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Spectra Observed at READ Flight Experiment at High Altitude
by
Atsushi Matsupal, Hirotaka O1su?, Kazuhisa Funra®, Toshiyuki Suzuxt®,
Keisuke Sawapa® and Takashi ABg®.

Abstract : READ (Reentry Environment Advanced Diagnostics) flight experiment was conducted
by making use of the reentry phase of the USERS (Unmanned Space Experiment Recovery
System) mission. In this experiment, the recovery module with 0.55 m nose radius was reentered
with the velocity of 7.5 km/s, and the radiation spectrum along the stagnation line was obtained. At
the high altitude (about 90 km), ablator originated species such as OH, CH, NH, which were not
taken into consideration in the pre-flight prediction of the spectrum, were observed mainly. In this
study, the effect of the ablator originated species on the spectrum were investigated by C¥FD
analysis. In such high altitude, it is suggested that the role of the ablator originated species can not

be negligible in contrast to the preflight prediction.
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BEREIIBOT, MBEATU-T Iy v g v, BIZE0Y VY TLERBRLIY v T 8=V 3y gV
TlE, 2725 XN ZRIEABHRARBMIZHEAT S, HE, BERAKEAI v 2 v & LTE, Galileo, Huygens
M, YT &= e LTIE, Stardust, HAYABUSAZED X v ¥ 3 VAT E N TV 5, 5% ML RBEEN
DRI v a VRV TINYE—-Y Iy v a Y REFENZEEALNDG. TR0y v a T, RERN
WL OEBAREAR, 270 7L —FERMThbN s I L0k 30, ZORITEUGETIMABREICE NS,
ZD7=¥, Z OSBRI & FNIIRITR AT 2283 v v g VOILGERET 2 £ 0o THLME THEA
Uy,

LU, 263y YOREATRTERZ, B4 EL2EERITT 2720, BULZ2IIE AL 4 fF 5 SR &
D, FOLMHETHIZNETS 5. $9, ThE TR EEE TITb T E BERAREEAZHNZH > TAT
&, Ml 10 kmA R A 2I5E, BEOBYLFEEF LTI, 03T LI K 0BRICERNFED SN TV D, FHT,
EHEEATEEIC A AZEAMAEO PHIZ BT, HW3 EFMIC LD BROZEEIZEHFICE LS, &REL
nTws [1] 65T, Bk, BEBERARORITRE RO 20 ORYLF T F LML LT s 2350l
VIR T H B, T ORI T TORATRITHROEERORENTIE, PHIOARHEMEIZXIET 2 72012, BRE~—
CYEBABLTHY, BEEROMINIEMS L TSR MBS L LTS A0S, ZoORER, FRkok
BEERLTF YT Z—v Iy q YOEATRGERFTOR ML R v 21085 e PHRENS 20, JRNEAR
EHETERTE AR ETLOEINDBE L ENT 15,

2Ok S BBV FIETE A S MOEERERORTOBILFNE T L OGO LEBETHEE LT, HE
W8 A TR X B - RS S OO eEE [2, 3, 4] MRIBEFIIHO WS TETH 5. L2L,
H FEETI, ERTEEORSLERESELE TS 5 720, ZORA L BN, BEARE O3
HEBE OB ARTROBEREZEZ NS, fE->C, BRARTEEHOZERTERI, IROTEEORE 2R
WA, 6, BEEPOHELFERT - JHEORETH 5.

PlED XS EEEH» S, FHBEMEAT T, BAFHEE Y 27 401708 (Institute of Unmanned Space
Experiment Free Fiyer ; USEF) & O3t fss s LT, BEARITIHEE O TEATRITRE T COEBRRAL 5 OF
EPED Y Ay LT — 2 PR A B E L 72TRITEER S 2002 454 5 2003 FRI2 0 Tirbdi 7z, ARSEERIZ 2002
FIZH-T-AT Yy v MICK 0TS Lo N2 MATHER Y 2 7 AR (USEF) OBAFHERY 2T 4
(Unmanned Space Experiment Recovery System ; USERS) 3 v ¥ 3 VOBREAT = —XAFALZEDT, HRA
TATEHE T 223525 (Reentry Environment Advanced Diagnostics ; READ) &FRIN S RITERTH 5.

