R EARR RN IAE P EF R E K51

’}f'{é"}l‘ 1,2 *ﬁ(‘2 i)‘&‘l'é 1,2

L E R 2R F 20 T R ) H Rk s JERT 100190)

2(FEBABERY: TARFEZBE LA 100049)
W OE BRI KR R R B Sy AR R, R . R, I
TN S AT R E AR KRR XS T B R 3 AR 0 A0 K e TR B B . )
FAR I8 TE S8 R AR TR TSI AR, AR ) T 5 PR R TR A IR TR (polymethyl methacrylate,
PMMA) “PARIE KR AT SIS A 7T, E 2SR SHONI R IS ROE B . 5%
R, EARRCEE R ATENA S SH, KRS KEBRE, 2 FHRPNT
s FAE I, 5 KAEIR I AR ATy, RGN IR s 5 A, R85 A
L K 20 AT DLy AT AN DX AR T i 2 428 1) DXRI AU 2% S RS i X o 7
TR RS X, BT )2 f3E BRI () AT SR g 2 3, UG 22 S A%
HX, BUCHERSRIE A W S RO SR EARL, &L T AR %
T PRI SR AT 22 1 K S R B TR TR 2R , A R 5 SR 5 ST 25 R 22 /N T £20%
KBEIR] A AREE, (GRS, (UE, MEED,
hESES TKi6

Ignition Characteristics of Solid Materials in

Sub-atmospheric Environments with Low-Velocity Flow

ZHANG Kai'>?> ZHU Feng! WANG Shuangfeng':2

1 (Key Laboratory of Microgravity, Institute of Mechanics, Chinese Academy of
Sciences, Beijing 100190)
2 (School of Engineering Science, University of Chinese Academy of Sciences,
Beijing 100049)

Abstract

The ignition characteristics of solid materials are significantly influenced by ambient pressure
and airflow velocity. Understanding the ignition characteristics of solid materials under
microgravity, low-pressure, and low-velocity flow conditions is of great significance for material
selection and fire prevention in manned spacecraft. Using a narrow-channel experimental system
and a variable-pressure test chamber, simulated experimental studies were conducted on the
ignition characteristics of polymethyl methacrylate (PMMA) plates under microgravity
conditions, with ambient pressure and airflow velocity as the primary experimental parameters. It
was observed that, under low-pressure and low-flow-velocity conditions, prolonged flash
occurred above the material surface prior to ignition; the lower the pressure or flow velocity, the
longer the flash lasted, ultimately preventing stable ignition. The experiments revealed that the

product of pressure and airflow velocity can serve as a combined parameter that jointly



influences ignition delay characteristics. When this product is below a critical value, the ignition
delay time decreases as the product increases; conversely, it increases as the product rises. Under
low-velocity flow conditions, the effect of ambient pressure on material ignition can be divided
into two regions: the convective heat loss control zone at the material surface and the gas-phase
chemical reaction control zone. In the convective heat loss control zone, lowering the pressure
increases the ignition delay time and the critical pyrolysis rate; in the gas-phase chemical reaction
control zone, the trend is the opposite of the former. By equating the effect of pressure to changes
in ambient oxygen concentration, a predictive model for the critical pyrolysis rate under different
environmental conditions was established using the transfer number theory. Furthermore, using
the predicted critical pyrolysis rate as the ignition criterion, a one-dimensional ignition delay time
prediction model was developed. This model only needs to consider simple solid-phase heat
transfer and pyrolysis, and the discrepancy between its results and experimental data is less than
+20%.
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Figure 1: Schematic diagram of the experimental setup
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Figure 2: Flames at the moment of ignition under different ambient pressures (V= 10 cm/s)
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Figure 3: Changes in mass loss over time under different ambient pressures (Vg = 10 cm/s)
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Figure 6: Ignition delay time as a function of PVgX| 82
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Table 1: Thermal properties used for mass flow prediction
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Figure 8: Comparison of Predicted and Experimentally Measured Ignition Delay Times
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