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Abstract 

This paper experimentally investigates the effects of cross wind on flame interaction and burning 
characteristics of double liquid pool fires. Two burners were used including a square burner and a line burner. 
The separation distance between the double fires and the speed of cross wind were varied, providing a total 
of 66 test conditions. The experimental results showed that the mass burning rate increases initially with in- 
creasing separation distance until a critical value, after which the mass burning rate decreases with a further 
increase of the separation distance. This non-monotonic behaviour was attributed to the competition be- 
tween an increase of air entrainment and a decrease of the flame heat feedback from the adjacent fire, as the 
separation distance increases. A correlation was developed for the mass burning rate based on the stagnant 
layer solution of liquid fuel evaporation and combustion, incorporating the separation distance between two 

fires and cross wind, and is found to predict well the experimental data for all experiments. Image analysis 
indicated that, with increasing separation distance, the flame merging of double pool fires can be divided into 

three regimes: the continuous merging regime, the intermittent merging regime, and the non-merging regime. 
A physical model was proposed for the flame interaction and merging behaviour of the double pool fires, 
based on which a piecewise function is developed for predicting the flame merging probability and the criteria 
for the merging/non-merging flames are also determined. The proposed formulations were found to correlate 
well with the current measurements of liquid pool fires and published literature data of single pool fires. 
© 2022 The Author(s). Published by Elsevier Inc. on behalf of The Combustion Institute. 
This is an open access article under the CC BY-NC-ND license 
( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
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. Introduction 

Following the major incidents involving pool
res that have occurred over the past decades [ 1 , 2 ],
here has been a growing concern on pool fires
afety. A typical and relevant example is the fire ac-
ident that occurred in Weifang City, China on July
, 2000. This fire and explosion accident was caused
hen welding spatters created by an employee’s il-

egal electric welding caused fuel oil vapor in tank
o. 204 to explode. Fig. 1 shows an example of the

re accident in San Francisco, USA, on October 15,
019. A fire broke out in two storage tanks of NuS-
ar Energy LP facility in Crockett. 

The fuel mass burning rate, especially under
ross wind, is among the most important topics of 
ool fires that have been studied extensively [3–8] .
ompared to the studies on the burning of a single
ool fire, much less attention has been paid to the
urning of multiple fires, which is usually termed
s the interactively burning of two [9–16] or more
17–21] adjacent fires. 

When the fuel pools are located sufficiently close
o each other, the air entrainment between the fires
ill be restricted, which could lead flames to tilt

owards each other and merge as a single flame
17–19] . The merging behaviour can have a signif-
cant impact on the burning rate. In [17] , a corre-
ation of the global burning rate of square fire ar-
ays was proposed. Kamikawa et al. [18] studied the
eights of the merged flames and the relationship
etween the flame height and heat release rate for
ulti-fire sources. Delichatsios [19] proposed a sim-
le correlation of flame height for group fires. Vas-
nth et al. [20] investigated the burning rate of mul-
iple pool fires using computational fluid dynam-
cs (CFD) modelling, and the model was validated
gainst the experimental data. 

To better understand the flame interaction and
ame radiation property, the burning rate and
ame merging characteristics of multiple pool fires
eed to be addressed. The mass burning rate of a
ool fire is determined primarily by the heat trans-
er to the fuel surface from the flame, which is in
urn affected by the characteristic of the pool fire
tself as well as external conditions such as cross air
ig. 1. A fire broke out in two storage tanks, October 15, 
019, San Francisco, USA. 

 

 

 

 

 

 

 

 

 

 

Please cite this article as: F. Tang, L. Deng, Q. He et al., Mass bu
fires under cross winds, Proceedings of the Combustion Institut
flow. Tang et al. [22] proposed a global correlation
for the mass burning rate of a square acetone sin-
gle pool fire by introducing a B number (fuel mass
transfer number) incorporating wind speed, pool
dimensions and aspect ratio. Wan et al. [23] found
that in the absence of wind the burning rate and
flame height of two adjacent fires change non-
monotonically with the separation distance. In ad-
dition to the burning rate, the probability of flame
merging of two adjacent diffusion fires is also af-
fected by the interaction of flames as demonstrated
in [16] , in which correlations were proposed for the
flame height of two parallel rectangular pool fires
at different merging stages under no wind condi-
tions. 

