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Experimental Facility for Ignition and Burning of
Solid Materials aboard SJ-10 Satellite
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1(China Astronaut Research and Training Center, Beijing 100094)
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Abstract Ignition of solid fuels and subsequent transition to flame spread is of fundamental interest
and practical importance for fire safety. Motivated primarily by fire safety of spacecraft, a renewed
interest in microgravity flame spread over solid materials has arisen. With few exceptions, however,
research on microgravity flame spread has been focused on thermally thin fuels due to the constraint
on available test time. Till now still little is known about flame spread over thick fuels in microgravity.
A facility is described, which has been designed to examine the ignition and burning behaviors of
thick solids onboard SJ-10 satellite of China. The combustion experiments will be conducted with
varying low velocity flow and varying ambient oxygen concentration. Other variables to be tested are

the effects of fuel type and geometry. The important observations from space experiments include
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flame behavior and appearance as a function of oxygen concentration and flow velocity, temperature

variation in gas and solid phases, and flame spread rate. The research will focus on: (i) finding

a limiting oxygen concentration or flow velocity where a flame will propagate in microgravity, and

comparing the limits with those on Earth, (ii) evaluating effects of flow velocity, oxygen percentage

and material shape on flame spread modes, and (iii) improving the prediction model of solid material

combustion.

Key words Microgravity experiment, Combustion, Solid material, SJ-10 satellite

0 5IF

BRPER NEA AT DR TRH EEF B, MRBER
FEMZE MR SIS RARENA. IR
BR AR 2R, T RGBSR D G
B ARENAESSE MENRET —MEER
1. IR SR TR 2R B 11, i IR 2 sk
B BT RRBEHLER IR AL T K88

WME I REFREZAMK TR0 K TR
LRTBEHMAAEER L, BHAMK KITHIIB A
ZLEBEREXZEMRANKTHIRE. AXHME
TR R R R IR A TR RBEA, R T £
EHEREEE P R E ARG B R
TREME LRAERYFF &7, ERHTHE S
HESRE ST TR BERIBR ], A XTE S TR
W RRA L FEETEREE B0 [T RE
OB SRR 2R AR, XTRE S RJERR
BRI AT BARE. FIL, S EAMK KT
BT KB 2, FERAN 2T RHEIRER
FHIT.

H T2 (] SR AR PR, AP R R L B e
BORIRBE S SR, ThRRK, T X AARBUN, R
B, FRFAER, UEsngE M EUsiik
FATRE S A58 T B IR R T R B IR 5 5 5 o o R UL

TERIIE 135 R LB AT 29 SE R 3R
A (FARRBEMAPEE), EfWEALF KGR
B, FRIGETERRBEG A7, FHRHSHmE L
B R S BERE G R AT I, AL B EAPRLE K
AR K518 SR AR AREL, —RERA5 (SI-
10) BEE A EHRP L i EERZ HR 12 A&
SCE S XS RE B A BRI B AT
S

1 SRR

SJ-10 TLEE b el L i B EEIhaE
ALHE SRR . QI CE TS IREE . M BRERE.
KB ER . EH LR NSRRI PR
T B FEf LRitRE ey PMMA (R
FAEFNFRFE) A HDPE (B ER M), dAEE
& 6 SrPAUAEERT 2 MADRIREE, ZRBENAIHE .
SWRER 21%~50%, SFHEEH 0~15cm-s~1.

SLRRE FRM 4 KIRBRAER (WE 1), NEZ
HRE TR G M EH S, LRk
B, MRpasc i Be i, e AR iR F ARSI R
BB WA EAN, FRRER ST FER. B
Sl BRI T 8 MEXT LM Tl e, FEAK
il 2 B R, B RER. S ERSA
TR LI SR AR MR R A
TR EE ARSI S LR . B R E
FRABEAL BT, Sl e, AR EAEAII
BRI BLRAE A E BTG, EE IR, 8 MAE
WRBESE R, PRI SE T BURE L AT AAE y— Bt
Hie. B 2 frR AR BEINR.

1.1 SCISFEMIRIR

LIAFAE S R AR, SCREMERA
. EAREEARAPNEZHR, FRBERAH

gas module : l

i experimenta .
and analytical b a test section
control module cabin

(0 s

- v

B 1 B B AR
Fig.1 Components of the facility



494

39L, HEFBOEN S EIVE SHNIE =88, W
EELRZATHEER O EBEEWEm=EH, W
< 4.6 x 107Pam? s, A GFEHDSHRE
b3, W R LB N AR E R ST R ER.

