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Numerical Simulation of Ordered Aero-optical Aberrations in
Hydrogen Fluoride Chemical Lasers

XU Xiao-jun LU Qi-sheng YUAN Sheng-fu LIU Ze-jin
Institute of Science  National University of Defense Technology —Changsha 410073

Abstract It was pointed out that the ordered aero-optical aberrations in Hydrogen Fluoride HF  continuous wave chemical laser

CWCL 's cavity is one of the main factors influncing laser beam quality by the analysis of the inhomogeneous medium in laser
cavity. The 2D refractive index model in HF' CWCL was set up to simulate the inhomogeneity distributions in main-tone/over-tone
HF CWCL's cavities in the condition of power/zero-power output. With it the performance and beam quality in 3-Slot 3S and
2-Slot 2S  structure lasers were computed and analyzed. By the simulation it was shown that the ordered aero-optical aberrations
in the telescopic unstable cavity are not significant in nozzles array of 1 m length. But with the increase of the length of nozzles
array it will be important especially for the over-tone HF lasers. In addition the performance and beam quality of 3S are better
than that of 2S.
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Table 1 Geometric parameters of each nozzle

Oxidant nozzle

Inert nozzle

Fuel nozzle

Half width of throat/mm

0.25 0.1 0.2
Ratio of area 11.5 6 4.375
Length of supersonic region/mm 6 1 2.5
High/cm 10 10 10

Width of base region/mm

0.4

2

Table 2 Inlet parameters of each nozzle

Chamber Inert nozzle Fuel nozzle
Temperature/K 2039 300 300
Wall temperature/K 300 300 300
Pressure/10° Pa 0.9 0.3 0.6
F 29.803 F, 0.029
Percent of each component/ % 2 He 100 H, 100

He 29.592 DF 41.576
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Table 3 Parameters of cavity mirrors
Reflection coef. R; Absorption coef. AB, Reflection coef. R, Absorption coef. AB,
1.000 0.000 0.850 0.002
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Table 4 Parameters of cavity mirrors
Reflection coef. R; Absorption coef. AB, Reflection coef. R, Absorption coef. AB,
1.000 0.000 0.998 0.000
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Fig.3 Gain distributions in laser cavities of 3S and 2S
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Fig.4 Refractive index distributions in laser cavities of 3S and 2S
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Table S Comparison of beam qualities in different laser systems

Output

Nozzle

AW g /pm

AP,

Tilt, ./ prad

Main-tone Y
2.7 pm

3-Slot

0.0426

0.0991

1.010

1.984

2-Slot

0.0680

0.1581

1.025

-4.000

N

3-Slot

0.0584

0.1358

1.018

2.714

Over-tone
1.32 pm

3-Slot

0.0488

0.2322

1.054

2.266

2-Slot

0.0621

0.2956

1.087

-4.436

3.3

HF
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