KU TIE, READEBRIZ L DB NEREIRDIED , Z OIS 3RO 221217 - ZBIIZ D0 TR
EHTD.
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2.2 READ BERASHE
X 1 IZREADZEERDHZEA T Y o — L (REM) D&k & EEBROMER A 7501, ISR & 9 ICREMIZ i

Wil AT 2 SRS 4 i A 72PMEBRA S 7 HILOREVA S E T 5, BEAERL, PMICED FHF5h
T3l b7 —=%%—4 (RBM) OmikIZE D kG &4, Puaifion, KxEHREANTHN S, REMOPM
L, KEEBRAEINCEEEINS, REV - LOFMICELTE, XE[8] HiiT#Ech T3,
% 7~ REMOZe JIESS o 7= 7 3mEZ, 7 =/ —ILEICFRP (Carbon Fiber Reinforced Plastic) D7 7L — & T
BHONTS, READTEM EN27 7L — 2 2T 258tk [ 9] isidfilah T3,
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H1: READEE: S {FEBER, OHD;XEHEINY K, REV;BEATY 2—JL, PM;#ETI 21—V [6].
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T o -t~y F (OHD) KD EHEBAOESESEBARNSICEDAEN S, DA N AT 7
7’4”*@@1 BHBIZES. PRENIZANY P A = VIET YA EFIERSEIEL =y Mok
N5, EBRAIEE - RBHAGHL B, BRIy MIEZDEFERAEBL T 5, FEHIROFEHNIL
MR IST IR SN TWBED TH 5.

2.4 READ ZBRER
USERSIZ 20024F 9 F 10 HItHMrFBTHY Y 2 -2 5oHI-Auy v b 3EHTITS L6 h, Wud L TEER

IR LG RER S OME I, 2003455 H 30 HICHEAER AT - 72, B2EAR, HAREFTAI 6 8 23 DYV
R RIEAR L, DR &E A7z,
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=1 READKERETAVEESOMLHE
Wave Length Range 200-500 nm
Chemical Specieds Ns (1), No(2+4),0:(SR),
NO(y,8,6,¢), CN(Violet)
Specification of CCD

Pixels Number

Imaging Method

Horizon 1024
X Vertical 256 pixels

Vertical Frame Transfer (< 32 msec)

Exposure Time 44 msec (Tentative)
Dynamic Range 100 dB
Wavelength Resolution < 1.4 nm (FWHM)
Sampling rate 1Hz
Measurement Time 350 sec
Altitude Resolution <1lkm

Power Condrol
suply slecironics |
T unit
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X4 : READENHIA Y RV ESFE & h =R bR, B84 1498 sec(from RBM Ignition)
(READET BIBR1A 48 seclCidis) [6] .
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B0, XE[6] »0BHLAEDTHS. MAbbhrsLdC, BllEhiZ 2~y LT, OH, NH, CHE»

DFEIDBET - TN D.
—F, K5, RITHIC PR E Nz, ﬁf&@x«"ﬁ]\)le‘?ﬁ@ XER[10] 2 55[HLZ8DTHS. K
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3 READE % EFBEZNY MILOET

Lk [6] THEXATHAED, G4BTI AXY FLTE, THERTRZIR I TOWEL AT
FTL— g VEREOEEEEEZ 6NBE 20 PANRET Tk, SOMRE, 7774 P PHIERR 7 74
PEREDEETAENEERE LTE NS,

FZTHRMTIE, MEOBMWMEE 2 — F, #b32e T L EH WS Z L TEOEROWREMIZOVTREZ1T .
Bz, AT, 7 7L — 22 5AER L AHE RIS FRIO L ORIGIZ &S DAL B F A 5 50HDFEE)IC
HHT5.

3.1 HfERRAT S

Tl =g VARME RSHRLERE OEREANTORIBIZ W TREO FEEBIT 5. mAIBO T
23 Park® F LA F VL TR EF LIRS OT, LR IEE R A BRE L 2CFDEITS . 7L Y 2 YOS
ZETLE0IC, TTL— 2N COBS T 20BN, 7 7L — 4 —RETOMIL, AFE, 77 —F —FKf
LG A RSl AA L. AN, CFDT — FIZ7 7 L — & NI S5 % A& TT ML AR A, MR8 A& 179 N &
ThHH, ERITERIEF I TR AR S 20 B 20, RN TIE AL, 22T, 77— 4 N5 5D
IHBH A DOEIRE 7 T L — 4 —KEREIZOWTIE, 7 7L — 2 NEOBUBEBANT 21T 5 SCMAT — F 2 6 3RK®
3. SCMAIZ W TOFEHNE i [13 ] 1IZftiR & T B, SCMATIE, 32 AWGEIZH - T OREEEICE ST
BB OFE AT, FIET 5 S8 TOMEE D 5 SCMATHA T 580 H A R4 KD 5, X 6 12SCMAIZ & 03K
B 5NFERA AR EH LEL T T L — ¥ — RSO BERTME AR,
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READFRATEHAITIE, B 90 kmiHBETO A XY FLAERHIE 20T, RKIEFIZB W T EFE—EE THhRELT
ARETH BN, (KEED-OCFDHENNETH 5. &2 1IEE L READEAR / — XEF4E (0.55m) &
B33 -t v EOBGRERT. BIERTEOIE, BEOknTIE X -2 EB0.8D -4 —1Z2LT
B, EEmME LTORFICREBHENECS,. —F, BES0kmbd =D T, 72—k VBB 0. 06 BEDA &
— Lo THD, BERONENFEINSE 7 X -t VEOLR (kn=0.1) K0PRNE 00T, BHRIZL D%
WiAugeE EALNS [14]. #-T, KBTI, BIE 80km TOMBM AT VER T ). AR EIT > 2 EWSE
BB BT ARER, 7L - A —REREEERIIIRTEBD TH 5.

