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Study on combustion characteristics of pool fire

under different initial temperatures

Li Cong,Xu Wenbo,Niu Liting , Song Changpeng , Wu Jiansong
(School of Emergency Management and Safety Engineering, China University of Mining and
Technology (Beijing) , Beijing 100083, China)

Abstract:  To study the influence of initial temperature on the combustion behavior of pool fires, pool
fire tests at different initial temperatures (5, 10, 20, 40, 60 and 80 C ) were conducted using a self-
built initial temperature controlled pool fire test platform. The characteristics of variations in combustion
process, mass loss rate, flame height, and plume temperature were analyzed. The results show that when
the initial temperature ranges from 5 to 60 “C , the combustion process of oil pool fire is divided into three
stages: growth, steady and decay. When the initial temperature increases to 80 °C, the combustion
process is divided into five stages: growth, steady, boiling transition, boiling and decay. The mass loss
rate, flame height and plume temperature are all positively correlated with the initial temperature. When
the initial temperature increases from 5 C to 80 “C, the mass loss rate, flame height and plume
temperature increased by 12.13 g/(s + m*), 170.4 mm, and 130 °C, respectively. The mass loss rate

decreases nonlinearly with the temperature difference between the boiling point of n-heptane and the initial
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temperature. The ratio of flame height to pool diameter follows a power-law function of the ratio between

the initial temperature and the boiling point of n-heptane point.
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0 3| &

BEA T AL AN T & e AR IR R 75 5K 5 H
B AR R A S R AR R, —
HF i K PR Sy e A ORI 3 SR R BN B
TR =4 2R 2 AR R K I R R R AR AE
ANTRLHbL DX B0 5 AT P 0 B8 00 6 v P AR T
PRI , A7 A2 T TR AT) T iRt 2 52 W0 IS 118 9 A bR Ay
PERFST

UTAER , [E] PN A0 5 35 80 T DG T TR BE 2% A i
KBIFENR AR PR BT T A0 B il 3 X AR R 2 il
BRGEEIE A SENL , 23 A 1 742 s 4 1 9 Y6 Ve il 38
TE R AGTAMEAY | e B W LG I Ty, PR 5
1 CO A= il Rk, Bellino'®’ #1 Farahani'®’ ZEhF
FE T UKIE N U SR BRGRAT S, 5 R KBS 8% i
XA B H AR T AR, vk b KRB A AE 2 Fh
XK . Kong Depeng 25178 1% vk i 4 5
T AR T AT i 1 R A9 3R9T T UK IE
AR DK LA SCRBHIR Xt K A AT A i 52
Wi, ST TS [ R AR E AR T MR B | & IR
1A VK F0 ) G IR B 2 5 el it v kY 49K e R 3R
Chen Bin 25" WF 5% T 9 45 0 R4 1L 5 Xof 3 Tth K BR 5%
AR AYEI K I AR BE AR S B 5 > LAYy
B, W 1 i B P MR o 3k 3 o 00 e Yl %) 184 o g
. Hu Longhua A0 D)V R A R R T R T
ANTa) ELAR it R B, 2% BT L R T U B A —
FRIE 520 1 i1t BRI 30 R T ik B v X
(03t R BE AR K . White 256 IR )& TR R
HHRD AR RE A0 R 2 SE IR e B AR IR
2 T U, O £ A TR R X A R A
TERE T AS[RIH) 1 il 2 1 78 s d i R BA T AR ST, 445
SR WA T T A e, % I P T e 0 2 R R A
— A TERE MR B I B sk 2o F
Je& AR R 25 4 R il SR g, R I Y PR R
ARV 30 S0 R B ARG 10 P Tt Tt R o 38 N |
KIGPERSIRE WA, 28 bRk, AR K2
I KR AR 4 3 S 5 UK N L KRBT R
SRR JCRRPE 5 T A [ 4 T B2 532 0 1 il i 2k
WRGEAT Ry SRR AR X D

combustion characteristics ;

burning process; mass loss

fire plume temperature

SR, BB U R ) A IR R AT A 8T
WIS, THEIIGTEE (510,20 40,60 H180 C)
(Rt DR, A 5 A R0 4 T B2 5 e T b v R
BRI B Tt T B O A KA i A kP
Uit U B 1) 2 DG R 2, DAY Ay i b R [ 4 4t 4
W%,

