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SPC 407 
Time allowed: 1 hr 

Midterm 1 
1/11/2016 

 
1. Consider a flow impinging on the sharp-edged nose of an aircraft. As the 

Mach number increases from 0.1 to 5, can you explain what happens to 
the flow over the nose? (use drawings to enhance your answer). 

2. Consider a Pitot static tube mounted on the nose of an experimental 
airplane. A Pitot tube measures the total pressure at the tip of the probe 
(hence sometimes called the Pitot pressure), and a Pitot static tube 
combines this with a simultaneous measurement of the free-stream static 
pressure. The Pitot and free-stream static measurements are given below 
for three different flight conditions. Calculate the free-stream Mach 
number at which the airplane is flying for each of the three different 
conditions: 

a. Pitot pressure = 1.22 x 105 Pa, static pressure = 1 .01 x 105 Pa 
b. Pitot pressure = 3.4579117 x 105 Pa, static pressure = 1.0131461 x 105 Pa 
c. Pitot pressure= 6.2756644 x 105 Pa, static pressure= 4.883786 x 105 Pa 

 
3. Consider the flow through a rocket engine nozzle. Assume that the gas 

flow through the nozzle is an isentropic expansion of a calorically perfect 
gas. In the combustion chamber, the gas which results from the 
combustion of the rocket fuel and oxidizer is at a pressure and 
temperature of 15 atm and 2500 K, respectively; the molecular weight and 
specific heat at constant pressure of the combustion gas are 12 and 4157 
J/kg.K, respectively. The gas constant of the mixture R = 692.8 J/kg.K and 
specific heat ratio of 1.2. The gas expands to supersonic speed through the 
nozzle, with a temperature of 1350 K at the nozzle exit. Calculate the 
pressure, Mach number and density at the exit of the rocket nozzle. 

 
 
 
 
 
Best Regards 
Ahmed Elmekawy, PhD, P.E. 
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Equation Sheet 
Isentropic Flow Equations 
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Normal Shock Equations 
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End of Exam. 


