COHTRFEAF I w7 e L—F—iCHT 3
BREKEE OER

/NCHEES - M RBSZ - RRRIE - BTEF—K

An Experimental Study on CO2 Gasdynamic Laser by
Means of Non-Diaphragm Shock Tubes
By
Hakuro OGUCHI, Katsushi FUNABIKI,
Shunitsu SATO and Kazuo MAENO

ABSTRACT: The present paper concerns with the CO2-GDL experiment
by means of a snap-action type of shock tubes, which are deviced so as
to be driven by free piston quick valve instead of diaphgram breaking. A
part of experiments are conducted by the tube (Type II) with an improved
driven mechanism. The CO2-N7-He mixture is used as a test gas. The
stagnation condition covers from 1.5 to 8.5 kg/cm? in pressure, and from
1,100 to 3,000°K in temperature. The laser power is measured using the
Hg-Cd-Te infrared radiation detector calibrated by CW CO9 laser. Four
different types of two-dimensional nozzles and a multiple conical nozzle
are employed in order to examine the effect of nozzle configuration on
the laser power extracted. First, the optimum operation condition re-
garding laser power is examined for various stagnation pressures and
temperatures. It is found that the power density depends strongly on the
stagnation temperature while weakly on the stagnation pressure. Secondly,
the power distributions along as well as normal to the flow direction are
measured. The total power is roughly close to the one predicted by an
analysis of quasi one-dimensional steady flow, but the feature of the
power distribution is quite different from the one by the analysis. More-
over, the record of the power with time indicates highly oscillatory mode
with many sharp spikes. The theoretical explanation 'will remain in
future study. It should be remarked that the total power as well as the
power distribution are not appreciably affected by the nozzle configu-
ration for the throat-exit area ratio fixed so far as the present experiment
is concerned. |
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#r& Anderson Jr[5], [6 ] K&K BIEFE—RTHEDOHNT O, T B HBITICOVTIE
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DL RO HEE4ABE L. SUERKBICOVWTETOEEAMZ Ttk L, P TEHLAD
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FICAD. CO, GDL RIROAICHER L-EEERS S (Driver Gas) 2~ v 47T, E
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RENLTHEE~ » B Ms OF — 258 2 IC RS,
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BH OIS ERED LM (Stagnation Condition ; AREREFEEAZRAIEL, ot~
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SHENCY LTORBOBREBE SN

b. EEREEI
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2) BEMT SUS2TZF v LAETHESO mme OHENEARE . (HFREE I G
SBHBAE Cr X v F¥D40mm X 40 mm BT W m o8 ET)

3) EHEmHER 50 kg /cm?.

4) BEDEE W12 1), GEBEBE@®S [ DRICHREEE [ IKERXTRKE.

5) BEBNOIAFRELREHOLFESERILINTN S HREEI TRFEFER v
FOBESKEBHER b BT OBESKEICENENBETH - 1008, HEREST
REEORBESAETIEST 5.

HEEE I OFBHERANOLHICH - TUTICRRZ. HREFEORFIKEESKEZES
EMAFEHT 213, Ry REDBTINKA~NY DA WA STV, 2B TEESR
I (Compression Chamber I) CEHAT 2. FERFICHEEA (Bypass A) i€ & > THE
x b v AP (Auxiliary Piston) D% FDEEZM (Compression Chamber M) -~
SEEEAL, I5ICHHEDB (Bypass B) 2BLTEEX b v MP (Main Piston) ®
#“AHoEEZEIT (Compression Chamber ) T~ v a42FKET S, DD, BRI/
7V, hoDBRICE-T, FTHPEX Y AP AL, RIKF L2+ v MP ML,
BEZICSEBEVAINTHERHICTRTOEEESNPOREE pa £120, BEA
VY LDOREMBKT T2 BREEORKEEZ, BRERA v FICHEBLI-ER VT V, 2B
LRI VEEZNhOKESKME 1 (Drain 1) K0OKHEINEEL, ZDnEE
B2+ AP B8&F~BHL TREZI OKEBKEE 2 (Drain 2) 28U Taic Kl
b COBEZIDOBEICEIDFCR LY MP 8% 5 ~BEHL, 8EZE ] OBREHSHK

Y Y ARBEEBNETEEBEL CTEREARKT 5. ROEUEHLT O HAIEH v
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This document is provided by JAXA.



