/( %pi*e*AR);

10 Cl_Cd(i) = Cl(i)/Cd(i);

11 Thrust(i) = W/Cl_Cd(i)/1000;

12 Tf(i)=2*16245/1000;

13 i = i+1;

14 end
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Figure 6.3: Example 2
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Figure 6.4: Example 3 a

15 xlabel(” Ve l o c i t y (m/ s ) ”);
16 ylabel(”Thrust (kN) ”);
17 plot2d(V,Thrust ,3);

18 plot2d(V,Tf ,4);

19 disp(”As Thrust r e q u i r e d e qu a l s Thrust p rov id ed by
two tu rbo f an at V e l o c i t y 297 m/ s approx (
i n t e r s e c t i o n po i n t o f both graphs . ) so i t w i l l be
Vmax”)

20 Vmax =297;

21 printf(”\Answer : \ n”)
22 printf(”\n\maximum v e l o c i t y : %f m/ s \n\n”,Vmax)

Scilab code Exa 6.3.a Example 3 a
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1 pathname=get_absolute_file_path( ’ 6 3a . s c e ’ )
2 filename=pathname+filesep ()+ ’ 6 3 a d a t a . s c i ’
3 exec(filename)

4 clf();

5 i = 1;

6 Cl = 0;Cd = 0;Cl_Cd =0; Thrust = 0;

7 while(i<= length(V))

8 Cl(i) = 2*W/(D*S*V(i)^2);

9 Cd(i) = Cdo + Cl(i)^2/( %pi*e*AR);

10 Cl_Cd(i) = Cl(i)/Cd(i);

11 Thrust(i) = W/Cl_Cd(i)/1000;

12 Power(i)=Thrust(i)*V(i);

13 i = i+1;

14 end

15 xlabel(” Ve l o c i t y (m/ s ) ”);
16 ylabel(”Power (KN−m/ s ) ”);
17 plot2d(V,Power ,5);

check Appendix AP 28 for dependency:

6_3a_data.sci

Scilab code Exa 6.3.b Example 3 b

1 pathname=get_absolute_file_path( ’ 6 3b . s c e ’ )
2 filename=pathname+filesep ()+ ’ 6 3b da t a . s c i ’
3 exec(filename)

4 clf();

5 i = 1;

6 Cl = 0;Cd = 0;Cl_Cd =0; Thrust = 0;

7 while(i<= length(V))

8 Cl(i) = 2*W/(D*S*V(i)^2);

9 Cd(i) = Cdo + Cl(i)^2/( %pi*e*AR);

10 Cl_Cd(i) = Cl(i)/Cd(i);
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Figure 6.5: Example 3 b

11 Thrust(i) = W/Cl_Cd(i)/1000;

12 Power(i)=Thrust(i)*V(i)

13 i = i+1;

14 end

15 xlabel(” Ve l o c i t y (m/ s ) ”);
16 ylabel(”Power (KN−m/ s ) ”);
17 plot2d(V,Power ,5);

check Appendix AP 27 for dependency:

6_3b_data.sci

Scilab code Exa 6.4.a Example 4 a
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Figure 6.6: Example 4 a

1 pathname=get_absolute_file_path( ’ 6 4a . s c e ’ )
2 filename=pathname+filesep ()+ ’ 6 4 a d a t a . s c i ’
3 exec(filename)

4 clf();

5 V=linspace (20 ,300 ,500);

6 i = 1;

7 Cl = 0;Cd = 0;Cl_Cd =0; Thrust = 0;

8 while(i<= length(V))

9 Cl(i) = 2*W/(D*S*V(i)^2);

10 Cd(i) = Cdo + Cl(i)^2/( %pi*e*AR);

11 Cl_Cd(i) = Cl(i)/Cd(i);

12 Thrust(i) = W/Cl_Cd(i)/1000;

13 Power(i)=Thrust(i)*V(i);

14 Pa(i)=P*Pf *746/1000;

15 i = i+1;

16 end

17 xlabel(” Ve l o c i t y (m/ s ) ”);
18 ylabel(”Power (KN−m/ s ) ”);
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Figure 6.7: Example 4 b

19 plot2d(V,Power ,4);

20 plot2d(V,Pa ,5);

21 disp(” the i n t e r s e c t i o n o f both graph shows maximum
v e l o c i t y o f CP−1 at s ea l e v e l which i s ar round 81
m/ s . ”)

check Appendix AP 26 for dependency:

6_4a_data.sci

Scilab code Exa 6.4.b Example 4 b

1 pathname=get_absolute_file_path( ’ 6 4b . s c e ’ )
2 filename=pathname+filesep ()+ ’ 6 4b da t a . s c i ’
3 exec(filename)
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4 clf();

5 V=linspace (40 ,300 ,500);

6 i = 1;

7 Cl = 0;Cd = 0;Cl_Cd =0; Thrust = 0;

8 while(i<= length(V))

9 Cl(i) = 2*W/(D*S*V(i)^2);

10 Cd(i) = Cdo + Cl(i)^2/( %pi*e*AR);

11 Cl_Cd(i) = Cl(i)/Cd(i);

12 Thrust(i) = W/Cl_Cd(i)/1000; // un i t KN
13 Power(i)=Thrust(i)*V(i)// un i t KN−m/ s
14 Pa(i)=D*Tf*V(i)/(Do *1000);// power (KN−m/ s ) at

h e i g h t 6706 . 5 m co r r e s p ond i n g to v e l o c i t y
15 i = i+1;

16 end

17 xlabel(” Ve l o c i t y (m/ s ) ”);
18 ylabel(”Power (KN−m/ s ) ”);
19 plot2d(V,Power ,4);

20 plot2d(V,Pa ,5);

21 disp(”As we can s e e the h i g h e r i n t e r s e c t i o n po i n t o f
both curve i s arround 294m/ s ( approx ) , which i s

the maximum v e l o c i t y f o r CJ−1 at 6705 . 6 meter . ”)

check Appendix AP 25 for dependency:

6_4b_data.sci

check Appendix AP 24 for dependency:

6_05data.sci

Scilab code Exa 6.5 Example 5

1 pathname=get_absolute_file_path( ’ 6 05 . s c e ’ )
2 filename=pathname+filesep ()+ ’ 6 05da ta . s c i ’
3 exec(filename)
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Figure 6.8: Example 5
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4 clf();

5 V=linspace (40 ,300 ,500);

6 i = 1;

7 Cl = 0;Cd = 0;Cl_Cd =0; Thrust = 0;Vo=0;

8 while(i<= length(V))

9 Cl(i) = 2*W/(D*S*V(i)^2);

10 Cd(i) = Cdo + Cl(i)^2/( %pi*e*AR);

11 Cl_Cd(i) = Cl(i)/Cd(i);

12 Vo(i)=V(i)*(D/Do)^0.5; // c o r r e s p ond i n g v e l o c i t y
p o i n t s at s ea l e v e l

13 Thrust(i) = W/Cl_Cd(i)/1000; // un i t KN
14 Power(i)=Thrust(i)*Vo(i)// un i t KN−m/ s
15 Pa(i)=D*Tf*Vo(i)/(Do *1000);// power (KN−m/ s ) at

h e i g h t 6706 . 5 m co r r e s p ond i n g to v e l o c i t y
16 i = i+1;

17 end

18 xlabel(” Ve l o c i t y (m/ s ) ”);
19 ylabel(”Power (KN−m/ s ) ”);
20 plot2d(Vo,Power ,4);

21 plot2d(Vo,Pa ,5)

22 printf(”\nmaximum v e l o c i t y f o r CJ−1 approx 210m/ s ( as
s e en from graph ) ”)

check Appendix AP 23 for dependency:

6_06data.sci

Scilab code Exa 6.6 Example 6

1 pathname=get_absolute_file_path( ’ 6 06 . s c e ’ )
2 filename=pathname+filesep ()+ ’ 6 06da ta . s c i ’
3 exec(filename)

4 clf();

5
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Figure 6.9: Example 6
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6 i = 1;

7 Cl = 0;Cd = 0;Cl_Cd =0; Thrust = 0;

8 while(i<= length(V))

9 Cl(i) = 2*W/(D*S*V(i)^2);

10 Cd(i) = Cdo + Cl(i)^2/( %pi*e*AR);

11 Cl_Cd(i) = Cl(i)/Cd(i);

12 Thrust(i) = W/Cl_Cd(i)/1000;

13 Power(i)=Thrust(i)*V(i);

14 R_C(i)=(Pa-Power(i))*1000*60/W;// r a t e o f c l imb (R
/C in meter per minute )

15 i = i+1;

16 end

17 xlabel(” Ve l o c i t y (m/ s ) ”);
18 ylabel(”Rate o f c l imb (m/min ) f o r CP−1”);
19 plot2d(V,R_C ,4);

check Appendix AP 22 for dependency:

6_07data.sci

Scilab code Exa 6.7 Example 7

1 pathname=get_absolute_file_path( ’ 6 07 . s c e ’ )
2 filename=pathname+filesep ()+ ’ 6 07da ta . s c i ’
3 exec(filename)

4 a=atand (1/ L_D);disp(a,”a=”,” tan ( a ) =1/(L/D) ”,”minimum
g l i d e ang l e a : ”)

5 R=H*L_D;disp(R,”R=”,”R=H∗L/D”,”maximum range a l ong
ground : ”)

6 printf(”\Answer : \ n”)
7 printf(”\minimum g l i d e ang l e : %f \n”,a)
8 printf(”\n\maximum range cove r ed a l ong ground : %f m\

n\n”,R)

check Appendix AP 21 for dependency:

6_08data.sci
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Scilab code Exa 6.8 Example 8

1 pathname=get_absolute_file_path( ’ 6 08 . s c e ’ )
2 filename=pathname+filesep ()+ ’ 6 08da ta . s c i ’
3 exec(filename)

4 a=atand (1/ L_D);disp(a,”a=”,” tan ( a ) =1/(L/D) ”,”minimum
g l i d e ang l e a : ”)

5 R=H*L_D;disp(R,”R=”,”R=H∗L/D”,”maximum range a l ong
ground : ”)

6 printf(”\Answer : \ n”)
7 printf(”\minimum g l i d e ang l e : %f d eg r e e \n”,a)
8 printf(”\n\maximum range cove r ed a l ong ground : %f m\

n\n”,R)

check Appendix AP 20 for dependency:

6_09data.sci

Scilab code Exa 6.9 Example 9

1 pathname=get_absolute_file_path( ’ 6 09 . s c e ’ )
2 filename=pathname+filesep ()+ ’ 6 09da ta . s c i ’
3 exec(filename)

4 V1=sqrt (2*Wl*cos(a)/(D1*Cl));disp(V1,”V1=”,”V1=s q r t
(2∗Wl∗ co s ( a ) /(D1∗Cl ) ) ”,”For a l t i t u d e 3048 meter : ”
)

5 V2=sqrt (2*Wl*cos(a)/(D2*Cl));disp(V2,”V2=”,”V2=s q r t
(2∗Wl∗ co s ( a ) /(D2∗Cl ) ) ”,”For a l t i t u d e 609 . 6 meter :
”)

6 printf(”\Answer : \ n”)
7 printf(”\Ve l o c i t y at e q u i l i b r i um g l i d e ang l e at 3048

m: %f m/ s \n”,V1)
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8 printf(”\n\Ve l o c i t y at e q u i l i b r i um g l i d e ang l e at
6 09 . 6 m: %f m/ s \n\n”,V2)

check Appendix AP 40 for dependency:

6_12data.sci

Scilab code Exa 6.12 Example 12

1 pathname=get_absolute_file_path( ’ 6 12 . s c e ’ )
2 filename=pathname+filesep ()+ ’ 6 12da ta . s c i ’
3 exec(filename)

4 clf();

5 V=linspace (20 ,120 ,500);

6 i = 1;

7 Cl = 0;Cd = 0;Cl_Cd =0; Thrust = 0;

8 while(i<= length(V))

9 Cl(i) = 2*Wo/(D*S*V(i)^2);

10 Cd(i) = Cdo + Cl(i)^2/( %pi*e*AR);

11 Cl_Cd(i) = Cl(i)/Cd(i);

12 Cl1_Cd(i)=Cl(i)^1.5/ Cd(i)

13 i = i+1;

14 end

15 xlabel(” Ve l o c i t y (m/ s ) ”);
16 plot2d(V,Cl_Cd ,3);

17 plot2d(V,Cl1_Cd ,4);

18 // from graph we can s e e :
19 Cl_Cdmax =13.62; //maximum Cl /Cd
20 Cl1_Cdmax =12.81; //maximum Cl ˆ1 . 5 /Cd
21 R=(n/c)*Cl_Cdmax*log(Wo/W1)

22 disp(R,”R=”,”Range R=(n/ c ) ∗ ( Cl /Cd) ∗ l o g (Wo/W1) ”)
23 E=(n/c)*Cl1_Cdmax*sqrt (2*D*S)*[1/ sqrt(W1) -1/sqrt(Wo)

]

24 disp(E,”E=”,”Endurance E=(n/ c ) ∗ ( Cl ˆ 1 . 5 /Cd) ∗ s q r t (2∗D∗
S ) ∗ [ 1 / s q r t (W1)−1/ s q r t (Wo) ] ”)

25 printf(”\Answer : \ n”)
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26 printf(”\n\Maximum range o f CP−1: %f m\n\n”,R)
27 printf(”\n\Maximum Endurance o f CP−1: %f s \n\n”,E)

check Appendix AP 39 for dependency:

6_13data.sci

Scilab code Exa 6.13 Example 13

1 pathname=get_absolute_file_path( ’ 6 13 . s c e ’ )
2 filename=pathname+filesep ()+ ’ 6 13da ta . s c i ’
3 exec(filename)

4 clf();

5 V=linspace (20 ,400 ,500);

6 i = 1;

7 Cl = 0;Cd = 0;Cl_Cd =0; Thrust = 0;

8 while(i<= length(V))

9 Cl(i) = 2*Wo/(D*S*V(i)^2);

10 Cd(i) = Cdo + Cl(i)^2/( %pi*e*AR);

11 Cl_Cd(i) = Cl(i)/Cd(i);

12 Cl1_Cd(i)=Cl(i)^0.5/ Cd(i)

13 i = i+1;

14 end

15 xlabel(” Ve l o c i t y (m/ s ) ”);
16 plot2d(V,Cl_Cd ,3);

17 plot2d(V,Cl1_Cd ,4);

18 // from graph we can s e e :
19 Cl_Cdmax =16.9; //maximum Cl /Cd
20 Cl1_Cdmax =23.4; //maximum Cl ˆ0 . 5 /Cd
21 R=[sqrt(Wo)-sqrt(W1)]* Cl1_Cdmax *2*( sqrt (2/(D*S))/c);

22 disp(R,”R=”,”Range R=[ s q r t (Wo)−s q r t (W1) ] ∗ Cl ˆ . 5 /Cd
∗2∗ ( s q r t ( 2 / (D∗S ) ) / c ) ”)

23 E=( Cl_Cdmax*log(Wo/W1))/c;

24 disp(E,”E=”,”Endurance E=(Cl Cdmax∗ l o g (Wo/W1) ) / c ”)
25 printf(”\Answer : \ n”)
26 printf(”\n\Maximum range o f CJ−1: %f m\n\n”,R)
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27 printf(”\n\Maximum Endurance o f CJ−1: %f s \n\n”,E)

check Appendix AP 38 for dependency:

6_14data.sci

Scilab code Exa 6.14 Example 14

1 pathname=get_absolute_file_path( ’ 6 14 . s c e ’ )
2 filename=pathname+filesep ()+ ’ 6 14da ta . s c i ’
3 exec(filename)

4 Cl_Cdmax=sqrt(Cdo*%pi*e*AR)/(2* Cdo);

5 disp(Cl_Cdmax ,” ( Cl /Cd)max=”,” ( Cl /Cd)max=s q r t (Cdo∗%pi
∗ e∗AR) /(2∗Cdo ) ”)

6 Cl_Cd1max =(3* Cdo*%pi*e*AR)^(3/4) /(4* Cdo);

7 disp(Cl_Cd1max ,” ( ( Cl /Cd) ˆ 1 . 5 )max=”,” ( ( Cl /Cd) ˆ 1 . 5 )max
=(3∗Cdo∗%pi∗ e∗AR) ˆ (3/4 ) /(4∗Cdo ) ”)

check Appendix AP 37 for dependency:

