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Camparability of Flame Spread over Thin Solid Fuel Surface
Under D ifferent Gravities
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Abstract: The comparability of opposed-flon flane read over thin lid fuels in finite paces in different gravitieswas nu-
merically smulated The results show that the variation of the channel height affects the velocity profile of flow field in the
channel and heat loss at thewall of the channel, and further, flane read over olid fuels in the finite aces Therefore,
using a horizontally narrov channel in nomal gravity © smulate flane read in large ace in microgravity can only yield
qualitatively smilar but quantitatively different results W hich is consistent with the previous expermental results In the
process of flane gread in the narrow channel in nomal gravity and microgravity, when Grashof number is lowv enough (200
can be taken as a qualitative reference value) , natural convection can be ignored and flane gread processs in different
gravitieswill be comparable

Keywords microgravity; thin ©lid fuel, flane gread;, ground smulation; comparability
[3]

[1]
[2]
[4]

[56]

: 2007- 07- 09,
(10702009) ; (KICX2-3W 1.05).
(1971— ),
, yuyong@bit edu cn



- 290:
Dankohler ( g =
Da( ) 10°g, x ) (
' % Y ' Qe ). :
(7] [8] [9]
, 1/2 ,
Da ,
[10] [11]
, , 0 X
-50 em ‘\"A 20:'[117
1
1 1 CBHlOOS- 1 ’
! ) Uk
) 11
2oup) +Lpw) =2 ¢, L,
(121 ( ax ay ax ax
) 0~ 0¢
ayd_"’ ay) +S; (1)
¢r, s 1
1 (1) ¢r, S,
[13] [14] ¢ r, Ss
' 1 0 0
[15] 7 X u ] -—§§+cow -P) o
y \ M -_g)p/ + Qo 'p)gy
T ui/Pr - A Hk/C,
Wi M/ Sc sk
1
(1) 1 PuvpT w Xy
1 i s
, , ;M Pr Sc
U Ur Prandtl Shmidt ;¢ gAH ks
X ’
70 an ( ( )
50an 20 am), y GiHy,Os + 60, = 6CO, +5H,0 (2)



2008 8

- 291

K = BQOZWfWO e Eg/RT

B, E, R
X = - 0 ,U:Uo+Uf,V:O,T:To,
Wi = Wy (i O, N, H,O QO)
(3)
X = o ,iﬁ:O(‘ﬁ:u,v,T,wi
ax
(i O, N, H,O CO,)) (4)
w;
Y = VY. ,U :uf,v:O,T:TO,7y =0
(i O, N, H,0 CO,) (5)
y =0, x<% ,Uu=uVv=y\T=T,,
(?\Nf aNi
D— =m(w; - 1),D—/— = mw,
ady ady
(i O, N, H,O CO,) (6)
_ 0% _ <
y =0, x=2 % .ay—O,V—O
(¢ =y, T, w; (i 0, N, H,0 Q) )
(7
D YA 'm
v Ts ,
12
A rrhenius er
m =BPI e "s =py, (8)
_d
m =7y PIw) (9)
X
0.8
B, :BQ&) (10)
90
Bs Es
Ps T iBo Po
dT,
¢ -G =PIuc +mlL, + (G - &) (Ts - To) ]
(11)
‘e g ;
L., &
X =- ® iTS = TSO!pS :pﬂ) (12)
13

G 2
2
To /K 300
w(0) ¢ /% 233
Bg/ (m®- kg s) 2 5 x 10%
Eg/ (3 mol™?) 2 027 x 10°
AH/(J kg't) 1. 674 x 10
Po/(kg m3) 263.2
T/m 7.6 x10°°
e/ (I kgt K'Y 1 256
Bg/s? 2.0 x 107
Eo/ (J- mol't) 2.2 x10°
Lo/ (3 kgh) 5.7 x10°
14
SMALEC e
Runge-Kutta
0.1mm. X
1.05 .y
1/2 105
02m , 07mxQ02m
289 x 164 PV 3 6 GHzCRU
, 2an/s
3 5 h y y
10°°.
2
21




. 292. 14 4
0.025 e )
m NV\VN
i:(mzn- , ,
*QO.()IS- ’
- : [12]
;%().()1().
,:K , 1
0.005 . n ' '
0 0.05 0.10 0.15
SR O F oJ(m * s7") '
4 ., «h=40an » h=20an, h=10an h=1an ,
YVh=4mm Ah=2am eh=14an ® h=1an ,
: V h=4an h=2aom, o h=14om 0 h=1an
2 . ., h=1am W =01
, , m/s
, ' . (wkw <Q1m/9 ,
, , (w >0 1an/9 ,
(w <5 , ,
an/9 , h>4aon , , ) .
, , , (h=14anm),
) , ,h =1an
1 ) h <2(rn )
: , 22
, (w =3an/9 , h=1anm
, ; h 2 an h=14aan
4 an , , 3 4
h=1an )
(o1 . (w=6am/s , : .
4 10 an , ,h =1an
, h 4an |, , ,
Gr 219,
h=14aon ,



