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Abstract The relation between CW DF/HF chemical laser performance and the flowfield parameters in F&D,/H, reacting zone

has been studied based on the original formula of gain coefficient output power and laser efficiency. The relation is proved by

simulation results and others’ experiments and provides a criterion to optimize the nozzle design and CW DF/HF chemical laser

performance .

Key words CW DF/HF chemical laser gain coefficient output power laser efficiency numerical simulation

T F Cy

D,/H,

2000-01-17

F

F

D,/H,

D,/H,

2000-06-18

2
2.1
V-R !
avJm =(Z]X4)ijmq5p3u]m 2J +1 x
nyv+l exp( EEvH J+m) _nv exp( @Ev J)] _
A kT Qe kT 1]~
apvSm: aav Jm 1

0. =1+ 2]+lexp(_th”J) y=0
=
1 )

nyv+1/nvy ( hCE»+ll+m)
aryv Jm =————————exp| - — . _
1 0. A

1eX( @E»_J)

0N\ Tk T
a, v J m =(Z—]7\?)wv]m@p-

By Jm 2J+1nv



5 CW DF/HF 403
av ] m r ar v J m
nv+1/nvy DF o F
P, 9 v=1J=9m =-1 a, v J m F
n2/nl 0o 2 T 10 ~ 2500 K Q. nv+l /n vy ay v J
! m
Q0w "= hes Yo+ Yy v +0.5 /kT 22
av J m 1 DF/HF
n?2/nl a; 19 ’
-1 n2/n1 cumy my — 1 *E,/ mykxg I <1
e 19 -1 L =050 np oL mi -1 -
a; 19 -1 <0 my/8my o ng o Lkxe/v E, I =1
n?2/nl a; 19 -1 )
ap v c kxy
v
nr o F E, L
u ©
mp my m3
m = 3+2xp —2J0 +exp —4J0 /
l+exp =2J6 1+exp —4J9
my = 1 +2exp —2J0 +3exp —4J6 /6
my = l+exp2)d 1+exp —4J0
. . o J =2] 4108 = Tp/T Ty
I g my -1/ m®d dmym -1/ Ddny <1

Fig.1 SSG coeficient as a function of temperature and

population inversion ration 2 /n 1

nv+l1l/nv

nv+l1l/nvy

1

H,/D,

O = 0 Pe = dvms my — 1 / my np okxplL

P
ny+1/nvy ar v J npo L P
-1 Oc
ar» v J m ar v J -1 bxe !
o nvy kpr v
av ] m 1 Ty = 30.16 K!
ar v J m a, v J m

2
v

DF

Pc

14
TLF()L

=y 1.2x 107" + 1.4 x 10°T*%



28

404
P 0 T 2 v L
(]
X T,
3 L 2.4
1 .
s L5} .
; :
¥ 1.0 T u v
£
a, ©
= 0.5 ;
é [temperature T, < T, | )
[N . i .
0.0 0.5 Lo LS 2.0
Denwity o (Relative value)
2 P T o u v 3 F
Fig.2 Output power P vs density p at different temperature o
P
u v F v
F
f D,/H F
0= L 2772
2.3 u T u
2 7 : v L P=pe
2emy my — 1 2/ m,® Iy <1 F
7= ¢c m -1 — my®P/8my lf =1
7
@ @ > ®c @c = 4m3 mq
-1 /m2 n D
o, D Ui uwv P
r n @ A DF v /HF
3 F  Dy/H,
¢ F DyH, 2-slot
F
{ tempersrure T, <7 | 2-slot
2-slot
43 HYLTE

' \ D,/H, S F  D/H,
o

Eificisncy ¥ (relativ value)

58 0.8 L0 1z 7
Variabla & (Relative value)
3 7 r o HYLTE 2-slot

Fig.3 Efficiency 7 at different temperature 7' vs variable @ HYLTE



5 CW DF/HF

CW DF/HF

2-slot
300 K 400 K 500 K 800 K

v i~ 3 i 3 3
x axie(along flowfield) fem™
s . -
L T =i
o —T = S00K
} T T =800K
[ 3}
[}
B
B
d Q.
[

i i L

o 1 2 3 L § [
2 axisCalong Howfield) fem™
4
a V=1~V=0 b V=2~V=1

Fig.4 Maximum SSGof V=1~ V =0 «

V:2~V=1[)

405

2-slot

0 QR | % i St
z axis(along Bowfield} /om™
0. 4 T -
0.3 ——T m 400K
0.2 T =K

——T = 800K

Grnae /00 (4=3)
(=]

0 ] T 3 4 5
x axis(along Bowlield) fem™

c V=3~V=2
V=3~V=2c¢

d V=4~V-=3

andV =4~ V=3 d

lasing distribution along flowfield

raxis (along Mowfield} foms’

Fig.5 Radiation intensity distribution along flowfield in the

optical cavity with different oxidant nozzle wall temperature

4

Efficiency
e

0
0.
0. R R . .
[} 1 2 3 4
xz sxis(along fiowlield) /fem™*
6

Fig.6 Chemical efficiency distribution along flowfield in the
optical cavity with different oxidant nozzle wall temperature

DF/HF



406

DF/HF
F D/H,

DF/HF

DF/HF

28

R. W. F. Gross J. F. Bott. Handbook of Chemical Lasers.
Beijing Science Press 1987. 260 267 ~ 269 in Chinese

J. E. Broadwell. Effect of mixing rate on HF chemical laser
performance. Appl. Opt. 1974 13 4 962 ~ 967

Hua Weihong Jiang Zongfu Zhao Yijun. The performance of
CW DF chemical laser under high cavity pressure. High Power
Laser and Particle Beams 1997 9 2
221 ~226 in Chinese

Hua Weihong Jiang Zongfu Zhao Yijun. Nozzle design in cw
hydrogen fluoride chemical laser. SPIE 1996 2889 135 ~ 140
V. K. Rebone M. A. Rotinyan et al. . Influence of the Mach
number of the oxidant flow on the energy and gasdynamic
characteristics of a supersonic cw chemical HF laser with a
radial-expansion nozzle array. Sov. J. Quantum Electron.
1998 25 2 119~122 in Russia

F. S. Billing R. C. Orth M. Lasky. A unified analysis of
Gaseous jet penetration. AIAA Jowrnal 1971 9 6 1048 ~
1058

Richard J. Driscoll. Effect of reactant-surface stretching on
chemical laser performance. AIAA Journal 1984 22 1 65~
74

William A. Duncan Stanley P. Patterson et al.. Overtone
research  advanced chemical laser module design. SPIE

1994 2119 46 ~57

Hua Weihong Jiang Zongfu Zhao Yijun. Numerical simulation
of CW DF chemical lasers—performance of different fuels and
diluents. Chinese J. Lasers 1998 25 3 179
~204 in Chinese