1.2 PARRECISERIEER

WP BB EE R R B, A
HEME RS AR, WE 3 B

WP B A B RUR . AT BB, JERp
B. CCD AL GLrraieikiee B m #EA T,
MR — N7 R RS AT AR KR
R R ETERAGER, BRASRE. XE
WH/NRBERIRXL, FRARSRR, JIERER.
i B 4. S KR B9 PWM IR ) bR eud
ARSI E .

R R EACRIRFE AR IRAE, AR L
THERENZ, AFLRRE A MIERER
M ETRE 5 B R BREME, REANRSER
K 30 pm, FoWA R AT E 4, FTHE 0~1600°C XA
BT AE. SR ERZ RN EME 4 R,

a5

BB, 2k

& 2

FIAE
Fig.2 Photograph of the facility

sample and support
\1m

rectifier

Chin. J. Space Sci. FRAF %K 2016, 36(4)

R AMFH 3 BREERG. 1 BEKES
REERF 1 BB P BN, MEFRAS R 3 B 2
JRIU, eI T REM TR, MEREN £1% FS; &
VRS RAE F T BEC SR Ll AR A SeRr RS0
B iy K 2, WETEEA 0~100°C, K
& £0.5% FS.
1.3 #HKIAEER

PSP ER Y 2 BRI RSN 1 B RS
AL (WLIE 5), ThEEALHE 1a ST A8 P AL KA 1) 4
HEHAH. HRAGHEESHE. BRIER., BUER.
T . e BURAERAR, fFRASS 2
M B 8 B R B AU ORI TEE
71 42MPa, ZRIR LR FEHHR 13 MPa, WITHRER, &
2.
1.4 MisisitliEiR

MEEREE (%) A TREEARS, K
LB REE LB ERE (BESE. &K
BERSERERE), KK 8 MARERAT S AR
TE; RATRBEEWIIMEERE,. $H5EE. 52
B, TRSECRE. SMRER . BEREMERE
gk,

heating wire
b thermocouple

e

® -—

air flow

overlook
view

b

sample

side sectional
view |

s G ®

] =—

B4 REBMSKLZEME

Fig.4 Positions of the thermocouples and ignition wire

draft fan

draft fan 120 / L air flow /\
o (% ] % air-flow ‘/ o
-— E\L ]| channel = (\ 7

L o

[ ‘ [ > Q(} (_’P

=4 =

(Unit mm) 95 95

B3 REeIm B R

Fig.3 Schematic of the test section



FaA) F:8J-10 LEBAAMABBRREE

A RE 1 IR AR AR . CPU BEZRR. 7
SRER . BEERRETRILFLK. £ CPU
BGFEEDREAIE RS485 BEGES . AR MRS
ARG, BHHES . KUERE. BFIIHMERS,
#Zifilay FPGA UG EERERFERSEMA . ZAT
BB, BIRE., FIERUC SMRIFRER . REERE
AW <.

L5 igitah

R REAEN L LM A EH RER, NiREZ
SHETTRERI A, BT B e TR E
AT AR, JF R DA EEIE T AR M B A,
BEFBTNAFH T EERITIE 2EEEH,
LI B R A R BT

entrance of gas filled
“7pressure reducing

it |
gas filling value — value

gas cylinders 1 |
pressure sensor

pressure sensor

. \ =
gas cylinders 2 |

L pressure reducing(
gas filling value |— value

495

B AR LR R B AE B SE BT 43 BIREAT TR
AT REEDLIRS AT RIS, BAE T HIRBEE LY
ER TS E

2 HERRIGIE

Bt B PR PRk B 2 B O S8 K B T
AR, GIEHHL. SJ-10 DEFABBEHS R
LABERFFEFIK. BiAMAR, SHAKKE
HIThEE, PERETILRAE. FARRY, KERSHE
WIHESK. MIBLE TREHHRE, EabsRbesE
BRENTREN=HLRES.