It should be noted that the above studies on the
mass burning rate and flame characteristics are ei-
ther based on a single pool fire with cross wind or
two adjacent pool fires without cross wind. Flame
interaction of two or more adjacent pool fires un-
der the influence of cross wind has rarely been in-
vestigated. In a previous work [24] , the authors cor-
related the flame tilt angle of two fires under cross
wind, but have not examined the burning rate and
the probability of flame merging of the double pool
fires. Li et al. [25] studied the effect of cross wind
on the burning behaviour of twin propane burn-
ers, which were aligned parallel to cross wind. How-
ever, as propane was used as the fuel, the fuel flow
rate was pre-defined, so the interaction between the
burning rate and flame heat feedback was not ac-
counted for. 

In this work, two heptane pools were used
as the fuel source. Two burner dimensions were
used, one square and the other representing a line
burner. Different separation distances and cross
wind speeds were used. Experimental results in-
cluded the mass burning rate and probability of 
flame merging of the double pool fires. Based
on the experimental data, dimensionless corre-
lations, which incorporates the effect of separa-
tion distance and cross wind, are deduced to de-
scribe the mass burning rate and flame merging
probability induced by double pool fires. The cur-
rent study is aimed at improving the understand-
ing of the interaction mechanisms of double pool
fires under the effect of cross wind and provid-
ing a preliminary analytical work for further re-
search on pool fire flame merging and experimental
data for the development and validation of CFD
models. 

2. Experimental setup 

Fig. 2 shows the experimental setup consist-
ing of a wind tunnel 22 m (length) × 1.2 m
(width) × 0.8 m (height) and two pool fires located
at the downstream of the wind tunnel. A mechani-
cal fan which can produce a maximum wind speed
of 5 m/s was fixed at one end of the tunnel. In order
rning rate and merging behaviour of double liquid pool 
e, https://doi.org/10.1016/j.proci.2022.09.032 
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Fig. 2. Experimental setup. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

to ensure a uniform air velocity, air passed through
a set of honeycomb and screens before reaching the
test section and a multi-channel anemometer (accu-
racy: 0.01 m/s) was also used to measure the wind
speed at different heights. The time statistical tur-
bulence intensity value was less than 5%. The flame
shape was recorded using a CCD camera ( Sony,
HXR-MC88, 50 frames/second). A fireproof board
(2 m × 1.2 m) was installed at the other end of the
tunnel for safety. Two identical fuel pools, denoted
as burners I and II , were connected to their own liq-
uid level stabilizers. The liquid level stabilizers were
positioned in perpendicular to the air flow direc-
tion on separate fire-proof boards. Each set was
placed on an electronic balance (the maximum load
is 10 kg, the precision is 0.1 g, and the sampling in-
terval is 1 s) to record the mass change of the fuel
during the tests. 

A total of 66 wind tunnel tests of single and
two adjacent liquid pool fires were conducted. In
this work, two sizes of pool burners with the
same surface area but different aspect ratios were
used. The burner dimensions are (square pool) and
0.474 m × 0.0474 m (line pool), rendering the
burner aspect ratios (denoted as “n = L / W ” in this
paper) to be 1 and 10, respectively. The pool burner
was placed 0.3 m away from the outlet portal of the
wind tunnel and the pool burners were made of a
2 mm thick steel plate and have a depth of 3 cm.
Please cite this article as: F. Tang, L. Deng, Q. He et al., Mass bu
fires under cross winds, Proceedings of the Combustion Institut
Heptane was selected as fuel. The initial fuel thick- 
ness was set to 2 cm, confirming to be enough to 

guarantee long-enough pseudo-steady burning pe- 
riod by a series of preliminary tests. Six speeds of 
cross wind (0, 1.0, 1.5, 2.0, 3.0 and 3.7 m/s) and fiv e 
separation distances (0.05, 0.1, 0.2, 0.4 and 0.5 m,) 
were used. The ambient temperature was 303 ± 2 K . 
Table 1 summarized the experimental conditions. 
Each condition was repeated three times to check 

repeatability, with uncertainty less than 5% based 

on the repeats. 