6_15data.sci

Scilab code Exa 6.15 Example 15

1 pathname=get_absolute_file_path( ’ 6 15 . s c e ’ )
2 filename=pathname+filesep ()+ ’ 6 15da ta . s c i ’
3 exec(filename)

4 Cl_Cdmax=sqrt(Cdo*%pi*e*AR)/(2* Cdo);

5 disp(Cl_Cdmax ,” ( Cl /Cd)max=”,” ( Cl /Cd)max=s q r t (Cdo∗%pi
∗ e∗AR) /(2∗Cdo ) ”)

6 Cl_Cd1max =((1/3)*Cdo*%pi*e*AR)^(1/4) /(4* Cdo/3);

7 disp(Cl_Cd1max ,” ( Cl ˆ 0 . 5 /Cd)max=”,” ( Cl ˆ 0 . 5 /Cd)max
=((1/3) ∗Cdo∗%pi∗ e∗AR) ˆ (1/4 ) /(4∗Cdo/3) ”)
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Scilab code Exa 6.16.b Example 16 b

1 pathname=get_absolute_file_path( ’ 6 16b . s c e ’ )
2 filename=pathname+filesep ()+ ’ 6 1 6b da t a . s c i ’
3 exec(filename)

4 R_Cmax =(Pf*P*746/W) -0.8776* sqrt(W/(D*S*Cdo))*(1/(

L_Dmax)^1.5) // (R/C)max
5 printf(”\Answer : \ n”)
6 printf(”\n\Maximum Rate o f c l imd f o r CP−1: %f m/ s \n\

n”,R_Cmax)

check Appendix AP 36 for dependency:

6_16b_data.sci

Scilab code Exa 6.16.c Example 16 c

1 pathname=get_absolute_file_path( ’ 6 1 6 c . s c e ’ )
2 filename=pathname+filesep ()+ ’ 6 1 6 c d a t a . s c i ’
3 exec(filename)

4 A=2*Tf/W;B=W/S;C=1/ L_Dmax ^2;E=sqrt(A^2-C)

5 Vmax=sqrt((A*B+B*E)/(D*Cdo))

6 printf(”\Answer : \ n”)
7 printf(”\n\Maximum Ve l o c i t y f o r CJ−1: %f m/ s \n\n”,

Vmax)

check Appendix AP 35 for dependency:

6_16c_data.sci

Scilab code Exa 6.16.d Example 16 d
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1 pathname=get_absolute_file_path( ’ 6 16d . s c e ’ )
2 filename=pathname+filesep ()+ ’ 6 1 6d da t a . s c i ’
3 exec(filename)

4 Z=1+ sqrt (1+(3/(( L_Dmax)^2*(2* Tf/W)^2)))

5 R_Cmax=sqrt(W*Z/(3*D*Cdo*S))*(2*Tf/W)^1.5*[1 -(Z/6)

-(1.5/(Z*(2*Tf/W)^2*( L_Dmax)^2))]

6 printf(”\Answer : \ n”)
7 printf(”\n\Maximum Rate o f Climb f o r CJ−1: %f m/ s \n\

n”,R_Cmax)

check Appendix AP 34 for dependency:

6_16d_data.sci

check Appendix AP 33 for dependency:

6_17data.sci

Scilab code Exa 6.17 Example 17

1 pathname=get_absolute_file_path( ’ 6 17 . s c e ’ )
2 filename=pathname+filesep ()+ ’ 6 17da ta . s c i ’
3 exec(filename)

4 Sl =1.44*W^2/(g*D*S*Cl*[T-(Dr+Ur*(W-L))]);;disp(Sl,”
S l=”,” S l =1.44∗Wˆ2/( g∗D∗S∗Cl ∗ [T−(Dr+Ur ∗ (W−L) ) ] ) ”,”
L i f t o f f d i s t a n c e S l : ”)

5 printf(”\Answer : \ n”)
6 printf(”\n\ L i f t o f f d i s t a n c e f o r the CJ−1 at s e l e v e l

: %f m\n\n”,Sl)

check Appendix AP 32 for dependency:

6_18data.sci

Scilab code Exa 6.18 Example 18
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1 pathname=get_absolute_file_path( ’ 6 18 . s c e ’ )
2 filename=pathname+filesep ()+ ’ 6 18da ta . s c i ’
3 exec(filename)

4 Sl=(Vt^2*W)/(2*g*(Dr+Ur*W));disp(Sl,” S l=”,” S l=(Vtˆ2∗
W) /(2∗ g ∗ (Dr+Ur∗W) ) ”,” l and i n g ground r o l l d i s t a n c e
S l : ”)

5 printf(”\Answer : \ n”)
6 printf(”\n\Landing ground r o l l d i s t a n c e at s ea l e v e l

: %f m\n\n”,Sl)

Scilab code Exa 6.19.a Example 19 a

1 pathname=get_absolute_file_path( ’ 6 19a . s c e ’ )
2 filename=pathname+filesep ()+ ’ 6 19da ta . s c i ’
3 exec(filename)

4 A=D*S*Cdo /2;

5 B=2*Wo^2/(D*S*%pi*e*AR);

6 V=poly(0, ’V ’ );
7 p=Pa*V-A*V^4-B

8 disp(roots(p),”Roots o f Po lynomia l p : ”,p,”p=”,”
Po lynomia l p : ”)

9 disp(”As we can s e e the maximum p o s i t i v e r o o t i s
8 1 . 0 1 ( approx ) , which i s the maximum v e l o c i t y at
s ea l e v e l o f the UAV. ”)

check Appendix AP 31 for dependency:

6_19data.sci

Scilab code Exa 6.19.b Example 19 b

1 pathname=get_absolute_file_path( ’ 6 19b . s c e ’ )
2 filename=pathname+filesep ()+ ’ 6 19da ta . s c i ’
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3 exec(filename)

4 disp(” (R/C)max=(P/W)max−0.8776∗ s q r t (W/( S∗D∗Cdo ) ) ∗ (Cd
/Cl ) ˆ 1 . 5 ”)

5 A=Pa/Wo;

6 Cd_Cl =2* Cdo/sqrt(Cdo*%pi*e*AR);// r a t i o , Cd/Cl
7 B=0.8776* sqrt(Wo/(S*D*Cdo))*( Cd_Cl)^1.5;

8 R_Cmax=A-B;//maximum r a t e o f c l imb
9 printf(”\Answer : \ n”)
10 printf(”\n\maximum r a t e o f c l imb at s ea l e v e l : %f m/

s \n\n”,R_Cmax)

check Appendix AP 31 for dependency:

6_19data.sci

Scilab code Exa 6.19.c Example 19 c

1 pathname=get_absolute_file_path( ’ 6 1 9 c . s c e ’ )
2 filename=pathname+filesep ()+ ’ 6 19da ta . s c i ’
3 exec(filename)

4 Cl_Cd=sqrt(Cdo*%pi*e*AR)/(2* Cdo);// r a t i o ( Cl /Cd)
5 disp(Cl_Cd)

6 R=(n/c)*Cl_Cd*log(Wo/(W-W1))*0.62137*10^ -3 ;// range
i n m i l e s

7 printf(”\Answer : \ n”)
8 printf(”\n\maximum range : %f m i l e s \n\n”,R)

check Appendix AP 31 for dependency:

6_19data.sci

Scilab code Exa 6.19.d Example 19 d
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1 pathname=get_absolute_file_path( ’ 6 19d . s c e ’ )
2 filename=pathname+filesep ()+ ’ 6 19da ta . s c i ’
3 exec(filename)

4 E=(n/(4*c*Cdo))*(3* Cdo*%pi*e*AR)^(3/4)*sqrt (2*D*S)

*[1/ sqrt(W-W1) -1/sqrt(Wo)]

5 printf(”\Answer : \ n”)
6 printf(”\n\Maximum Endurance at s ea l e v e l : %f s \n\n”

,E)

check Appendix AP 31 for dependency:

6_19data.sci

check Appendix AP 29 for dependency:

6_20data.sci

Scilab code Exa 6.20 Example 20

1 pathname=get_absolute_file_path( ’ 6 . 2 0 . s c e ’ )
2 filename=pathname+filesep ()+ ’ 6 . 2 0 data . s c i ’
3 exec(filename)

4 R1_R2=sqrt((n2^2-1)/(n1^2-1));// r a t i o (R1/R2)
5 disp(R1_R2 ,” r a t i o o f turn r a d i u s : R1/R2=s q r t ( ( n2

ˆ2−1) /( n1ˆ2−1) ) ”)
6 w1_w2=sqrt((n1^2-1)/(n2^2-1));// r a t i o (w1/w2)
7 disp(w1_w2 ,” r a t i o o f turn r a t e : w1/w2=s q r t ( ( n1ˆ2−1)

/( n2ˆ2−1) ) ”)
8 printf(”\Answer : \ n”)
9 printf(”\n\Rat io o f turn r a d i u s : %f \n\n”,R1_R2)

10 printf(”\n\Rat io o f turn r a t e : %f m/ s \n\n”,w1_w2)
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Chapter 7

Principles of Stability and
Control

Scilab code Exa 7.1 Example 1

1 funcprot (0);

2 function[y] = f(x,y)

3 z = poly(0, ’ z ’ );
4 y = x^2+y^2+ z^2;

5 endfunction

6 ans= derivat(f(1,1)); // f i n d i n g d e r i v a t i v e with
r e s p e c t to z at some po i n t x , y ;

7 disp(ans ,” d e r i v a t i v e o f xˆ2+yˆ2+ z ˆ2 with r e s p e c t to
z : ”);

check Appendix AP 19 for dependency:

7_02data.sci

Scilab code Exa 7.2 Example 2

1 pathname=get_absolute_file_path( ’ 7 02 . s c e ’ )
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2 filename=pathname+filesep ()+ ’ 7 02da ta . s c i ’
3 exec(filename)

4 Cmcg=Cmac+Clwb*(dh);disp(Cmcg ,”Cmcg”,”Cmcg=Cmac+Clwb
( dh ) ”,”moment c o e f f i c i e n t about c e n t e r o f g r a v i t y
Cmcg”)

5 printf(”\Answer : \ n”)
6 printf(”\n\moment c o e f f i c i e n t about c e n t e r o f

g r a v i t y : %f \n\n”,Cmcg)

check Appendix AP 18 for dependency:

7_03data.sci

Scilab code Exa 7.3 Example 3

1 pathname=get_absolute_file_path( ’ 7 03 . s c e ’ )
2 filename=pathname+filesep ()+ ’ 7 03da ta . s c i ’
3 exec(filename)

4 A=[1,Awb*ab2;1,Awb*ab3];

5 B=[1 ,1]; // c o e f f i c i e n t o f moment c o e f f i c i e n t about
aerodynamic c e n t e r

6 C=[Awb*ab2 ,Awb*ab3]; // c o e f f i c i e n t o f h−hac
7 D=[ -0.01 ,0.05];

8 dh=det([B;D])/det(A);// d i f f e r e n c e between l o c a t i o n
o f aerodynamic c e n t e r and c e n t e r o f g r a v i t y

9 hac=h-dh;

10 Cmac=det([D;C])/det(A)//moment c o e f f i c i e n t about
aerodynamic c e n t e r

11 printf(”\Answer : \ n”)
12 printf(”\n\ Loca t i on o f aerodynamic c e n t e r : %f\n\n”,

hac)

13 printf(”\n\moment c o e f f i c i e n t about aerodynamic
c e n t e r o f wing−body : %f\n\n”,Cmac)

check Appendix AP 17 for dependency:

7_04data.sci
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Scilab code Exa 7.4 Example 4

1 pathname=get_absolute_file_path( ’ 7 04 . s c e ’ )
2 filename=pathname+filesep ()+ ’ 7 04da ta . s c i ’
3 exec(filename)

4 Cmcg=Cmac+a*a1*(dh-Vh*at*(1-de)/a)+Vh*at*(It+eo)

5 disp(Cmcg ,”Cmcg=”,”Cmcg=Cmac+a∗a1 ∗ ( dh−Vh∗ at (1−de ) /a )
+Vh∗ at ∗ ( I t+eo ) ”,”moment c o e f f i c i e n t about COG
Cmcg : ”)

6 printf(”\Answer : \ n”)
7 printf(”\n\moment c o e f f i c i e n t about c e n t e r o f

g r a v i t y : %f \n\n”,Cmcg)

check Appendix AP 16 for dependency:

7_05data.sci

Scilab code Exa 7.5 Example 5

1 pathname=get_absolute_file_path( ’ 7 05 . s c e ’ )
2 filename=pathname+filesep ()+ ’ 7 05da ta . s c i ’
3 exec(filename)

4 disp(”−>as s l o p e (DCmg) o f moment c o e f f i c i e n t curve
i s n e g a t i v e the a i r p l a n e model i s s t a t i c a l l y
s t a b l e . ”)

5 disp(”−>as e q u i l i b r i um ang l e o f a t t a c k (Ae ) f a l l s i n
a r e a s o n ab l e range , the p l ane i s l o n g i t u d i n a l l y

s t a b l e . ”)

check Appendix AP 15 for dependency:

7_06data.sci
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Scilab code Exa 7.6 Example 6

1 pathname=get_absolute_file_path( ’ 7 06 . s c e ’ )
2 filename=pathname+filesep ()+ ’ 7 06da ta . s c i ’
3 exec(filename)

4 Hn=Hac+Vh*at*(1-de)/a;

5 disp(Hn,”Hn=”,”Hn=Hac+Vh∗ at ∗(1−de ) /a”,” n e u t r a l p o i n t
l o c a t i o n Hn : ”)

6 printf(”\Answer : \ n”)
7 printf(”\n\Neut ra l p o i n t l o c a t i o n : %f \n\n”,Hn)

check Appendix AP 14 for dependency:

7_07data.sci

Scilab code Exa 7.7 Example 7

1 pathname=get_absolute_file_path( ’ 7 07 . s c e ’ )
2 filename=pathname+filesep ()+ ’ 7 07da ta . s c i ’
3 exec(filename)

4 Sm=Hn-h;disp(Sm,”Sm=”,”Sm=Hn−h”,” s t a t i c margin Sm: ”)
5 printf(”\Answer : \ n”)
6 printf(”\n\ S t a t i c Margin : %f \n\n”,Sm)

check Appendix AP 13 for dependency:

7_08data.sci

Scilab code Exa 7.8 Example 8
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1 pathname=get_absolute_file_path( ’ 7 08 . s c e ’ )
2 filename=pathname+filesep ()+ ’ 7 08da ta . s c i ’
3 exec(filename)

4 Dtrm=(Cmo+DCmcg*a1)/(Vh*DClt);

5 disp(Dtrm ,”Dtrm=”,”Dtrm=(Cmo+DCmg∗a1 ) /(Vh∗DClt ) ”,”
e l e v a t o r d e f l e c t i o n ang l e Dtrm : : ”)

6 printf(”\Answer : \ n”)
7 printf(”\n\To tr im the a i r p l a n e at an ang l e o f

a t t a c k o f 6 . 5 d eg r e e the e l e v a t o r must be
d e f l e c t e d upward ( n e g a t i v e ) by : %f d eg r e e \n\n”,
Dtrm)

check Appendix AP 12 for dependency:

7_09data.sci

Scilab code Exa 7.9 Example 9

1 pathname=get_absolute_file_path( ’ 7 09 . s c e ’ )
2 filename=pathname+filesep ()+ ’ 7 09da ta . s c i ’
3 exec(filename)

4 disp(” f o r s t i c k f i x e d c o n d i t i o n n e u t r a l p o i n t i s a t
0 . 5 1 6 ( from example 7 . 6 ) but f o r s t i c k f r e e
c o n d i t i o n i t i s approx 0 . 4 4 8 , hence moving fo rward
and d e c r e a s i n g the s t a b i l i t y ”)
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Chapter 8

Space Flight

check Appendix AP 11 for dependency:

8_01data.sci

Scilab code Exa 8.1 Example 1

1 pathname=get_absolute_file_path( ’ 8 01 . s c e ’ )
2 filename=pathname+filesep ()+ ’ 8 01da ta . s c i ’
3 exec(filename)

4 h=Rb*V*cos(alpha);disp(h,”h=”,”h=Rb∗V∗ co s ( a lpha ) ”)
5 P=h^2/K;disp(P,”P=”)
6 e=sqrt (1+2*(h^2/K^2)*((V^2/2) -(K/Rb)));disp(e,” e=”,”

e=s q r t (1+2∗(hˆ2/Kˆ2) ∗ ( (Vˆ2/2)−(K/Rb) ) ) ”)
7 C=-acosd((P/Rb -1)/e);