1 AEYRIEE BRI

AR P42 ()t DGR B0 - 3222y fE LA
I BUZ R e it DL K Ot R A R g4l b, anfAl 1
i o FETRAE PR AT SC B IR RS MIG IR TR
il -30~200 °C, XUZKABEh i i 304 A5
BRI, A2 D S~ 300 mm, BEJE S 40 mm, A
JZAIRBEIX AMZE R E R IR AE PR X, RUZ R
VA HEK EURIER K 1, T 3% 22 1 T A R AN S B
TR ATt () SMIE IR, JETT S AR R AR IR A
KRG F B AL Fo B ROF K AR
(Thermal Couple, TC) LA K =i #6820, =ikE R
TR TR 5, 3 SR v KRR e ask A v iy BT
B KB N 60 kg, Bl RAEME N 10 Hz,
WM IE L5 LL 100 mm SR AR & —4 TC, 4i*5 7
SIS TC1—TC10 , T 5t ORI i B 4l . kit
IE HIT 7 R T B AR ALIC S A be 4 ad A, = T
BB HERN 2 5601 440 153, WK Ky 60 Wi/s,

OB RRES] 10

TC9

100
[y

R L

kA )
= BT g
%- [N B A

i 1o 4

- - - = = = = =

4
ESIE N e e

biid
K
_»El

Btk E

B1 KEEs

Fig.1 Diagram of experimental platform



5 5 1]

ZRWRATF AN R B R M Tt SR BRI 5T - 161 -

TE 40 98% 1 1F B e/ il i ik okt 58
FEUGTT, B SEARBGE it A9 IE BERE A SUZ BB i,
FLYR 380 3o 30 TR S8 A 90 1 1 B e 0 4 3
2 1E PEE R B Ok BB (G, R PAME IR AR, 4R
Jei MR F T SRR T RT DL R R R
G2, 90 MRIEBERE . o SRR S RS | PR It
BRI B A SRR R 0 5 E BRI
& hy TP 24 A5, ¢, 23008 5.10,20,40 .60 Fil
80 °C ,h; 735120 5.10.,15 F1 20 mm,

2 i ARG R S A

2.1 REBRKEZE

B 2 A hy=5.20 mm BARIE] ¢ F BYRRBE LN
B R B m, E B SRS 7 RS KA . B
Ji KO T A IR 2 A, AR R M
FLKIA TR RN, e, Bl IE B N IBTTHAE
KNGS ELAEIE K R0 7 1) a5 2K i
KX TR Y 1, SR IEBEREIE R 1, 5
PR EER Rl A, 2 h,=20 mm .z, HH 5 FH&
% 80 CH  JRBEHFZT D 210 s, ¢, 5 m R IE
X, 24 hy=20 mm ¢, B 5 FHE 2 80 CHY,m HhM
12.13 g/(s » m*) . X1, A 5~60 CHF,Jhith KRB
AR R R E RN 3 BB 2 g, TR R
80 °C I}, #RBe it B4 Jy g FoE Wb I | b s
FEEWL 5 BB,

FEIHIH KBRBE R R ) IE BEE R 2 ) SRR
R i HT T AR . il ok L oy =X
NPREESE m RN

il = (4, = 4, = 4)/AH, (D

g =0l ~iH[1-ep(xpD)]  (2)
i d

0 =pie ] (3)

q = (t; = to) [ (kigoy Pr)/v* 1" (4)
A :q, AIIABIPGR B kW/m? ¢, 9 IE P
AT W, KW/m’ s g, O B kW/m’
AH, WA, kI kgs o g BT He 86 - UK 24 8
B W/ (m - K 5o, R KGR, C 5o, 9 E BEBE R
8L, C i R RA w5 B R RR IE R AL
pe N IE BE L W B, keg/m’s o N TE BE A H B,
k)/ (kg « K) 50 JgiFlal, 5 b o 1F PEbe 344 R 4K,
W/(m - K);g HEIMBEE, m/s*; 0, HEIKR
$,°C" 0 B EIBEIE  m/s; Pr ol AL

NG l‘o?mﬂ‘i's:zﬁ?ﬂﬂ;

(a) ¥t KRB A

457 o R
mK faw WBEE SR 5%
or Pl —el0TC
— 35F A ! \! ——20C
T 4 i +—40 °C
& 30f e i —+—60C
;:) sl Mt:::::x::'ﬂ,t::tm,"\ 80 C
0l e
®0 ' Py
= 15 H
& [ R
X 10 | E | \
-8
5 ‘ > T %
O)‘ 1 1 1 “ : ‘ l
0 50 100 150 200
B 8]/s
(b) 5 mm
i ol
dr £ b Vi =1
SR for SO e
40F : : Pl ——10°C
: —+—20°C
35F : \t —v—40C
e aa i SYVURN: —+—60C
30p jo* ﬁwvwvvw"""*i";“ 80 °C

25H
200

FRE AR RE R [g/(s m?)]

s Fas i b ey

0% il 1 1 1 “ 1£ l |
0 100 200 300 400 500 600 700
B E)/s
(c) 20 mm
B2 AEVHEBEETHRESEMRERKEER

Fig.2 Combustion process and mass loss rate at

different initial temperatures
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