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Coupled Analysis of Flowfield and Thermal Response of Ablator
Under Arc-Jet Flow Condition

by
Toshiyuki Suzuki, Tetsuya Yamada, Takeharu Sakai, Yukimitsu Yamamoto
ABSTRACT
An integrated numerical method to obtain thermal response of ablator under aerodynamic heating environment is briefly described. In this

method, a two-dimensional thermal response analysis code, namely SCMAZ2, is loosely coupled with a thermochemical nonequilibrium
CFD code. The method is applied to reproduce the thermal response of ablator obtained by the heating tests conducted in the IMW arc-jet
wind tunnel facility at ISAS/JAXA. Surface temperature, heat flux variation and surface shape change of the ablative test piece under arc-
jet flow condition are calculated by the integrated code. These obtained results are compared with those given by one-dimensional SCMA
code, and also with the experimental data for the purpose of validation. As to the comparison of calculated surface temperature with
experimental data, quantitative agreement is yet to be accomplished because of the uncertainties in freestream conditions and material
surface conditions. However, obtained results show that the present coupled approach is still available to predict the thickness of ablator

required for space vehicles in future missions.
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BB A OREITBEEHOIEE 7 CREOEEIET D
CIREL, BSOS ADENZUTORNLEZ LN
R

p=wwﬂTv (13)
Mo TARERETHINAEEERL, BE7=— X
U CHIBEBIE prow EIRZFIVF E, ETeHAT ==X b L

TESFREN RBIE gp,, BTN ADBENE c.p0, 6,05V
ThHD.

FEHEAITESE TUTO L S IR SNS.

9 -
dL@m+@;%' [acr. (14)

AT bV Q, WHAZ MV E, ERTERY PV WILE
NENUTOLIICEZALND.

Dresin [ -R
Epg 1 R
O=lepeu|, W=|-6f §
ExPeV —&EvJy
E 0
0 (15)
&jPstt;
F = & petitty + & pOi;
£ pgvit; + &, pS2;
s,-u,-[pgeg le,Qg(u2 v+ J
" ox;
BSRT A B BEA fIEEIHRAIL, BITO LS
(N oY (R
fi=Lu,. (16)

Vi
T u EERE TR S, Ey i FmoOREER
T, EEAEOOEKE LTUTOLIICEZLNRD.

This document is provided by JAXA.



90 FHATZENITE B SR R DA L JAXA-SP-05-017

7e ) _(sin®@ cos® @ ey (ve)

[}’J _[cos" g sin? 6'](}/0 (ve) ] i L7
Vo (V) s o eV ITENERBUGICIRE A8 5 &I S
HROGDEERETHY, T —HORESNEET
INTG A—H

e Prirgin — s . ([8)
Puirgin — Pohar

DR TR IS, RIFTETI pp (v) s Yo (ve) DX ITHR
UmTH%htﬁ&ﬁﬁbfﬁié.itﬁﬂﬁﬁﬁﬁé?
T L— S DEGHRIEE RIZLL FORNTE 2 5.

< = B s — Mehar i
R:Zﬂmu{ﬁ%%mm/m{JLli—). (19)
k=l

Pirgin — Pchar
&3 44, By, fo, it Thermo-gravimetry 3BRGE Bk A —7 7 o

FLTEZBNA.

T L—# OBMRER o, REOMEE L TR
EENTRALE &3 — ¥ VB OBMRE R 0 (T) , K (T)
FHWTUTFOLI HE X,

255 = @pPvirgin Kvigin (T} + (1 — @) Pt Ko (T . 20)
2L, @=(ps — Pow ) Poign — Potr) THD., T T L—&
DN TIE, 5774 b D LEEAAME IR IR T e
G:H:W'JL/(C,; al) szﬁi?lm.@{’c#i {(Cp —Cm) sk
NEBLLToOREfvz,

N "
T2+(Cm/C|)2 ( )

KR AR (1), ASHIRIFTEO £ T HRERIES VT
HERfb s h o, BAE AT LIS T8 2, Bl gk
TENEZMET 272812 Jameson @ A THGMEA RN L7, 1R[]
oW THEE 7 o — X TIBEHI, A Z72—XT
VA H 7 I ERRE(ADL A R TEMIZiTThbR S, =
7 22— AOFFZ L E R T = — XD 1/100 BETH
D.

CFD-SCMA2 i iR HT i

ARFFRTCLE, 77 b— A2 EZROWREERT CFD o— N &
SCMA2 =— FlONEIZL 2 TRkH A, CFD 2 — Tt
HOHEEZNC BT DR, REES, T, Q63
HRFEE O EF ML RD, SCMA2 =— FOBREHE L
THZD., BMEIAVEEECHERIC LD 6oL, BikE
EEEE LT 7 L BN O ZEE L, DT
Kf@i%ﬂ7

+Z D, %—.&JT 22)
*TS%MQi—ﬁfiﬁiBﬂKFﬂ%ﬁ%ﬁhf%
DRAETOT 7 L—2 OBGELRE, ZOHIcBT
DR & B 1 A0 B A i o0 B i B R ek &
LTEHEA2A, Zoo— RIBoRIEFHEIEE 4 BREOK

q= K—+Jc

ECRHET 5. IWHREILROREZ OGO R % RO,

FAEIZ SCMAZ =2 — R L OREFE 21T 2T,

T L BRI DB UG V5 R o BB B
S@M2:~%ﬁ%ﬁbﬂéﬂ %ﬁXLié%wéﬁﬁ
B LD DI BN ToORTE 2 HRh 3,

m= mg + #le

= &0y Iu[-i-Jco +Je )
DO R AOFIARIL, BERTEE R OMERE O FC
b A R L TR BN 5.