8 disp(C,”C=”,”C=−acosd ( (P/Rb−1)/ e ) ”);
9 disp(” e qu a l s approx 1 . 056∗10ˆ7/ (1+0 .4654∗ co s ( t h e t a

+9.46) ) ”,”P/(1+ e∗ co s ( theta−C) ) ”,”From the above
v a l u e s we can s e e equa t i on o f t r a j e c t o r y : ”)

check Appendix AP 10 for dependency:

8_02data.sci
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Scilab code Exa 8.2 Example 2

1 pathname=get_absolute_file_path( ’ 8 02 . s c e ’ )
2 filename=pathname+filesep ()+ ’ 8 02da ta . s c i ’
3 exec(filename)

4 T2=T1*(a2/a1)^1.5;

5 disp(T2,”T2=”,”T2=T1∗ ( a2 / a1 ) ˆ 1 . 5 ”,” p e r i o d o f mars T2
from k e p l e r s t h i r d law : ”)

6 printf(”\Answer : \ n”)
7 printf(”\n\Per i od o f mars : %f days \n\n”,T2)

check Appendix AP 9 for dependency:

8_03data.sci

Scilab code Exa 8.3 Example 3

1 pathname=get_absolute_file_path( ’ 8 03 . s c e ’ )
2 filename=pathname+filesep ()+ ’ 8 03da ta . s c i ’
3 exec(filename)

4 h=-log(D/Do)/Z;disp(h,”h=”,”h=−l n (D/Do) /Z”,” a l t i t u d e
o f maximum d e c e l a t i o n h : ”)

5 Amax=Ve^2*Z*sin(theta)/(2*%e);disp(Amax ,”Amax=”,”
Amax=Vˆ2∗Z∗ s i n ( t h e t a ) /(2∗%e) ”,” va lu e o f maximum
d e c e l e r a t i o n Amax”)

6 V=Ve*%e^(-Do/(2*B*Z*sin(theta)));disp(V,”V=”,”V=Ve∗
%eˆ(−Do/(2∗B∗Z∗ s i n ( t h e t a ) ) ) ”,” v e l o c i t y at impact
on ea r t h s u r f a c e ”)

7 printf(”\Answer : \ n”)
8 printf(”\n\ a l t i t u d e at which maximum d e c e l e r a t i o n

occu r : %f m\n\n”,h)
9 printf(”\n\ va lu e o f maximum d e c e l e r a t i o n : %f m/ s ˆ2\n

\n”,Amax)
10 printf(”\n\ v e l o c i t y at impact on ea r t h s u r f a c e : %f m

/ s \n\n”,V)
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Chapter 9

Propulsion

check Appendix AP 8 for dependency:

9_01data.sci

Scilab code Exa 9.1 Example 1

1 pathname=get_absolute_file_path( ’ 9 01 . s c e ’ )
2 filename=pathname+filesep ()+ ’ 9 01da ta . s c i ’
3 exec(filename)

4 x=poly(0, ’ x ’ );
5 P=x-10*x+9.5;

6 t=roots(P);

7 V2=%pi*b^2*( Stroke+t)*(10^ -6) /4; disp(V2,”V2=%pi∗b
ˆ2∗ ( S t r oke+t ) /4 ”);

8 V3=V2/r;disp(V3,”V3=V2/ r ”);
9 V5=V2;V4=V3;

10 Wcomp=(P2*V2 -P3*V3)/(1-y);

11 disp(Wcomp ,”Wcomp=”,”Wcomp=P2∗V2−P3∗V3/(1−y ) ; ”,”work
done i n compre s s i on c y c l e Wcomp : ”)

12 Wpower =(P5*V5-P4*V4)/(1-y);

13 disp(Wpower ,”Wpower=”,”Wpower=P5∗V5−P4∗V4/(1−y ) ; ”,”
work done i n power s t r o k e Wpower : ”)

14 Pa=6*n*nm*(rpm)*(Wpower -Wcomp)/120;
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15 disp(Pa,”Pa=n∗nm∗ ( rpm) ∗ (Wpower−Wcomp) /120 ”,”power
a v a i l a b l e Pa : ”)

16 printf(”\Answer : \ n”)
17 printf(”\n\Power a v a i l a b l e from the eng i n e p r o p e l l e r

combinat ion : %f J/ s \n\n”,Pa)

check Appendix AP 7 for dependency:

9_02data.sci

Scilab code Exa 9.2 Example 2

1 pathname=get_absolute_file_path( ’ 9 02 . s c e ’ )
2 filename=pathname+filesep ()+ ’ 9 02da ta . s c i ’
3 exec(filename)

4 Pe=Pa *120/(n*Nmech*rpm*d);

5 disp(Pe,”Pe=”,”Pe=Pa ∗120/( n∗Nmech∗rpm∗d ) ”,”mean
e f f e c t i v e p r e s s u r e Pe : ”)

6 printf(”\Answer : \ n”)
7 printf(”\n\Mean e f f e c t i v e p r e s s u r e : %f N/mˆ2\n\n”,

Pe)

check Appendix AP 6 for dependency:

9_03data.sci

Scilab code Exa 9.3 Example 3

1 pathname=get_absolute_file_path( ’ 9 03 . s c e ’ )
2 filename=pathname+filesep ()+ ’ 9 03da ta . s c i ’
3 exec(filename)

4 T=Mdot*(Ve-V)+(Pe-P)*Ae;

5 disp(T,”T=”,”T=Mdot∗ (Ve−V)+(Pe−P) ∗Ae”,”Thrust o f the
t u r b o j e t T : ”)
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6 printf(”\Answer : \ n”)
7 printf(”\n\Mean e f f e c t i v e p r e s s u r e : %f N\n\n”,T)

check Appendix AP 5 for dependency:

9_04data.sci

Scilab code Exa 9.4 Example 4

1 pathname=get_absolute_file_path( ’ 9 04 . s c e ’ )
2 filename=pathname+filesep ()+ ’ 9 04da ta . s c i ’
3 exec(filename)

4 T=Mdot*Ve;disp(T,”T=”,”T=Mdot∗Ve”,”As Pe e qu a l s
ambient p r e s s u r e at 30 Km Thrust T : ”)

5 Ae=Mdot/(De*Ve);disp(Ae ,”Ae=”,”Ae=Mdot /(De∗Ve) ”,”
e x i t a r ea Ae : ”)

6 Me=Ve/sqrt(y*R*Te);disp(Me,”Me=”,”Me=Ve/ s q r t ( y∗R∗T) ”
,” e x i t Mach No . Me : ”)

7 printf(”\Answer : \ n”)
8 printf(”\n\ S p e c i f i c impu l s e : %f s \n\n”,Isp)
9 printf(”\n\Thrust : %f N\n\n”,T)
10 printf(”\n\Area o f the e x i t : %f mˆ2\n\n”,Ae)
11 printf(”\n\ f l ow mach no at e x i t : %f \n\n”,Me)

check Appendix AP 4 for dependency:

9_05data.sci

Scilab code Exa 9.5 Example 5

1 pathname=get_absolute_file_path( ’ 9 05 . s c e ’ )
2 filename=pathname+filesep ()+ ’ 9 05da ta . s c i ’
3 exec(filename)
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4 printf(”\n\ burnout v e l o c i t y o f s i n g l e s t a g e r o c k e t :
%f m/ s \n\n”,Vb)

5 printf(”\n\ burnout v e l o c i t y o f doub le s t a g e r o c k e t
a f t e r s econd s t a g e : %f m/ s \n\n”,Vb2)

6 disp(”As we can s e e from f i n a l burnout v e l o c i t i e s
tha t a double−s t a g e r o c k e t can g i v e a g r e a t e r
l aunch i ng v e l o c i t y as compared to s i n g l e s t a g e
r o c k e t . ” )
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Chapter 10

Flight Vehicle Structure and
Material

check Appendix AP 3 for dependency:

10_01data.sci

Scilab code Exa 10.1 Example 1

1 pathname=get_absolute_file_path( ’ 10 01 . s c e ’ )
2 filename=pathname+filesep ()+ ’ 10 01da ta . s c i ’
3 exec(filename)

4 dl=strain*l;disp(dl,” d l=”,” d l=s t r a i n ∗ l ”,” e l o n g a t i o n
o f the rod d l : ”)

5 printf(”\Answer : \ n”)
6 printf(”\n\ e l o n g a t i o n o f the rod under t h i s l o ad : %f

m\n\n”,dl)

check Appendix AP 2 for dependency:

10_02data.sci
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Scilab code Exa 10.2 Example 2

1 pathname=get_absolute_file_path( ’ 10 02 . s c e ’ )
2 filename=pathname+filesep ()+ ’ 10 02da ta . s c i ’
3 exec(filename)

4 disp(” as the a pp l i e d s t r e s s ( approx 3513) bar i s
g r e a t e r than y i e l d s t r e s s but l e s s than u l t ima t e
s t r e s s o f the aluminium rod , i t w i l l e x p e r i e n c e
permanent s e t but w i l l not f r a c t u r e ” )
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Chapter 11

Hypersonic Vehicles

check Appendix AP 1 for dependency:

11_01data.sci

Scilab code Exa 11.1 Example 1

1 pathname=get_absolute_file_path( ’ 11 01 . s c e ’ )
2 filename=pathname+filesep ()+ ’ 11 01da ta . s c i ’
3 exec(filename)

4 Cp=Cpmax*(sin(theta))^2;

5 disp(Cp,”Cp=”,”Cp=Cpmax∗ ( s i n ( t h e t a ) ) ˆ2 ”,” p r e s s u r e
c o e f f i c i e n t at po i n t 1 Cp : ”)

6 printf(”\Answer : \ n”)
7 printf(”\n\ p r e s s u r e c o e f f i c i e n t at po i n t 1 : %f \n\n

”,Cp)
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Appendix

Scilab code AP 1 Example 11.01data

1 // Re f e r to f i g u r e 1 1 . 1 .
2 M=25; //mach no . o f the f l ow
3 // l e t s denote d i s t a n c e a l ong the sphe r e s u r f a c e

and R r a d i u s than say s /R=r
4 r=0.6; // l o c a t i o n o f po i n t 1 from s t a g n a t i o n po i n t
5 phi =57.3*r // l o c a t i o n o f po i n t 1 i n d e g r e e s
6 theta =(90-phi)*%pi /180 // ang l e ( i n r ad i an ) made by

the l i n e tangent to the body at po i n t 1 w. r . t
f r e e st ream

7 y=1.4; // s p e c i f i c heat r a t i o o f a i r
8 // l e t p r e s s u r e beh ind the normal shock wave i s Po2

and f r e e st ream p r e s s u r e p . Then Po2/P=Rp :
9 Rp=[(y+1) ^2*M^2/(4*y*M^2-2*(y-1))]^(y/(y-1))*[(1-y

+2*y*M^2)/(y+1)]

10 Cpmax =2*(Rp -1)/(y*M^2) //maximum p r e s s u r e
c o e f f i c i e n t

Scilab code AP 2 Example 10.02data

1 // c o n s i d e r an aluminium rod .
2 D=6.35*10^ -3; // d iamete r ( meter ) o f the rod
3 T=11125; // Appl i ed l oad (N) on the rod
4 Sty =3103; // y i e l d t e n s i l e s t r e s s ( bar ) o f aluminium rod
5 Stu =4206; // u l t ima t e t e n s i l e s t r e s s ( bar ) o f aluminium

rod
6 sigma=T/(%pi*D^2*10^5/4) // t e n s i l e s t r e s s ( bar ) on
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the rod

Scilab code AP 3 Example 10.01data

1 // c o n s i d e r a rod o f s t a i n l e s s s t e e l .
2 D=0.01905; // d iamete r ( meter ) o f the rod
3 l=2.54; // l e n g t h ( meter ) o f the rod
4 T=53378.66; // Appl i ed l oad (N) on the rod
5 Y=0.2*10^7; // young ’ s modulous o f the rod
6 sigma=T/(%pi*D^2*10^5/4) // t e n s i l e s t r e s s ( bar ) on

the rod
7 // as the va l u e o f t e n s i l e s t r e s s i s l e s s than

t e n s i l e y i e l d s t r e s s Hook ’ s law can be app l i ed , so
:

8 strain=sigma/Y // s t r a i n on the rod

Scilab code AP 4 Example 9.05data

1 Mt =5000; // t o t a l mass (Kg) f o r both the r o c k e t
2 Isp =350; // s p e c i f i c impu l s e ( s ) f o r both r o c k e t
3 g=9.8;

4 // f o r the s i n g l e s t a g e r o c k e t :
5 Ms=500; // s t r u c t u r a l mass (Kg)
6 Mp =4450; // p r o p e l l e n t mass (Kg)
7 Ml=50; // pay load mass (Kg)
8 Mi=Ms+Mp+Ml;// i n i t i a l mas (Kg)
9 Mf=Ms+Ml;// f i n a l mass (Kg)
10 Vb=g*Isp*log(Mi/Mf)// burnout v e l o c i t y (m/ s )
11 // f o r the double−s t a g e Rocket
12 Ms1 =400; // s t r u c t u r a l mass (Kg) o f f i r s t s t a g e
13 Mp1 =3450; // p r o p e l l e n t mass (Kg) o f f i r s t s t a g e
14 Ms2 =100; // s t r u c t u r a l mass (Kg) o f s econd s t a g e
15 Mp2 =1000; // p r o p e l l e n t mass (Kg) o f s econd s t a g e
16 Ml=50; // pay load mass (Kg)
17 Mi2=Ms1+Mp1+Ms2+Mp2+Ml;// i n i t i a l mas (Kg)
18 Mf2=Ms1+Ms2+Ml;// f i n a l mass (Kg)
19 // burnout v e l o c i t y (m/ s ) o f the f i r s t s t a g e :
20 Vb1=g*Isp*log((Mp1+Ms1+Mp2+Ms2+Ml)/(Ms1+Mp2+Ms2+Ml))
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21 // i n c r e a s e i n v e l o c i t y by second s t a g e DVb:
22 DVb=g*Isp*log((Mp2+Ms2+Ml)/(Ms2+Ml))

23 // v e l o c i t y at burnout o f s econd s t a g e
24 Vb2=Vb1+DVb

Scilab code AP 5 Example 9.04data

1 // c o n s i d e r a r o c k e t eng i n e burn ing hydrogen and
oxygen .

2 Po =25*1.01*10^5; // p r e s s u r e at combust ion chamber (N/m
ˆ2)

3 To =3517; // t empera tu r e o f combust ion chamber (K)
4 A=0.1; // a r ea o f r o c k e t n o z z l e (mˆ2)
5 Pe =1.1855*10^3; // e x i t p r e s s u r e (N/mˆ2) at s tandard

a l t i t u d e o f 30 Km
6 y=1.22; // s p e c i f i c heat r a t i o o f the gas mixture
7 g=9.8;

8 M=16; // Mo l e cu l a r we ight o f gas mixture
9 Ru =8314; // u n i v e r s a l gas c on s t an t ( J/Kg .K)
10 R=8314/16 // s p e c i c i f i c gas c on s t an t f o r t h i s mixture
11 // s p e c i f i c impu l s e I s p :
12 Isp=sqrt (2*y*Ru*To*[1-(Pe/Po)^((y-1)/y)]/((y-1)*M))/

g

13 //mass f l ow through eng i n e (Kg/ s ) :
14 Mdot=(Po*A/sqrt(To))*sqrt(y*(2/(y+1))^((y+1)/(y-1))

/R)

15 Te=To*(Pe/Po)^((y-1)/y) // e x i t t empera tu r e i n Ke lv in
16 Cp=y*R/(y-1) // s p e c i f i c heat at c on s t an t p r e s s u r e

f o r the gas mixture
17 Ve=sqrt (2*Cp*(To-Te)) // v e l o c i t y at e x i t o f exhaus t

gas (m/ s )
18 De=Pe/(R*Te) // e x i t d e n s i t y (Kg/mˆ3)

Scilab code AP 6 Example 9.03data

1 H=9144; // s tandard a l t i t u d e at which a i r p l a n e f l y i n g (
meter )
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2 P=0.3014*10^5; // p r e s s u r e at s tandard a l t i t u d e o f
9144 m(N/mˆ2)

3 D=0.459; // Dens i ty at s tandard a l t i t u d e o f 9144 m(Kg/
mˆ3)

4 V=804.67*5/18 // f r e e st ream v e l o c i t y (m/ s )
5 Pe =0.3064*10^5; // p r e s s u r e o f exhaus t gas at the e x i t

(N/mˆ2)
6 Ve =487.68; // v e l o c i t y o f exhaus t gas at e x i t (m/ s )
7 Ai =0.65; // i n l e t a r ea (mˆ2)
8 Ae =0.42; // e x i t a r ea (mˆ2)
9 Mdot=D*V*Ai //mass f l ow through eng i n e (Kg/ s )

Scilab code AP 7 Example 9.02data

1 // c o n s i d e r the eng i n e o f example 9 . 1 , da ta s a r e same
as 9 . 1

2 Pa =1.034*10^4; // t o t a l power a v a i l a b l e (N/mˆ2)
3 n=0.83; // p r o p e l l e r e f f i c i e n c y
4 Nmech =0.75; // mechan i ca l e f f i c i e n c y
5 rpm =3000; // f o r eng ine−p r o p e l l e r combinat ion (

r e v o l u t i o n per minute )
6 b=9*10^ -2; // bore ( meter )
7 s=9.5*10^ -2; // eng i n e s t r o k e
8 N=6; //number o f c y l i n d e r s
9 d=%pi*b^2*s*N/4 // d i s p l a c emen t ( meter )

Scilab code AP 8 Example 9.01data

1 // c o n s i d e r a s i x c y l i n d e r i n t e r n a l combust ion eng i n e
.

