0901421 / 0901521
Gas Dynamics
January 21, 2003

Entrance Exam
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When the Space Shuttle takes off, you can see diamond shaped shock waves in the exhaust gases of the main engines.  Several minutes after takeoff, the same exhaust gases form into a vast plume that is much larger than the entire spacecraft.  Explain.
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2.  The exhaust products for the space shuttle main engine consist mainly of high pressure steam.  As the steam expands in the nozzle, pressure , temperature and density decrease.  Assuming that the flow is isentropic, derive an equation that relates the temperature at location 1 with location 2 in the nozzle.  Hint: start with the following relationship:
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Natural gas flows in a pipeline from Saskatoon  to Medicine Hat. 

a) What happens to the pressure in the pipe as the gas flows from Saskatoon to Medicine Hat? 

b) Does gas velocity increase, decrease or stay the same?  

c) What would happen to the gas if there were no pumping stations along the way to increase the pressure?

4. [image: image5.wmf]As the Space Shuttle exceeds Mach 1 while climbing through the atmosphere during takeoff, a shock wave forms at the nose of the orbiter.  Plot temperature, pressure, density, velocity and Mach number as a function of position through the shock wave.  

[image: image6.jpg]



5. A UFO enters the earth’s atmosphere at an angle of attack of 15o and a velocity of Mach 3.  

a) Sketch the oblique shock waves and/or Prandtl-Meyer expansion waves that act on the UFO.
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b) Considering the above oblique shock waves and expansion waves, does the UFO undergo lift? Drag? How would you go about calculating the lift and drag?

6. In the movie Chain Reaction, the character played by Keanu Reeves' hops on a motorcycle and outruns a detonation.  Is this possible?  Why or why not?
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