3. Results and discussion 

3.1. Mass burning rate of double liquid pool fires 
under cross wind 

Fig. 3 shows a comparison of the mass burning 
rate of the square and line burners against the sep- 
aration distance. Note that the mass burning rate 
presented in the figure is for one of the two pool 
fires. For two parallel liquid pool fires, theoreti- 
cally it can be expected that the mass loss of two 

pool fires will the very similar as verified by the ex- 
perimental data. With the increase of the separa- 
tion distance, the mass burning rate increased ini- 
tially until reaching a critical distance, after which 

the mass burning rate decreased with a further in- 
rning rate and merging behaviour of double liquid pool 
e, https://doi.org/10.1016/j.proci.2022.09.032 
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Table 1 
The experimental test conditions. 

Test no. Number of fires Burner sizes, L 

(m) × W(m) 
Cross wind, u (m/s) Separation distance, 

D (m) 

1–6 Single pool fire 0.15 × 0.15 0, 1, 1.5, 2, 3, 3.7 / 
7–12 0.474 × 0.0474 0, 1, 1.5, 2, 3, 3.7 / 
13–36 Double pool fires 0.15 × 0.15 0, 1, 1.5, 2, 3, 3.7 0.1, 0.2, 0.4, 0.5 
37–66 0.474 × 0.0474 0, 1, 1.5, 2, 3, 3.7 0.05, 0.1, 0.2, 0.4, 0.5 

Fig. 3. Mass burning rate ( ̇  m 

′′ ) of the steady burning 
stage in quiescent condition VS. Separation distance be- 
tween the two adjacent pools. 

Fig. 4. Mass burning rate ( ̇  m ′′ ) at the steady burning 
stage. 
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rease of the separation distance. To explain this
ehaviour, it can be noted that as the separation
istance increased, the air entrainment is increased,
esulting in more burning occurs close to the fuel
urface and an increased burning rate. On the other
and, the radiation heat feedback from the adja-
ent fire to the fuel surface will be reduced when the
eparation distance increases. The non-monotonic
ehaviour of the burning rate in Fig. 4 indicates
hat the two factors compete against each other.
Please cite this article as: F. Tang, L. Deng, Q. He et al., Mass bu
fires under cross winds, Proceedings of the Combustion Institut
Initially, although the radiation heat feedback from
the adjacent fire to the fuel surface is large, the fuel
does not burn sufficiently due to the restricted en-
trainment. At this time, the air entrainment domi-
nates, and the mass burning rate increases with the
distance of separation of the fire source. When the
separation distance is sufficiently large, an increase
in the separation distance will have no further ef-
fect on air entrainment. At this time, the radiation
heat feedback from the adjacent fire source to the
fuel surface dominates, and the mass burning rate
decreases with the increasing distance of the fire
source separation. 

It can also be observed in Fig. 3 that the mass
burning rate for the square burner is systematically
smaller than that for the line burner. This can be
mainly attributed to a larger wall surface area for
the line burner and, as a result, more heat conduc-
tion feedback from the flame through the side walls
to the fuel than the square burner. 

Fig. 4 shows the variation of the mass burning
rate with increasing cross wind speed under differ-
ent separation distances for both square and line
burners. The uncertainty of the mass burning rate
was estimated to be less than 5%. It can be noted
in the figure that for the same pool size and sep-
aration distance, the mass burning rate gradually
increases with the cross wind speed due to the in-
creased supply of fresh air, but the radiation heat
feedback will be reduced because of the tilting of 
the flames. Again, we can see clearly that the burn-
ing rate of the line burner is consistently larger than
that of the square burner. 

