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An attempt to reproduce the ablator recession data of Galileo Probe eniry flight

by
Shingo Matsuyama, Keisuke Sawada

ABSTRACT
A trajectory-based heating analysis of the Galileo probe entry flowfield is attempted to reproduce the heatshield recession data obtained
during the entry flight. In the present calculation, the mass conservation equations for the freestream gas (hydrogen-helium gas mixture)
and the ablation product gas are solved with an assumption of thermochemical equilibrium. The ablation process is assumed to be quasi-
steady and is coupled with the flowfield calculation. The radiative energy transfer calculation is tightly coupled with the flowfield calcula-
tion, where the absorption coefficients of the gas mixture are given by the multiband radiation model having 4781 wavelength points for
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wavelengih range from 750 to 15000 A. The injection-induced turbulence mo sed by Park is employed to account for the enhanced

el propos is employed to accoun he enhan
turbulence effect due to the ablation product gas. It is shown that the final recession profile of the flight data at the frustum region can be
closely reproduced if we employ the injection-induced turbulence model, although that at the stagnation region is overestimated. The cause
of the enhanced radiative heating that occurs at the frustum region is given in connection with the enhanced turbulence effect in the shock

layer.
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Fig. 3: Comparison of predicted final forebody heatshield reces-
sion with flight data.
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Fig. 4: Computational mesh used in calculation at 51.16 sec.
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Fig. 5: Comparison of the predicted final forebody heatshield
recession profile with that of the flight data.

Fig SKARSEIZL > TESNLET IV~ BEEERT
F—%., THFHELOLRSEERT., FHERIIERETT
BEELFBIC, XEAEBRIIBNWTTY L —YBEES
BAREML TS, L., FHREESTIE,. Rif5—5%
PRDESHALTWS, HRIIBTRTN. FREIED
BREERTFERETOY 7L — S BEENENL -0,
HEARENEML 22D ThD, BEHLICLAEARRE

EOHMREZELZICOHMNO ST, MRAFRTITHMNVIE
BRHROZDIZIFOTH 72,

Fig.6a-6¢ciZ, BAMBEEH51.16 secll DWNWT, L EBHHE
HETTL—2a bl —0OMNEBIIBITS, BERICEEH
A - FEEBANBOAFERT, FigballiBED
fizrd, HBEBNBOBEIL. L EBHEE TI6000 K.
THETIZ13000 KIZET S, BE(EORERILESE
HEIDBTHROZ DY —HABTOREDFNELS2>TW
D

26608 T ; T T
— Stagnation
vvvvv ARAD4

15000 - —o— ARAD7-8 E

16000 : i

Temperature, K

F '
5060 ’gﬂ i

&

0 :
0 0.02 004 008 008 01

Distance from the wall, m

a) Temperature distributions.

Stagnation

—e—ARAD7-8

o \. L \\\‘1\ - L

g 0.02 0.04 0.06 0.08 0.

Mass fraction of ablation product gas

PN

Distance from the wall, m

b) Mass fraction distributions of the ablation product gas.

800 T T T T

500 ——— Stagnation ]
----- ARAD4
460 —— ARAD7-8

300
200 Lo e

160

hrln :

G .
¢ 0.02 0.04 0.68 0.08 0.1

Wallward radiative heat flux, MWimn?

Distance from the wall, m

¢) Wallward radiative heat flux distributions.

Fig & Flowfield sroperties along the line normal to the wall at
£.00 FIOWIICIG properiies aicng ine hng normal ¢ ne wail at
the peak heating point (51.16 sec).

TV —a ERAADERESEDSNEFigbbllR

T FHREMTIE, 77 b — 3 YERTAVEEICED
BEBENEETEN > TWS I EMbND, KEAFRT

i
. BEEMR T T L — 2 a YRR A KRICEET

This document is provided by JAXA.



ZEHREY S 2 b—a VIR VU A2 00 45304 67

M, FTRTEEBEMMEOT 7L —3a PERT A0
BHLTWEB,

Fig 6cICBEM H AN DEH BB RS ERT, L EAMH
T, BT TEHNERERAREIICEA L TnD, 2
U, FigblIm_T LI, BEMEIKKBRERTST
TL—2a AR ANEHERNTS2DTHS, TN
KL, FHRERTIE. 7TV —2a VERTADHEN
BEMITENZ0BD L TWA 2D, RIIC L 282
MDA FHE< 2> TS,

C3 Uy C3 Swings
496 | —_ | —

Wall 1
--------- Edge of ablation layer

Radiative intensity, Wim-sr-A

10660

Wavelength, A

a) Stagnation point.

0% ;
?% C3UV C lines 4 OHH
o s <> v B a .
§; " /J " lf/ A/ C lines
= w0l | . Yt Lo
% 3 § l U | il z
AN | Ullsg
o 107k IW 4
2
U ‘
g f
g ,

100600
Wavelength, A

b) ARAD7-8.

