5 44 AR AR S / MY R =

WE - R

BRBAABERE
wEEH®T,

L—3 g VRS R Y ™ A 2012 HsraE 157

RL—Y—IZET 2HE

INEEEF

FEKRF HEFM

BIEF—

ES

FERZRZR TFEHARE

Experimental Study on Electric Discharge Type
CO, Downstream Mixing Supersonic Laser
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Kazuo MAENO (Chiba University, Graduate School of Engineering)

ABSTRACT
Development of high power laser is a technical subject on the realization of laser propulsion. Particularly, CO, laser is an important
candidate for power source. In the present paper, using the RF pre-discharge technique for electric discharge type CO, mixing supersonic
flow laser, the glow discharge power in N, supersonic flow has been measured in the N, reservoir pressure range from 0.0063 to 0.0663
MPa (absolute pressure). The effect of preliminary electron seeding on the discharge power has been demonstrated. Due to this effect, the
maximum main-discharge power is increased to 1.9kW. Furthermore the dependence of small-signal gain coefficient on CO, reservoir
pressure is measured and positive small-signal gain coefficient is obtained. The possibility of this CO, mixing supersonic flow laser is

assured.
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: Frequency, Hz

f
Gy : Small-signal gain coefficient, 1/m
I
Iq

onp

: Laser intensity, W
: Discharge current, A
L : Width of laser cavity, m
Py®: N, Reservoir pressure (absolute pressure), Pa
PcS : CO, Reservoir pressure (absolute pressure), Pa
Ry : Ballast resistance, Q
T : Temperature, K
V4 : Discharge voltage, V
W, : Discharge power, W
p : Voltage reflection coefficient
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Fig. 1 Vibrational energy levels of CO,-N, system.

EH Ao B RBEIRICIANT TR EZED TV D KE -
{Eb/:.\i@cozi’ﬁi%bmv P— DWW E X 2 1R T. K”t
T, NJEEERBH CER S o —fEL2BRT 5 Z LI
D IRENENE S TN & AR L, Bl AT ;Démb
T-COFHET EIRESHDZ LITED, N, (vw=1) &£ CO,
mm%ﬁ%f#%@%%%ﬂ;ém*w¥%%%ﬁw
CO, D ENLHEN. CTd D v REYE — R D5 B & BRI
mE, abmmﬁﬁﬁ CHEENRE RS E S DT
5. KR —F—l2BW\TIX, LTSRS X9 ¥

BEfAT5.

A) EEEEZFHIRBICRETE, BELMBELERT S
Zgﬁifxb\

B) &RZMBEH ) AL CABMICHIBZIE S5 0TIk

REZ K HEETE, TMEMOT VX EKNE S
DIZEHHTH 5.

Pre-discharge section .
Main-discharge section

N2

N, Nozzle

Reservoir

T

e

‘[C‘atholie i i
-dicharge section _I
@ |

(3-A) Top view

®) W T/ 0 — BT, KA & i
5%%##% WL, BWARZEMENRAECIZ .

D) 7 u—HET TIXETHERIC L AN T OREHhL e
EREL, BTZRAVF (EEEWLHE) 22BN,
IR T R FA~OEBNEIR R,

E) RSN S NN T & COy T HIRA LB S,
I EERIZ LD CO T IR X572
Lﬁ@ﬁwm%@ﬁmL%tT%,Tuﬁumm%
RIRFICNE 35 Z & 3720,

F) RIFEBEOEOEKMIZLY, KIGEAKRTH D HeZEDHk
NS LELI2 N,

J ZANTERO DI EICEE LTI, WERNERIND /X
AT, BRI g EEMRETESES Bttorr) 2
LB e Lz, £/, ABEREIN,KOCO,DE
THERE2AER LURASELFEBRALTEBY, RA RN
PEMET A0, N/ ZVHAZFULISFOE R 10mm
ADOMMHICO/NME AV O EEE Lz, EEOMKET
1%, 19.2mmE TR~ 4 ADN, / XV H A FE I,
10 KDCO,/ ANVHOEFRE L. £ 1 ICERTHEALE
HBEH ) ANOFEEETLERT . EEOBEERKE &K O
BEROMLEBIREZ K 3 OBEEIRT. J AVEHENEE
VLT REV A~ 4 Z'K@/\4) Ly ANT AT
B R OFE B 2T, o TIRBENE S kie<
L—P =%y BT 4 ~EENNCO,ERAT .

Table 1 Configurations of supersonic nozzle.

N, CO,
Exit area, mm’ 748 | 19.61
Throat area, mm> 1.76 3.14
Expansion ratio 4.25 6.25
Nozzle shape Conical nozzle
Mach number 30 | 34
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Fig. 3 Pre and main discharge section arrangement for electric discharge type CO, downstream mixing supersonic flow laser.
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Fig. 4 Schematic diagram of the electric discharge type CO, mixing supersonic flow laser.
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Fig. 8 Discharge voltage and power characteristics (Rg=20k(2).
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Fig. 12 Discharge voltage characteristics (Rg=20kQ).
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