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Prediction of Flammability Limit of Flat Materials in Microgravity Environments

Shuhei TAKAHASHI

Abstract

Considering the recent increasing human activities in space development, the reduction of fire risk in a microgravity
environment and performing convenient flammability tests for materials used in space will become important research
issues. However, there is currently no reliable flammability test based on scientific background for space environments.
In the FLARE project, it is one of the main objectives to derive a conversion equation which can predict the minimum
limiting oxygen concentration (MLOC) of flat materials in microgravity from a ground-based flammability test, such as JIS
K 7201. In the present article, a simplified model for predicting MLOC of a thin flat material with an opposed flow using

ground-based flammability data is introduced.
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Fig. 1 Flammability map of a solid material with an
opposed flow.

Table 1 ULOI and MOC for different gravity levels®

Fuel Mylar® G | Ultem® 1000 | Nomex® HT90-40
10.2 psia 10.2 psia 14.7 psia

1g ULOI 212 23.5 23.5
1g MOC 20.0 23.0 22.1
Martian ULOI* 18.0 22.0 19.9
‘Martian MOC* 17.0 21.1 19.0
Lunar ULOI* 15.6 21.0 21.0
Lunar MOC* 14.1 19.9 19.9
Og* ULOI* 17.0 24.0 23.0
Og* MOC* 16.0 23.0 22.0
Martian AO, % -3.1 -1.7 -3.35
Lunar AO, % -5.75 -2.8 -2.35
0g AO, % -4.1 0.25 -0.3
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Fig. 3 JIS K 7201 Oxygen Index method
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Fig. 4 Schematic of 2D flame for scale modeling.

_ I=h (1)
VipsCslLsyW (Ty = Too)~Ag=7—Lgy W
‘gx
ZOXNDVERDD L.
Ty — T,
Vin~—2—F 2T F=L1—1" (2)

BEHND. ZORL, Wb D ESELEE T O KRAGHE
V2 L, deRis O 0L F—ThD. —H, il
PRSI0 D b, TR A XK & < e [EIFE T8
WREDPOOSPBEENEETE 2D, XoT,
DO LMNESEIRICB T 2B T 2B D L DI
HF5.

VepscsLoyW (T, — Too)
+e(1 - a’abs)o'(Ti;L - To%:)Lng 3
T —T,
~ g —Lgx Lg,W
© ORE MR K SNSRI Y = Vy V% TR
t¥5&,

N+ Rpgqg=1
(1 — taps)o (T — T) @)

Pg Cer (Tf -T,)

22T Ryga~

EVIYERITANESND. ZoR KV RIS HHAK
INT A—=HRpga™ 1 IZEDL En 0720, ZhuEs<
MHREBERT 5.

—77, RIAFGERREWGEE, KA TR TR
SERTTICRERONAEL D, RERCEZIZL, HERFRH
AR O TH D X L T HDa% AV CEBLT
X,

tres _Lg/Vr Ag

Da = = —~—
tchem Pg/(i) [/;2

E
pgYoAexp (— R_Tf) (5)

Da7’ 1 ITES ERERODREL D, — 7 TDalFHALE

BHT2Y ORBEAR, ZE, DITOXSICEETE 5.

LyxLgy@Ah,
a~
Pg CngyV;(Tf - Tv)

(6

SRR TIE, KRR AR OL A TOMREET, &
L7z i, UTFORDH Y Lo,

T;

T —
pgCaVi(Ty = T~y L—L (7)
Lox
oL
T, — T,
o (F=T) -1 ®
Ti_Tv
ThHHIEIHEET DL,
LyxLyy@dh
gx=gy T
Da~—1"7, ©)
P —
A

L7720, ZoRX IV BRREEED1/Dadd 5 AE TOIRE A HE
FOTDIEbNBEmE LI ED ENGND. £ T,
Dan+or KE WA L LT, BEFHl~DEE A
(1 - 1/Da)ECH/ITDENVIET N EEZD &, LK
I X BCREE T OB T v AU,
1 Tr — T,

VpsesLsyW (T, — Too)~ (1 - ﬁ) Ag ?Lgyw (10)
Ly, Wk T B En+1/Da=103%0615. ZhE
R EFEEEED LIk,

1
N+ Rrag + =1 (11)

DFFDA, T O HI0E U B 2 7 B O R
B O ARIRA 2 52 5.

