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Numerical Investigation of Fluorine atom Recombination
Model in CW DF HF Chemical Laser Nozzle

LI Lan, HUA Wet hong, YUAN Sheng fu, JIANG Zong fu
( College of Opte- electric Science and Engineering, National Univ. of Defense Technology, Changsha 410073, China)

Abstract: As one of the most important components paiticipating in the pumping reaction of CW DF HF chemical laser, the
distribution of fluorine- atom has direct influence on pumping and lasing especially for the cold-reaction operation. Because of free- stream
recombination and walt catalytic recombination, some of the fluorine atoms will be recombined with molecules before entering into the
reaction region. It’ s very important to investigate fluorine atom’ distribution for the analyss and optimization of lasers. Some
experimental methods have been developed and theoretical model has been established. The model and general computational fluid
dynamics (CFD) tool were combined to compute the fluorine atom dstribution. Its validity was tested, and cases under different converge
contour were numerically sudied.
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Tab.1 Chemical reaction rate equations
F+ F+ M~ B+ M 1% 10"% 77!
F,+ M F+F+ M 1.99% 10°x 7~ "% x exp( — 1. 907x 10% T)
F+ ch_} F, 1x 10'°% 7!
:M F F, He HF N,, F
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Fig.1 Computatbn region and grid
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Tab.2 Stagnation parameters at nozzle inlet
total total wall
species mass fraction
pressurg/ aim  temperaturg/ K temperature/ K
oxidizer F F, He HF N,
0.9 2039 300
nozzle 0. 2084 1 0.0015 0.24305 0. 40174 0. 1453
, 2
83. 3%, [3]
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Fig. 2 Fluorine-atom mass fraction profile Fig.3 Nomnalized fluorine- atom mass fraction
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