In order to further study the parallel liquid dou-
ble fire, CFD simulation calculations (Fire Dynam-
ics Simulator (FDS) (Version: 6.7.1)) are added to
demonstrate the phenomenon of the flow field. For
the CFD simulations, the grid size of 0.005 m was
used, which is validated to be enough to capture
the flow field details. The characteristics of the flow
field between two adjacent fire sources (The sepa-
ration distances are 0.1 m, 0.2 m, 0.4 m and 0.5 m,
respectively) are analyzed, which helps us to under-
stand some of the air entrainment considerations
in our modeling process. 

Fig. 5 shows the simulation results of the tem-
perature profiles and velocity vectors of parallel
double fire sources under different separation dis-
tance conditions. From the front view of the ve-
rning rate and merging behaviour of double liquid pool 
e, https://doi.org/10.1016/j.proci.2022.09.032 

https://doi.org/10.1016/j.proci.2022.09.032


F. Tang, L. Deng, Q. He et al. / Proceedings of the Combustion Institute xxx (xxxx) xxx 5 

ARTICLE IN PRESS 

JID: PROCI [mNS; November 17, 2022;11:15 ] 

Fig. 5. CFD numerical simulation with different cross winds and fire separation distance conditions. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

locity flow field shown in Fig. 5 (a), it can be seen
that when the separation distance is 0.1 m, the
flame are completely merging, there is no air be-
tween the burners, and the air is mainly entrained
from the outside of the burner. As the separation
distance increases, the air entrainment from the
air gap between the two flames into each flame
increases. 

Under cross winds, the mass flux of a single pool
fire at a given radial distance from the pool centre
( x ) can be expressed, based on the stagnant layer
solution of liquid fuel evaporation and combustion
[26–28] , as: 

m 

′′ (x ) = 

[
k g 

c pg δ(x ) 

]
ln (1 + B) (1)

Where ˙ m 

′′ is the mass burning rate of one of 
two adjacent pools fires, k g is the gas-phase thermal
conductivity, c pg is the specific heat of gas phase,
δis the fluid dynamical boundary layer thickness
length scale, x is the Stream-wise distance, and B is
the fuel mass transfer (Spalding) number. Its val-
Please cite this article as: F. Tang, L. Deng, Q. He et al., Mass bu
fires under cross winds, Proceedings of the Combustion Institut
ues for different fuels can be found in Arpaci and 

Selamet [28] (The B number for n-heptane is 5.82). 
According to the boundary layer flow theory 

[29] : 

δ

x 

∼ 1 

Re λx 
(2) 

Where the exponent λ= 1/2 for laminar flows 
and approximately 4/5 for turbulent flows [30] . For 
forced convection, Re x = ux/v , where v is the kine- 
matic viscosity, Re is the Reynolds number, and u is 
the cross wind speed, thus we have 

δ

x 

∼ 1 

Re 1 / 2 x 

∼
( v 

ux 

)1 / 2 
(3) 

Substituting Eq. (3) into Eq. (1) and integrating 
along the hydrocarbon fuel pool from the centre to 

the edge ( D h ) yields 

˙ m 

′′ = 

1 
D h 

∫ D h 
2 

0 
˙ m 

′′ (x ) dx (4) 
rning rate and merging behaviour of double liquid pool 
e, https://doi.org/10.1016/j.proci.2022.09.032 
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Fig. 6. Scaling of mass burning rate based on stagnant layer theory and fuel mass transfer number in cross wind ( u > 0 ). 