FERICHW SRR O fl % Fig 2 (7T, 77 L—
280 DB LT TR NAB IS 2 T Zone | CEHE A
ATV, Zone 2, Zone 3 TIHAT 7 L — ¥ DBEUSE M. 77

L= Tl CH U DL EMIG I L A FRE RO T & 38
THIHIZ, Zone 1 & Zone 2 TIIE FOFHAEKRSITH. B

BB & FEERIG T L5 B E s LY o7 7 1
— X BMHEEEIIRDEQERWT, UTokdlch
r:mf
Pchar
- Jeo +Jr:3 ’ (24)
Pehar

HICh DL 1, \CBW AT 7 L —F RMICEE R H [~
BB RIRATH X 5.
S = [ra . (25)

W OFEROBIZE, RO FEoBICE S NI
ROIERE EMMEOLEITY, o,

o
,,j/,’f.
0.05 - A
7 S Fowficld
- === Zone 1
Q08 7 (107x51 grid polnts)
E0.03 |-
!
0.02|-
B Ablator
i |==— Zone 2
0.01 [ : L, 1] (107x51 grid points)
o - | Zone 3
- | (54x54 grid points)
g -0.01 0] 0.01 0.02 0.03 0.04
X,m

Fig. 2 Typical example of computational mesh consisting of three
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T A& e T 7 L — & N

AR Tl T 27 7 L— 2 MBI, JAXA FHE
FAFTRALRD MW 7 — 7 BN Cirhhrs. 7 — 7 Bl
W B OB e 22 WU 2 &7 FiilloRE, L
/ KA B ENS, o R b 7 ZAHEHHIHEAL
eI B O MBI L > TN E L, s ANE TN,
MR L, LA B S h iz RBRBo iidvATe. AREC
VXIS 30mm O 7 7 L— & 3RS 2 X 05 130mm
DI b &k, 30 BEOMREIT-7-. = OMEG
BT T 7 L — H KRR T 7 L— & P IR, L
SR AL O EMI TN, = R —U% BT
BT L - MIRBEMBRHERRIC L5 &, 2 20D
BT 130mm OMLEIZE T S EIEENESE T 3MW/m® ¢
b, 7o IR OME, KAETEIC BT A B i ek
[11], ARFECHERT AT 7 L— 2 INENEERIZE T 5 26
ORISR E R TV 5,

T — 7 BRSO R e

TR/ E L ENAET 7 b —F [ 0 O ST 4
TS =C, MBRARICIAT 2 ORI <
RS A0ERD A, F 2 CARNIEIC e B H R
ST — 2 BIR o FE SR 2 v T, T — 2 BV
ao— VHNBACIRH BA L B LR D i & ) AR BT B
BULPIEEMT & £ 9 VAR 2 it g, BBz 381t B
WALODIRTER A I RS - 720 A cidimnigo
AR O EREE RS, AR CH
W BSAF R T — 7 B 2 2 1K 130mm
BT HRIRORAEE % Table 1 {7537,

This document is provided by JAXA.



Mz E B S o L a B T R A 20055 SR 91

Table 1 Freestream consition at 130mm from nozzle exit.

Wi [kg/m3) 2.015x 10
FE PRI [m/s] 5293.0
itk — [ElERIR T (K] 554.0
Yt — w5 AT iR EE (K] -3920.0
(L By N 0.35222
o 0.23208
N 0.41546
0, 0.00001
NO 0.00023
By 2 A [MIkg] 18 GEHER)

15 (7 fiE)

3. ERRUEE

iR EE N EGRIA EE & o Lhg

ATERRAEAT (LINEABR AL 2 B 0 BB AT L —&
A ORhBOMERLZEhBIEED. T L—ig >

i, T L—ZRMIMEEOFERBETN TH D EEE L

Table 1 CH 2 L D XM EEA NGO EMEtE LTH
iz, Rk TR L EAfmEE L EERE R L
OEe#e R Fig. 3 18, B CIRIEMIREE L b se b
BEGE A E Uiz, EEBRCIHAREMEARLR T — Fori—
VEHTHlEESRTYWS, BRI =R F—rofm

m%é%ﬁ@mﬂwﬁ%%%#:&ﬁﬁ%ﬂfwéﬁ,ﬂg

L2 EHEREIERBELH 67% Aok, ik
ﬁﬁ®£ﬁ$ﬁkbf%11wé%ﬁ BB DR ZENIRER
D—obtEZHNA. Table | ILRLTWALAID, BHES
N OER YT o # L ERHERE EE- Ts
iR INER MR RO Z BT 5B TH
Bk, MEEABKIZ AL 7 & b 5.

> D50, Measurement
D50, Curve fit
—— D30, Estimation

Fully catalytic -

Heat flux at stagnation point, Wim?

Non catalytic ?
50 100 150 200
Distance from nozzle exit, mm
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(d) 50 sec from the onset of heating.

Fig. 5 Thermal response of ablator under arc-jet flow condition.
(upside: Temperature, downside: ablator density)
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Fig. 6 Comparison of surface temperature variation at the
stagnation point between calculation and experiment.
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Fig. 10 Convergence history of convective heat flux with ablation.
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