R2IBELIVX—BHOER

Altitude Knudsen Number Kn (/ — XEBIRFLHE)
90 km 0.8
80 km 0.06

583 CFD &4

Altitude 80.58 km
Velocity 7.507 km/s
Density 1692110 ° kg/m’
Reynolds Number 100.0
Ablator Surface Temperature 1299.3 K (From SCMA)

Pyrolysis Gas Injection Rate 1.298X10™ kg/s m’ (From SCMA)

EHEIE 2 JOTHIN TR Navior-Stokes HRERAZE AR E U, BYLIRFEEE IO MA 5 £ 5 ISk LT

o7 B TIZEEICROGAE T ART. MO K912, READS S / — XA B L 72 1% 0. 55 mD B b Difti
BARERR L LTS, AR LOYHEIZIOAZH L THWA0T, AEFHOEFIIHDIIN-Th 5, RE
DEREMEE LTI, SEBEAGEEHVS, BERMIZIISCMATE L W27 7L — 2 —RERE T5 A 5. AT
TOBEREIIR ISR LTHLEDTHS.

BEIZIE, 7TV -2 —ORKRIEC, H, O%h 50 H, BUMRA A L UTIdk4 L PP RAET 2720,
7T — 4 —INEREE OB E & L I OTFEHR AR 2 NETH B0, REN T, MEafle LT, Bk
HADRSE 100 BHEREST S, Tabb, SCMAT— FXDEMENZEL T HEG/ N 2L NTHH AT
BBERETS, £ BT, X (1) ORBIZEDOHMER TS EH 2 5. ZOMER, OHOARE FAIC

REY 5.

=

H+O+M—0OH+M (1)

ZORISDEEERITE AT TEY TH 5.

554 : Chemical Reaction Constantof (1) [15]
Forward Reactionof (1),ks 71x10°T™ m’/mol-s
Backward Reactionof (1),ks 85X107 T *exp(- M}‘go ) m’/mols

This document is provided by JAXA.



0.8

0.7

0.6

i\ll\ll\ll\

0.5

0.4

0.3

[#7 : BHEMT.
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KRERRER T A RRED 720 7y FRITHEAR Z D12 < A0, b, PRI IR 0O < 3oL F — 28GR 2o it
AL D, FEHRE U TS i B s 1o bh R TIHE, IRBIMOPEICES FTORMER ko rskeE
Abhb,

1013, @A Lo FESMOE RS EERT. ZOR» S, KD TOMEHIET L THE R, S5+
DFHEZHTHALLEITLTOENWI b b, 77V — 4 —OMARA 2L LTEN LR T, BihaT
RO TSRS, R & JEN S IS IR F IS IO & 0 SATER AR - T EF A 615, OHD /P ITEE
HEEOEZATRAE LD, HE» SHN 2 IS OBEISHD L OO HAAR S, Zhid, OHER DI
2% AHO A HENEER TRk & e D BED SR S H~ECP LT Ze &, B9 IRT X0, #ik»s
HERBICIORER EF LT 2L TwaEEAZbND, X446, RIndA (1) BlRED» LA T51F
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33 EABRIANY FILERE

OHDZMHIE, WEARLETRATIO TREL L > T3, ZhIMIOEHRFTHOSRIZHAT 7 MRS X
BARTH D, ZOKIGEDTIERETIZS A4, ZOFENENS SWIESHCHEY 20, BEt 275, K4
25, 300nm HETRETHANS Y FEFEZSNA0HD AN FABBHENTED, ZOWRESTIEN, (24)
PEDOREPELBZTEEAZEL SRS, BSIDHT TV AT P LICIBT 28N 47T, £6 10k, 897
I3 R ARG PLOERO EHER OIRBIERINETOE BT A L¥—2RT, K62 56bnbL51, Ny (24)
D_LHERTIXOH (AX) 1WA TRIIRIERTIC 5 5. MR HA MRS, M A A 0TI, exp (- 2o ) 2l
flszLHEAbNS, BIHEREL S000KRE L T2 &, ZOflix, OH (AX) @ LR T 107 /A, Ny (24)
OLHERN T 10 gL 2D, REREO KB E AR 10 12787 & 5 ISR M HE TN AOH L b 7 HifsE X
#<TY, OH (AX) &N, (2+) O FHERIOD SEKEE VI —4 — & —1C L 2WHMELEL6H 5. ZORNTT
i3, OHORKABH T B LIFTEA WV, 22T, No (24) L0H (AX) DRERIZDONT, Z2h 6 ORI BME
FETHERLTC, ZORNBOHRATH 2 L THRFE#ED T,