Fig. 7. Comparison of the mass burning rate predicted by 
the proposed correlation ( Eq. (8) ) and the experimental 
results. 
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Where D h is the hydraulic diameter of a pool
 D h = 4LW/2(L + W) ). Combining Eqs. (1) and
4) , one obtains: 

˙  ′′ ∝ 

k g 

c pg v 1 / 2 

(
u 

D h 

)1 / 2 

ln ( 1 + B ) (5)
Please cite this article as: F. Tang, L. Deng, Q. He et al., Mass bu
fires under cross winds, Proceedings of the Combustion Institut
Fig. 4 indicates that the mass burning rate of 
two adjacent pool fires for a given cross wind speed
depends on the separation distance D . We intro-
duce here a new dimensionless parameter ( D/d ∗)
(where d ∗is the characteristic perimeter diameter
of the pool, ( d ∗= 2(L + W ) /π )), to incorporate the
effect of the separation distance on the combined
mass burning rate based on the stagnation layer so-
lution theory of a single pool fire source under rel-
atively strong air convection: 

˙ m 

′′ = fcn 

[ 

k g 

c pg v 1 / 2 

(
u 

D h 

)1 / 2 

ln ( 1 + B ) , 
D 

d ∗

] 

(6)

According to the overall trend of mass loss
rate with the fire separation distance, the follow-
ing function is proposed to incorporate the effect
of cross air flow, burner separation distance and
burner aspect ratio on the mass burning rate of two
adjacent pool fires. 

˙ m 

′′ ∝ 

k g 

c pg v 1 / 2 

(
u 

D h 

)1 / 2 

ln ( 1 + B ) exp [ 

α

(
D 

d ∗
+ 1 

)−β
] 

(7)
rning rate and merging behaviour of double liquid pool 
e, https://doi.org/10.1016/j.proci.2022.09.032 
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Fig. 8. A physical model for flame interaction of double liquid pool fires under cross winds. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

where αand β are constants which were deter-
mined based on the best fitting of the data as
shown in Fig. 6 , having values of 0.7 and 0.8,
respectively. 

˙ m 

′′ = 0 . 47 
k g 

c pg v 1 / 2 

(
u 

D h 

)1 / 2 

ln ( 1 + B ) 

exp 

[ 

0 . 7 
(

D 

d ∗
+ 1 

)−0 . 8 
] 

+ 19 . 48 (8)

Eq. (8) was obtained using the data of this study
and that in the literature [ 6 , 22 , 30 , 31 ]. The new cor-
relation captures well the mass burning rate of the
gasoline [ 30 , 31 ] and acetone fires [22] . Meanwhile,
the correlation proposed in this paper can better
characterize the large-scale experimental data [31] .
However, it overpredicts the mass burning rate of 
the methanol fire [6] . This could be explained by
the fact that a methanol fire is much less sooty than
the other fuels considered here and thus the radia-
tive heat feedback from the flame to the fuel sur-
face would hence be less comparing with other hy-
drocarbon flames. The constant of proportional-
ity derived from the heptane data in the present
study would hence lead to overpredictions of ra-
diative heat feedback to the fuel surface and, as a
result, the fuel evaporation rate. Fig. 7 shows the
comparison of the experimentally measured data
(for both single and double pool fires) in this study
with those predicted by the proposed correlation
( Eq. (8) ). There is a good agreement between the
two sets of data with a relative error less than 20%.
Note that in the calculations the burning of the sin-
gle fire was considered to be equivalent to that of 
the double fires whose separation distance is infi-
nite ( ∞ ). 

3.2. Flame merging behaviour of double liquid pool 
fires under cross wind 

3.2.1. Theoretical analysis 
In order to predict the flame merging behaviour

of the double liquid pool fires, it is important to ex-
Please cite this article as: F. Tang, L. Deng, Q. He et al., Mass bu
fires under cross winds, Proceedings of the Combustion Institut
amine the underlying physical phenomena in such a 
configuration. Fig. 8 presents a physical model for 
flame interaction of double pool fires under cross 
wind. As can be seen from the figure, the main fac- 
tors affecting the flame merging are: 

(a) The inertia force ( Fi ) induced by cross wind: 
as the cross wind increases, the air exchange 
between the two burners accelerates and the 
air entrainment increases from the air gap be- 
tween the two flames into each flame, thus in- 
creasing the burning rate of the liquid. At the 
same time, this leads to a decrease in the pres- 
sure ratio between the outer left and right 
sides and the two burners, which leads to a 
decrease in the probability of flame merging. 

