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Temperature Measurements of C02 by Laser Absorption Spectroscopy for Evaluation
of Relaxation Rate
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A martian atmospheric entry environment is simulated with an expansion tube,
and the test flow is measured by a laser absorption spectroscopy. The rapid sweeping of the laser
wavelength enables the highly time-resolved measurement, and the time history of translational
temperature is obtained from the shock arrival to the expansion wave arrival. The measured
temperature is higher than the ideal values which is estimated with a thermochemical equilibrium
assumption. This disagreement comes from the weak reflection at the second diaphragm of the

expansion tube. The second diaphragm is replaced by a thinner film. The evaluation of its
replacement effect is currently conducted.



B X C—19, F—19—1, Z2—19 (Jtm

1. WFZERRAA S A DY 5

FEROKBEEICHIT C, SEIERI v v a VPRFTINTNDED, KEKRKEAREDOZETIN
AP RFEE O Eix, 251 @0ETH 5. KERKEZEAIZB T 2 INEREL., nER
kbfi%%ﬁﬂlﬁﬂﬁ@%ﬂ THAT, — RIS U TR < IEA2 WS, bR FEH kDR
SR RIS I T DRI E G L < THIT 2 Z ik, AR E L CEEREMHEE LT
FonTWnD., 20D, 3RO S D BbRFE ST ONEENEEF S L O
FRBEFRRE A BUG 2 AN D LS R T2 0N EHE L A2 | B#T 5 FERT — X DKL H
DY THETHD. BENEEIX., [IAERGRRIZIEARSN R, BERHTH 2R3 5, a1 F
VA — N GbE BB THL EVIREASLEETHY . LR L 2 2 Kb
BT ARICE L TWA. L, EAMAEERBIIELS 2 0mbN TS EDD, EEE
(ZIE, ZEEEET O BT E O RSO RRIRIERE O T R B B S e E ORI L Y | AR
ENTRIMOFEN 2 EMICIRET 2 Z LA S TRV, IS AVWS A FHHIFEZ, © h—E
FHHITH Y | REBREFM OHEE & E S OB ST O DA N L . ZFOfh, Wi o el
FEZHAWEERICEARFEZW R EL B LS RLALONTWEN, Kby e —7 %A1
LR OFHAIN 2 < | KRIRIEE O FEEARE AN, WA FIA 2. i, RN E oA
IIARERNTIRE MK | £ ORGHERIR ] S W WEE~ A 7 e PRE L BN 2 &6, &t
DI HFT D X ) RZESENEH TERVWEZDEEZ NS,

2. WO HEM

T, AT, WIS IEEEAE LT, B bREFEXFOREZFHIT S 2 L 2R A D.
4&mﬁ$%ﬁ%m¢&¢éﬂkﬁﬁﬂﬁ WL 45 ek 2 L2l < ool ST
WD, BRI A~ A FNE A < ﬁﬁ@@ﬁ#t%z%hé

3. WD HE

B 1T 5y etk OBERS B A 3. FEJRIZ I, DFB-

QCL(QCL AC081, Thorlab Inc.)Z /=, ZDL—H%
. FOREBIOEREFET S LT 2293cem™

75,,*9 2296cm LR RE % TRIETAHZLENTES, L— H I / Expansion tube
—IEMEFTCL Y ZORREZFII LTS, 22T i MeF, window
(%, 50kHz DV & LEBET, M5l X< 0. 2cm d

LRI LTWA. #0R LEKRET, R TH D L

W%&%ﬁ%%ﬁ®%%ﬁ%#%&ié.%%@%ﬁ detector

ERIEIC B L CORSMA 135 0113, W3liE % 5 < e f/v’
LV, ZHOEEE ﬁﬂ?éﬁ#;w# iR LH A

BT, WBEAIES LB L. LV EE NV[Eff]
ARSI LY SVMEBLAHERF L725HIN L Y enerator
WL 72D, 22T, MARZ M RALNDH o
B CATREZR IR 0 SR BB A7 E LTz, 7235, BIEIE X1 FHARABERE X
WERSZE=4—Fh1-00xXurZHNTEDL

T BL N AT MV RIS & 35 I A

T AL, HEEOWINT A V2 HBE L T, ZOxERERO TV, [EERES2ZmL- L
— P —IF % InSb T 4 7 7 # — (P5968-060, Hamamatsu Photonics K. K. )IZX V=L, #d
HA 38 E TV #1595 (06438, Hamamatsu Photonics K.K.) ZHWTHINE L CEHBAILTWS. 5
4TI H—=DRIGFIZIE, N RRRT g VA =B LR R— L& E L, KEOHEEE ) A4 R
PRIz