®S DTN FREDTFIREERORR

Band Spectrum Transition
OH(AX) A’ =X,
N2 (2+) G l—B
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OHASH Na(C°11.)
T, 32682.5[cm] 89147.0[cm™]

ZOTOMBNTIE, BEOEDSTFOBET, REREDERIZED LEERREBIZ DN TIRFEL v, FOm
EIZX (2) k512 k 5,

Foc N, A (@)

N, ERO FERICEETAREETH D, Avld, RIEBHME TH S, 550 T AN LD H 5IRENE
T RHEGTIZ B 5 BUHIE I

N, heT, heG(v)
N, = =% exp(— =% Yexp(— (3)
=0 exp(— ) expl- )

TIT, Nolk, BRIEREOREE | T 3B FIHIIRE, 7 REEE T, QEAEBEA TS D

Q= Eexp(—;’fi ) Zexp(v }L]:Gj(_:)) (4)

LEED LEBFHEIILE -0, G () BZRET 2L ¥ —OFHE GEAm™) TaD, G @) BRDO L2
rEhad.

3

1 1 1 ‘ 1
Gv) = we(z + v) + weme(i + )2+ werge(= +v) + weze(§ + )t (5)

2

T, v EARHETHTH Y, 0. HR A TEOEET, STk [ 16 1 ICRE I TS, 7, Ay lETRIZED
XMTCWBOT, BT ORBREOEEE B THHEE, REE LSS Lo, BlemEr fE s, OH
(AX) OBRRERII S (17147, No (2+) OBEBERIZ [ 18] IsiBE T 3 laFH L 2. BTk
T, AT, XY, 10 DEE, BEESEIZEDWT, N, (2+), OH (AX) OFEBOHEEEZT 72,

M11#5 171N, (24), OH (AX) OFNmEL £ 077, BEEEL» O OMEE 1. 04mmA» 5 22 mmE T,
HONERIZH > TEFA» LB THL . ZASDOR? 5, EAEMETIE, OH (AX) OREAN. (2+) IZHEL
TEWARSR SN S BEAEE, S 6 mmbl FEA T, N, (2+) OMEAOH (AX) TR TAELAS. Th
BEORBIDMEER, 7L — 2 —nbDESHA 2% 100 % HEFE L 2R ai5a, (ERIRFEINTWER 572
(EEBOHA R 4. ZOERE L RIEA NS FILADBERS IR T E VBRI RS T L AVRE SR, KR
EE B EEBWTOE, T T L — & —ERILEES B T L A I S A, KRR
KRR E RIS AR T U, OHSOLEE AR I, 2208, 2~y P LBHIORIZEE L KIFTIELE
DEIZEDEEREARL TR EELLND,

FEIZEH AN B AN b, AR LEORETOREE L RINE % S & ICEAER TR, 5 MO RE %
K7 b DEEMIZ R DT, BHHIZB VT ZOTFIEAEONETH 55, FOLRE, RED EELFHIZE
B ERES DTSHBOBEE TS,

— 5 AR SR EIEIEW80kmTH D, READTF — # SHUSF & N7z BE 90 km& i3 10 km P2, SEEL D
%, KNSR L READEUET — 7 L OBGRIBUTO LS 22 6N5. BAK CIHMEEE & & D EHIMEE /N
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<& 5. DERECS QMDA RBOIIFEHIE IDIEIE R 2 L RS 6 M 50T [ 14 ], H4RIESIEHEOR
BRREEBILELOND, oT, 77— 20 oI LBUMEH 2 (H) 1, MAKIEL, JBIC & D RIE
KL DEHECHATHEELGND, T, S4EIFE, BEREXIDEFOMMTERIE (1) 124D
OHZpk & e, MIKET A 63577 & COUE AR EDIRTHIRIZHE > TOHORICTHEMS S AL E A 6N 5.
LLE»S, BE 90kmTIE, B% 80km& R £ 23 2 WL LOOHDO R TREN A S 5 L PHREND.
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