Fig.7: Spectral intensity reaching the wall at the peak heating
point (51.16 sec).

FigTal itk EHE, U — {7 (ARAD 7-8) ITH
WTEEEIC AR T DEERRE A XY MIVERT . BARE
AT PIVIE, BNBOIGEMEE B Tline-bylineZ BIZ
Lo TRDZ, FigTall, XEARIEBNT, BEEBLN
T —3a P ERTANETBONE (C,=0001) ITH
ETLENBREERT, 1400~2000 AQEEHTY 7L —
Ta  ERAAEOSNMRICEEL BN G . GO
UV RizE > TIEERNENS, £z, 3000~5000 AlZ
DWNTH, CDSwings/N FICEDRINNERATES.
4800, 4300 AFHIRIZ & /K BREFOH), HyF 1 213G, Swan
N RIZE S TEMICEN TN S,

FRUCH L. FTHRETIE (Fig7b) o Gy, GIZK BRI
EELREBEEELTFNEERI DL, 1400~2000 A,
Fz. 7000 AL ETIRFBETFICE D T CERNAEEEITE]
ELTW3, IR, RigbhllRmT LD, HBRIck-T
HEENOHRBLSEITAZELAEATY TV —a P ERTR
Lo THEENEDDTH 5,

Fig SIZBEEANE TDC,, GOREESMZrRT, N

TRHEGMIOEBENGWVWED., C, CGGWERL., BEEOD
TR LMNFEELTWRWN, ZOER, FRE TG,
G X BEBHORNNTE > Tha,

16" . . : : .
"z — Stagnation
8 —o— ARAD4
S B, —u—ARAD7-8
& 18
S 10
<
o
@
!
£
E;
=
10" .

=3

0.061 0.602 ©6.003
Distance from the wall, m

Fic. 8- Number density distributi 1
Fig. 8: Number density distributions of C; and C; along the line

J
normal to the wall at the peak heating point (51.16 sec).

KEEOHERN, FTHRETOT 7V —YEREEEZELH
BWTEZERE, BHARENENLALZDTHS I LE
WAZZAY, BUF TEHEABAFRENENT 2B ERT,

Fig9iZ. BaldwinLomaxE®F N DL EHWEFETES
Nz, ZoU—4E (ARAD 7-8) IZBWTEEHEICAHT S
HEHBEZNRY ML ERT ., Fig7b®, injection-induced
turbulence BTN E A WEEBRBREHE T D &, GOUY
N2 RIZEBTINBENZ &0t 5,

e .

Wlﬁwﬂgﬂmmm%

Radiative intensity, Wim -sr-A

:

10000

Wavelength, A

Fig. 9: Spectral intensity reaching the wall at the location of
ARAD7-8. The injection-induced turbulence model is not in-
cluded in the calculation.

Fig.10alZ injection-induced turbulence &7 )V DEHEIZ L »
T, BEMMETOT TV —3a VAERAADAHNE SR
b3 ahale Lz R%E,RT. injectioninduced turbu-
lence B 7 )V & W= EHE TId. BaldwinLomaxE 7 )L D &
DEEELNT, 77— a VAERTADERDRDPEK
B4 B, Z3IE. injection-induced turbulence® T IVIZ LD
B TOLEMENEEINEERTES, TOIL
I, Fig. 10l g, BEEHIEE TOMMSIEREOP NG D
FEFRTE D, injection-induced turbulenceZ ZE T 5 T & T,
Baldwin-Lomax EF )L DA D E & L T, BEEEHED
TEETERN 2D REL > TS,

Fig. 10ciT BEHTBE D C,, C;OBUEE R ZRT . injection-
induced turbulence®Z B L 25t E TId, B TOC, CD
HBENNIORDLTWS, TNEOMENS, KGR
TR TOBHNEREINENL 2D, injection-induced
turbulenceZ % 8 L /= O & TEEMIT B O MM R R B EMIL |
HMEREL R, BEMEOY T —a VERTA

This document is provided by JAXA.



68 FHA R R EAR RS JAXA-SP-04-012

DEBHRE, C, GOREENED L TENORENFHFE
SO TH 5,

2]

&

{:‘? 1s s T T T T
= —e— With injection-induced
E 6.95 - \\ turbulence model b
58 O F X\ N Without injection-induced
= turbulence model

=]

0.9

8

£

&

‘5 06.85

=

S

s 08¢

&

E

e

B 075 : , . :
S

=

[ 8.00%1 0.002 0.003 0.004 0005

Distance from the wall, m

a) Mass fraction distributions of the ablation product gas.