814 RRERFFHMER TS B14% ®25 (B)

Ideal Shock Tube
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HIERERE <~ Ms EBREBFENH pup EDBEFREEDLT T2 HIICRT. CO,
GDL DRBRERICEFRL-EERHTEK I~ 7o TEHHHRIN S~ 3B KE, A&
i3 CO,;- N -He (¥72id H,0) BAKMKETHHERMIZ20~ 100 Torr Th- 1.
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(Premixed Test Gas) %2 H#ad 5101, NBIKREHA7 > V2R L BEAKERS B
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Nozzle P) LA BT NTZRIL )/ ANVTHB. TNo6 D/ ANE2BRTAHERE BLUK
NOY v FU 77 78XU Y2 ) —LVBEHOKAIOGE SHICRENS. NP EHEa 3 HR
BB ANVAOTRE LEEERED , AVENARAZ - IO, b/ AvEnsERIN
TWAEER, CRAENEET LU TRAEBHIEKOEE N, XVKEATICENEBD T2 EE
TH3. BEEDIKEONE LK/ AnviEnhicHEEvmOERE RERINTHIED. C
NODZRIL/ AND R — FBRERDOHEAKIOVAZETHS. 2o— MERZ L -4 —1i%
BOEEHEEL / AV TOBERRICEEELE5Z, 20— MEARDZLERBKE h3EL
LERHA/A* BT S. AXROBHAEORE TRZ2DEBE, HHRLRCELL,
AEBREATCRERREORENATH B LI LN ([5] BR).

b- V=¥ —F¥YEF OEER)

V—HF—F YT 4 2BRT INEREZOXFEBREINDPLEINITRINTN 3.
ARERTIEEHE (Optical Alignment) BHEHWAS S, MEE S EEMEDOHASDLE
WL B0HwWw3 Stable Resonator Z#fA L7-. MEsEi Ge B4 K E THREER =10
m, REFRDZ CO, V—¥—FHEDI064m it L 99.7 B LETH 3. FEEICIE 4mm?
DA, (Coupling Hole) fH& D Au RESRHEE (ME SUS27) &, RHHHE 985 %,
BBEIS %D GCe BEBABE LD 2BBAERA L. BABAPOBMNERS VDL —F —
Yt & (Laser Power Density) i W H AN 2REEE AN BRSNS, EELSKDH
AT Ce WHBBEBAZ. AREDF— 2R ABACOTLEBAEAFEALTEB SN
bOTHS. Lk, HPICELEEBTVEAT 985 BRHED Ge WP HBBEICLET
—2 &7 5, :

BORICRININFEROXIHBBRIA D ICL 2BEABEOMBABRBAERTHD, BOKEH,
5D%IR (Recess*E) bEREEICKH LT 02¢m 5 1L.5cmBE T TOLLNTETS 3.
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a. Immediately after Shock
Reflection (Shadowgraph
for Test Gas:15%002-45%

N2-40%He).

b. lmsec. after Shock
Reflection (Schlieren
Photograph for Test Gas
:]0%C02-30%N2-60%He).

c. 3msec. after Shock
Reflection (Schlieren
Photograph for Test Gas
:10%C02—30%N2-60%He).

B / AnFENDOEH

This document is provided by JAXA.



