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Experimental Study on Flame Spread Over Cylindrical Solid Fuels in
Micro and Normal-Gravity Environments
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Abstract Tlame spread phenomena over a cylindrical polymethyl methacrylate (PMMA) at different
oxygen concentrations have been experimentally studied under microgravity and normal gravity
conditions. In microgravity experiments flame spread in low-speed forced flows was observed, and
in normal gravity experiments downward flame spread behaviors in buoyancy-induced flows were
investigated. The effects of oxygen concentration and flow velocity on flame spread were analyzed.
The flame appearance and spread rate show significant differences in microgravity and normal gravity.
Combining the results from the two sets of experiments, three distinct regimes are identified to

delineate the variation of flame spread rate with gas flow velocity, namely microgravity radiation

regime, heat transfer regime and chemical kinetics regime.
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EAMT STH. BIAR PMMA HHEA S MR WE
¥, TEARAMFERET, KIGESEEXT TR
PMMA R KIG 5 REE L,
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REEZ AW, HWMKRE RS TR RiE
T %44, B THRBSREN LR REE, R
At 12 45 iy Bt (] SRR I AR 3R T B K AR R4
B RTARRAT B R B 1 R BN I B T W KB 1548
A NASA 75 EFR % A5 AR LR 5 1Y,
AR IREE (0.4~8 cm-s™') FRASRHER
¥ (15%~21%) TR R ¥4 PMMA (cast PMMA)
R KGR PEHETI T, BRI KIGEBEERESR
RASER MG RN, BET, SR PMMA ZEAGE
[ERIHMHESERI B R G THEBRARIFR

ASCTEME S E B SRS T AR PMMA
REFRBREAEEERLR., MENTERAAZR
+5 (S3-10) IR FIRX B2 TEAER L, Wik
AREBFE PMMA (extruded PMMA) 7B S SR E Ty
MR RLRAR, KB T AERWEE TH KIE
HEREE. TENFES, ERREKKEMKH
WET, MR PMMA FFRET BB, W1k
WaEHEEE. 456 Link % UV EE R A FF R AL
RRBHCE RS PR AR EHRRE, B4 THER
PMMA FRH K38 MG HEAT R

1 LRIk

1.1 {EHZEE

HTHZETSREAXNBELTRTE LR
EALR, FIIHHT 2N “E2RBREE IR
RE. REMELCHR (12, (13]. BRBER—1F
PRSI, A3 8 M TR B, HPw
ANSZEh B F TR AR PMMA FH B KIGERE . %
TRFENRTEREANERE. ARELRSF
FEE, ATNETRRNMES, EKKEM
BEAZSHEEL. [, 9 THEEERS, AT
BRTRRE, a5 RNk, RKUERIE
EHTREG (EAMEKE), SRR, df
Bk KIBEBMEXKETES. HATRSRT
CHR [13].

ST AP ELE AR RS E PMMA, REERH 10
mm, & 69 mm, IRFEEREH R —BIEERE
L. REEFRE E R R L, AL EE IR

REM AT, Sk, XTERZRSRM 28 V
BIEIE, SKEAN 110 W, —&%E CCD
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B, iFWIRN 25 fps. TR TLLMR 1 PR,

®1 NEHEREHK

Table 1 Test conditions for the microgravity
experiments
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Fig. 1 Schematic of the cylindrical flow tunnel (Unit: mm)
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Fig. 2 Flame appearance in microgravity (above) and normal
gravity (below), Xo,=33.5%, extruded PMMA

2 cmes™ 8 cmes™! 20 cm-s™! 40 cm-s™!
B 3 RESGHE T Ue5E PMMA {2 1 JOHE A e
X0,=24.9%

Fig. 3 Typical images of spreading flames over cast PMMA
rod surface and pyrolysis cones under various flow velocities,
X0,=24.9%
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Fig. 4 Position of flame leading edge as a function of time
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Fig. 5 Flame spread rates at different oxygen concentrations

as a function of flow velocity in normal gravity
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Fig. 6 Variation of flame spread rates with flow velocities in

microgravity and normal gravity
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