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Abstract
When a sample return capsule reenters the Earth’s atmosphere, it receives severe acrodynamic heating. An ablation method
is one of the Thermal Protection System (TPS) that protects the capsule from the aerodynamic heating. It is important to
estimate the weight-loss rates of thermal protection materials because they reduce heating by material loss mainly caused
by pyrolysis reactions under aerodynamic heating. In our laboratory, we systematically estimated the weight-loss rates of
carbonaceous materials in high-enthalpy flows. In this study, we constructed a measurement system to estimate weight-loss
rates by the analyzed images using high-brightness LED (the wavelength is 850 nm). The weight-loss rates were estimated

from the test-piece shape obtained from heating experiments.
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Fig. 4 Images of ablation experiment with high-brightness LED

©copyright 2025 by the author(s). Published by JSASS with

permission



BT FR AR FAEH  /

H543MalfifiZe

FHBMEY I a L —YavEMYVYRY Y A

20254 7TH2H~4H
&7 —h— U (B0

OEFEZ RS, HERIGEE ZHER L.

3. ERFERBIUVEE
3—1 MBRBRH OREHEFEZEE)

[ 4 | & S LED RR B 2 BRAT L HR 52 L 7o 3 BRIRE ]
10B D IR FIMBGBROPH ©F A U A 7 Wi & =
T KITEEN ST Y H U IbEGR TH 5. LB
X T AN A T Wi, FEIIPC RIZRR SN D MG
PR AAT S - TH D, ©F A A T Eifgid s
JELEDMR A Z M5 L, 850 nmDBEHi 7 1 L & — %
ML THRE L. T OEDOABROFERKIZI K X
I, AOPEOEFITREAR LV F — b, AROR
FliY =y hofiinsd FiizEnrLTnb. ETFED
R ORERNITINEBR 162 B ORREFEF TH 5.

B4 BB J Y, MEGERH OFEHIR 2 125/ 72
TEARICEL LTV D Z &b s, IEBRLA0.08012
FHHTD &, MABRERTN D R ) AV, RFERE
REHR VA — DR TE D, INEABIAA1.0ICE B
% &, BBHEEIIRE L T D A EEHE T IR B L
TR, Fe, REE VIR RN A LD,
JNEBHAR10.0RVIZE B 5 &, 3UBHENG ) D #% T~
WT TR R A DI, REORENRH LT,
WHET A AT #itg % BGQAR L7-X 4 TEB X
0, INEBHARL.0ORICHE B3 2 &, SUEHEIRLE &
HL, REOWEE L6252 LR TETCWS. &
TERBIR AL — X0 AR TEEMEANO Y7 2R
HHNDHN, EELCHEHEAL VSO ELTHD
e, FLUTUOEBNLERA SN TS Z END
2%, INEBALE10.0ICEBE 35 &, Ko LEETH
OITERE T ETORREEBRTTE TS
ZEnbns.

X 512 LLRITE T & [ U R EELED R 2 B 57
e L2 NBGABR R 10.08) TORFEMBABR O &
TAHATEMGRE T, KIZEES G H L7z
LB THD. ElXeT 40 A THEE, AIFPCEIC
FoRENDBGLI AT - TH D, WD
DELWRENEZE LT 4% — (0.D.=5.0) TG
L, #BHox L CEREICHE Lk Lz, KPoH
R, AEOREB LB T ORI 4 & FET
5. M5 ELY, HEHILMRRIZR->TEDY,
TN % IFETIHRNBEALL TWD Z ERnb
L. L, I5ALY, BIRE(T 250k 7 £
THEAZRGTE TWARWNWZ b5, X4 T
OIMEBALE10.00 CTlE, TBRZET 2 BHE £ T
REZRHTETRY, BIRET 280 Z X
DIRWEHIF TR TE TN 5.

3—2 HEBRAEEOHHE

e iR EELED FRBA 22 U 72 INBAGRIR oD % Lk i 70~

INEGRERIFE] 10.0F TOE B HE 2 HER 5.