2 y=1.4; // s p e c i f i c heat r a t i o f o r a i r
3 Stroke =9.5; // s t r o k e (cm) o f the i n t e r n a l combust ion

eng i n e
4 b=9; // bore (cm) o f the i n t e r n a l combust ion eng i n e
5 P2 =0.8*1.01*10^5; // p r e s s u r e (N/mˆ2) b e f o r e

compre s s i on s t r o k e
6 T2=250; // t empera tu r e ( k ) b e f o r e compre s s i on s t r o k e
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7 //V2 and V3 a r e volume b e f o r e and a f t e r compre s s i on
s t r o k e r e s p e c t i v e l y and V4 and V5 volume b e f o r e
and a f t e r power s t r o k e r e s p e c t i v e l y .

8 r=10; // compre s s i on r a t i o (V2/V3)
9 f=0.06; // f u e l to a i r r a t i o by mass
10 P3=P2*r^y // p r e s s u r e a f t e r compre s s i on s t r o k e (

i s e n t r o p i c c o n d i t i o n )
11 T3=T2*r^(y-1) // t empera tu r e a f t e r compre s s i on s t r o k e
12 // chem i ca l ene rgy r e l e a s e d i n 1 Kg g a s o l i n e i s

4 . 29∗10ˆ7 Jou l e so , heat r e l e a s e d per Kg o f f u e l
a i r mixture q e qu a l s :

13 q=4.29*10^7*0.06/1.06

14 Cv=720; // s p e c i f i c heat r a t i o ( J/Kg−K) at c on s t an t
volume f o r a i r

15 T4=q/Cv+T3 // t empera tu r e b e f o r e power s t r o k e
16 P4=P3*T4/T3 // p r e s s u r e b e f o r e power s t r o k e
17 P5=P4*(1/r)^y // p r e s s u r e a f t e r power s t r o k e from

i s e n t r o p i c r e l a t i o n
18 n=0.83; // p r o p e l l e r e f f i c i e n c y
19 nm =0.75; // mechan i ca l e f f i c i e n c y
20 rpm =3000; // r o t a t i o n per minute f o r the eng i n e

Scilab code AP 9 Example 8.03data

1 Ve =13000; // v e l o c i t y o f s o l i d i r o n sphe r e e n t e r i n g
ear th ’ s atmosphere (m/ s )

2 theta =15* %pi /180 // ang l e at which sphe r e i s e n t e r i n g
3 r=0.5; // sphe r e r a d i u s (m)
4 Cd=1; // drag c o e f f i c i e n t f o r a sphe r e at hyp e r s on i c

speed
5 Ds =6963; // d e n s i t y o f s phe r e (Kg/mˆ3)
6 g=9.8; // g r a v i t a t i o n a l c on s t an t (m/ s ˆ2)
7 R=287; // gas c on s t an t f o r a i r ( J/Kg .K)
8 Do =1.225; // d e n s i t y at s ea l e v e l (Kg/mˆ3)
9 T=288; // assuming a c on s t an t t empera tu r e ( k ) f o r

e x p on e n t i a l u n i v e r s e
10 B=4*r*Ds/(3*Cd) // b a l l i s t i c parameter (m/CD∗S=4∗ r ∗Ds

/(3∗Cd) )
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11 Z=.000118

12 D=B*Z*sin(theta) // d e n s i t y at c o r r e s p ond i n g a l t i t u d e
o f maximum d e c e l e r a t i o n

Scilab code AP 10 Example 8.02data

1 T1 =365.256; // p e r i o d o f r e v o l u t i o n o f e a r t h around
sun ( days )

2 a1 =1.49527*10^11; // semimajor a x i s o f ear th ’ s o r b i t (m
)

3 a2 =2.2783*10^11; // semimajor a x i s o f Mars ’ s o r b i t (m)

Scilab code AP 11 Example 8.01data

1 V=9000; // burnout v e l o c i t y (m/ s )
2 alpha =3* %pi /180; // d i r e c t i o n o f be rnout v e l o c i t y due

nor th above l o c a l h o r i z o n t a l ( d e g r e e )
3 H=.805*10^6; // a l t i t u d e above s ea l e v e l ( meter )
4 beeta =27* %pi /180; // ang l e made by burnout po i n t with

equa to r
5 Re =6.4*10^6; // r a d i u s (m) o f e a r t h
6 Rb =7.2*10^6 // d i s t a n c e o f be rnout po i n t from earth ’ s

c e n t e r
7 K=3.986*10^14; // product o f ear th ’ s mass and

u n i v e r s a l G r a v i t a t i o n a l c on s t an t .

Scilab code AP 12 Example 7.09data

1 // c o n s i d e r the a i r p l a n e o f example 7 . 8 . i t s e l e v a t o r
h inge d e r i v a t i v e s a r e :

2 DCh = -0.008; // d e r i v a t i v e w . r . t a b s o l u t e ang l e o f
a t t a c k o f t a i l

3 DChe = -0.013; // d e r i v a t i v e w . r . t e l e v a t o r d e f l e c t i o n
4 at=0.1; // t a i l l i f t s l o p e per d eg r e e ( from example

7 . 4 )
5 DClt =0.04; // e l e v a t o r c o n t r o l e f f i c i e n c y ( from

example 7 . 8 )
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6 Hac =0.24; // l o c a t i o n o f aerodynamic c e n t e r from
l e a d i n g edge ( from example 7 . 3 )

7 Vh =0.34; // t a i l volume r a t i o ( from example 7 . 4 )
8 de =0.35; // d e r i v a t i v e o f downwash ang l e w . r . t ang l e

o f a t t a c k ( from example 7 . 4 )
9 a=0.08; // l i f t s l o p e ( from example 7 . 4 )
10 F=1-DClt*DCh/(at*DChe) // f r e e e l e v a t o r f a c t o r
11 Hn=Hac+F*Vh*at*(1-de)/a // n e u t r a l p o i n t

Scilab code AP 13 Example 7.08data

1 W=2.27*10^4; // we ight o f the a i r p l a n e (N)
2 S=19; //wing a r ea (mˆ2)
3 V=61; // v e l o c i t y at s ea l e v e l (m/ s )
4 D=1.225; // d e n s i t y at s ea l e v e l (Kg/mˆ3)
5 Cl=2*W/(D*S*V^2) // l i f t c o e f f i c i e n t
6 a=0.08; // l i f t s l o p e per d eg r e e ( from example 7 . 3 )
7 a1=Cl/a // ab s o l u t e ang l e o f a t t a c k
8 DCmcg = -0.0133; // d e r i v a t i v e o f Cmcg w. r . t a b s o l u t e

ang l e o f a t t a c k ( from example 7 . 5 )
9 Cmo =0.06; // va lu e o f moment c o e f f i c i e n t at z e r o

a b s o l u t e ang l e o f a t t a c k ( from example 7 . 5 )
10 Vh=0.34 // t a i l volume r a t i o ( from example 7 . 4 )
11 DClt =0.04; // e l e v a t o r c o n t r o l e f f i c i e n c y

Scilab code AP 14 Example 7.07data

1 h=0.35; // l o c a t i o n o f c e n t e r o f g r a v i t y from l e a d i n g
edge

2 Hn =0.516; // Neut ra l p o i n t l o c a t i o n

Scilab code AP 15 Example 7.06data

1 // c o n s i d e r wind tunne l model o f example 7 . 3 . da ta s
a r e taken from example 7 . 3 and 7 . 4

2 Hac =0.24; // d i s t a n c e o f aerodynamic c e n t e r from
l e a d i n g edge

87



3 a=0.08; // l i f t s l o p e
4 Vh=lt*St/(c*S)// t a i l volume r a t i o
5 at=0.1; // t a i l l i f t s l o p e per d eg r e e
6 de =0.35; // d e r i v a t i v e o f downwash ang l e w . r . t ang l e

o f a t t a c k

Scilab code AP 16 Example 7.05data

1 // c o n s i d e r the wing−body− t a i l wind tunne l model o f
example 7 . 4 .

2 a=0.08; // l i f t s l o p e
3 S=0.1; // a r ea o f wing (mˆ2)
4 c=0.1; // chord o f wing (m)
5 lt =0.17; // d i s t a n c e between a i r p l a n e ’ s c e n t e r o f

g r a v i t y and aerodynamic c e n t e r o f t a i l
6 St =0.02; // t a i l a r ea (mˆ2)
7 It=2.7; // t a i l s e t t l i n g a r ea ( d eg r e e )
8 at=0.1; // t a i l l i f t s l o p e per d eg r e e
9 eo=0; //downwash ang l e at z e r o l i f t
10 de =0.35; // d e r i v a t i v e o f downwash ang l e w . r . t ang l e

o f a t t a c k
11 Vh=lt*St/(c*S)// t a i l volume r a t i o
12 Cmac = -0.032; //moment c o e f f i c i e n t about the

aerodynamic c e n t e r
13 // d e r i v a t i v e o f Cmcg w. r . t a b s o l u t e ang l e o f a t t a c k :
14 DCmcg=a*(dh -Vh*at*(1-de)/a)

15 // va lu e o f moment c o e f f i c i e n t at z e r o a b s o l u t e ang l e
o f a t t a c k Cmo :

16 Cmo=Cmac+Vh*at*(It+eo)

17 // e q u i l i b r i um ang l e o f a t t a c k ( from moment
c o e f f i c i e n t curve ) :

18 Ae=Cmo /0.0133

Scilab code AP 17 Example 7.04data

1 // c o n s i d e r the wing model o f example 7 . 3 :
2 S=0.1; // a r ea o f wing (mˆ2)
3 c=0.1; // chord o f wing (m)
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4 lt =0.17; // d i s t a n c e between a i r p l a n e ’ s c e n t e r o f
g r a v i t y and aerodynamic c e n t e r o f t a i l

5 St =0.02; // t a i l a r ea (mˆ2)
6 It=2.7; // t a i l s e t t l i n g a r ea ( d eg r e e )
7 at=0.1; // t a i l l i f t s l o p e per d eg r e e
8 eo=0; //downwash ang l e at z e r o l i f t
9 de =0.35; // d e r i v a t i v e o f downwash ang l e w . r . t ang l e

o f a t t a c k
10 Vh=lt*St/(c*S)// t a i l volume r a t i o
11 // f o l l o w i n g da ta s a r e from example 7 . 3
12 Cmac = -0.032; //moment c o e f f i c i e n t about the

aerodynamic c e n t e r
13 a=0.08; // l i f t s l o p e
14 a1 =7.88+1.5; // ab s o l u t e ang l e o f a t t a c k ( d eg r e e )
15 dh =0.11; // d i s t a n c e between aerodynamic c e n t e r and

c e n t e r o f g r a v i t y

Scilab code AP 18 Example 7.03data

1 h=0.35; // l o c a t i o n o f c e n t e r o f g r a v i t y from l e a d i n g
edge

2 ao= -1.5; // g eome t r i c ang l e o f a t t a c k f o r which l i f t
i s z e r o

3 a1=5; // ang l e o f a t t a c k i n d eg r e e
4 Cl1 =0.52; // l i f t c o e f f i c i e n t at 5 deg r e e ang l e o f

a t t a c k
5 Awb =(.52 -0) /(5 -( -1.5)) // l i f t s l o p e per d eg r e e
6 a2=1; // g eome t r i c ang l e o f a t t a c k i n d eg r e e
7 ab2=a2+1.5 // ab s o l u t e ang l e o f a t t a c k at 1 d eg r e e
8 Cmcg = -0.01; //moment c o e f f i c i e n t about c e n t e r o f

g r a v i t y at 1 d eg r e e ang l e o f a t t a c k
9 a3 =7.88; // g eome t r i c ang l e o f a t t a c k i n d eg r e e
10 ab3=a3+1.5; // ab s o l u t e ang l e o f a t t a c k at 7 . 8 8 d eg r e e
11 Cmcg2 =0.05; //moment c o e f f i c i e n t about c e n t e r o f

g r a v i t y at 7 . 8 8 deg r e e ang l e o f a t t a c k
12 //we have two equa t i on i n the form o f Cmcg=Cmac+Clwb

∗ ( dh ) and two unknown v a r i a b l e s Cmac(moment
c o e f f i c i e n t about aerodynamic c e n t e r ) and dh (
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d i s t a n c e between aerodynamic c e n t e r and c e n t e r o f
g r a v i t y ) , so we use matr ix method to s o l v e them :

Scilab code AP 19 Example 7.02data

1 Clwb =0.45; // l i f t c o e f f i c i e n t f o r wing body
2 Cmac = -0.016; //moment c o e f f i c i e n t about the

aerodynamic c e n t e r
3 dh =0.05; // d i s t a n c e between aerodynamic c e n t e r and

c e n t e r o f g r a v i t y

Scilab code AP 20 Example 6.09data

1 // f o r the CP−1:
2 W=13127.5; // normal g r o s s we ight (N)
3 S=16.165; // wingarea (mˆ2)
4 a=4.2* %pi /180; // approx minimum g l i d e ang l e ( r ad i an ) .

from example 6 . 7
5 D1 =0.905; // d e n s i t y at 3048 m(Kg/mˆ3)
6 D2 =1.155; // d e n s i t y at 6 09 . 6 m(Kg/mˆ3)
7 Cl =0.634; // l i f t c o e f f i c i e n t c o r r e s p ond i n g to minimum

g l i d e ang l e i . e maximum L/D( from example 6 . 1 )
8 Wl=W/S//wing l o a d i n g (W/S in N/mˆ2)

Scilab code AP 21 Example 6.08data

1 // f o r the CJ−1:
2 L_D =16.9; //maximum l i f t to drag r a t i o (L/D)
3 H=3048; // a l t i t u d e (m) at which g l i d i n g s t a r t s .

Scilab code AP 22 Example 6.07data

1 // f o r the Cp−1:
2 L_D =13.6; //maximum l i f t to drag r a t i o (L/D)
3 H=3048; // a l t i t u d e (m) at which g l i d i n g s t a r t s .