3. RUAZH)LEEAFILEIE (PMMA) &
A E LI-IGEDETIVOREE

R — VARHT N B 1% H T FHRBR A % 5 2 5 X(AD &/
FET B 720, TENEIZIRILE & 4 U772V (non-charring)
REFEM 2R ~—#THDH PMMA Z30EHE LT, xhmii
FIZ BT D KRARTE R 2 M= ZBR Tl - 7ok R & X
AT & 2 FRIME & O 21T > 7. BRIV 72 PMMA
ABOER, B2 em, &S 12 cm, B X 0.125 mm T
HY, BT IHENEHRRTILENTED. AETAT

320403-4



WUNE BB

Table 2 Properties of PMMA and ambient gas.

PMMA
Density, ps (kg/m?) 1190
Specific heat, ¢s (kd/Kg-K) 1.465
Vaporization temperature, 7% (K) 670
Enthalpy of formation, AHr(kJ/mol) -348.7
Surface emissivity, ¢ 1.0
Pre-exponential factor, A (m3kg-s) | 1.36 x 109
Activation energy, £ (J/mol) 1.50 x 105
Cp Ag ag
Umol K | WmKl | [mm¥sl | "
N2 30.47 0.0444 80.1 0.0
Ar 20.78 0.0312 82.7 0.0
COs2 48.94 0.0396 44.5 0.6
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Measured | 14.7% 19.2% 11.6%
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Fig. 7 Comparison of MLOC in each condition.
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Measure the LOC of the downward spread. (LOI may be used.)
Measure the LOC at a certain high opposed velocity, Vg=60~100cm/s)
Draw blow-off limiting line. (Empirical A and E are obtained.)

Draw radiative extinction line with T;, T, and other gas properties.
Draw the limiting line on which Rrad+1/Da=1.

A Rrad=1. Da=1 ‘
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Asteroid Mooy Mars Earth

Critical G level G level (buoyant flow)

Fig. 8 Procedure for predicting MLOC and the critical
opposed flow velocity by ground-based data.
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AERTVDED, FROLREIELED B Y 2+ 5 2
2T, MERBTEDL S T — X EHiZ D NENH D)
T T A EMARY =L EEZ TS, AH%ROFME LT
X, %< OREEREE AN CAEIOETVERGET S & &
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M EICBWTIE I ERE Ghmiliskit) & L EE (A5
MITESIE) (CIXBIEM R E IR & =N 5D — T,
FEREBNID NN, BZEBEEBROFE R TIE, MEMFC
BOWTRERBRBEREICKREREND RN & HEIEE
SNTVD. ZOZ &I, HEAREBRTE O RIS
TRZRBWTIE, AEREINEL D icky, FAMKED

FROBNENIZS NI EEZRBL TSNS Ll
W E T, BREAICIZJISK 7201 TOOL 2 U > 7 &85
72018, REHEL M RAEERRE IS 2 2 BOET ML
HRkOOHNS., FLARE YrY =7 PREEREL TS
HEXFHREICB T D KKLZLEEORETH IR, E
Bl S 7o 7 R PASHZE OB 22 [, (RIE SR ok
RROKRBIRIZBICHTE BAREMEN D 5. Bix IeBRERIC
BIFDIAKLZRITHLTEH, ZOFHLWVHMANELND
TEERHGFLTVD.

B
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A B 1A 72 B AR OB BEER G2 et 5 E
OFH) (FLARE m v =27 k) O—8&E L T{Thiz.
RIS HEBE IS X OVEBR 2 402 U 72 AR KRB A O PR
KE, LWHENMBICHEELRT.
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