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Theoretical Investigation of Nozzle with Helium Film Injection at
the Converge Section in CW DF/HF Chemical Laser

Li Lan Hua Weihong Yuan Shengfu Jiang Zongfu
(College of Optoelectric Science and Engineering , National University of Defense Technology ,
Changsha, Hunan 410073, China)

Abstract About 20% fluorine atoms recombine to fluorine molecules in continuous wave (CW ) DF/HF chemical
laser’s nozzle, and it is one of the most important factors influencing the bumping efficiency and lasing intensity of
lasers. The fluorine atoms loss is caused mainly by wall recombination. Nozzle contour design does not have an
obvious effect on reducing it. Combining the gaseous film cooling used in aerospace realm, a new kind of nozzle is
designed by injecting helium film from nozzle’s converge section. The film is estimated to be a separating layer
between the main stream and nozzle wall which can reduce fluorine atoms loss, protect the wall, and throat region
from ablation. The numerical results show that the protection and frozen efficient are obvious. The helium film
occupies part of the stream channel, which influences the main stream’s transportation. The absolute mass flow rate
of fluorine atom falls at nozzle exit plane(NEP) if the main stream’s property keep constant. Several methods are
presented to improve the design’s inherent shortage.
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Fig. 1 New nozzle with helium injection

at convergent section
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Table 1 Chemical reaction rate equations

F+F—F,
Reaction of the three elements

F,—F+F
Wall reaction F+F.—~F.

1X 10" X T!
1.99 X 10" X T X exp(— 1. 907 X 10*/T)

1 X 10" X T

k2 WEELEH WS N

Table 2 Nozzle structure and stagnation parameter

Throat half NEP half Total Total
Nozzle ) Species mass fraction
height/mm height/mm pressure/(10°Pa)  temperature/K
F F, He HF N,
Oxidizer 0.15 4,4375 2.0265 1500
0.20841 0.0015 0.24305 0.40174 0.1453
He
Inert 0.05 0.05 2.4318 300
1.0
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Fig. 2 Fluorine atom two-dimensional

distribution in nozzle
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Table 3 Flow rate parameter comparison

F mass
Main stream  F flow rate Helium film  NEP stream F flow rate F frozen
Case fraction in
flow rate  in main stream  flow rate flow rate at NEP efficiency
NEP stream
Without helium  17. 339168 3.6126212 0 17.339168 2. 8958046 80.158% 16.7%
With helium 14.133935 2.9449048 5.1856861 19. 276299 2.6706099 90.69% 13.854%
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