Scilab code AP 23 Example 6.06data
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1 // f o r the CP−1( da ta s from example 6 . 1 a ) :
2 b=10.912; // wingspan ( meter )
3 S=16.165; // wingarea (mˆ2)
4 AR=b^2/S;// a s p e c t r a t i o
5 D=1.225; // d e n s i t y at s ea l e v e l (Kg/mˆ3)
6 W=13127.5; // normal g r o s s we ight (N)
7 f=65; // f u e l c a p a c i t y
8 P=230; // power p rov id ed by p i s t o n eng i n e ( un i t−

hor sepower ( hp ) )
9 Sf =2.0025; // s p e c i f i c f u e l consumption (N/( hp . h ) )

10 Cdo =0.025; // p a r a s i t e drag c o e f f i c i e n t
11 e=0.8; // oswald e f f i c i e n c y f a c t o r
12 Pf=0.8; // p r o p e l l e r e f f i c i e n c y
13 V = linspace (30 ,80 ,500);// v e l o c i t y ove r which we

have to f i n d t h r u s t (30 to 400 m/ s and ove r 500
p o i n t s )

14 Pa=P*Pf *746/1000 // power a v a i l a b l e (KN−m/ s )

Scilab code AP 24 Example 6.05data

1 // f o r the j e t power e x e c u t i v e a i r c r a f t (CJ−1) :
2 Tf =2*16245; // t h r u s t (N) p rov id ed by both tu rbo f an

eng i n e
3 Do =1.225; // d e n s i t y (Kg/mˆ3) at s ea l e v e l
4 D=0.6107; // d e n s i t y (Kg/mˆ3) at h e i g h t 6705 . 6 m
5 b=16.25; // wingspan ( meter )
6 S=29.54; // wingarea (mˆ2)
7 AR=b^2/S;// a s p e c t r a t i o
8 W=88176.75; // normal g r o s s we ight (N)
9 Cdo =0.02; // p a r a s i t e drag c o e f f i c i e n t

10 e=0.81; // oswald e f f i c i e n c y f a c t o r
11 // i n o rd e r to f i n d max . v e l o c i t y we need to f i n d out

the i n t e r s e c t i o n o f power r e q u i r e d curve f o r
example 6 . 3 b and power a v a i l a b l e curve at h e i g h t
o f 6705m:

Scilab code AP 25 Example 6.4b-data
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1 // f o r the j e t power e x e c u t i v e a i r c r a f t (CJ−1) :
2 Tf =2*16245; // t h r u s t (N) p rov id ed by both tu rbo f an

eng i n e
3 Do =1.225; // d e n s i t y (Kg/mˆ3) at s ea l e v e l
4 D=0.6107; // d e n s i t y (Kg/mˆ3) at h e i g h t 6705 . 6 m
5 b=16.25; // wingspan ( meter )
6 S=29.54; // wingarea (mˆ2)
7 AR=b^2/S;// a s p e c t r a t i o
8 W=88176.75; // normal g r o s s we ight (N)
9 Cdo =0.02; // p a r a s i t e drag c o e f f i c i e n t

10 e=0.81; // oswald e f f i c i e n c y f a c t o r
11 // i n o rd e r to f i n d max . v e l o c i t y we need to f i n d out

the i n t e r s e c t i o n o f power r e q u i r e d curve f o r
example 6 . 3 b and power a v a i l a b l e curve at h e i g h t
o f 6705m:

Scilab code AP 26 Example 6.4a-data

1 // f o r the CP−1( da ta s from example 6 . 1 a ) :
2 b=10.912; // wingspan ( meter )
3 S=16.165; // wingarea (mˆ2)
4 AR=b^2/S;// a s p e c t r a t i o
5 D=1.225; // d e n s i t y at s ea l e v e l (Kg/mˆ3)
6 Cdo =0.025; // p a r a s i t e drag c o e f f i c i e n t
7 e=0.8; // oswald e f f i c i e n c y f a c t o r
8 W=13127.5; // normal g r o s s we ight (N)
9 P=230; // power p rov id ed by p i s t o n eng i n e ( un i t−

hor sepower ( hp ) )
10 Pf=0.8; // p r o p e l l e r e f f i c i e n c y
11 Pa=P*Pf *746/1000 //maximum power (KN−m/ s ) ,1 hp=746 N−m/

s

Scilab code AP 27 Example 6.3b-data

1 // f o r the j e t power e x e c u t i v e a i r c r a f t (CJ−1) :
2 b=16.25; // wingspan ( meter )
3 S=29.54; // wingarea (mˆ2)
4 AR=b^2/S;// a s p e c t r a t i o
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5 D=0.6107; // d e n s i t y at 6705 . 6 meter
6 W=88176.75; // normal g r o s s we ight (N)
7 Cdo =0.02; // p a r a s i t e drag c o e f f i c i e n t
8 e=0.81; // oswald e f f i c i e n c y f a c t o r
9 V=linspace (20 ,300 ,500);// v e l o c i t y ove r which we have

to f i n d Power (20 to 300 m/ s and ove r 500 p o i n t s )

Scilab code AP 28 Example 6.3a-data

1 // f o r the c e s s n a s ky l an e (CP−1) :
2 b=10.912; // wingspan ( meter )
3 S=16.165; // wingarea (mˆ2)
4 AR=b^2/S;// a s p e c t r a t i o
5 D=1.225; // d e n s i t y at s ea l e v e l
6 Cdo =0.025; // p a r a s i t e drag c o e f f i c i e n t
7 e=0.8; // oswald e f f i c i e n c y f a c t o r
8 Pf=0.8; // p r o p e l l e r e f f i c i e n c y
9 V = linspace (20 ,400 ,500);// v e l o c i t y ove r which we

have to f i n d Power (20 to 400 m/ s and ove r 500
p o i n t s )

Scilab code AP 29 Example 6.20data

1 n1=9; //maximum load f a c t o r f o r p i l o t e d a i r p l a n e
2 n2=25; //maximum load f a c t o r f o r UCAV

Scilab code AP 30 Example 6.02data

1 // c o n s i d e r the CJ−1 at s ea l e v e l .
2 b=16.25; // wingspan ( meter )
3 S=29.54; // wingarea (mˆ2)
4 AR=b^2/S;// a s p e c t r a t i o
5 D=1.225; // d e n s i t y at s ea l e v e l (Kg/mˆ3)
6 W=88176.75; // normal g r o s s we ight (N)
7 Tf =2*16245 // t h r u s t (N) p rov id ed by two tu rbo f an

eng i n e
8 Cdo =0.02; // p a r a s i t e drag c o e f f i c i e n t
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9 e=0.81; // oswald e f f i c i e n c y f a c t o r
10 V=linspace (40 ,300 ,500);// v e l o c i t y ove r which we have

to f i n d t h r u s t (40 to 300 m/ s and ove r 500 p o i n t s
)

Scilab code AP 31 Example 6.19data

1 // f o r the c e s s n a s ky l an e (CP−1) :
2 W=11494.35; // f u e l empty we ight (N)
3 W1=3916 // t o t a l we ight (N) i n c l u d i n g p i l o t s e a t e t c
4 Wf =1633.15; // we ight (N) o f f u e l
5 Wo=W+Wf-W1 // g r o s s we ight o f UAV
6 b=10.912; // wingspan ( meter )
7 S=16.16; // wingarea (mˆ2)
8 AR=b^2/S// a s p e c t r a t i o
9 D=1.225; // d e n s i t y at s ea l e v e l (Kg/mˆ3)

10 Cdo =0.025; // p a r a s i t e drag c o e f f i c i e n t
11 e=0.8; // oswald e f f i c i e n c y f a c t o r
12 Pa =0.8*230*746 //maximum power a v a i l a b l e ( J/ s ) from

example 6 . 4
13 // from example 6 . 1 2 :
14 n=0.8;

15 c=7.45*10^ -7;

Scilab code AP 32 Example 6.18data

1 // f o r the CJ−1:
2 W=54966.4; // empty we ight (N)
3 S=29.54; // wingarea (mˆ2)
4 D=1.225; // d e n s i t y at s ea l e v e l (Kg/mˆ3)
5 g=9.8; // G r a v i t a t i o n a l c on s t an t
6 Ur=0.4; // Ro l l i n g f r i c t i o n c o e f f i c i e n t
7 Clmax =2.5; //maximum l i f t c o e f f i c i e n t
8 Cd =0.02; // p a r a s i t e drag c o e f f i c i e n t
9 Cdo=Cd+.1*Cd;// i n c r e a s e i n p a r a s i t e drag c o e f f i c i e n t

10 Vt=1.3* sqrt (2*W/(D*S*Clmax));// s a f e v e l o c i t y ( 1 . 3 ∗
Vs t a l l ) du r ing l and i n g

11 Dr=D*(0.7* Vt)^2*S*Cdo /2; // drag (N)
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Scilab code AP 33 Example 6.17data

1 // f o r the j e t power e x e c u t i v e a i r c r a f t (CJ−1) :
2 W=88176.75; // normal g r o s s we ight (N)
3 b=16.25; // wingspan ( meter )
4 S=29.54; // wingarea (mˆ2)
5 AR=b^2/S;// a s p e c t r a t i o
6 e=0.81; // oswald e f f i c i e n c y f a c t o r
7 h=1.83; // He ight (m) o f wing above ground
8 D=1.225; // d e n s i t y at s ea l e v e l (Kg/mˆ3)
9 g=9.8; // G r a v i t a t i o n a l c on s t an t
10 Ur =0.02; // Ro l l i n g f r i c t i o n c o e f f i c i e n t
11 Cl=1.0; //maximum l i f t c o e f f i c i e n t dur ing ground r o l l
12 Cdo =0.02; // p a r a s i t e drag c o e f f i c i e n t
13 T=32485; // t h r u s t (N)
14 phi =(16*h/b)^2/(1+(16*h/b)^2) //Ground e f f e c t f a c t o r
15 Vlo =1.2* sqrt (2*W/(D*S*Cl))// l i f t o f f v e l o c i t y ( 1 . 2 ∗

Vs t a l l i n m/ s )
16 Dr=D*(0.7* Vlo)^2*S*(Cdo+phi*Cl^2/( %pi*e*AR))/2 // drag

(N)
17 L=D*(0.7* Vlo)^2*S*Cl/2 // l i f t (N)

Scilab code AP 34 Example 6.16d-data

1 // f o r the j e t power e x e c u t i v e a i r c r a f t (CJ−1) :
2 S=29.54; // wingarea (mˆ2)
3 D=1.225; // d e n s i t y at s ea l e v e l (Kg/mˆ3)
4 W=88176.75; // normal g r o s s we ight (N)
5 Tf =16245; // t h r u s t (N) p rov id ed by s i n g l e t u rbo f an

eng i n e
6 Cdo =0.02; // p a r a s i t e drag c o e f f i c i e n t
7 L_Dmax =16.9; //maximum L/D , from example 6 . 1 3

Scilab code AP 35 6.16c-data

1 // f o r the j e t power e x e c u t i v e a i r c r a f t (CJ−1) :
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2 S=29.54; // wingarea (mˆ2)
3 D=1.225; // d e n s i t y at s ea l e v e l (Kg/mˆ3)
4 W=88176.75; // normal g r o s s we ight (N)
5 Tf =16245; // t h r u s t (N) p rov id ed by s i n g l e t u rbo f an

eng i n e
6 Cdo =0.02; // p a r a s i t e drag c o e f f i c i e n t
7 L_Dmax =16.9; //maximum L/D , from example 6 . 1 3

Scilab code AP 36 Example 6.16b-data

1 // f o r the c e s s n a s ky l an e (CP−1) :
2 b=10.912; // wingspan ( meter )
3 S=16.165; // wingarea (mˆ2)
4 AR=b^2/S;// a s p e c t r a t i o
5 D=1.225; // d e n s i t y at s ea l e v e l (Kg/mˆ3)
6 W=13127.5; // normal g r o s s we ight (N)
7 f=65; // f u e l c a p a c i t y
8 P=230; // power p rov id ed by p i s t o n eng i n e ( un i t−

hor sepower ( hp ) )
9 Sf =2.0025; // s p e c i f i c f u e l consumption (N/( hp . h ) )

10 Cdo =0.025; // p a r a s i t e drag c o e f f i c i e n t
11 e=0.8; // oswald e f f i c i e n c y f a c t o r
12 Pf=0.8; // p r o p e l l e r e f f i c i e n c y
13 L_Dmax =13.6; //maximum L/D from example 6 . 1 2

Scilab code AP 37 Example 6.15data

1 // f o r the j e t power e x e c u t i v e a i r c r a f t (CJ−1) :
2 b=16.25; // wingspan ( meter )
3 S=29.54; // wingarea (mˆ2)
4 AR=b^2/S;// a s p e c t r a t i o
5 Cdo =0.02; // p a r a s i t e drag c o e f f i c i e n t
6 e=0.81; // oswald e f f i c i e n c y f a c t o r

Scilab code AP 38 Example 6.14data

1 // f o r the c e s s n a s ky l an e (CP−1) :

96



2 b=10.912; // wingspan ( meter )
3 S=16.165; // wingarea (mˆ2)
4 AR=b^2/S;// a s p e c t r a t i o
5 Cdo =0.025; // p a r a s i t e drag c o e f f i c i e n t
6 e=0.8; // oswald e f f i c i e n c y f a c t o r

Scilab code AP 39 Example 6.13data

1 // f o r the j e t power e x e c u t i v e a i r c r a f t (CJ−1) :
2 b=16.25; // wingspan ( meter )
3 S=29.54; // wingarea (mˆ2)
4 AR=b^2/S;// a s p e c t r a t i o
5 Wo =88176.75; // normal g r o s s we ight (N)
6 Wf =33211.9; // we ight (N) o f f u e l
7 W1=Wo-Wf // empty we ight (N)
8 c=0.6/3600 // s p e c i f i c f u e l consumption (1/ s )
9 D=0.6107; // d e n s i t y at a l t i t u d e 6705 . 6 m(Kg/mˆ3)

Scilab code AP 40 Example 6.12data

1 // f o r the c e s s n a s ky l an e (CP−1) :
2 b=10.912; // wingspan ( meter )
3 S=16.165; // wingarea (mˆ2)
4 AR=b^2/S;// a s p e c t r a t i o
5 Wo =13127.5; // normal g r o s s we ight (N)
6 Wf =1632.5; // we ight (N) o f f u e l
7 W1=Wo-Wf // empty we ight (N)
8 n=0.8; // e f f i c i e n c y
9 c=2.0025/(3600*746) // s p e c i f i c f u e l consumption (N/( hp

. s ) )
10 D=1.225; // d e n s i t y at s ea l e v e l (Kg/mˆ3)

Scilab code AP 41 Example 6.1b-data

1 // f o r the j e t power e x e c u t i v e a i r c r a f t (CJ−1) :
2 b=16.25; // wingspan ( meter )
3 S=29.54; // wingarea (mˆ2)
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4 AR=b^2/S;// a s p e c t r a t i o
5 D=1.225; // d e n s i t y at s ea l e v e l (Kg/mˆ3)
6 W=88176.75; // normal g r o s s we ight (N)
7 f=1119; // f u e l c a p a c i t y
8 Tf =16245; // t h r u s t (N) p rov id ed by s i n g l e t u rbo f an

eng i n e
9 Sf =0.102; // s p e c i f i c f u e l consumption (N/( hp . h ) )

10 Cdo =0.02; // p a r a s i t e drag c o e f f i c i e n t
11 e=0.81; // oswald e f f i c i e n c y f a c t o r
12 V=linspace (40 ,300 ,500);// v e l o c i t y ove r which we have

to f i n d t h r u s t (40 to 300 m/ s and ove r 500 p o i n t s
)

Scilab code AP 42 6.1a-data

1 // f o r the c e s s n a s ky l an e (CP−1) :
2 b=10.912; // wingspan ( meter )
3 S=16.165; // wingarea (mˆ2)
4 AR=b^2/S;// a s p e c t r a t i o
5 D=1.225; // d e n s i t y at s ea l e v e l (Kg/mˆ3)
6 W=13127.5; // normal g r o s s we ight (N)
7 f=65; // f u e l c a p a c i t y
8 P=230; // power p rov id ed by p i s t o n eng i n e ( un i t−

hor sepower ( hp ) )
9 Sf =2.0025; // s p e c i f i c f u e l consumption (N/( hp . h ) )

10 Cdo =0.025; // p a r a s i t e drag c o e f f i c i e n t
11 e=0.8; // oswald e f f i c i e n c y f a c t o r
12 Pf=0.8; // p r o p e l l e r e f f i c i e n c y
13 V = linspace (30 ,400 ,500);// v e l o c i t y ove r which we

have to f i n d t h r u s t (30 to 400 m/ s and ove r 500
p o i n t s )

Scilab code AP 43 Example 5.21data

1 Wt =712000; // t o t a l we ight o f p l ane i n c l u d i n g f u e l (
un i t N)

2 D=1.225; // d e n s i t y at s ea l e v e l (Kg/mˆ3)
3 S=153.29; //wing a r ea i n mˆ2
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4 Clm =3; //maximum l i f t c o e f f i c i e n t at s ub s on i c speed

