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Efficient nitrogen diluted discharge-driven
continuous wave HF/DF chemical lasers
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De fense Technology, Changsha 410073, China)

Abstract: A cryogenic adsorption technique was presented to replace the machinery pump and exhaust
processing system, which could provide a possible way to greatly suppress the size of a discharge-driv-
en CW HF/DF chemical laser. As the nitrogen diluent must be used instead of helium for the cryogenic
adsorption pump, the efficiency of HF/DF chemical laser would be lowered down greatly. To solve
the problem,a periodically arranged supersonic nozzle array composed of slit and conical holes with a 4
mm period was developed to replace the traditional single slit transverse sonic fuel injecting gain gen-
erator. Experimental results with HF laser demonstrates that the laser output and electrical-optical ef-
ficiency by designed supersonic nozzle array have been increased from 25 W to 90 W,and 0. 8% to
5. 9% ,respectively. Furthermore, the fuel specific efficiency has a nearly fourfold increase, which is
slightly higher than that from the helium diluen. Obtained results prove that the efficiency of the ni-
trogen diluted discharge-driven CW HF/DF chemical laser can be greatly improved by using the devel-
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oped supersoinc nozzle array.
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Fig.1 Key components of discharge-driven CW HF/

DF chemical laser
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Fig.2 High current, single slit transverse injecting laser

SRR 5 H  J6 ft Hinchen'™ 52 . 5 2
Spencer Y ik — Ak L B 5 B Jefferst™ ] 57
() Helios 23wl ¥ Ho B S Ak, I 45 MO B 58 5 1
ZRANY . — BB M O A T R AR 20 W
Je A AN R EEARAS T B D A A L AT DL T 2
T VA 22 1 g AR AR PR O AR, He-
lios 7 7l ¥ A4 PR B4R it CL-TTLCL-TV 2541
kOGRS

Y5 Spencer #{4 A [Al (9 2 44 58 100 mm 7 3
mm 78 55 B S E S — YK E] 6 mm, B A
TR LG SRy 2 (4 9 80 A< gt 8 0 15 210 1) 35 S 52 B
B T AE S R A . Ho /D, WY 5k
BOR i 40 F 7 BE T R B HES B NFLTEA . AR SR T
WIBIF g 45 JL0 L HR B) BN 22 A H B9 330 mm
) 660 mm, LB H 0.4 A EEH 1.3
A, BN 30 mm, HE N 1M 10 mm HLAY
AN A WL, WOt i3 TR
WA RS R R, e A 2N IS,k
HhEFE N 5 mm 4b, &SRB FRFEIE N 5 m,
B R 2 m AR N 159,

55 RNEOC AR SE AN A 3 R . i TAESE SR
Hh UL 31 R R AL 1 T v A A i 52 B R T DR ORE
P B (] B8 T A 4% R 300 mm, JE T T/EHR
Ui o R A X M A e IR A B TR RS T O M
Fie RE A M 00 DA IR A W o B A ) AR AR A
JERAETE T 5 mm ALy T 5 mo il AR AR
BB T, SR 10 mo il R 1 42
B B AL il AR AR 2 mu RS R
1506, A AR A A X D) A Ok i R
Wi A ] DL 220 AN T TR R SO d AR A 2 R
ARSI Ol 2 % 32 B oy 09 i R BURIRE 5 g

B3 BESmEAE HOL 8 5L K

Fig. 3 Chemical laser employing nozzle array
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Tab.1 Typical experimental results of laser employing single slit and transverse injecting gain generator
Mass flow Mass flow Mass flow Mass flow
. . Voltage Current Pocericin  Peavity Proer
rates H, rates NF; rates p-diluent rates s-diluent Teo
/kV /A /kW  /kPa /W
/(mmol » s ') /(mmol * s!) /(mmol *« s7') /(mmol + s7")

Helium 9.8 1.8 8.4 31.6 2.1 1.3 2.7 0.6 45 1.5%
Nitrogen 18. 8 2.0 21 31 1.9 1.3 2.5 0.6 25 0.8%
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Tab. 2 Typical experimental results of laser employing supersonic nozzle array

Mass flow Mass flow Mass flow Mass flow
. . Voltage Current Poccyicin Pdischarge Peavity  Plaser
rates H, rates NF; rates p-diluent rates s-diluent oo
/kV /A /kW /kPa /kPa /W
/(mmol + s') /(mmol + s ') /(mmol * s ') /(mmol+s ')
Helium 21 5.1 5.3 51 2.7 0.48 1.3 2.2 0.5 95  7.4%
Nitrogen 21 4.0 6.2 27 3.9 0.39 1.5 2.4 0.5 90 5.9%
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