1006 T T T T

& With injection-induced

& o §

g 806 - turbulence modef

g —o-- ARAD4

= —o— ARAD7-8

%ﬁ 800 | Without injection-induced h
ki turbulence model .
T aop .
B

® .
€ 200t a
Q

Z

o R dornll [N : . 1
0 0.001

6.002 0.0063 0.004 0005

Distance from the wall, m
b) Normalized eddy viscosity distributions.

218
g T

T T T
—e— With injection-induced
turbulence model
Without injection-induced
FRLE I turbulence modsl

Number density, tem®

g 0.601 0.002 0.003 0004 0.005
Distance from the wall, m
¢) Number density distributions of C, and Cs.

Fig. 10: Effect of injection-induced turbulence model on the
flowfield properties in the near wall region at the location of
ARADT7-8.

W12, injection-induced turbulence®F )V & He®D L4
RIZLDEHMBANOEEETMT 5, 40D — 2D

&

WTHRS NN T2V EE TCOES RN H £ Rg 1112
KT, £9. XFHE (He=13.6%. injectiondnduced turbu-
lenceh D) THROLNIZEBHBRTIIROHWVERERT, He
DENGEE11%E L, injection-induced turbulence® ZE L
RWEE (TRIEFEICHY) 3. B RANEHERTES
Ale. HeDEINHEIZ11%D FE. injection-induced turbu-
lenceZZ B LG ENLRF2 OO EOHROEF B K
FHZD, BOOSF—AbHKETHS., Liz-> T,
injection-induced turbulence © 5 )1 & He D TV 5 R IL. HEEH
BRI LIZIIAREOREEREA B b5,

30868 T T T T
With injection-induced
turbulence modsl
258 —e—He=13.8% b
--o--He=11%

Without injection-induced
turbulence model
— He=13.6%

260

Wallward radiative heat flux, MWIm>

150 [ ;
100 R .
56 I L i ke

6 02 04 06 08 1

Distance along the body surface, m

Fig. 11: Influences of changing the atmospheric composition and
introducing the injection-induced turbulence model on the fore-

hodvy radiative heat flux distributions
ooy radiaiive heat Hux gisiributions.

4. %%

AVVAREHEOREXRKBRARORES I 2L —
alEitok. BMEREEEREL. BHEEET L
—alEEHLERNBELEES L TEERZIT .
BNWEEHLICE > TELSEROREENREEERT 5%
. injeciton-induced turbulence TF L E B ET VICH
AR, HERL>TENLET T L —FEERIL. &
EHEHMTEIRITT—F LD DBREMTHDHOD, Fif
BRTOT—%E0nRVOBE<EHATAIE R, £,
ELEIT injection-nduced turbulence TT IV EMARADI I ET
BERNR O5 OISR N L . LEYRZREL AR,
T = a ERAAOEERRERPIE, C, GO
BEENEAL, EBHOBRNATE-/, TO/RKE, B
TOWPEFERMNEBMT D WD, LR EBHOMAESR
ZHSEMIIL T,

Hide

AUFFROFIE, FHILRS AR RIS ATICREINT
W% SGI ORIGIN 2000 B W TithN iz, ZZiz, BER#E
BEMICEBOEEERT,

SEH

)] Moss, J. N, and Simmonds, A. L., AIAA Paper 82-0874.

2) Milos, F. S., Journal of Spacecraft and Rockets, Vol. 34,
No. 6, 1997, pp. 705-713.

3) Milos, F. 8., et al., Journal of Spacecraft and Rockets, Vol.
36, No. 3, 1999, pp. 298-306.

43 Park, C., and Tauber, M. E., ATAA Paper 99-3415.

5) Leibowitz, L. P., The Physics of Fluids, Vol. 16, No. 1,
1973, pp. 59-68.

6) Brewer, R. A, and Brant, D. N., ATAA Paper 80-0358.

7y Park, C., AIAA Journal, Vol. 22, No. 2, 1984, pp. 219-225.

8)  Park, C., ATAA Paper 2004-2277.

9)  Wada, Y. and Liou, M. S., NASA TM-106452, 1994.

10) Tsury, T. and Sawada, K., ATAA Paper 2000-0732, 2000.

11) Gordon, S. and McBride, B., J., NASA RP-1311, 1994,

12) Liu, Y. and Vinokur, M., ATAA Paper 89-1736, 1989.

13) Arnold, J. O, et al., ATAA Paper 79-1082.

14) Park, C., and Milos, F. S., AIAA Paper 90-0356.

15) Matsuyama, S., et al,, Journal of Thermophysics and Heat
Transfer, 2004 (to be published).

16) Matsuyama, S., et al., Journal of Thermophysics and Heat
Transfer, Vol. 17, No. 1, 2603, pp. 21-28.

17y Izawa, Y., and Sawada, K., ATAA Paper 2000-0208.

18) Takahashi, M., and Sawada, K., AIAA Paper 2002-0909.

This document is provided by JAXA.