Scilab code AP 44 Example 5.20data

1 Wt =10258*9.8; // t o t a l we ight o f p l ane i n c l u d i n g f u e l
( un i t N)

2 Wf =6071*9.8; // we ight wi thout f u e l ( un i t N)
3 D=1.23; // d e n s i t y at s ea l e v e l (Kg/mˆ3)
4 S=18.21; //wing a r ea i n mˆ2
5 Clm =1.15; //maximum l i f t c o e f f i c i e n t at s ub s on i c

speed

Scilab code AP 45 Example 5.19data

1 a=2; // ang l e o f a t t a c k f o r both wings
2 e=0.95; // span e f f i c i e n c y f a c t o r f o r both wings
3 a2= -1.5; // ang l e o f a t t a c k at z e r o l i f t from standard

data ( a l s o used i n example 5 . 1 7 )
4 // pa r t a . f o r the a i r f o i l o f a s p e c t r a t i o 4 :
5 AR1 =4; // a s p e c t r a t i o .
6 ao =0.106; // i n f i n i t e wing s l o p e per d eg r e e ( from

example 5 . 1 7 )
7 a1=ao /(1+57.3* ao/(%pi*e*AR1)) // l i f t s l o p e f o r

f i n i t e wing
8 Cl=a1*(a-a2) // l i f t c o e f f i c i e n t at 2 deg r e e
9 Cl1=a1*(a+0.5-a2) // l i f t c o e f f i c i e n t at 2 . 5 d eg r e e

10 Dcl=Cl1 -Cl // change i n l i f t c o e f f i c i e n t f o r wing 1(
a s p e c t r a t i o 4)

11

12 // pa r t b . f o r a i r f o i l o f a s p e c t r a t i o 1 0 :
13 a11 =0.088; // l i f t s l o p e f o r f i n i t e wing per d eg r e e

f o r a s p e c t r a t i o 10( from example 5 . 1 7 )
14 Cl2=a11*(a-a2)// l i f t c o e f f i c i e n t at 2 deg r e e
15 Cl22=a11*(a+0.5-a2) // l i f t c o e f f i c i e n t at 2 . 5 d eg r e e
16 Dcl2=Cl22 -Cl2 // change i n l i f t c o e f f i c i e n t f o r wing

2( a s p e c t r a t i o 10)

Scilab code AP 46 Example 5.18data
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1 b=12.29; //wing span in meter
2 S=23.69; //wing a r ea i n mˆ2
3 AR=b^2/S // a s p e c t r a t i o
4 D=1.225; // d e n s i t y at s tandard s ea l e v e l , Kg/mˆ3
5 V=48.3*5/18 // v e l o c i t y o f f l y e r (m/ s )
6 e=0.93; // span e f f i c i e n c y f a c t o r
7 W=3337.5; // t o t a l we ight o f the f l y e r i n newton
8 L=W/2; // l i f t on one wing ( out o f two ) i n newton
9 q=(D*V^2/2) // dynamic p r e s s u r e (N/mˆ2)
10 Cl=L/(q*S)// l i f t c o e f f i c i e n t
11 Cdi=Cl^2/( %pi*e*AR) // induced drag c o e f f i c i e n t

Scilab code AP 47 Example 5.17data

1 // c o n s i d e r a NACA−23012( f i n i t e wing )
2 Re =5*10^6; // reyno ld ’ s number
3 e=0.95; // span e f f i c i e n c y f a c t o r
4 AR=10; // a s p e c t r a t i o
5 a=4; // ang l e o f a t t a c k i n d eg r e e
6 // f o r a i n f i n i t e wing o f NACA−23012 a i r f o i l :
7 Clo =1.2; // l i f t c o e f f i c i e n t at 10 deg r e e ang l e o f

a t t a c k
8 Cl1 =0.14; // l i f t c o e f f i c i e n t at 0 deg r e e ang l e o f

a t t a c k
9 ao=(Clo -Cl1)/10 // i n f i n i t e wing s l o p e per d eg r e e

10 a1=ao /(1+57.3* ao /(3.14*e*AR)) // l i f t s l o p e f o r
f i n i t e wing

11 a2= -1.5; // ang l e o f a t t a c k at z e r o l i f t from standard
data

12 cd =0.006; // p r o f i l e drag c o e f f i c i e n t e s t ima t ed from
aerodynamic data

Scilab code AP 48 Example 5.16data

1 S=206; //wing a r ea i n mˆ2
2 AR=10; // a s p e c t r a t i o
3 e=0.95; // span e f f i c i e n c y f a c t o r
4 W=7.5*10^5; // we ight o f the a i r p l a n e i n newton
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5 Hd=3; // d e n s i t y a l t i t u d e i n Km
6 D=0.909; // d e n s i t y at d e n s i t y a l t i t u d e o f 3 Km(Kg/m

ˆ3)
7 V=100; // f l i g h t v e l o c i t y (m/ s )
8 // l i f t i s e q u i v a l e n t to weight , so
9 Cl=W/((D*V^2/2)*S)// l i f t c o e f f i c i e n t
10 Cdi=Cl^2/( %pi*e*AR) // induced drag c o e f f i c i e n t
11 Cd =0.006; // p r o f i l e drag c o e f f i c i e n t from e s t ima t ed

from aerodynamic data
12 q=(D*V^2/2)

Scilab code AP 49 Example 5.15data

1 b=7.7; // wingspan o f the Northrop F−5(m)
2 e=0.8; // span e f f i c i e n c y f a c t o r
3 S=15.79; //wing a r ea i n mˆ2
4 AR=b^2/S// a s p e c t r a t i o
5 Cl =0.6622; // l i f t c o e f f i c i e n t ( data taken from example

5 . 1 4 )
6 q=7651.224; // dynamic p r e s s u r e i n N/mˆ2( data taken

from example 5 . 1 4 )

Scilab code AP 50 Example 5.14data

1 S=15.79; //wing a r ea i n mˆ2
2 L=80000; // l i f t produced by wing
3 V=402.34*5/18; // v e l o c i t y o f a i r p l a n e (m/ s )
4 D=1.225; // d e n s i t y at s ea l e v e l (Kg/mˆ3)
5 q=D*V^2/2 // dynamic p r e s s u r e at s ea l e v e l (N/mˆ2)

Scilab code AP 51 Example 5.13data

1 h=10; // f l y i n g a l t i t u d e i n Km
2 a=10* %pi /180; // ang l e o f a t t a c k i n r ad i an
3 S=19.5; //wing p lan form area i n mˆ2
4 M=2; //mach no
5 D=0.41351; // d e n s i t y at 10 Km(Kg/mˆ3)
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6 T=223.26; // t empera tu r e (K) at 10 Km
7 V=(y*R*T1)^0.5*M // v e l o c i t y at 10 Km(m/ s )
8 q=D*V^2/2 // dynamic p r e s s u r e at 10 Km

Scilab code AP 52 Example 5.12data

1 M=2; //mach no at which F−104 i s f l y i n g
2 S=19.5; //wing p lan form area i n mˆ2
3 // i n s t eady f l i g h t l i f t e q u a l s to we ight so :
4 L=7262*9.8 // l i f t (N)
5 R=287 ;// gas cons tant , J/Kg .K
6 y=1.4; // s p e c i f i c heat r a t i o f o r a i r
7 // pa r t a ( at s ea l e v e l )
8 D=1.23; // d e n s i t y at s ea l e v e l (Kg/mˆ3)
9 T=288; // s ea l e v e l t empera tu r e (K)

10 V=(y*R*T)^0.5*M // v e l o c i t y at s ea l e v e l (m/ s )
11 q=D*V^2/2 // dynamic p r e s s u r e at s ea l e v e l
12 // pa r t b ( at 10 Km)
13 D1 =0.41351; // d e n s i t y at 10 Km(Kg/mˆ3)
14 T1 =223.26; // t empera tu r e (K) at 10 Km
15 V1=(y*R*T1)^0.5*M // v e l o c i t y at 10 Km(m/ s )
16 q1=D1*V1^2/2 // dynamic p r e s s u r e at 10 Km(N/mˆ2)

Scilab code AP 53 Example 5.11data

1 c=1.524; // chord l e n g t h o f a i r f o i l ( meter )
2 h=6096; // s tandard a l t i t u d e ( meter )
3 a=5*%pi /180; // ang l e o f a t t a c k i n r ad i an
4 D=0.654; // d e n s i t y at s tandard a l t i t u d e o f 6096 meter

, Kg/mˆ3
5 T=248.6; // t empera tu r e at s tandard a l t i t u d e o f 6096

meter i n k e l v i n
6 R=287 ;// gas cons tant , J/Kg .K
7 y=1.4; // s p e c i f i c heat r a t i o f o r a i r
8 // f o r pa r t a (mach no 3) :
9 M=3; //Mach no .

10 q=D*((y*R*T)^0.5*M)^2/2 // dynamic p r e s s u r e
11 Cl=4*a/(M^2-1) ^0.5 // l i f t c o e f f i c i e n t
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12 Cd=4*a^2/(M^2-1) ^0.5 //wave drag c o e f f i c i e n t
13 // f o r pa r t b (mach no 2) :
14 M1=2; //Mach no .
15 q1=D*((y*R*T)^0.5*M1)^2/2 // dynamic p r e s s u r e
16 Cl1 =4*a/(M1^2-1) ^0.5 // l i f t c o e f f i c i e n t
17 Cd1 =4*a^2/(M1^2-1) ^0.5 //wave drag c o e f f i c i e n t

Scilab code AP 54 Example 5.10data

1 // c o n s i d e r a NACA−0012 a i r f o i l
2 Cpomin = -0.43; //minimum p r e s s u r e c o e f f i c i e n t on the

s u r f a c e o f a i r f o i l a t low speed from f i g u r e o f Cp
vs x/ c g i v en i n qu e s t i o n .

3 M=linspace (0.4 ,0.9 ,6);//Mach number ove r which we
have to c a l c u l a t e Cp c r i t i c a l .

4 y=1.4; // s p e c i f i c heat r a t i o f o r a i r .

Scilab code AP 55 Example 5.09data

1 // c o n s i d e r a NACA−4412 a i r f o i l a t an ang l e o f a t t a c k
o f 4 d eg r e e .

2 a=4; // ang l e o f a t t a c k i n d eg r e e
3 // from standard t a b l e f o r NACA−4412 a i r f o i l a t 4

d eg r e e ang l e o f a t t a c k we can ge t l i f t
c o e f f i c i e n t ( at low speed ) :

4 Co =0.83; // l i f t c o e f f i c i e n t ( at low speed )
5 M=0.7; //Mach number

Scilab code AP 56 Example 5.08data

1 // c o n s i d e r an a i r f o i l with chord l e n g t h c and the
runn ing d i s t a n c e x measured a l ong the chord . The
l e a d i n g edge i s l o c a t e d at x/ c=0 and the t r a i l i n g
edge x/ c=1.

2 // p r e s s u r e c o e f f i c i e n t v a r i a t i o n (Cpu f o r upper and
Cpl f o r l owe r ) :

3 disp(”Cpu=1−300∗(x/ c ) ˆ2 f o r 0<x/c<0.1 ”);
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4 disp(”Cpu=−2.2277+2.2277∗( x/ c ) f o r 0.1<x/c<1.0 ”);
5 disp(”Cpl=1−0.95∗(x/ c ) f o r 0<x/c<1.0 ”);
6 // pu t t i n g the va l u e o f x/ c as and i n t e g r a t i n g ( Cpl−

Cpu) dy from 0 to 1 we w i l l g e t normal f o r c e
c o e f f i c i e n t Cn

7 Cn=integrate( ’ 1−0.95∗y ’ , ’ y ’ ,0,1.0)-integrate( ’ 1−300∗
yˆ2 ’ , ’ y ’ ,0,0.1)-integrate( ’ −2.2277+2.2277∗ y ’ , ’ y ’
,0.1,1.0)

Scilab code AP 57 Example 5.07data

1 V=80; // v e l o c i t y o f a i r p l a n e (m/ s )
2 // p r o p e r t i e s s at po i n t 1 :
3 V1=110; // v e l o c i t y (m/ s )
4 Cp1 =-1.5; // p r e s s u r e c o e f f i c i e n t
5 // p r o p e r t i e s s at po i n t 2 :
6 Cp2 =-0.8; // p r e s s u r e c o e f f i c i e n t

Scilab code AP 58 Example 5.06data

1 V=100; // v e l o c i t y o f a i r p l a n e (m/ s )
2 H=3000; // s tandard a l t i t u d e at which a i r p l a n e i s

f l y i n g ( meter )
3 Cp= -2.2; // p r e s s u r e c o e f f i c i e n t at a po i n t on

f u s e l a g e
4 P=7.0121*10^4; // p r e s s u r e at 3000 m,N/mˆ2
5 D=0.90926; // d e n s i t y at 3000 m,Kg/mˆ3
6 q=D*V^2/2 // dynamic p r e s s u r e ,N/mˆ2

Scilab code AP 59 Example 5.05data

1 Cpo = -1.18; // low speed va lu e o f p r e s s u r e c o e f f i c i e n t
2 M=0.6; // f r e e st ream mach number

Scilab code AP 60 Example 5.04data

1 // c o n s i d e r an a i r f o i l mounted i n a low speed
s ub s on i c wind tunne l .
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2 V=30.5; // f l ow v e l o c i t y i n t e s t s e c t i o n (m/ s )
3 D=1.225; // s tandard s ea l e v e l d en s i t y , Kg/mˆ3
4 P=1.014*10^5; // s tandard s ea l e v e l p r e s s u r e ,N/mˆ2
5 P1 =1.01*10^5; // p r e s s u r e at a po i n t on a i r f o i l ,N/mˆ2
6 q=D*V^2/2 // dynamic p r e s s u r e ,N/mˆ2

Scilab code AP 61 Example 5.03data

1 H=2000; // s tandard a l t i t u d e at which a i r p l a n e i s
f l y i n g ( meter )

2 P=7.95*10^4; // p r e s s u r e c o r r e s p ond i n g to s tandard
a l t i t u d e ,N/mˆ2

3 D=1.0066; // d e n s i t y c o r r e s p ond i n g to s tandard
a l t i t u d e ,Kg/mˆ3

4 P1 =7.58*10^4; // p r e s s u r e at a po i n t on wing ,N/mˆ2
5 V=70; // a i r p l a n e v e l o c i t y i n m/ s
6 q=D*V^2/2 // dynamic p r e s s u r e ,N/mˆ2

Scilab code AP 62 Example 5.02data

1 // c o n s i d e r the same wing c o n f i g u r a t i o n as tha t o f
example 5 . 1 .

2 L=700; // L i f t pe r un i t span
3 V=50; // v e l o c i t y o f f l ow in t e s t s e c t i o n (m/ s )
4 D=1.225; // s tandard s ea l e v e l d en s i t y , Kg/mˆ3
5 q=D*V^2/2 // dynamic p r e s s u r e ,N/mˆ2
6 S=1.3; //wing area ,mˆ2
7 Cl=L/(q*S) // c o e f f i c i e n t o f l i f t
8 // from the va lu e o f Cl and wing c o n f i g u r a t i o n we can

ge t ang l e o f a t t a c k by u s i n g s tandard t a b l e :
9 a=1 // ang l e o f a t t a c k i n d eg r e e
10 //To cause z e r o l i f t Cl=0 , so from standard t a b l e o f

Cl and L i f t :
11 a1=-2.2 // ang l e o f a t t a c k i n d eg r e e

Scilab code AP 63 Example 5.01data
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1 //A model wing i s p l a c ed i n a low speed s ub s on i c
wind tunne l . the wing has a NACA−2412 a i r f o i l .

2 c=1.3; // chord l e n g t h i n meter
3 V=50; // v e l o c i t y o f f l ow in t e s t s e c t i o n (m/ s )
4 a=4; // ang l e o f a t t a c k i n d eg r e e
5 D=1.225; // s tandard s ea l e v e l d en s i t y , Kg/mˆ3
6 u=1.789*10^ -5; // V i s c o s i t y i n kg /(m) ( s )
7 // from standard t a b l e f o r NACA−2412 a i r f o i l with

ang l e o f a t t a c k 4 deg r e e :
8 Cl =0.63; // L i f t c o e f f i c i e n t
9 Cm= -0.035; //moment c o e f f i c i e n t about qua r t e r chord
10 Re=D*V*c/u // reyno ld ’ s no .
11 // from the va lu e o f Re and ang l e o f a t t a c k and by

u s i n g s tandard t a b l e we can ge t Cd :
12 Cd =0.007; // c o e f f i c i e n t o f drag
13 q=D*V^2/2 // dynamic p r e s s u r e ,N/mˆ2

Scilab code AP 64 Example 4.28data

1 // In t h i s example f l ow ove r the wing i s both
t u r bu l e n t and lamina r . so to f i n d drag we need to
f i n d drag on both l amina r and t u r bu l e n t l a y e r and
add them .