818

KRR RFFENEM ARG

low|

Ge Flat Mirror (Par
Ge Concave Mirror (

Mirror for Alignment

B14% 25 (B)

tial Reflector)

Total Reflector :
R=10m)

o7

1.8m

~Hg-Cd-Te Infrared
Detector

He-Ne Laser for
Alignment

Cavity |

—r

3.8m

tiiiﬂ

/—‘ Nozzle

-] Pressure Gauges
== =]

.

kgl

. H
o )
S L~

FBIR v—H—F 54 BLIURFRHBN

LI & DO ¥ ROBBREEZ BT LEND 5 RBREERBR).

2.3 FERIMNEOHBEECO, CW L—¥—[C&3 GDL HHOEIE
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HREEICXLS GDL RRLH DREICE LTI, BEE
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BB SD ANB (Saturation) %BFF1ET A7:9HIC 175um OEIAF ORI T ATV ¥
—bAEEK T2 LU TERLTVA. ZofAERESICEIOBONL—F—th A1
DEFRTHIZ L B BRICRI LT 4. :

ER L 7. Hg-Cd-Te RAMEMRNEORED, EFHEND CO, #ERRL — & —
(CW Laser) ®#if1%A,¥7— % — 4 — (Coherent Radiation #-%8 210 L aser Power
Meter) i & 0 I LA i & etk L TiTb N RIERBRO% EWHEEF10BICRS. b
TCO, CWUL—F—DRIRE— LR E/ 7 — 4 — 2 —THHRES N, HEMY v v & —
([I7)8R) 2@, w27 (175umB Y TR F NV ¥— b) L& - THEIN % ICHg
-Cd-Te RABBEBICIOBE INS . WEINKLCW L —F — H ARG E B KRS
EEATOBDT, BRI 7402 — b3 THABEEHARS. COERICKDES
17z Hg - Cd - Te RAMEAR N BB IE 2B 1RICRT. Kth CWL——75 50 ) 5515
W/m? PETF =2 DN50&ZRETOA, FREEMLALCW L —4— n3hiibg
R CRAUICRRE E MO NEBBKRE IS 5 D TH 5.

24 F—HUNE

23 Tl N FRABRBRILSBICE DE LN L—F—HOEE ERNEBHE) B7F 4 V42
B aigake (Data Lab. #:8 DL 905 Transient Recorden)iCidfE X, 7+ o /& #i% X
Y7o v —iEEINS. Al EaI YN -4 —4A@ L TCI=av¥.—%— (H-
0ID)ICEDAYFA4 YIEIN, BT —20HE, WHEEO KRR, Y9k ha &
WA EBBEAINTITOR ENS. TLAEINLCANEREGERE LD, FHERK
BHOELXEE A A7 54 VTCMETE, Vo7 oy {,% 12 RicRT .

3. ERBERLIEE

3.1 HEREOBHE

AEBRICERL . BREEOBEH TN p/p ERONTCARHEER <~ " Ms & D
BRIIE 2N, BESMICRENTVS. INODONPOEFBIRERISKEZBESA SRR
L BARSERICHT 2 BANERESICOVTOHEMEIGTH 5. FRES 1ITHT 3
HEBF— 2B 2NERB Ebh D& > ICHERFEECK L P, /D, > 200 OHEMTAXS
Anig RL, NORAGHKAGEICE U TRERER <« " Ms 1330 282 5C & 5513
Dot HoF—2iciniF, RSEP O~ T LD RREBINT 2 EERBEDL S DAL
LOBENT o N\ ETHRSEDS.

et UEBRBEET O EE 5 ST 2 X HICHEFEEEIC OV T O EME
POo—EBDERH BN, TOEF R -TH T o ~"KEH T TEEEZRLTVS. RXD
REAETIEONEHEBE < " BEHR 24~41Th - . (FHOREE ZRIFT, 33
BREBDOFEEHHEHEZR LT .
3.2 €O, GDL HhERE

AEEICK D EAEEKES5ms 28D CO, GDL RiRA#A L. o0 GDL @
BAREREG 2B BKICRT. ERAIHEHRBEEE [ SQUER I 2A0 At DN 2880
SOMANTHY, BELDIEHEEEI SWENL AN BEBRHE DB BENL D R

This document is provided by JAXA.



a.

