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Effects of Fuel Thickness on Downward Flame Spread
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Abstract: Experiments were conducted in a quiescent air environment at normal gravity to investigate downward
flame spread over a polymethylmethacrylate (PMMA)sheet whose thickness varies continuously along its length,
and the effect of fuel thickness on flame spread was analysed. The experimental results show that, with increasing
fuel thickness, both flame length and pyrolysis length increase monotonically, while both parameters increase
first and then decrease when the fuel thickness decreases. The transition between thermally-thin and thermally-
thick fuel regime is found in both cases, and the transition thickness agrees well with both previously published
experimental result obtained for uniform fuel samples and theory prediction. For the fuel section whose thickness is
smaller than the transition thickness, the flame spread rate is inversely proportional to sample thickness, while for
the thicker section the flame spread rate is independent of fuel thickness. The relationships between flame spread
rate and fuel thickness revealed by the present experiments agree well with the theoretical models for thermally-
thin fuel and thermally-thick fuel, respectively.
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Fig.1 Schematic of the experimental setup
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Tab.1 Configuration of test samples
Tom IR | MR | AR | AR
mm mm (@) mm
1 0.50 14.0 4 20
2 0.50 18.6 5 20
3 0.50 22.8 6 20
2 PMMA
Tab.2 Physical properties of PMMA
z % #H S5 30k
I pl(kg - m?) 1190 [13]
oo/ - kg™ - K 1465 [13]
PALGHAJ(W - m™? - KD 0.21 [13]
HRIELEE TJ/K 673 [13]
SHEPY HER L I(em® - s 2.13 [8]
2
2.1

2 AR AR P A SR ORI 2, XY
Jedns 1] (0 = 5°) ML A (0 = 4°) O, FEA



ARG BFPRUEEEXT KT T AR R

SCABIEFEA , KRR BERIRRE AR f) 7 SCAnTE] 2
P B M o= o R R {RAQ (G o PR o el
KIGIEIEACNZ T KIE, LA PMMA LI KA L%
7 1B R R IR N KOG, AT LI 51 ) 44
fige 8 3 9 30 5% B R AT O B IR R XA
s i) BRI S R TR 33 XU R e A v, 1R R T
GRIAR T AT Rt 2 B, TR D A
F AR IHERRGRIRIZL, B Y™ B AIE, KIETIR]
T8I 2 KR R AR B SO P R K, KA Y
IR SE R SO R KR,

X
14
K
B
]

TRES X H AL
+

{
* I g

S|k
-
K i
i [

(a) Ziugm b, 0=5° (b) Mk L, 0=4°

2
Fig.2 Definition of the characteristic flame length and
pyrolysis length
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Fig.3 Typical images of a spreading flame
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Fig.4 Variation of pyrolysis length and flame length with
increasing fuel thickness
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Fig.5 Variation of pyrolysis length and flame length with
decreasing fuel thickness
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Fig.6 Position of flame leading edge as a function of time

K 7(@) (L) B R R A (A 0)FlF
R (AT O)PAME I I AN [F] R B AR fE 22 i
FER A KRG W B AR Ak, IR RIBS 45 T
Ayani 2% o —JELRE 3RE (R RE 10 mm, Fi%
NERE 1 mm) 3% — K75 2 0 KO AR R A
B PIRMELL T, RN 10 mm @E A, I
PR A 436 1 55 P B — JEE B P R I 75 1) K I
o B JLF-AHR], 728 BE AR A AN R B, 0 1 KA



A A BRI SO 1) T LA R R R

PR ZE AN, JURIE LR KO A 1 E (9 75 )N
ZEJE TR IEG Y.

de Rist4 H R RERIBASEAT R X 2K 1 K
Al SE D A R A=W

2
APoCy [ T, —T,
Vi ik & /fpgcg (Tf?} Veqv D)

Ve thin = Tj_jcs[%] )
s 4, BRI S p, K IR 5 o MU
FEIES 5 As AIRBHIE 585 p A1 o SRR E AL
EE s T IR SIAIRIE s Ty AR ; T, N
BRI EE 5 Vequ WAFBUIHEE , FoR KIART AL B
QAR IEE . X6 EEAR , de RistMZs T4 R00R
WA,

13
T,.—T
Veqv =Cye (MJ (3)

T

NI () T g K kg e i 1 B R E 1 A A
IHABARRTER] 7 rh. XFFRERPRL, (e R R AR
[F R e e f i 52 8 A A e 45 IS T — 2,
BV A A o B B 5 E B TR, R AR
IG5 R B R M SE R, BTV, o Y
SCE AR/ INT BIE HN 45 R T e T A v
MRASE ¥ U HRE 2495 A1 LA B K B 7 [ AR
RN, XAMBLSE 2 4 IO AR5 A BEE T A
FEEL IR, HIIREE AL, kAT ik 10 £5P

-~ 020f o g=4°
7 e (=5°
E o16f A 0=6°
E YOS AR
~ /\‘ﬁ(l)
M | AN I,
g 012 AR (2)
%
&  0.08F V:=0.041 mm/s
ﬁg
X o004}

5 10 15 20

U/ mm
(a) MRHE RS ELSS I
0.16
= o g=4°
” ° 0=5°
£ 012F & 0=6°
E v
= 23 (1)
= 0.08} A(2)
o V:=0.041 mm/s
4
.4
g 0.04
X
20 15 10 5
AR B /mm
(b) AR RSN
7

Fig.7 Flame spread velocity as a function of fuel thickness
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Fig.8 Non-dimensional flame spread velocity as a func-
tion of non-dimensional fuel thickness
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