2 b=12.202; //wing span in meter
3 S=23.69; //wing a r ea i n mˆ2
4 c=S/b //wing width
5 Ret =6.5*10^5; // t r a n s i t i o n r e y n o l d s number or

c r i t i c a l r e y n o l d s number
6 D=1.225; // d e n s i t y at s tandard s ea l e v e l , Kg/mˆ3
7 u=1.79*10^ -5; // V i s c o s i t y i n at s tandard s ea l e v e l i n

kg /(m) ( s )
8 V=48.3*5/18 // v e l o c i t y o f f l y e r
9 q=D*V^2/2 // dynamic p r e s s u r e

10 Re=D*V*c/u // r e yn o l d s no . at t r a i l i n g edge
11 Xcr=(Ret*u)/(D*V) // d i s t a n c e from l e a d i n g edge where

t r a n s i t i o n occu r
12 A=Xcr*b // a r ea ove r which l amina r f l ow occu r i n mˆ2
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13 B=(c-Xcr)*b // a r ea ove r which t u r bu l e n t f l ow occu r
i n mˆ2

Scilab code AP 65 Example 4.27data

1 // assume the boundary l a y e r ove r the wing i s
t u r bu l e n t

2 H=10668 ;// s tandard a l t i t u d e at which F−104 i s
f l y i n g i n meter

3 M=2; //Mach No . at which p l ane i s f l y i n g
4 x=0.6096; // sh ea r s t r e s s to be c a l c u l a t e d at t h i s

d i s t a n c e downstream o f l e a d i n g edge
5 y=1.4; // s p e c i f i c heat r a t i o f o r a i r
6 R=287 ;// gas cons tant , J/Kg .K
7 // f o l l o w i n g a r e the da ta s at s tandard a l t i t u d e o f

10668 meter from standard t a b l e s
8 D=0.3807; // den s i t y ,Kg/mˆ3
9 T=218.93; // temperature , Ke lv in

10 V=(y*R*T)^0.5*M // v e l o c i t y o f the p l ane
11 u=1.35*10^ -5; // v i s c o s i t y from standard t a b l e o f

v a r i a t i o n o f u v e r s u s T in kg /(m) ( s )
12 Re=D*V*0.6096/u // r e yn o l d s no at 0 . 6 096 meter :
13 Cfx =0.0592/ Re^0.2 // i n c omp r e s s i b l e s k i n f r a c t i o n

c o e f f i c i e n t
14 // f o r mach 2 r a t i o o f Cf /Cfx =0.2 , so
15 Cf =0.74* Cfx // s k i n f r i c t i o n c o e f f i c i e n t
16 q=D*V^2/2 // dynamic p r e s s u r e

Scilab code AP 66 Example 4.26data

1 // r e p e a t a t i o n o f example 4 . 2 4 , expe c t boundary l a y e r
i s c omp l e t e l y t u r bu l e n t .

2 // da ta s taken from example 4 . 2 4 :
3 V=120; // f l ow v e l o c i t y ,m/ s
4 D=1.225; // f r e e st ream den s i t y ,Kg/mˆ3
5 x=0.05 ;// l e n g t h o f p l a t e i n meter
6 w=1; // width o f p l a t e i n meter
7 u=1.789*10^ -5; // V i s c o s i t y i n kg /(m) ( s )
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8 // r e yn o l d s no at 1 cm :
9 Re1=D*V*.01/u

10 // r e yn o l d s no at 5 cm :
11 Re2=D*V*.05/u

12 Cf1 =0.0592/ Re1 ^0.2 // Skin f r i c t i o n drag c o e f f i c i e n t
at 1 cm

13 Cf2 =0.0592/ Re2 ^0.2 // Skin f r i c t i o n drag c o e f f i c i e n t
at 5 cm

14 q=D*V^2/2 // dynamic p r e s s u r e at ou t e r edge o f
boundary ,N/mˆ2

Scilab code AP 67 Example 4.25data

1 // c o n s i d e r the f l ow same as i n example 4 . 2 3 , but
assume boundaary l a y e r i s noe c omp l e t e l y
t u r bu l e n t .

2 // da ta s a r e taken from example 4 . 2 3 :
3 V=120; // f l ow v e l o c i t y ,m/ s
4 D=1.225; // f r e e st ream den s i t y ,Kg/mˆ3
5 x=0.05 ;// l e n g t h o f p l a t e i n meter
6 w=1; // width o f p l a t e i n meter
7 u=1.789*10^ -5; // V i s c o s i t y i n kg /(m) ( s )
8 Re=D*V*x/u // Reynolds Number at t r a i l i n g edge
9 Cf =0.074/ Re^0.2 // Skin f r i c t i o n drag

10 q=D*V^2/2 // dynamic p r e s s u r e at ou t e r edge o f
boundary ,N/mˆ2

11 S=x*w;// a r ea o f p l a t e ,mˆ2

Scilab code AP 68 Example 4.24data

1 // c o n s i d e r the f l ow o f a i r ove r a sma l l f l a t p l a t e
tha t i s 5 cm long i n f l ow d i r e c t i o n and 1m wide .
f r e e st ream c o n d i t i o n s c o r r e s p ond s to s tandard
s ea l e v e l c o n d i t i o n

2 V=120; // f l ow v e l o c i t y ,m/ s
3 D=1.225; // f r e e st ream den s i t y ,Kg/mˆ3
4 x=0.05 ;// l e n g t h o f p l a t e i n meter
5 w=1; // width o f p l a t e i n meter
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6 u=1.789*10^ -5; // V i s c o s i t y i n kg /(m) ( s )
7 // r e yn o l d s no at 1 cm :
8 Re1=D*V*.01/u

9 // r e yn o l d s no at 5 cm :
10 Re2=D*V*.05/u

11 Cf1 =0.664/ Re1 ^0.5 // Skin f r i c t i o n drag c o e f f i c i e n t
at 1 cm

12 Cf2 =0.664/ Re2 ^0.5 // Skin f r i c t i o n drag c o e f f i c i e n t
at 5 cm

13 q=D*V^2/2 // dynamic p r e s s u r e at ou t e r edge o f
boundary ,N/mˆ2

Scilab code AP 69 Example 4.23data

1 // c o n s i d e r the f l ow o f a i r ove r a sma l l f l a t p l a t e
tha t i s 5 cm long i n f l ow d i r e c t i o n and 1m wide .
f r e e st ream c o n d i t i o n s c o r r e s p ond s to s tandard
s ea l e v e l c o n d i t i o n

2 V=120; // f l ow v e l o c i t y ,m/ s
3 D=1.225; // f r e e st ream den s i t y ,Kg/mˆ3
4 x=0.05 ;// l e n g t h o f p l a t e i n meter
5 w=1; // width o f p l a t e i n meter
6 u=1.789*10^ -5; // V i s c o s i t y i n kg /(m) ( s )
7 Re=D*V*x/u // Reynolds Number at t r a i l i n g edge
8 Cf =1.328/ Re^0.5 // Skin f r i c t i o n drag c o e f f i c i e n t
9 q=D*V^2/2 // dynamic p r e s s u r e at ou t e r edge o f

boundary ,N/mˆ2
10 S=x*w;// a r ea o f p l a t e ,mˆ2

Scilab code AP 70 Example 4.22data

1 // c o n s i d e r the combust ion chamber c o n d i t i o n as
r e s e r v o i r

2 Po =20*1.01*10^5; // combust ion chamber p r e s s u r e i n N/m
ˆ2

3 To =3144; // combust ion chamber t empera tu r e i n Ke lv in
4 R=378; // gas c on s t an t f o r mixture o f k e r o s e n e and

oxygen

109



5 y=1.26; // s p e c i f i c heat r a t i o
6 Pe =1*1.01*10^5 // p r e s s u r e at e x i t o f r o c k e t Nozz l e i n

N/mˆ2
7 At=0.1; // t h r o a t a r ea i n mˆ2
8 Te=To*(Pe/Po)^((y-1)/y) // t empera tu r e at e x i t i n

d eg r e e k e l v i n
9 Me=sqrt (2*(( To/Te) -1)/(y-1)) //mach no . at the e x i t
10 Ae=sqrt(y*R*Te) // speed o f sound at e x i t ,m/ s
11 Mt=1; //Mach no . at t h r o a t
12 Pt=Po /(1+(y-1)*Mt ^2/2)^(y/(y-1)) // p r e s s u r e at

t h r o a t i n N/mˆ2
13 Tt=To /(1+(y-1)*Mt ^2/2) // t empera tu r e at t h r o a t i n

Ke lv in
14 Dt=Pt/(R*Tt) // d e n s i t y o f gas i n th roa t , Kg/mˆ3
15 Vt=sqrt(y*R*Tt) // speed o f sount i n t h r o a t which i s

e q u i v a l e n t to gas speed as mach no . at t h r o a t i s
1 .

Scilab code AP 71 Example 4.21data

1 // i n qu e s t i o n p r e s s u r e g i v en i s 1 . 013∗10ˆ5 but wh i l e
s o l v i n g i t u s e s

2 // 10∗1 . 013∗10ˆ5 , so we use the l a t e r .
3 Po =10*1.013*10^5 ;// r e s e r v o i r p r e s s u r e i n Pa s ca l
4 To =333.33; // r e s e r v o i r t empera tu re i n Ke lv in
5 Me=3; //mach no . at t e s t s e c t i o n
6 y=1.4; // s p e c i f i c heat r a t i o f o r a i r
7 R=287 ;// gas cons tant , J/Kg .K
8 Pe=Po *[1+(y-1)*Me^2/2]^(( -y)/(y-1)) // e x i t p r e s s u r e
9 Tstag=To // the s t a g n a t i o n po i n t t empera tu r e rema ins

same as tha t o f t o t a l t empera tu r e ( r e s e r v o i r
t empera tu re ) th rougout the compre s s i on

Scilab code AP 72 Example 4.20data

1 Me=2; //mach no in t e s t s e c t i o n at s tandard s ea
l e v e l c o n d i t i o n
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2 // f o l l o w i n g a r e the s tandard s ea l e v e l c o n d i t i o n s
d e s i r e d at the e x i t o f n o z z l e :

3 Pe =1.01*10^5; // s t a t i c p r e s s u r e ,N/mˆ2
4 Te =288.16; // s t a t i c t empera tu r e i n Ke lv in
5 y=1.4; // s p e c i f i c heat r a t i o f o r a i r
6 A=1+(y-1)*Me^2/2

Scilab code AP 73 Example 4.19data

1 //Assume the f l ow to be i s e n t r o p i c
2 P=1.013*10^5; // f r e e−s t ream pr e s s u r e ,N/mˆ2
3 V=804.7*5/18; // f r e e−s t ream v e l o c i t y ,m/ s
4 D=1.23; // den s i t y ,Kg/mˆ3
5 Pa =0.7167*10^5; // p r e s s u r e at a po i n t on a i r f o i l
6 R=287 ;// gas cons tant , J/Kg .K
7 y=1.4; // s p e c i f i c heat r a t i o f o r a i r
8 T=P/(D*R) // f r e e st ream tempera tu r e
9 a=sqrt(y*R*T)// speed o f sound at f r e e st ream

tempera tu re
10 M=V/a // f r e e st ream mach no .
11 To=T*(1+(y-1)*M^2/2) // f r e e st ream t o t a l t empera tu r e
12 Po=P*(1+(y-1)*M^2/2)^(y/(y-1)) // f r e e st ream t o t a l

p r e s s u r e
13 Poa=Po;// s i n c e the t o t a l p r e s s s u r e rema ins same

i n i s e n t r o p i c f l ow
14 Toa=To;// s i n c e the t o t a l t empera tu r e rema ins same

i n i s e n t r o p i c f l ow

Scilab code AP 74 Example 4.18data

1 V=4828.03*5/18 // data f o r v e l o c i t y i s g i v en i n Kmph,
to c onv e r t i t to m/ s mu l t i p l y i t by 5/18

2 P=0.0723*10^5; // ambient p r e s s u r e ,N/mˆ2
3 T=216.66; // ambient t empera tu r e i n Ke lv in
4 R=287 ;// gas cons tant , J/Kg .K
5 y=1.4; // s p e c i f i c heat r a t i o f o r a i r
6 M=V/(y*R*T)^0.5 //Mach number
7 // as M>1 so the f l ow i s s u p e r s o n i c
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Scilab code AP 75 Example 4.17data

1 Hp =10000; // p r e s s u r e a l t i t u d e i n m
2 Po =4.24*10^4; // Tota l p r e s s u r e measured by p i t o t

tube ,N/mˆ2
3 P1 =2.65*10^4; // p r e s s u r e at p r e s s u r e a l t i t u d e 10000m

from standard a tmosphe r i c t ab l e ,N/mˆ2
4 T=230; // ambient t empera tu r e i n Ke lv in
5 R=287 ;// gas c on s t an t f o r a i r , J/Kg .K
6 y=1.4; // s p e c i f i c heat r a t i o f o r a i r
7 a=340.3; // speed o f sound at s ea l e v e l ,m/ s
8 P=1.01*10^5 ;// s tmo sphe r i c p r e s s u r e at s ea l e v e l

Scilab code AP 76 Example 4.16data

1 // p r e s s u r e u n i t s a r e c onve r t ed from bar to N/mˆ2
2 Hp=1524 ;// p r e s s u r e a l t i t u d e
3 P=0.8432*10^5 //From the s tandard atmosphere Table

at 1524 meter ,N/mˆ2
4 Po =0.87*10^5 ;// t o t a l p r e s s u r e i n N/mˆ2
5 R=287 ;// gas c on s t an t f o r a i r , J/Kg .K
6 T=280.56 ;// o u t s i d e temperature , Ke lv in
7 D=P/(R*T) // den s i t y ,Kg/mˆ3
8 Ds =1.226 ;// s tandard s ea l e v e l d en s i t y , Kg/mˆ3

Scilab code AP 77 Example 4.15data

1 // example 4 . 1 5 a/ i f P1−P2 ( ( 1 . 0 19 −1 . 0 1 ) ∗10ˆ5) i n
example 4 . 1 4 i s doubled what i s the f l ow v e l o c i t y
i n t e s t s e c t i o n ?b/ i f c o n t r a c t i o n r a t i o A1/A2

( 2 / . 5 ) i s doubled then what i s the f l ow v e l o c i t y
i n t e s t s e c t i o n ?

2 V=40; // i n i t i a l v e l o c i t y i n t e s t s e c t i o n ,m/ s
3 r=4; // A1/A2=2/0.5=4
4 R=8 ;// doubled va lu e o f A1/A2
5 Dp =(1.019 -1.01) *10^5; // i n t i a l va l u e o f p r e s s u r e

d i f f e r e n c e
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6 D=1.23; // den s i t y ,Kg/mˆ3

Scilab code AP 78 Example 4.14data

1 // Cons ide r a low sub s on i c wind tunne l .
2 A1=2; // r e s e r v o i r area ,mˆ2
3 A2=0.5; // t e s t s e c t i o n area ,mˆ2
4 P2 =1.01*10^5; // t e s t s e c t i o n p r e s s u r e ,N/mˆ2
5 V2=40; // f l ow v e l o c i t y i n t e s t s e c t i o n
6 // from c o n t i n u i t y equa t i on
7 V1=V2*(A2/A1)// v e l o c i t y b e f o r e t e s t s e c t i o n
8 D=1.23; // d e n s i t y o f f l ow e qua l s s tandard s ea l e v e l ,

Kg/mˆ3

Scilab code AP 79 Example 4.13data

1 // In A low Speed s ub s on i c wind tunne l , one s i d e o f a
Mercury manometer i s connec t ed byto the r e s e r v i o r
and the o th e r s i d e i s connec t ed to the t e s t

s e c t i o n .
2 r=1/15; // c o n t r a c t i o n r a t i o o f n o z z l e A2/A1
3 P1 =1.1*1.01*10^5 // r e s e r v i o r p r e s s u r e ,N/mˆ2
4 T1=300 // r e s e r o i r temperature , k
5 Dh=0.1 // h e i g h t d i f f e r e n c e between the two coloumns

o f mercury i n meter
6 D=1.36*10^4; // d e n s i t y o f mercury ,Kg/mˆ3
7 g=9.8;

8 Dp=D*g*Dh // p r e s s u r e d i f f e r e n c e between two coloums
P2−P1

9 R=287; // gas c on s t an t f o r a i r , J/Kg . k
10 D1=P1/(R*T1) // d e n s i t y o f f l ow i n g ma t e r i a l

Scilab code AP 80 Example 4.12data

1 // Nozz l e f l ow was d e s c r i b e d i n example 4 . 9 , so we can
take data from eg 4 . 9

2 V1=580 // v e l o c i t y at th roa t ,m/ s
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3 Ve=1188 // v e l o c i t y at e x i t ,m/ s
4 T1=833 // Temperature at th roa t , i n Ke lv in
5 Te=300 // Temperature at e x i t , i n k e l v i n
6 R=287; // gas c on s t an t f o r a i r , J/Kg .K
7 y=1.4; // s p e c i f i c heat r a t i o f o r a i r
8 a=(y*R*T1)^0.5 // speed o f sound at t h r o a t
9 Ae=(y*R*Te)^0.5 // speed o f sound at e x i t

Scilab code AP 81 Example 4.11data

1 H=9144; // s tandard a l t i t u d e o f f l y i n g i n metre
2 // from r e l a t i o n o f a l t i t u d e and Temperature :
3 T=228.81; // Temperature at Standard a l t i t u d e o f 9144

m
4 V=885.14*5/18; // v e l o c i t y o f j e t t r a n s p o r t
5 R=287; // gas c on s t an t f o r a i r , J/Kg .K
6 y=1.4; // s p e c i f i c heat r a t i o f o r a i r
7 a=(y*R*T)^0.5 // v e l o c i t y o f sound at tha t a l t i t u d e

Scilab code AP 82 Example 4.10data

1 // Cons ide r an a i r f o i l i n a f l ow o f a i r , where f a r
ahead o f a i r f o i l c o n d i t i o n s a r e g i v en .

