ME 420 Professor John M. Cimbala Lecture 38

Today, we will:

Finish oblique shocks: procedure for oblique shock reflection calculations and do an
example problem

Discuss a practical application of oblique shocks — supersonic engine inlets

Begin to discuss Prandtl-Meyer (P-M) expansion fans in 2-D compressible flows

If time, give some brief histories about Prandtl and Meyer

Oblique shock reflection from a wall (continued):
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Example: Converging nozzle flow
Given: Air flows steadily in a rectangular duct with a sudden contraction at the bottom as

O+ 4. (¢t nfhgi # £ of mudo) ; i

sketched.

-

The duct is insulated and we ignore friction. We measure: \

Mi=2.8
Ty =288K ¢-,é’z'61
Pi =101.325 kPa
5 =16°

To do: Calculate g1, 5, M>, T, P>, M3, T3, P3, and .
Solution:

Assumptions and Approximations:
1. The air is an ideal gas with constant properties.
2. Friction along the duct walls is negligible.
3. The flow is adiabatic.
4. Both oblique shocks are weak oblique shocks.

I followed the above procedure. Students are strongly encouraged to use these numbers as a
test case before doing the homework problem. You should get the same answers as these:

Answers:
P1=34.9° B =45.3°% ¢=29.3°
M>;=2.059, T =400.3 K, P,=286.8 kPa |#
M;=1.458, T3 = 519.0 K, P3 = 669.5 kPa
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Examples of supersonic engine inlets:

SR-71 Blackbird: Round inlets with center cones (“spike inlets™).

Note: If the center cone is not at the proper location for the Mach number, a bow shock forms
and the engine is “unstarted”.

Unstarted inlet Started Inlet

Schlieren imaging of Supersonic inlet shocks




F-104 Starfighter: Half-round inlets with halfcones.
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F-15 Eagle: Rectan

reflected oblique shocks as discussed in class.

F-22 Raptor: Rectangular inlets.




XB-70: Dual rectangular inlets designed for multiple oblique shocks and reflections,
designed for Mach 3.0 cruising (1960°s)