(b) The thermal buoyancy ( Fb ) induced by flame 
burning: thermal buoyancy depends mainly 
on the fire heat release rate. As the fire 
heat release rate increases, the flame merging 
probability increases. 

(c) The separation distance effect D/Dh : as the 
separation distance increases, the heat feed- 
back received by the liquid decreases, which 

leads to a decrease in the liquid burning 
rate. Also, the flame merging probability de- 
creases. 

3.2.2. Physical modeling of flame merging in a 
two-liquid pool fire under cross winds 

As we discussed earlier, the merging behaviour 
of two adjacent fires depends on both the sep- 
aration distance and cross wind speed. This is 
clearly demonstrated in Fig. 9 , showing typical im- 
ages of the two parallel rectangular flames from 

the line burner. Fig. 9 (a) depicts the merging be- 
haviour of the double pool fires as the separa- 
tion distance increases under no wind, whereas 
Fig. 9 (b) shows the merging behaviour as the wind 

speed increases for the same separation distance 
( D = 0.2 m). 

Analysis of the images in Fig. 9 reveals that the 
flame merging characteristics of double pool fires 
can be divided into three regimes with increasing 
rning rate and merging behaviour of double liquid pool 
e, https://doi.org/10.1016/j.proci.2022.09.032 
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Fig. 9. Flame morphology relationship between two parallel rectangular fires (Front view), aspect ratio n = 10. 

Please cite this article as: F. Tang, L. Deng, Q. He et al., Mass burning rate and merging behaviour of double liquid pool 
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Fig. 10. Flame merging probability P m 

against separation 
distance D . 

 

 

 

 

 

 

 

 

 

 

 

 

 

separation distance D : (1) the continuous merging
regime; (2) the intermittent merging regime, and (3)
the non-merging regime, where the flames burn in-
dependently. 

Based on the image processing method of flame
merging [32] , we can introduce the flame merging
probability of double pool fires under cross wind.
Flame merging probability P m 

is defined as the
number of frames showing flame merging N m 

di-
vided by the total number of frames N within 60 s
during the steady burning state. 

P m 

= 

N m 

N 

(9)

If the flames burn independently, P m 

= 0, if the
two fires always merge, P m 

= 1, and 0 < P m 

< 1 cor-
responds to the intermittent flame merging regime.
Please cite this article as: F. Tang, L. Deng, Q. He et al., Mass bu
fires under cross winds, Proceedings of the Combustion Institut
Fig. 10 shows the evolution of flame merging 
probability with the burner separation distance for 
both square and line burners. We can observe that 
(a) for all the cases, the flame merging probability 
P m 

decreases from 1 to 0 with increasing separa- 
tion distance D , and (b) for the cases with the same 
separation distance, the flame merging probability 
P m 

generally decreases with increasing cross wind 

speed. Clearly, the characteristics of the pool fire 
( ˙ Q , D h , D ), ambient parameters ( ρ0 , C p , T 0 , g) and 

the cross wind speed u are the controlling parame- 
ters for determining P m 

, i.e., 

P m 

= f cn 
( ˙ Q , ρ0 , c p , T 0 , g, u, D, D h 

)
(10) 

Where the chemical heat release rate can be cal- 
culated as 
˙ Q = χ ˙ m 

′′ 	H c (11) 

where χ is the combustion efficiency and 	H c is the 
heat of combustion per unit fuel mass, which is 
44.56 MJ/kg for n-heptane. 

