7T RN LD A RARMBM B OT 7 L—2 a3 URER
Ablation Experiments of Silicon-based Heat-resistant Materials

by Plasma Heating
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Abstract

A space vehicle reentering to the Earth's atmosphere receives severe aerodynamic heating. In order to protect the space
vehicle from such heating, ablation method is used widely. Carbon-based heat-resistant materials are mainly used for ablation
materials, and silicon-based heat-resistant materials are also expected for ablation materials. In our laboratory, focusing on
silicon carbide as a silicon-based heat resistant material, and ablation experiments of silicon carbide have been performed
systematically in air plasma freejets. In previous study, the test piece was fed at a constant speed in order to keep the heat flux
constantly. In this study, an automatic position control system was constructed and was applied to the ablation experiments of
silicon carbide. As a result, the position of test piece was kept at constant position by applying the automatic position control

system.
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Fig. 1 Schematic view of experimental setup
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Fig. 2 Images of ablation experiments

ON
14
| | Test piece | Sample holder
—l ! |
. —t
| (a) Duty ratio 100
! Forward |
| : | |
— 1 Nozzle exit
l : < l ON ON ON ON ON
! ON - ON  ON ~ ON ~ ON
[ : [
_: Backward : : V2
1 | |
[:> | I:l off| |orr| |orr| |orF| |oFF
[ -
L] (b) Duty ratio 50 !

0 5 10 15

Distance from nozzle exit to test piece x [mm]

Vi4

OFF OFF OFF OFF OFF

Fig. 3 Operating setting ;

(c) Duty ratio 25

AT M2@DE S ISR EREL, 77 -3 Fig.4 PWM control method
VIR AEIT . K200 T T L — g BRI O
B 6, REHEES O # RGBIE TG 5. B s
U7 iR R & & 3 FEE & RE L, [RE D22 ' ' ' ' ' ' ' '
Rk A2 BUBINEVEIR & 5. M 2 (b) 2 ZfE{k L7 B8 L s F q
Z 4 2 (NTRT . G H O [ O EEBIIEURHINEAGE K T o B‘;ﬁ;rd
B0, W AIHIRO P, B+ St ‘r ]
PLECRHET B, ZHUC K0, 3B eI IE 2/ L,
BRETS.

7a T AOBERE LM 3ITRT. BB TR/
ANV ISES L ME ZIEHW, 2R ZAVHanG
B pmE ZWihme Lz, 7 AvHO»s oS
x& L, x=10mm% FEEALE S L7z, R/ z“/vmmp

SREHEER O BB S U Tk SHE AR Lz, %
BE OFHELIZIZPWM (Pulse Width Modulation) ?ﬁ'Jﬁl]%_"
Az (K4) . M4DXHZT a—T7T 14—t (BJE 1 .
DON/OFFDEIE) #ZBhs¥, T—&—ICHMmE
LW EEE b D~/M‘5 71~74PH: I~
A7varyEa—F—|2LY, 256 TRILIND 0 ! : ! s ! s ! :
PWMIi %ﬁﬁmfﬁ%a‘ % il % 1E, PWMIE 23255005 150 170 190 210
BT, Ta—74—WA100L720, BRELNT PWM value [ - ]
DEFE—F—ICHIIEND. F£72, PWMIEA 128D
LAETIE, Ta—7 4 —lis50L7220, %'éﬁﬂfrm’n Fig. 5 Relationship between PWM value and
P DOBIENE—F —IZEMENS. U X0 EIR feed speed

Feed speed vmm/sec]

—_
aQ

This document is provided by JAXA.



Table 1 Operating setting of PWM value

Distance from nozzle exit PWM value

to test piese x [mm] [-]

15.00 <x 160 (Forward)

11.00<x = 15.00 210 (Forward)

10.25<x = 11.00 160 (Forward)

10.01 <x = 10.25 150 (Forward)
9.75 <x = 10.01 0
9.55<x = 9.75 140 (Backward)
935<x = 955 155 (Backward)

x= 935 210 (Backward)
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Fig. 8 Video camera images of silicon carbide ablations

FOH%IIFEIRTH D Z Embnd. —EHETE-
7o%a, MEBHIED H10F £ TiE, FBHE A3 10mm
frE X 0 RBR AL — N8 L CWD 2 Eibhnd.
FERZEAIZOWT A D &, INEBREADS H20RMIZ)MT T
A O TR D DI TR 72 D Z L v .
F7o, 2000 LI TIHIRIERBR IR CTH D Z L b
L. fEGIE S AT A EREH LeSE 0N, —ERE
ETEoTLHEIT, BN EMRRIZR s £ T
\ZEG B REM AN, ZAUSNLERIE & 2 7 A %1 H
THIET, Vv hOMBARENRMRF SN0 L
EzHND.

AESIEH S AT L&A 5 2 & TREVER A —E
DOALE, T7bb —EDOMBARLMTRBREZITH Z &
DT, SRITHET D EEZEE L, INEELE
BLET 7L —va BRETo TV FETHD.

4. FEOH

ARFIETIE, MLEHE S 2T 2E%BE L, RIb7r A

FEOTTL—3 g VERBRICEM L. 72, B0k

TEETA D AT TIRE L, EORIRE IOV T

EHE L. UTFICERER AR

(1) frEHIE A7 2E5EATHZ LT, 77X~

INENZ X0 H8ET 23 e A2 12E — EOALE

ICHIE 2 Z LR TE T,

AEHEIRE MBI X v, FaBEEE & & bIciE

FeL, SRR E D,

(3) —EHEDFAITH~, RBHEBIR A 22 E T
HFETICHET ARHINELS 2 5.

(2

~

E it
ARHFSE D —ERIZISPSEHF £ JP25420847, JP17K06941
DR E ST T-.

BEXH

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

2) Tran, H. K. and Sawako P. M., "Thermal Degradation
Study of Silicon Carbide Threads Developed for
Advanced Flexible Thermal Protection Systems,"
NASA-TM-103952, pp. 1-11, (1992).

3) Funatsu, M., Ozawa, R., Shirai, H., and Takakusagi, F.,
"Experimental Study of Ablation Processes of SiC-
based Materials in Air Plasma Freejets," Trans. JSASS
Aerospace Technology Japan, Vol. 8, No. ists27, pp.
Pe_41-Pe_46, (2010).

4) Funatsu, M., Konishi, K., Kawada, M., Ozawa, M.,
and Takakusagi, F., "Visualizations of SiC ablations in
Air Plasma Freejets," Trans. JSASS Aerospace
Technology Japan, Vol. 11, No. ists29, pp. Po_2 45-
Po_2 50, (2014).

5) Nurul MALISA, HARR, Pz, mEfEs, i
BEN, 77 X8 K B BT R it A
PR, RS TFHMATO N F L v RY T 4,
URI: https://repository.exst.jaxa.jp/dspce/handle/a-is
/802341 (ZH&H 201843 H30H ), 2pages, (2016).

This document is provided by JAXA.





