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Shock Waves

(a) (b) (c)

Schlieren photographs illustrating shock waves on various bodies. (a) Mercury capsule wind-tunnel
model at Mach 8. (b) X-15 wind tunnel model at Mach 7. (Both photos: NASA) (c) Space Shuttle
Orbiter model at Mach 6.

Special optical systems, such as shadowgraphs, schlieren, and interferometers, take advantage of optical refraction
arises from density gradient and allow the visual imaging of shock waves on a screen or a photographic negative.
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Normal Shock Waves

This portion of the bow
shock is normal to the

Isentropic flow relations:

© Dr. A.B.M. Toufique Hasan (BUET)

M.Sc. Eng. (April 2024)

ME 6135: Advanced Aerodynamics

g
B flow Normal shock
q:cl% inside the nozzle
To _ 1+—}r-—- IME (8.40) \\_//’*"/
T 2 ' M=>1| M<l
 ——
_ 7/G-1) T~
Py 1 y—1 M2
' T3 (8.42)
Po_ (1.7~ 1 M2 /G-1) Flow over a Overexpanded flow
Ll + —5 (8.43) blunt body through a nozzle
tAopgp:tan:Z-:aizn be used Figure 8.1 Two examples where normal shock waves are of interest.
™ 2
T, 7+ (8.4
1
P _ ( 2 )w’{r : For y = 1.4, these ratios are
p y+1 (8.45) . \
° ot 0833 Z-o0s28 2 =063
P ' T Py Po
20 \r+1 (8.46)




Normal Shock Waves

The property relations across a normal
shock wave are —
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The total pressure decreases across a shock wave.
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Figure 8.1 Two examples where normal shock waves are of interest.

Appendix-B can be used to

get the data
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The velocity and temperature of the flow ahead of a normal shock wave are 1215 m/s and
300 K, respectively. Calculate the velocity of the flow behind the shock.

EXAMPLE 8.18
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Example 8.13

A ramjet engine is an air-breathing propulsion device with essentially no rotating machinery (no rotating
compressor blades, turbine, etc.). The basic generic parts of a conventional ramjet are sketched in Figure 8.9.
The flow, moving from left to right, enters the inlet, where it is compressed and slowed down. The compressed
air then enters the combustor at very low subsonic speed, where it is mixed and burned with a fuel. The hot
gas then expands through a nozzle. The net result is the production of thrust toward the left in Figure 8.9. In
this figure the ramjet is shown in a supersonic freestream with a detached shock wave ahead of the inlet. The
portion of the shock just to the left of point 1 is a normal shock. (A detached normal shock wave in front of the
inlet of a ramjet in a supersonic flow is not the ideal operating condition; rather, it is desirable that the flow
pass through one or more obliqgue shock waves before entering the inlet. Oblique shock waves are discussed
in Chapter 9.) After passing through the shock wave, the flow from point 1 to point 2, located at the entrance
to the combustor, is isentropic. The ramjet is flying at Mach 2 at a standard altitude of 10 km, where the air
pressure and temperature are 2.65 x 10* N/m2 and 223.3 K, respectively. Calculate the air temperature and
pressure at point 2 when the Mach number at that point is 0.2.
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Figure 8.9 Schematic of a conventional subsonic-combustion ramjet engine.
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Example 8.14

Repeat Example 8.13, except for a freestream Mach number M., = 10. Assume that the ramjet has been
redesigned so that the Mach number at point 2 remains equal to 0.2.
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Figure 8.9 Schematic of a conventional subsonic-combustion ramjet engine.
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