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Abstract

When a space vehicle reenters into the Earth's atmosphere, it receives severe aerodynamic heating. In general, in order to
protect the space vehicle from the heating, ablation method is used. Carbonaceous heat-resistant materials are mainly used for
ablation materials, and silicon-based heat-resistant materials are expected as a new-generation ablation materials. We focus on
silicon carbide as a silicon-based heat-resistant material and perform ablation experiments of silicon carbide in air plasma
freejets systematically. In previous study, the test piece was fed at a constant speed to keep the heat flux. In this study, an
automatic position control system is constructed and is applied to the ablation experiments of the silicon carbide. Wide dynamic
range (WDR) camera is also used to capture both bright radiation on the test-piece surface and dark radiation around the test
piece, simultaneously. As a result, the position of test piece was kept by the automatic position control system. Both of the
radiation around / on the test piece were obtained.

1. [FCHIZ

SR RSB B ZE AT DI, B2 IR Ml ' _
BWRA L, BIRTE LVENNAE TS, Z0 Power P | O
IR DR %5 B BB EEIED 1 Dlc 7 T L—va v supply camera | _cireuit
ERH D, T L— 3 Bl T, IR O
MEIOR AT K DWEE &, & DMRZELTIRAEL Cooling /ND filter
f:’f\ﬁiﬂli U*%%M:A@(}ﬁﬂ%a%%f&ﬁéﬁé HLDOTH water =
0. BUE, BABHEBEE U CIImRERMEDR L Torch Test piece
WHNTWA. F =, 74 %%Hﬂli%%fﬁﬁ")m@ Cooling= (Cithode) Sample holder [ Traverse Ji<— Feed
FEMER D 0, HETINED MR 2 B RN <, &K N rore Frogie ""Ef,nng direction
HEFROBHAMER E: LCHER ST 22, 2ad ol I e

AIFIEE TIX, 7 A FRMBRELE L TR A 35 /‘ = Micro
WWEBL, ZRTS 7 A7) —Vxy NeERWET T ND filter =20l | computer
L—3 3 VRBRE RRIIICAT o TV BI0, ERT T USB 5
A=7 )=V xy hOBFKRIZY = MEHONGD Camera  Personal computer
FRBEICARTT T 5. SRBREUR S Rl SR & 23 R Fie. 1  Schematic vi ¢ . { "
% & [ U NEME RS FOIBAC X A\ =i, 3HE & ik g. chematic view of experimental setup wit

\ % \ — id
J RO — IR T L REEIC A S . LRTO video camera

B0 C IR h D IR & —SE IR T2 01— I
FECREIZ 1Y, BUBIR I OB 2R L, R
7B BUBHER I DL AHEE L 72D, — T 5 '

&, MEBAELRAN—EIC 25 F T DRI DR % % Power reomey ||«
LA, IR A (L S B DA OB, supply circuit | |

EVHREZTESTDILENHD. £ T, e
—EDONEICHIE S D 2 AT LOWE LT > 12,

AWFIETIE, PLERES AT 2% W, RO R m Cvci:ll;?gl Wide Dynamic Range (WDR) camera
DFENEERIC LV ER SN ARIEOBEZ R E L Torch .
7oA A FZDOT T L— a VB EIT o 2. B Cooling,_L(Cathode) Test piece
I U <M T B DIk L, BOBHE B Ak & water = Sample holder }_Traverse W F008
DT ADRENIEGE 72 =D ET 40 A F & H 21115;_-?:)?2112 Freejet 1 Cooling
% LRI TE ARV, £ 2T L <NVIL L (Anode) e
AN & IR CE DU A KA F v Ly P I Micro
¥ (WDR) 71 A7 TR LER L. ND flter computer
USB
2 %ﬁﬁfi?i&lﬁi;‘i’: Camera  Personal computer
2—1 ZEEREEHME Fig. 2 Schematic view of experimental setup with
EFEEEMG A 1, K2R d. MLFRAET WDR camera

This document is provided by JAXA.