4. WFZERR
2 L:‘Jj_:‘jj —{Z :/‘]j_h— a: J: }:) §%E O) H%‘: contact arrlval(estlmated)
ﬁﬂ@@ & N L— -]jl»_.gﬁ};ﬁ“ D H%‘: Fﬁﬁ)@@ __ Shock amval

o
~

oY, EERIGREIEND ., Bl E iy |
EETOBNT R L waEEEE
DWW T WA TIX, RIES D -
MR KREELSD, 22Tl & 27
BGBEELZOEFICO N, % T

Laser intensity
Static pressure (kPa)

WAV S W, ERUBOERIC 5 mwwwwmw Lo
HLCETEED D, Bb, ERY

il éﬁj{: %rfm 770) AL % J:ZJ‘ 0'0~5o 0 50 100 1500
V. L TS Tl

BL 3 T 05 % (R L7 3t 5 A & M2 WIUE B KOG ORSHIEE

Ous FEEL LTW5DH. K3I1Z1-oD



BONC XV EONARIN ALY ML ERT. 22T, 4 00RINENTZHRENA TS, Ko
BEORTIEZ, CDSD 2 EDT —HRX—ATHEHAINTNDIHEDOTHD. ZNENOWRE (K
£) 35— 4= L TRE L0, Bfilfihz oAl cE 5. BEX, =¥ %
ATz, Z O J51E TR A 5~ 8 LT D BRIER 0 FEH D72 912i%, 45
DY =7 R oO7T =2k LT, 74— MEBGERIA#EH T 5 2 L1250, 2 TOELNT
A—=FZW R L TP EZ RO LS L LTH, IR LARWGA LD Ry, £2C, 22T
FET, E— I LELED DT, IRV E S 22 7 7 ABE A 4 S TR 24TV IR
M E 2 RO 7=, WRIT, BRI FEIC LY | B 2R~ BT D, ZTD0thk, 74 —7
R RSO T D ERICIT P EIZEE E LR A7 AR Y b — L VRN D 2O W T,
AODWINT A NZHOWTRI—& LT, BbEED, HoRIENRYRREY, WERBENEHIN
5. XA CEE ORI ERE & WERE ORRERE 2R 7. IBEOFRIRELNL, P24(1,1,1,1, 1) —
(1,1,1,0, 1) OWIRHF LN BT DL 2 REEE LT, 7my F LTV 5. 100 pus BAFEIZIW T,
BZARIE OBIFEIC L 0 RBREFM AT L, 8T LR SN, £ EEEIC S B oM
MR CTE 5. MA T, 20 pus ICBWTEHA SR IXIEDN OIREIC R TIRVWEZ R L TEY |
ZOFFIZEBWN T, KIRFHENT T LTV RWNWEBZ b5, I 2 Tld, #E, IBE DR B
I HEEIBIEL S LT 25 us 205 100 us £ CTOMZHRBREEMTH D &2 5. PlEic ik
S & BB B D BRI RE £ TORRIT 30 ps FREE ., SRBREFRIX 100 ps f & Pl S H,
FHAFE R G RO BN HFERIL, ENENOHBEME D T ICmy. ZORKFE LTiX, 2
IV L SRS ORBENRE 2 . R PIC G S 2B E A2 35 & 2900 200K
Ehed. —0, BT E OEI S D KR, 2100K TH Y | FHEMED G 3@,
ZOFRKD 1oL LT, O RIEOEEIC BN T, b IS E RGN E L TWD Z e nE
ZbHiLb

6000

P22 Pa4
0,11,2,1)->(01,1,1,1) (11111011101 o bk el 10
Prup=4.2MP:
1.0 5000 + — D:::e b }

<

<
© 40004 30w
[ ] E %
g ar g -
21112021102 3 o
8 051 ! < 3000 { 5
S E L20 3
s 2 | M 2

el —
< ] AL a
S 2000 ©
S 2
8 &

0.0 T 10
& 1000
o8 =
(2,1,1,1.3)-2(2,1,1,0.3)
T T T T T T 1 Ty
1 8 9 10 11 12 13 0 0

T T T
0 50 100 150

Time (ps) Time from shock arrival (ps)
3 WRULAZT Fv [ 4 3 R O FHAE 3 K OVEHRLE & §F 0O

g i) JiE IR



Laser Absorption Measurements of High Enthalpy CO2 Flow in Expansion Tube

International Symposium on Space Technology and Science

2019

Absorption Spectroscopy of CO 2 Flows in Expansion Tube

International Symposia on Shock Waves

2019

JAXA

2019




