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2-D Supersonic Flow
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Example

An observer on the ground does not hear the sonic boom caused by an airplane moving at 5-km
altitude until it is 9 km past her. What is the approximate Mach number of the plane? Assume
a small disturbance and neglect the variation of sound speed with altitude.

tan p = % — 05556 or  p=29.05°

Hence, from Eq. (9.79),
Ma = csc p = 2.06 Ans.
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The Oblique-Shock Wave

Continuity: PV = p2Vo

Normal momentum: P1— D2 = pVar — p1Vay

Tangential momentum: 0=p1Vii(Via — Vyy)

Energy: hy +3Vor +3Vi = hy + 3Viy + 3V = hyg o Shikwave
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The Oblique-Shock Wave

Oblique shock wave
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Ma7 (k + cos 28) + 2

For zero deflections (8 = 0) the weak-shock family satisfies the wave-angle relation

1
o — win—]
B = p=sin Ma (9.87)

Introduction to Fluid Mechanics Il Compressible flow




The Oblique-Shock Wave

k=14 Oblique shock wave

40° — I

Deflection
angle

Deflection angle 6
b )
S S
[ [e]
| | | | | | |
[N
- = N 2
= o %
P v —YvY\———-\-
—_— —
-
5
\%
2 L)
=
\%
B

10° G — lB - M
\ \
12N ‘
A 13 N
0° 30° 60° 90°
Wave angle 8

Introduction to Fluid Mechanics Il Compressible flow




Prandtl-Meyer Expansion Waves
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Prandtl-Meyer Expansion Waves
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