B 6 Brmy— 1 Se B SL IR P LI e P

relief valves

solenoid
valve

solenoid valve

—

experimental| |
cabin

outlet of waste gas

solenoid
valve

solenoid valve

relief valves

entrance of gas filled

5 SRR

Fig.5 Schematic of the gas module

cabin pressure concentration of oxygen cabin temperature
electrifying the
120 hieating wire and the ] 60 740
exhausting gas experiment began
from the cabin
100
' 130
80 & A 140 _ &
= i = making the & ~
~ . 7as mi — 2
o 60 f making the ﬁ i e - 120 2
E Tl ‘ pening A =
2 cabin pressure /| A the fans = £
g o up to 27.78kPa h ¥ ; =)
by filling the \ \e%{i‘f W 5
| gas cylinders 1 maKTTg fHe— o
\of the gas o N\ cabin pressure
20 -\ s up to 101.32kPay
by filling the gas
{ cylinders 2 of thg gas
0 L : . g 0 =
0 500 1000 1500 2000 2500 3000
time/s

B 6 TBMANES. 8BS R R f R

Fig.6 Variation of pressure, temperature and oxygen concentration in the experimental cabin with time



496

2016, 36(4)

(g2)

B 7 ARk ET R

Fig.7 Images of the ignition and flame propagation

EA. BEMEEENZELLRE, KT LRF
Bt (EAMETRE) BERITRE KRR 3R
BE. EAMESEENZNE. B 7 40—
PERIEF SO R R, JOBIT AR T <R
2 BE A AR

REREFEEFMEIETEER, SJ-10 TE
AR S R e B R B B SR A, TSR
BB AT AR R 3, MEMARRETRRE TS, W
HEIAREAUGIRE, KB RRA KGR
RS, SR SRR SEFE (EAMES
B, MAMEHES, MRLBENFRHSHE.
ERAR G R, ZE BT A RS E
R, HERERETE, TUMEZRLBRESHBEE
PREITER.

SE 3wk

(1) ZHANG Xia. Progress in fire safety research for manned
spacecraft [J]. Adv. Mech., 2006, 35(1):100-115 (3kE. £
ARRB AR EZLBRHR[J]. S15#R, 2006, 35(1): 100-
115)

[2] KUMAR A, SHIH HY, T’IEN J S. A comparison of ex-
tinction limits and spreading rates in opposed and con-
current spreading flames over thin solids [J]. Combust.
Flame, 2003, 132:667-677

[3] FRIEDMAN R. Fire safety in spacecraft [J]. Fire Mater.,
1996, 20:235-243

[4] FRIEDMAN R, ROSS H D. Combustion technology and
fire safety for human-crew space missions [C]//Microgra-
vity Combustion: Fire in Free Fall. San Diego: Academic
Press, 2001: 525-562

[5) FRIENDS R, URBAN D L. Progress in Fire Detection
and Suppressions Technology for Future Space Missions:
ATAA-2000-5251 [R]. Long Beach: AIAA, 2000

[6] OLSON S L, MILLER F J, WICHMAN I S. Characteri-
zing fingering flamelets using the logistic model [J]. Com-
bust. Theory Model, 2006, 10: 323-347

[7] LONG Y, WICHMAN 1 8. Theoretical and numerical

analysis of a spreading opposed-flow diffusion flame [J)].

Proc. Roy. Soc., 2009, 465: 3209-3238

WANG Shuangfeng, XIAO Yuan. A ground-based ex-

perimental method for solid material flammability sim-

(8

ulation in microgravity environment [J]. Manned Spacef.,

2012, 18(4): 70-74 (EMUE, HF. HEHTEGMERES

TR T RABUTRBIR [J]. RARK, 2012, 18(4): 70-74
[9] DU Wenfeng, HU Wenrui. Effect of pressure and radia-
tion on the propagation of flame along a thin fuel surface
under microgravity environment [J]. Sci. China: E, 2003,
33(5):405-412 (kb3ces, #ASCH. WENTHEEAMBL
Bl AR s R E A g R ). TERE (EB),
2003, 33(5): 405-412)
OLSON S L, MILLER F J, JAHANGIRIAN S, WHICH-

MAN I S. Flame spread over thin fuels in actual and simu-

10

lated microgravity conditions [J]. Combust. Flame, 2009,
156(6): 1214-1226

[11] WANG Shuangfeng, YIN Yongli. Microgravity smolder-
ing combustion experiments abroard the China recover-
able satellite 8J-8[J). Chin. J. Space Sci., 2008, 28(1)
6-27 (EXUE, FKF. TEEBRRETMIKRIEER [J]. =/
Blee2e, 2008, 28:6-27)

[12) HU W R, Zhao J F, Long M, et al. Space program SJ-10
of microgravity research [J]. Microgravity Sei. Technol.,
2014, 26:159-169



