ME 420 Professor John M. Cimbala Lecture 36

Today, we will:

Continue discussing oblique shocks: more comments about the & f-M plot

Do some example problems with oblique shocks .
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CFD Example — 2-D wedge of various half angles (CFD by J. M. Cimbala):

(a) (b)

Steady 2-D Supersonic Flow Over a Wedge: These oblique shocks are formed by
supersonic flow impinging on three two-dimensional wedges with different wedge angles: 6
= (a) 10°, (b) 20°, and (c) 30°. Upstream Mach number = 2.0. Contours of Mach number are
shown, ranging from 0.2 (dark blue) to 2.0 (dark red).
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Experimental Example — Axisymmetric blunt body with conical-nose of various half
angles (Experiment by G. S. Settles):

(a)

(©)

(b)A ~
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Steady Axisymmetric Supersonic Flow Over a Cone. Similar behavior occurs for the
axisymmetric case (cones), but the angles are different. Shown are color schlieren images
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Experimental Example — Spherical body (Experiment by G. S. Settles):
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Steady Axisymmetric Supersonic Flow Over a Sphere. A bow shock forms upstream of
all such blunt bodies. Shown is a color schlieren image at Mach number 3.0.
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Example: Supersonic Flow Over a 2-D Wedge
Given: Air flowing at supersonic speed strikes a
two-dimensional wedge. Here are some values:
P1=101.325 kPa (standard atmospheric
pressure)
71 =288.0K
0 = 20° (wedge half angle)
M, = 3.00 (upstream Mach number)

To do: Calculate shock angle £, air properties
P, and 7>, and Mach number M,.

Assumptions and Approximations: Steady,
ideal gas, adiabatic, ignore boundary layer
effects along the walls.

Solution:
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Example: Supersonic Flow Over a 2-D Wedge (same as previous example, but with a
larger wedge angle)
Given: Air flowing at supersonic speed strikes a
two-dimensional wedge. Here are some values:
P1=101.325 kPa (standard atmospheric
pressure)
71 =288.0K
0 = 35° (wedge half angle)
M, = 3.00 (upstream Mach number)

To do: Calculate shock angle £, air properties
P, and 7>, and Mach number M,.

Assumptions and Approximations: Steady,
ideal gas, adiabatic, ignore boundary layer
effects along the walls.

Solution: &)
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