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Unified Propulsion Quiz
April 25, 2001

One 812 x 11”° sheet (two sides) of notes
Calculators allowed.

¢ Put your name on each page of the exam.

* Read all questions carefully.

* Do all work for each problem on the pages provided.
* Show intermediate results.

¢ Explain your work --- don’t just write equations.

 Partial credit will be given (unless otherwise noted), but only when the
intermediate results and explanations are clear.

e Please be neat. It will be easier to identify correct or partially correct responses
when the response is neat.

* Show appropriate units with your final answers.

¢ Box your final answers.

Exam Scoring

#1 (10%)

#2 (30%)

#3 (15%)

#4 (15%)

#5 (30%)

Total
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1. (10 points, partial credit given, L.O. A) In a few sentences describe how jet
propulsion works.
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2. (30 points, partial credit given, L..O. B) A rocket motor is shown below. The "skirt"
is attached to the rest of the power head of the engine by a flange at plane "a-a". The
mass of the skirt is 500 kg, it is operating in a 1 g environment (where g = 10m/s?) in
space (i.e. the external pressure is zero), and it is oriented as shown. What is the force on

the flange? Is it in tension or compression?

Power

Head A, =0.02 m?2
P, =8 MPa
m, = 100 kg/s
u, =400 m/s

Pexternal = 0 A, =1 m2

" p,=0.1MPa
My, = 100 kg/s

INTEGRAL MOMENTUM THEOREM!
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(BLANK PAGE FOR EXTRA WORK)

Elule = V\;\KX&—V.\f\\.L.b +?“A“-‘PBA_}> * MSk\‘({‘g
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3. (15 points, partial credit given, L..O. D) Describe what happens to an airplane which
is initially in a steady, constant altitude turn if it rolls to level and begins to fly straight at
constant speed with no change in engine thrust setting. Why does this happen?
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4. (15 points, partial credit given, L.O. F) Consider a single stage sounding rocket

launched vertically with g = 10 m/s?, no drag and an ideally expanded nozzle. If the

specific impulse is 300 s, the total vehicle mass is 15000 kg, and the propellant mass flow

rate is 100 kg/s, what is the maximum burn time before an acceleration of 5g is+eached?
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5. (30 points, partial credit given, L.O. B, I & J) Two rows turbomachine blades are
shown below. At inlet to the rotor, the flow is purely axial. Assume that the axial
component of velocity (w) then remains constant through the stage. f
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a) Draw the velocity triangles. Is this a compressor or a turbine?

U"\‘ov»c]zw{w\p_,Q whe tokr = 0 U:\zM% Mcﬁ?&’(‘d\ >o =

CQM()»QSSO(“
b) Sketch the direction of the force that the flow produces on the stationary blades.

= A “okes ’Hou)x dons o —»

¢) Write an expression for the torque applied to the flow by the stationary blades? How
much power is added to the flow by the stationary blades?

T: V§/\ U C%\Lg o \L‘\“C&\A-S\ “"B
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d) In the frame of the moving blades, is the flow accelerated or decelerated?
DE CELERATED (B\l WNSPECT(ON OF  (ReLamnye NELOCTY \ECTeR.

LEN6THS KT INCET  AND OCTLET oF (IMTOR\ |

e) If you were to increase the camber of the rotating blades by 5 degrees (holding
everything else including the inlet angle of the rotating blades) the same, would the work
per unit mass flow increase or decrease? (Show this graphically with velocity triangles.)
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