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AZ B 53T BERE 43 AR BRBUHIBURIR /D, YERERAT L2
B, Bt (37), (38) IR (45), (46) 155 P38l
REZ M 23 R

l -
AijBii1Gi ‘P(fi,ﬂi,Ii)
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x BER R, R (47) ALARL B, B R

— Gon‘P(f,ﬂ,I_)
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ERGHES E4 RE BRI E AL, 20K (27)
(28). SCK BB MLER (49) o (47) ZERGIE 7 >> 1
FEE 7 << 1 T4R55EBAHHERRMXR
g=go(1+I)7t 1 g = go(1 +I)~¥/2 —F, K (47)
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AR, NET A BHRESSABOESRMEA
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A ()~G) BRIRBARMERARERE TER
3. 3L [34~38, 47~51] LIMESH n . FBSH
¢ MBEMBENSERELE T SGK #HAVf1 RE
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X (47) #1 (49) . SGK HEIEIHHLHB
BREGREREH 5 IR RMERN. Frhlk SGK #
RITHW 38 28 ROHRAALAER D250 IR mMRS
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RESEARCH PROGRESS ON GAS
FLOW-CHEMICAL LASER THEORIES *

GAO Zhi HU Limin

LHD, Institute of Mechanics, Chinese Academy of Sciences, Beijing, 100080,China

Abstract Gas flow and chemical lasers, with supersonic CW HF /DF chemical laser and supersonic chemical
oxygen-iodine laser(COIL) as their chief representatives, are making a great progress owing to their scientific
significance, and military and industrial applications in recent thirty years. Because the supersonic mixing flow
has a special capacity to control the strong- release-energy reaction dynamics and thermodynamic processes,
nonequilibrium gas dynamics play a key role in developing gas flow and chemical lasers. The analysis and
calculation for high power GCL performances continue to use methods of nonequilibrium gas dynamics, i.e., to
assume the gas flow (including laser gas compositions) to be a continuous medium and the line profile to be
broadened homogeneously and to solve simultaneously the gas dynamics equations, gain dynamics and radiation
transfer equations, which was called the rate equations(RE) model. A semi-gas kinetics(SGK) model for pre-
dicting GCL’s performance was presented in the late 1970s. In the SGK model, the gas flow is still assumed as a
continuous medium, however, the influence of thermal random motions of lasing molecules on the GCL’s perfor-
mance and the inhomogeneous broadening effects are considered, a double-parameters perturbational method
is used to solve the generalized Boltzmann equation describing the change of the velocity distribution function
of lasing energy-level molecules. Therefore, the SGK-model considers both the macroscopic and microscopic
scales. Some research progress on the RE- and SGK-models and their applications in predicting GCL’s per-
formances are presented in this paper. Some advances on the equal-gain model and the cavity-mode (or mode

pattern)theory are discussed briefly. In view of gas dynamics, we present some topics worthy of further studies.

Keywords Supersonic HF /DF CW chemical laser, supersonic chemical oxygen-iodine laser(COIL), nonequi-

librium gas dynamics, rate equations model, semi-gas kinetics model
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