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Numerical Study of Two-Step Combustion’s Application in
Gas Film Cooling Gain Generator
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Abstract Gas film cooling, for protecting the gain generators, and two-step combustion method, for improving
combustion efficiency, were applied together to continuous wave DF/HF chemical laser. Portion of the main diluent-
helium was transferred to inject at the converging section of the primary nozzle. The flowfield in cavity was
numerically simulated and the results showed that spectra’s small signal gain had a small amplitude increase. The
results did not exhibit high combustion efficiency as that in traditional two-step combustion method, and the high
temperature gas flow demanded the combustion chamber to reach a much higher level. The total temperature could be

lowered through increasing oxidizing gas flow and the gain coefficient was increased.
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Table 1 Flow parameters at the entrance and exit of combustor

Inlet mole flow Transferred '
. ) Total Outlet mass fraction
Case rate(mmol/s) helium
temperature /K
NF; H, He fraction /% F F, He HF N,

a 1. 0694 1.0349 6.261 0 1726 0.20763 0.0022 0.24312 0.40173 0.14532
b 1.0694 1.0349 5. 0088 20 1895 0.21961 0.00094  0.20444 0.42227 0.15274
¢ 1.0694 1.0349 2.5044 60 2391 0. 2455 0.00016 0.11386 0.47034 0.17014
d 1.0694 1.0349 0 100 3291 0.27824 0.00003 0O 0.52975 0.19198
e 1.2 1. 0349 2.5044 60 1998 0.29745 0.00129 0.10301 0.42541 0.17272
f 1.076 0.9279 2. 2455 60 1998 0.29745 0.00129 0.10301 0.42541 0.17272
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Fig. 1 Configuration and size parameters of the computation zone
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Fig. 2 Small signal gain coefficient curves of P, (9) along the stream flow. (a) cases for a,b,c,d; (b) cases for c,e,f
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Fig. 3 Velocity curve along the center line at the NEP. (a) cases for a,b,c,d; (b) cases for c,e,f
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Fig. 4 Temperature contour distribution on middle plane along Z direction
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