2008 8

293

Gr

0.0050 fz

E0.0025
=

9().()2

0.0100

(200

TN TN
=]
w
3
@
S R TR R A

-0.01

(a) S

0.007 5

g :
= 0.0050 F

0.002 5

SRR R T TE

ST DTN

1

2 0.3mhs

S

o

AL [T

ke L

/m

=

%02

0.0070

-0.01

0.01  0.02

x/m

0.03

(b) 7K

£ 00m5E s = = £
s = 03mhZ = =
-002 -0.01 0.02  0.03
(a) A
0.0140,é T =
0.0105 = = E =
£ 00070f — ¢ £
& £ 03mis = c
0.0035 |= 3 Z
%oz 00T 0 o001 002 003
x/m

,,

(b) KF

0.0050

0.0025 F

90.02 -0.01

0.0100

0.0075

0.0050

0.0025 |

N

0 L
-0.02 -001

FEENTh=1 cm WBENNBABENEESHRES S

0.0070

450 K 330 K]
60() -
% K— ]

0.003 5 L

0.0140

0.010 5

0.0035 |~

I 1 n
Ry Y TR —

x/m

0.02

B4 FAEENTh=1.4 cm WBEANNEEENEESHHRBESH

© 1994-2010 China Academic Journal Electronic Publishing House. All rights reserved.

http://www.cnki.net




. 294

14 4

(1]

(2]

[3]

[4]

(5]

[6]

[7]

(200 ),

. [J]. ,
2005, 35(1): 100-115
Zhang Xia Progress in fire safety research for manned
spacecraft[ J]. Advances in M echanics 2005, 35(1): 100-
115 (in Chinese).

N ational A enautics and Sace Administration NASA SID-
6001 Flanmability, Odor, Offgassing, and Campatibility
Requiraments and Test Procedures for M aterials in Environ-
ments That Support Cambustion[ S]. W ashingon, DC: Na-
tional A eronautics and Sace A dninistration, 1998

Olon SL, Kashiwagi T, FujitaO, et al
servations of ot radiative ignition and subsequent three-di-

Expermental ob-

mensional flane gread over thin cellulose fuels[ J]. Can-
bust Flame, 2001, 125(1/2): 852-864

Wichman | S Theory of opposed-flov flane pread[J].
Prog Energy Canbust Sciencg 1992, 18(6): 553-593
deRisJ N. Soread of a laninar diffuson flane[C] //
Twelfth Synp (Int) on Canb Pittshurgh: The Cambust In-
stitute, 1968: 241-252

DelichatsiosM A. Exact ®lution for the rate of cregping
flane gpread over themally thin materials[ J]. Cambust Sci-
ence Technology, 1986, 44(5/6): 257-267.

Frey JrA E, TienJ S A theory of flane read over a olid

fuel including finite-rate chemical Kinetics[ J]. Canbust

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

Flame, 1979, 36: 263-289

Altenkirch R A, Eichhom R, Shang P C Buoyancy effects
on flanes preading dovn themally thin fuels[ J]. Cambust
Flame, 1980, 37: 71-83

Femandez-Pello A C, Ray SR, Glassnan |
in an opposed forced flow: The effect of anbient oxygen con-
centration[ C] // Eighteenth Symp (Int) Canh Pittsburgh:

The Cambust Institute, 1980: 579-589

Olon SL. Mechanisns of microgravity flane gread over a

Flane pread

thin lid fuel—Oxygen and opposed flow effects[ J]. Cam-
bust Science Technology, 1991, 76 (4/5/6): 233-249

Chen C-H, Cheng M-C Gasphas radiative effects on
dovrnward flane gread in lov gravity[ J].
Technology, 1994, 97(1/2/3): 63-83
Melikhov A S, Bolodyan IA, PotyakinV |, etal The study
of polymer material canbustion in smulated microgravity by

Canbust Science

physical modeling method [ C] // Fifth Int M icrogravity
CanbWorkshop Cleveland: National A enautics and Sace
Administration, 1999: 361-364

Dlugogorki B Z, Wang H, Kennedy EM, etal Testing of
gasous fire suppressants in narrov  channel goparatus
[C]//] Proceedings of HOTWC-2002 12th Halon Options
Technical Working Conference 2002

Zik O, Moss E Fingering instability in lid fuel combus
tion: The characteristic scales of the developed state[ C] //
Twenty-Seventh Symp ( Int) Canb Pittsiburgh: The Cam-
bust Institute, 1998: 2815-2820

RossH D. M icrogravity Canbustion: Fire in Free Fall[M ].
San Diego: Acadamic Press 2001

Kashiwagi T, Nambu H. Global kinetic constants for themal
oxidative degradation of a cellulosic pgoer [J]. Canbust
Flame, 1992, 88(3/4): 345-368

MBride B J, ZeheM J, Gordon S NASA Glenn Coeffi-
cients for Calculating Themodynamic Properties of Individu-
al Secies| R]. Washington, DC: National A eronautics and
Space Administration, 2002, NASA TP-2002-211556
VanDoomaal J P, Raithby GD. Enhancementsof the SM -
AL EC method for predicting incompressible fluid flovs[ J].
Numerical Heat Transfer Part B: Fundamentals 1984, 7
(2): 147-163