2 // the c o n d i t i o n f o r p r e s s u r e and v e l o c i t y a r e not i n
SI un i t so we need to c onve r t i t to SI un i t .

3 P=1.013*1.01*10^5 // p r e s s u r e f a r ahead o f a i r f o i l i n
N/mˆ2

4 V=804.7*5/18 // v e l o c i t y f a r ahead o f a i r f o i l i n m/ s
5 D=1.23; // d e n s i t y i n kg/mˆ3
6 R=287; // gas c on s t an t f o r a i r , J/Kg .K
7 T=P/(D*R) // Temperature f a r ahead o f a i r f o i l i n

d eg r e e Ke lv in
8 Pa =0.716*1.01*10^5 // p r e s s u r e at a g i v en po i n t A on

a i r f o i l
9 Cp =1008; // f o r a i r s p e c i f i c heat at c on s t an t

p r e s s u r e , J/Kg .K
10 y=1.4; // s p e c i f i c heat r a t i o f o r a i r
11 //Assuming i s e n t r o p i c f l ow :
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12 Ta=T*(Pa/P)^((y-1)/y) // t empera tu r e at the g i v en
po i n t A on a i r f o i l

Scilab code AP 83 Example 4.09data

1 // d e a l s with p r o p e r t i e s o f a i r f l ow through
s u p e r s o n i c wind tunne l

2 To =1000; // a i r t empera tu re at the r e s e r v i o r o f wind
tunne l i n d eg r e e Ke lv in

3 Po =10*1.01*10^5; // a i r p r e s s u r e at the r e s e r v i o r o f
wind tunne l i n N/mˆ2

4 R=287; // gas c on s t an t f o r a i r
5 Do=Po/(R*To) // d e n s i t y at the r e s e r v i o r
6 Te=300; // s t a t i c t empera tu r e at the e x i t i n d eg r e e

Ke lv in
7 y=1.4; // s p e c i f i c heat r a t i o f o r a i r
8 T1=833; // t empera tu r e at the t h r o a t i n d eg r e e Ke lv in
9 Te=300; // t empera tu r e at the e x i t i n d eg r e e Ke lv in

10 D1=Do*(T1/To)^(1/(y-1)) // d e n s i t y at the t h r o a t
11 Mt=0.5; //mass f l ow r a t e through noz z l e , Kg/ s
12 Cp =1008; // s p e c i f i c heat at c on s t an t p r e s s u r e f o r

a i r , J/Kg .K
13 De=Do*(Te/To)^(1/(y-1))

Scilab code AP 84 Example 4.08data

1 //The f l ow c o n d i t i o n s a r e assumed to be i s e n t r o p i c
i n na tu r e .

2 P1=20; // p r e s s u r e o f burned gas i n combust ion
chamber i n atm un i t

3 T1 =3500; // t empera tu r e o f the burned gas i n
combust ion chamber i n d eg r e e k e l v i n

4 P2=0.5; // p r e s s u r e o f the gas at e x i t i n atm
5 y=1.15; // s p e c i f i c heat r a t i o f o r the gas

Scilab code AP 85 Example 4.07data
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1 //An a i r p l a n e i s f l y i n g at s tandard s ea l e v e l
c o n d i t i o n .

2 //The f l ow c o n d i t i o n s a r e assumed to be i s e n t r o p i c
i n na tu r e .

3 T=250; // t empera tu r e at a po i n t on wing i n Ke lv in
4 P1 =1.01*10^5; // p r e s s u r e at f a r upstream o f wing
5 T1 =288.16; // t empera tu r e at f a r upstream o f wing
6 y=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

Scilab code AP 86 Example 4.06data

1 //Based on e l ementa ry Thermodynamics
2 // Part 1 : SI un i t
3 Cv=720; // s p e c i f i c heat at c on s t an t volume f o r a i r i n

s tandard c o n d i t i o n i n J/Kg .K
4 Cp =1008; // s p e c i f i c heat at c on s t an t p r e s s u r e f o r a i r

i n s tandard c o n d i t i o n i n J/Kg .K
5 T=288; // s tandard t empera tu re
6 e=Cv*T// i n t e r n a l ene rgy per un i t mass
7 h=Cp*T// en tha lpy per un i t mass
8 // Part 2 : Eng l i s h Eng i n e e r i n g un i t
9 Cv1 =4290; // s p e c i f i c heat at c on s t an t volume f o r a i r

i n Ft . Lb/ s l u g ∗Rankine
10 Cp1 =6006; // / s p e c i f i c heat at c on s t an t volume f o r a i r

i n Ft . Lb/ s l u g ∗Rankine
11 T1=519; // s tandard t empera tu r e i n d eg r e e r ank i n e
12 e1=Cv1*T1 // i n t e r n a l ene rgy per un i t mass
13 h1=Cp1*T1 // en tha lpy per un i t mass

Scilab code AP 87 Example 4.05data

1 R=0.1524; // r a d i u s (m) o f s em i c i r c u l a r c r o s s s e c t i o n
2 V=30.48; // v e l o c i t y (m/ s ) o f f r e e st ream
3 D=1.23; // d e n s i t y (Kg/mˆ3) o f f r e e st ream

Scilab code AP 88 Example 4.04data

116



1 A1=5; // conve r g en t duct i n l e t a r ea i n mˆ2
2 V1=10; // i n l e t v e l o c i t y i n m/ s
3 P1 =1.2*10^5; // i n l e t p r e s s u r e i n N/mˆ2
4 T1=330; // i n l e t t empera tu r e i n Ke lv in
5 R=287; // gas c on s t an t f o r dry a i r
6 D=P1/(R*T1) // d e n s i t y o f a i r i n Kg/mˆ3
7 V2=30; // o u t l e t v e l o c i t y i n m/ s
8 P2=P1+D*(V1^2-V2^2)/2 // p r e s s u r e at e x i t

Scilab code AP 89 Example 4.03data

1 // App l i c a t i o n o f B e r n ou l l i ’ s e qua t i on . an a i r f o i l
p l a c ed i n a f l ow o f a i r

2 P1 =1.013; // p r e s s u r e at f a r upstream o f a i r f o i l i n
bar

3 V1 =160*5/18 // v e l o c i t y at f a r upstream o f a i r f o i l
i n m/ s

4 D=1.23; // d e n s i t y at f a r upstream o f a i r f o i l i n Kg/m
ˆ3

5 Pa =0.99; // p r e s s u r e at a po i n t Aon a i r f o i l i n bar
6 // v e l o c i t y i s low enough so we can assume

i n c omp r e s s i b l e f low , so
7 disp(”P1+(D∗V1ˆ2/2)=Pa+(D∗V2ˆ2/2) ”,” B e r n o u l l i

e qua t i on ”);
8 Va =[(2*(P1 -Pa)/D)+(V1)^2]^0.5

Scilab code AP 90 Example 4.02data

1 A1 =0.08; // conve r g en t duct with i n l e t a r ea i n mˆ2
2 A2 =0.771; // e x i t a r ea
3 D1 =1.23; // d e n s i t y o f a i r a t i n l e t
4 V1=210; // i n l e t v e l o c i t y o f a i r
5 V2=321; // o u t l e t v e l o c i t y o f a i r
6 // as i n l e t v e l o c i t y o f 210 m/ s i s h igh speed f l ow

d e n s i t y w i l l vary
7 D2=(A1*V1*D1)/(A2*V2) // d e n s i t y o f a i r a t the e x i t

duct
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Scilab code AP 91 Example 4.01data

1 // t h i s example d e a l s with b a s i c o f i n c omp r e s s i b l e
f l ow

2 A1=5; // conve r g en t duct i n l e t a r ea i n mˆ2
3 V1=10; // i n l e t v e l o c i t y i n m/ s
4 V2=30; // o u t l e t v e l o c i t y i n m/ s
5 A2=A1*V1/V2 // a r ea o f duct e x i t

Scilab code AP 92 Example 3.04data

1 P=5.3*10^4; // ambient p r e s s u r e i n N/mˆ2
2 T=253; // ambient t empera tu r e i n K
3 R=287; // gas c on s t an t f o r dry a i r i n J/Kg .K
4 D=P/(R*T)

5 // as we do not have t h i s va l u e o f p r e s s u r e and
d e n s i t y from standard t a b l e we w i l l t ake two
n e a r e s t va l u e and i n t e r p o l a t e to g e t the d e s i r e d
r e s u l t .

6 H1 =5100;

7 P1 =5.331*10^4; // p r e s s u r e c o r r e s p ond i n g to H1
8 H2 =5200;

9 P2 =5.2621*10^4; // p r e s s u r e c o r r e s p ond i n g to H2
10 Hp=H1+[(H2 -H1)*((P1-P)/(P1-P2))]// p r e s s u r e a l t i t u d e

c o r r e s p ond i n g to p
11 H3 =5000;

12 D3 =0.73643; // d e n s i t y c o r r e s p ond i n g to H3 in Kg/mˆ3
13 H4 =5100;

14 D4 =0.72851; // d e n s i t y c o r r e s p ond i n g to H4 in Kg/mˆ3
15 Hd=H3+[(H4 -H3)*((D3-D)/(D3-D4))] // d e n s i t y a l t i t u d e

Scilab code AP 93 Example 3.03data

1

2 P1=9144 // P r e s s u r e a l t i t u d e i n Km
3 P=0.3*10^5 // c o r r e s p ond i n g p r e s s u r e at p r e s s u r e

a l t i t u d e i n N/mˆ2
4 // d e n s i t y a l t i t u d e :
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5 D1 =8686.8 // d e n s i t y a l t i t u d e i n Km
6 D=0.485 // c o r r e s p ond i n g d e n s i t y at s e n s i t y a l t i t u d e

i n Kg/mˆ3
7 // Temperature at tha t a l t i t u d e :
8 T=P/(D*R)// from equa t i on o f s t a t e

Scilab code AP 94 Example 3.02data

1 // da ta s a r e a l l taken from standard t a b l e o f
v a r i a t i o n o f temperature , p r e s s u r e and d e n s i t y
with h e i g h t .

2 // P r e s s u r e at the f l y i n g a l t i t u d e :
3 P=4.72*10^4; // i n N/mˆ2
4 P1=6; // h e i g h t c o r r e s p ond i n g to p r e s s u r e P in Km
5 // Temperature at the f l y i n g a l t i t u d e :
6 T=255.7; // i n Ke lv in
7 T1=5 // h e i g h t c o r r e s p ond i n g to t empera tu r e T in Km
8 D=P/(R*T)// d e n s i t y at tha t h e i g h t
9 D1=6.24 // h e i g h t c o r r e s p ond i n g to d e n s i t y D in Km

Scilab code AP 95 Example 3.01data

1 // Temperature rema ins c on s t an t from 11 to 14 Km, so
we a r e about to f i n d p r e s s u r e and d e n s i t y at a
h e i g h t o f 11 Km.

2 T=216.66; // temp from 11 to 14 Km
3 T1 =288.16; // s ea l e v e l t empera tu r e
4 P1 =1.01*10^5; // p r e s s u r e at s ea l e v e l i n N/mˆ2
5 D1 =1.23; // d e n s i t y at s ea l e v e l i n Kg/mˆ3
6 g=9.8; // ear th ’ s g r a v i t y i n m/ s ˆ2
7 R=287; // gas c on s t an t f o r dry a i r i n J/Kg .K
8 a=(216.66 -288.16) /(1000*(11 -0)) // Lapse r a t e from 0

to 11 Km
9 P=(P1)*(T/T1)^(-g/(a*R))// p r e s s u r e at 11 Km
10 D=(D1)*(T/T1)^(-1*(g/(a*R)+1))// d e n s i t y at 11 Km
11 // as T i s c on s t an t from 11 to 14 km we can use

i s o t h e rma l r e l a t i o n
12 h=14000; h1 =11000; // h e i g h t i n meter
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13 P2=P*(%e)^[-g*(h-h1)/(R*T)]// p r e s s u r e at 14 Km
14 D2=D*P2/P // d e n s i t y at 14 Km

Scilab code AP 96 Example 2.6data

1 // example 2 . 6 : d e a l s with the c o nv e r s i o n o f u n i t s ; a
p i p e r cub a i r p l a n e i s f l y i n g at 60 mi l e per hour ,
c onv e r t i t s v e l o c i t y i n terms o f f t / s and m/ s

2 // 1 mi l e =5280 f t , 1 hour=3600 second , 1 mi l e =1609.344
3

4 // Ve l o c i t y i n mi l e / hr :
5 V=60;

Scilab code AP 97 Example 2.5data

1 //Example 2 . 4 : d e a l s with the c o nv e r s i o n o f u n i t s
from one system to anothe r

2 WingLoading =280.8; // un i t Kgf /mˆ2
3 // 1 f t =0.3048 m ,1 l b =4.448N, 1 Kgf=9.8 N

Scilab code AP 98 Example 2.4data

1 //Example 2 . 4
2 P=1.04*10^4 // un i t N/mˆ2
3 R=287; // gas c on s t an t . o f a i r ( j / kg . k )
4 T=362; // un i t K
5 density=P/(R*T)

Scilab code AP 99 Example 2.3data

1 // Air f l ow i n g at h igh speed i n a wind tunne l has a
p r e s s u r e and tempera tu r e equa l to 0 . 3 atm and
−100 deg r e e c e l c i u s , r e s p e c t i v e l y . what i s s p e c i f i c
volme ?

2 // 1 atm=1.01∗10ˆ5 Pa or N/mˆ2
3 P=.3*1.01*10^5; // i n N/mˆ2
4 // 0 deg r e e =273 Ke lv in
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5 T= -100+273; // i n Ke lv in
6 R=287; // gas c on s t an t f o r a i r . ( j / kg . k )
7 density=P/(R*T)

8 v=1/ density

Scilab code AP 100 Example 2.2data

1 // example2 . 2 : The h igh p r e s s u r e s t o r a g e tank f o r a
s u p e r s o n i c wind tunne l has a volume o f 2 8 . 3 17 m
ˆ3 . i f a i r i s s t o r e d at a p r e s s u r e o f 30 atm and a
tempera tu re o f 2 99 . 4 4K, what i s the mass o f gas

s t o r e d i n the tank in Kg , and pound mass .
2 P=30*1.013*10^5; // 1 atm=1.013∗10ˆ5 Pa s ca l
3 R=287; // gas c on s t an t f o r a i r ( J/Kg−K)
4 T=294.44 ;// t empera tu r e
5 density=P/(R*T);

6 V=28.317 ;// volume
7 M=density*V;// i n kg
8 M1 =2.20*M;// i n pound

Scilab code AP 101 Example 2.1data

1 // example 2 . 1 : The a i r p r e s s u r e and d e n s i t y at a
po i n t on the wing o f a Boeing 747 a r e 1 . 1 0 ∗ 10ˆ5
N/mˆ2 and 1 . 2 0 kg/mˆ3 , r e s p e c t i v e l y . what i s
t empera tu re at tha t po i n t ?

2 p=1.10*10^5; // g i v en
3 density =1.20; // g i v en
4 R=287; // gas c on s t an t . f o r a i r ( j / kg . k )
5 T=p/(( density)*(R))
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