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A convergent nozzle is connected to a compressed air tank. The pressure and 

temperature of the compressed air is 200 kpa and 500 K.  The area at the exit is 

0.01 m2. Assuming the flow in the nozzle is isentropic everywhere and flow rate is 

already at maximum. (k=1.4, R=287kJ/kg*k) Please calculate 

A. The Mach number at the Exit 

B. The flow velocity at the Exit 

C. The flow rate. 

D. The Temperature and velocity at section 1 with area of 0.0296 m2 

 

 

 

 

 

 

 

 

 



Solution 

A. flow is chocked, M = 1 at the throat or the section of minimum area. 

B.    
�
��

= 0.8333 

� = 0.8333 ∙ 500 = 416.7 � 

� = � ∙ � = 1 ∙ √��� = √1.4 ∙ 287 ∙ 416.7 = 409.2 �/� 

C. 

� =
�

��
=

0.5283 ∙ 200���
287 ∙ 416.7

= 0.883 ��/�  

�! = ��" = 409.2 ∙ 0.883 ∙ 0.01 = 3.61 ��/� 

 

D.      "∗ = " = 0.01 �$ 

"%

"∗ = 2.96 

Isentropic flow table 

�%

��
= 0.9921 

�% = 0.9921 ∗ 500 = 496 � 

�% = �% ∗ �% = 0.2 ∗ &���% = 0.2 ∗ √1.4 ∙ 287 ∙ 496 = 89.3 �/� 

 

 

 

 

 

 



Conceptual question: 

 

1. On a subsonic surveillance airplane, the wing normally has a large aspect ratio 

to reduce the induced drag. 

 

2. Please briefly explain the reason of having dipoles on the surface of a golf ball. 

Turbulent flow can delay the boundary layer separation then to reduce the 

pressure drag. 

 

3. In the pipe flow, if the flow is laminar (Re < 2300) then the friction coefficient 

value f is only a function of Reynolds number. If the flow is in the fully 

turbulent/rough zone, then the friction coefficient f is only a function of relative 

roughness. 

 

4. To study the performance of a wind turbine, a scaled down model was studied 

in a wind tunnel. Using Pi theorem three dimensionless Pi groups have been 

derived and it was found that the dimensionless torque output from the turbine is 

a function of Reynolds number and Strouhal number: 
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= ./01[�3, 56] 

Please state the condition for having dynamic similarity between a model and a 

prototype. 

 8�39:;�<�<=:> = 8�39?�@>A 

8569:;�<�<=:> = 8569?�@>A 
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5. (4 pts) Please circle all the cases with the flow accelerating in the channel. 
 

 
 
 
6. (5 pts) Circle the correct statement(s) for an isentropic flow through the duct shown in 
figure below. 

a. the flow can go from subsonic to supersonic  
b. the flow can go from supersonic to subsonic 
c. the flow can go from subsonic to sonic and then back to subsonic 
d. the flow remains subsonic 
e. the flow remains supersonic 
f. the flow can reach M=1 at Amax 
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