1978 4£5 A

Qutput from Mirror
with Coupling Hole,
I: Intensity (4.33w/

cmz/Div.)
T: Time (0.5ms/Div.)

(for 10%C02-40%N2-50%
He Mixture, Shock Tu-
be I, Reservoir Condifion:
pg=2.7atm, T5=1400°k).

b. Output from Partial
Reflector{at Mirror
Center),

I: 6.7w/cm?/Div.
T: 2ms/Div.

(for 10%C02-30%N2—60%
He Mixture, Shock Tu-
be II, p5=8.3atm, T5=
2140°k).

ERIZRES

821

B3N v—¥—hHHEE

=

Y. MR O M HEEE ORI 2 ORMESE L, 2 HOLHE(Spike) Z FO>ETHAS.
NE= L= - DRIRKE LMK H 5 [ 18] 28, CORKRB+ » £F 4 RICHEFKN
ZHEITEKLV—F—Ths GDL RRICHEELO DL EEZONS. HEDELEZACZDERR
ZERENCKOEZES & 3EL <, CO, GDL DM/ FIEESE (Small Signal Gain Co-
efficient) &L —F— A, HADFRINETE-RITHEDL ODOEERBOREICL T

BIFINTHBICTERR ([7], [15] &R).
HBIZ A% DFF 28I HBER L 72 0.

Bzl v—¥ - HOFEEFEHDR

7138, KEEZ Stable Resonator A L+ + EF 4 (AEWMI THMiLE SR
REE Re= 178 cm WKHY) THIEEZT-T51H, BoNHEROKBERIEEESRS
RE LIcERmENT [19] LRBAXFE—TERRBY. ZHOEEEABHOEREZRG T

2, GDL RIREZBERT 5T LEF TS 1.
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I
(W/cm?) A
10.0} A A
1IN
A D
A
5.0F
N
N
N &
| ) | L f L | . |
1.0 1.1 1.2 1.3 1.4
T, (x10°°K)

BUXR v-—¥-HHOKSEERE T a9 284t (BEEE I, RAAME » 10,
ps = 2K, A& 10% CO, -40% N, - 50 % Helc £ %)

3.3 GDL HHholrsiE (Stagnation) KEEKFHE

GDL HHoFSEREICT T 2KERIER, chETICd [3], [9] EXLDHXLBR
RINTWVAE. AERICBLTOHAMEmRDPLTO GDL i h oK #EIREBIc Xk 3£t
2RE U GEELSORBDTREY). KELE14, 15, 16 RICRT. HUNIZET
KD/, ZvOQF A0 AAMEREEL SO AT, $15, 16K/ XVvCEER LK
98.5% R DWABAENL S DOMNF—42TH 5. Kp [ERROFEHH A, T, BEFKE
BE, p, SFSEENEZEDLT. £14, IBRICRT LIV —¥ —H AT KEIRE & 3tic
BWMLT2100°K~ 2300 ’KTHRAEND, 2L EORETRHAOOBLBRONS.
DFVISHEEE—EIKTSE, GDLRROEEFSERERASELATSILNICTET
5. COREHBARBMOER[I] Li3iT—HT 5. TN N OIFSEE HIKEE T
50, BEOKEHREBEESREARIRONWTAKELUETREI—EDORREL 1.

34 GDL HBHEZDEMANH

85 RHEEMBABEOERANACBIZ L - - I3 HORAELT-12. AEIHE
BEICODNDTRAEBI LI, Z/oXER (ERE, TRE), / A VvBZLITO0T
Foh, BFEESTLICOVTRAERI, / X0, —HOXRERICH>VWTHFLNT. B85
NEAUEREDS bEHEEE [, IERI ARV ERBICOVT, SEERPLEBEDRNLE
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