Based on dimensional analysis, Eq. (10) can be 
re-written as: 

P m 

= f cn 

( 

˙ Q 

ρ0 c p T 0 g 1 / 2 D 

5 / 2 
h 

, 
u 2 

gD h 
, 

D 

D h 

) 

(12) 

Based on above dimensional analysis, 
we correlated the flame merging probability 
P m 

with dimensionless fire heat release rate 
˙ Q 

∗ = 

˙ Q / (ρ0 c p T 0 g 1 / 2 D 

5 / 2 
h ) , Froude number and 

dimensionless separation distance D/D h , as shown 

in Fig. 11 . A piecewise function can be deduced as 
shown in Eq. (13) , which represents the “fully merg- 
ing regime”, the “intermittent merging regime”, 
and the “non-merging regime”, respectively. It can 

also be noted that the proposed correlation also 

predicts well the experimental data in a previous 
study [12] for two parallel rectangular fires under 
no wind. 

P m = 

⎧ ⎪ ⎪ ⎪ ⎪ ⎪ ⎪ ⎪ ⎪ ⎪ ⎪ ⎪ ⎪ ⎪ ⎪ ⎪ ⎪ ⎪ ⎪ ⎪ ⎪ ⎪ ⎪ ⎪ ⎨ 

⎪ ⎪ ⎪ ⎪ ⎪ ⎪ ⎪ ⎪ ⎪ ⎪ ⎪ ⎪ ⎪ ⎪ ⎪ ⎪ ⎪ ⎪ ⎪ ⎪ ⎪ ⎪ ⎪ ⎩ 

1 , 

˙ Q 

∗−0 . 95 

(
u 2 

gD h 
+ 0 . 5 

)1 / 3 (
D 

D h 

)0 . 6 

≤ 0 . 09 

1 . 7 − 7 . 74 ̇  Q 

∗−0 . 95 

(
u 2 

gD h 
+ 0 . 5 

)1 / 3 (
D 

D h 

)0 . 6 

, 

0 . 09 < 

˙ Q 

∗−0 . 95 

(
u 2 

gD h 
+ 0 . 5 

)1 / 3 (
D 

D h 

)0 . 6 

≤ 0 . 22 

0 , 

˙ Q 

∗−0 . 95 

(
u 2 

gD h 
+ 0 . 5 

)1 / 3 (
D 

D h 

)0 . 6 

> 0 . 22 

(13) 
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Fig. 11. Flame merging probability P m 

against dimensionless heat release rate, Froude number and separation distance D . 
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. Conclusions 

In this paper, experimental and theoretical work
as conducted to study the mass burning rate and
ame merging behaviour of double liquid pool fires
nder cross wind. Two burner aspect ratios, six
ross wind speeds and fiv e separation distances (be-
ween the two pool fires) were used. The major find-
ngs are as follows: 

(1) The mass burning rate of two adjacent pool
fires was found to exhibit a non-monotonic
behaviour. It increases initially with the sep-
aration distance until a critical value, after
which it decreases with a further increase in
the separation distance. This was attributed
to the fact that, with increasing cross wind
speed, air entrainment increases whereas the
radiation feedback from the adjacent fire de-
creases. These two factors compete against
each and dominate depending on the sepa-
ration distance. A correlation was developed
for the mass burning rate based on the stag-
nant layer solution of liquid fuel evapora-
tion and combustion, incorporating the sep-
Please cite this article as: F. Tang, L. Deng, Q. He et al., Mass bu
fires under cross winds, Proceedings of the Combustion Institut
aration distance between two fires and cross
winds. The deduced correlation predicts well
the present experimental data for heptane as
well as the literature data for gasoline and
acetone for both double and single pool fires,
with the distance set to infinite for the latter.

(2) The flame merging characteristics were ex-
amined by imaging analysis. Three regimes
were identified with increasing separation
distance and cross wind, fully merging, inter-
mittent merging and non-merging, applica-
ble to all experimental data. Based on dimen-
sional analysis, a piecewise linear function
for the flame merging probability was devel-
oped ( Eq. (13) ), which correlates well with
the present data and that in the literature for
two parallel fires under no cross wind. 
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