ME 420

Professor John M. Cimbala

Lecture

25

Today, we will:

. Discuss the equations for analyzing a shock tube
. Do an example problems — shock tube
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. Do Candy Questions for Candy Friday

Recall, our x-¢ and x-P diagrams for a shock tube with subsonic Vs (compared to a3):
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Note: If V. is supersonic with respect to region 3 ( > a3), then a3 - Vs <0 and the trailing
wave of the expansion fan actually moves to the right instead of the left.
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Example: Shock tube (we will learn by example, including shock tube equations)

Given: A shock tube is set up with the following properties and two different gases.
e Right (low pressure) side:
Air: Py =100 kPa, 77 = 298.15 K, y; = 1.40, R, = 287. J/(kg K).
o Left (high pressure) side:
Helium: P4 = 800 kPa, 74 = 298.15 K, y4 =1.663, R4 = 2077.15 J/(kg K).
e x;=-15m, xxp=10m.

t=0 Diaphragm

At t = 0 the diaphragm ruptures.

To do:

(a) Predict properties and velocities on the left and right sides of the shock tube after rupture
(Pz, Tz, T3, Vcs, as, )

(b) Plot the x-¢ diagram up to the time when the shock hits the right wall (x = xx).

Solution:

Assumptions and Approximations:

Both gases are ideal gases.

The flow is approximated as isentropic except across the shock.

The diaphragm instantly disappears at ¢ = 0.

There 1s no mixing of the two gases across the contact surface.

The duct 1s well insulated so that the flow is approximated as adiabatic.

The flow at any cross-section of the duct is approximated as one-dimensional.
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Results plotted in Excel for accuracy:
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