AHAT, K213V A RE¥AF v 7 LY (WDR)
B AT E A OVBETI TN RS, EREEIT R L
TT I A7) —V =y NEAEKEE, (MEHE 2T
LER, BLOEERE N5, TI9RX~T7 ) —Vxy

MR AEE L, NEBICEREZ o h—F & HOER
0.7mmD—K J AN —{K L 725 TEY, SRR
IR TR AVRERE SN TS, (BB
285, (RREEER No: 02=79:21) A L. —&
— W ANVEOEEET2. 5 mmE L, Z ORICIEAE S
VIMUNER T T ATy h e R AVEODND
BHSERZ LIk, BEOER ST A7) —
= v b %’/TEHL:

BRI T A7V =Ty NOFASFMHL, KEE
VE15A, BB 18012V, IF5XEE 1+ 771320.6MPa (Abs.)
FHKEITIREE (0.1MPa) & L7z, BBlARL & —
IFoEMEEG ISR TREY, NECKZTR L T
L7z, BRBHTIZEAL.0mmO Wi Tk 2 F > Ak 7 A
FOMEE V-

NEEHIE S A7 AERIEERE V #EE L USB I X 7,
NERE T 7T h, ~f 7 aar B a—F—hbiE
REND. REBRFORENHITHE LSRR D D
7=, 0.D.=50DND7 4 /L ¥ —Z W THEIE L.
Z 2 TOD. =5.01FFRENS0TH Y, BEFRN1/10°
ThHILEEWT D, USBH AT T L= g &
HfE 7 v 7 F K R un i & & 1B 2 U L7z,

| Test piece |

Sample holder

(a) Position of test piece

(b) Color acquisition

BT, WHET A AT 2T = v FOFRNIC
XU CHEEFEICHREL, 77 L—3 3 VB ok
BrokEF2MRE L=, £7-, WDRA A 7 & AW TR
DEREEIT>72. WDRI A T, WHET A D AT X
DHINWEATFI 7L PE LD, BELSHD WS
GERE VAR EFRFICRE T AT, WAET S
HA TN 2HBEVE W BWDRAY A 7131 A TA[HET
5.

2—2 HEEBBEDHIEAE

AR OFEHESRALE ORI HEITUSB A A 7 TR L
Mg AL EICAT ). USBH A 7 OBUE/N L]0 H L
7-EiR A X 31TRT. 3@ X ICEEERE L,
Tl —varBBRETo-. BRBRToOREOAE
RGBOEIETH b L, BEIGEITVNT 77 T AR
i L3 3 (b)) TH D . B L 7= I TR e
X OFRME & RE L, [FIE O 22 I REIR & ORI ZVaE gk
LT 5. X3 (b)E ik Lz Eitg 2 X 3 (o=,
B O B OEBIEEEINEVEIR TH ¥, VAL ER
DOFL, FEO+FHEREH SR E ST 5. 2
kv, ReHemiLEZRH L, HEd 5.

7u s AOMEREE X 4 1R T. FES Tk
AN IZESL A& 2IEH W\, Rk A VHEAND
WIpAmEAATmE Lz, 7 VA6 DR
Zxk L, x=10mm (BiH4.25MW/m?) % BAENIE &
L7z, 2 LT, 2k ZH A0SO IEREC

=

(c) Color exploration

Fig. 3 Images of ablation experiments

| | Test piece | Sample holder
— [ [
|
— : |
Forward
| : | |
— Nozzle exit
| [ |
! <
| : [
_: Backward ! !
! —> ! '
[

I
i
I N N N R A B

0 5 10 15

Distance from nozzle exit to test piece x [mm]

Fig. 4 Operating setting

ON

Vv

—_—

(a) Duty ratio 100

Vi2
OFF OFF OFF OFF OFF

(b) Duty ratio 50

| K
OFF OFF OFF OFF OFF

(c) Duty ratio 25
Fig. 5 PWM control method

—_—

This document is provided by JAXA.



5 T T T T T T T
I A Forward

4 O  Backward i
=t
2 a
=3}k _
: °
= IN
SN o
3 A
§2 - A o -
2 o
Tt 8
= 6

1 .

0 1 L 1 L 1 L 1 L

150 170 190 210

PWM value [ -]

Fig. 6 Relationship between PWM value and
feed speed

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 = 9.55 155 (Backward)
x= 935 210 (Backward)
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Fig. 7 Position change profile of test piece
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Fig. 8 Video camera images of silicon carbide ablations
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Fig. 9 Images by WDR camera
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Fig. 10 Images by general-purpose video camera
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