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ABSTRACT

Steady and unsteady numerical simulations are
conducted for the experiments performed to investigate the
ram accelerator flow field by using the expansion tube
facility in Stanford University. Navier-Stokes equations for
chemically reacting flows are analyzed by fully implicit and
time accurate numerical methods with Jachimowski’s
detailed chemistry model for hydrogen-air combustion
involving 9 species and 19 reaction steps. Although the
steady state assumption shows a good agreement with the
experimental schlieren and OH PLIF images for the case of
2H;+0,+17N,, it fails in reproducing the combustion
region behind the shock intersection point shown in the
case of 2H,+0,+12N, mixture. Therefore, an unsteady
numerical simulation is conducted for this case and the
result shows all the detailed flow stabilization process. The
experimental result is revealed to be an instantaneous result
during the flow stabilization process. The combustion
behind the shock intersection point is the result of a normal
detonation formed by the intersection of strong oblique
shocks that exist at early stage of the stabilization process.
At final stage, the combustion region behind the shock
intersection point disappears and the steady state result is
retained. The time required for stabilization of the reacting
flow in the model ram accelerator is found to be very long
in comparison with the experimental test time.
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Fig. 3 Mach number and pressure distribution from one
dimensional simulation of expansion tube
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Table 1 Experimental conditions of test gases at tube exit**

Case 2H2+Oz+ 1 7N2 2H2+02+ 1 2N2
M., 5.2 5.2
T.(K) 350 350
p..(bar) 0.112 0.112

(b) 2H;+0,+12N,

Fig. 5 Overlaid schlieren and OH PLIF images of
combustion in model ram accelerator. !4
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Fig. 6 Overlaid Temperature and OH mass fraction
distributions from the numerical simulation of the
model ram accelerator configuration with steady
state assumption.
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Fig. 9 Resulting temperature distributions from the unsteady simulation for the acceleration gas. The final flow
field dada are used as an initial condition for the unsteady simulation for the test gas.
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Fig. 10 Resulting temperature distributions from the unsteady simulation for the test gas.
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Fig. 10 (Continued) Resulting temperature distributions from the unsteady simulation for the test gas.
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