©copyright 2025 by the author(s). Published by JSASS with

permission

JSASS-2025-2040

2nd-nozzle
Test-piece
holder
-
5 mm
—

2nd-nozzle
Test-piece
Flow holder

-

5 mm

—

General-purpose video
camera (O.D. =5.0)
Fig. 5 Images of ablation experiment with ND filter

Analyzed image

Top area

Fig. 6 Image of volume calculation method

ARAEHI IR AL T 2 BB & R L Ls ik
BHEHFEIZ T TE B X, TENENORETERMD
HRREEZHER L. K6 IR GIEDOA A=V %
Y. REHEIRE O BREIE A O M A S b & RE
L, B2 B TEICHE L CTHRBERE AT 7. B
BFEOBIEITABEERE L CRBEREHZ L. £
ALEITRD T3 OIRRE & R D) SFHEE1.84 X
102 gmmP BB B Warer [ g |2 HER L7, 51T, M
EABRAERE DB B Woetore [ g |E HER LIZE RO (R
IR 2B [ s 1 CHIS Z LT, BEEKH
ARz, EEHEKHEE W[ gs T THZ B
%.

Wioss = (Whctore — Watier) / t (1)
PLEX Y, IEGABRBRLAHT & MEGRBR % OB O E
BOZEND, FIRET 230808 &R I E % 15
72, ROZE B & ICHEGAHE L - EmG o SHEE L2
EABHAR > & INEMRE ] 10.0R0 12 35 1) 2 B AR R 1%
3.66 X103 g/sTH > 7z.

4. ¥t

AAFIETIX, IMNEGBR T OB IR DI E B
L, Ef{G0Ez v 7-gEEEE 2R M5 250
RO BT o 7=, 850 nm D i B A LED R B % R
$UT, MEGABR R OFBHIR A TG Lz, ML
FHSR 2 O TINEGRER 217\, 15 5 7o sk



S5 T il

SBASERTAE TS S 2 L — > 3 VY Y KT A
20254E7TH2H~4H

27— =LA I

P DI RIRIGHIE DHER & 7> 7. LT 12 B 70kb
=)

(1) FWRFELED B3T3 = & C, BBEAD &
TE CHEREOBIE & RET 5 2 LA TE L.
£, WA E T - 1B T OIBREILT 53
BUARE & B2 B 2 LR TET,

(2)H#EH L7 B EE133.66 X103 g/sThH o 7-.

BEE
KW 22 o — ik, JSPS B WF & JP20K04915,
JP24K 078800 Bk & 3% 1) 7=.

BEIER

(1) Park, C., “Review of Chemical-Kinetic Problems of
Future NASA Missions, I: Earth Entries,” J.
Thermophysics Heat Transfer, Vol. 7, No. 3, pp. 385-
398, (1993).

) Wz, DRERORBEREE ST Y7
NI B—=2 BT RNAONIERFE] , AR
201 84F AR YR K 23 5 T im SC4E, F191006, 5 pages,
(2018).

(3) Matsuoka, Y., Oya, Y., and Funatsu, M., “Ablation
Experiments of Porous Carbon-based Heat-resistant
Materials in High-enthalpy Air Plasma Freejets, ” Proc.
33rd Int’l Sympo. Space Technology and Science, 2022-
e-03.pdf, 6 pages, (2022).

(4) REBWK, KREMRE, HEH, WEEA, TR2
DIMBRENETICIBT 27 A RRMERELOT 7
L— 3 URREBR) 20204R TR S AR D T LG
TR SCEE, 1-B1-3.pdf, 4 pages, (2021).

(5) /NEEIEAE, NEEEN, BIERETT, mEARSCHE, [
TR 7V =V =y MR DT A FERMED
TTL—va il 7 7L — 3 VB OMR
BIBLIEE — |, RO L & R 2 LGk R
EE, 17-C-2-2, pp.127-130, (2009).

(6) Kaneda, T., Funatsu, M., Uoya, K., and Shiraishi, S.,
“Heating Experiments of Resin-impregnated Porous-
carbon Materials under High Heating-rate Conditions,”
J. Evolving Space Activities, Vol. 2, No. 144, pp. 1-6,
(2024).

(7) ACREEE, INEEREN, BOFREAT, HERIERSRE, Tk
R[EZER~A 7R T T A7) =Y =y bOsN
FHIRHE] , AR SO (BiRW) L 719,707
5, pp. 1,806-1,812, (2005)

©copyright 2025 by the author(s). Published by JSASS with
permission

JSASS-2025-2040


http://www.tcpdf.org

