
www.elsevier.com/locate/etfs

Experimental Thermal and Fluid Science 32 (2007) 29–37
Smoke leakage through wall openings in a fire
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Abstract

This study developed a full-scale smoke-barrier system and established a testing procedure to investigate wall openings of various
geometric shapes, which may be passageway for cables and pipes and are usually of irregular shapes, for different pressure differences
and temperatures. In addition, a simple analytical model was developed to correlate the experiment data. The results showed that the
smoke leakage rate was dependent on several factors, including pressure difference, gas temperature, geometric shape and area of open-
ing. The rate of smoke leakage was proportional to the square root of the pressure difference or to the reciprocal of the square root of the
upstream gas temperature. An opening of higher perimeter-to-area ratio had higher resistance against smoke flow and thus allowed smal-
ler rate of smoke leakage. Finally, a geometric loss factor was assigned to the tested wall opening to indicate its smoke leakage charac-
teristics. In the study, the capability of the testing device and the application of the testing procedure were verified to be suitable for the
fire tests of more complicate objects, such as smoke barriers or doors, in the future.
� 2007 Elsevier Inc. All rights reserved.
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1. Introduction

Smoke contents and its movement are among the basic
elements for the characterization of a fire situation. The
combustion conditions, e.g., flaming, pyrolysis, and smol-
dering, affect the amount and properties of the smoke. In
an ordinary fire, personal injury does not substantially
result from the scorching of the heat but rather from the
choking or poisoning of the smoke. As the personal
incomes and the living quality are improved, interior deco-
rations pile up and more smoke-producing materials, such
as PVC boards, plastics, fireproof boards and planks are
used. As these inflammable materials burn, plenty of
smoke, irritant toxic gases and carbon monoxide would
easily be produced. Thus, smoke control and smoke barrier
have become increasingly important. Recently, some regu-
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lations related to smoke leakage, such as ISO 5925/1 [1],
ISO 5925/2 [2] and UL 1784 [3] have been established.

In ISO 5925, it mainly evaluates the performance of
door and shutter assemblies intended to act as barriers of
smoke in a fire under different pressure variations
(5–100 Pa) and different temperature modes (ambient tem-
perature, 200 �C and an undefined high temperature) to
measure the smoke leakage. The standard of UL 1784
describes the investigation of air leakage through door
assemblies installed in wall openings where air leakage is
to be controlled. And the purpose of the test is to determine
only the resistance of a door assembly, in the closed posi-
tion, to air leakage resulting from a specified air pressure
difference applied across the surface of the entire door
assembly. Basically, the testing methods of ISO 5925 and
UL 1784 are very similar.

From the early 1980s, researchers started to do experi-
ments on smoke dampers. Smoke dampers can be either
passive or active. In passive smoke management systems,
smoke dampers are intended for the inhibition of smoke
passage under such forces as buoyancy, stack effect, and
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Nomenclature

A area, m2

D hydraulic diameter of the opening (4 · cross-
sectional area/wetted perimeter), m

FR friction force, N
KL geometric loss factor, dimensionless
_m mass rate of smoke leakage, kg/s
P pressure, Pa
DP pressure difference across the specimen, Pa
_Q volumetric smoke leakage rate, m3/s
Re Reynolds number, qoV oDh

lo

T temperature, �C
TC1–TC9 measured temperatures in the pressure cham-

ber, �C
TC01–TC09 measured temperatures in the gastight cham-

ber, �C
Tin temperature of the inlet hot gas into the pressure

chamber, �C

Tout downstream temperature of the leaking smoke,
which is measured right before the flow rate
measuring device, �C

V velocity of smoke, m/s

Greeks

b density ratio, dimensionless
q smoke density, kg/m3

qs smoke density at the flow measuring point, kg/
m3

Subscripts

o opening
1 upstream of the pressure chamber
2 downstream of the gastight chamber
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wind. Dampers with low leakage characteristics are advan-
tageous for passive applications. In active smoke control
systems, smoke dampers are used to control the passage
of air which may or may not contain smoke [4]. Cooper
[5] identified relevant parameters on the smoke leakage
characteristics of door assemblies. He suggested a series
of door assembly test methods based on a review of the
availability and development status of existing and poten-
tial test method candidates. Furthermore, the concept of
smoke compartmentation and the importance of cross-
door pressure differential in accessing the performance of
door assemblies in a fire-generated environment were intro-
duced and developed.

With the progress of fire researches, the knowledge of
smoke propagation in a fire has been further understood.
Klote [6,7] mentioned that smoke propagation in the scene
of a fire was related to many factors such as the tempera-
ture, states of the doors and windows, strength of the wind,
position of the smoke-barrier device, chimney effect and
design of air-conditioner and so forth. Thus, the function
and the applicability of a smoke-barrier device in a build-
ing cannot be identified with just one test method or one
leakage standard. Sudo et al. [8] followed ISO 5925/1 and
conducted a leakage test for fire doors. They pointed out
that the performance of a smoke-barrier was in relation
to the position of the installation, as well as the intensity
of heat source and pressure differences. Therefore, the
smoke-barrier device should be provided with temperature
and pressure-difference adjustments. Their results showed,
as expected, that larger leakage area would let out more
smoke. When the heating temperature rose to 400 �C and
the pressure differences fell below 100 Pa, the smoke leak-
age would decrease dramatically.

Based on the process provided in ISO 5925/1, Sheppard
and Aittaniemi [9] utilized two kinds of fire damper, a fire
stop and seven fire doors to test the smoke leakage. The
specimen was first heated to about 180 �C to measure the
distortion and after the specimen cooled down they pro-
ceeded with the smoke leakage test. The pressure differ-
ences were set up from 5 to 100 Pa to analyze the
relation between the pressure difference and the smoke
leakage at the ambient temperature. In general, as the pres-
sure differences increased, the smoke leakage increased.

Kazuki [10] investigated the heat insulation characteris-
tic and smoke-blockage performance of a window, in a
simulated fire. Their result showed that, below a certain
temperature, the amount of smoke leakage depended only
on the clearance between the frame and the window. When
the temperature exceeded some higher values, however, the
major factors which would affect leakage characteristics
became the crevice or breakup of the window.

Sudo et al. [11] examined the smoke-barrier perfor-
mance of fireproof dampers in high temperature environ-
ments and investigated the influences of pressure
differences and heating temperature on smoke leakage.
When temperature was below 400 �C, the characteristics
of smoke leakage was nearly equal to those at room tem-
perature. When the heating temperature was raised over
600 �C, however, the synthetic rubber used as airtight
materials were burnt and deformed; as a result, large
amount of smoke appeared owing to generation of the
gap. It was also found that heating position (indoor or out-
door) has no effects on smoke leakage.

Another research [12] used sheet-metal damper to study
the influences of effective open-area on smoke-barrier per-
formance. The results indicated that the amount of smoke
leakage for each testing specimen was almost linearly pro-
portion to the increase of pressure. Owing to the known
performance of the sheet-metal damper as smoke-barrier,
the clearance between pipe-wall and damper was inferred
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to be the most important factor which caused leakage as
pressure difference increased.

In modern multi-storey buildings, there are wall open-
ings for the passage of air conditioning ducts, pipes, and
cables. Together with doors and windows, they form a link
between the inside of a room to the outside environments.
As a fire occurs inside or outside the room, the combustion
gases and smoke would flow through the openings and
cause personal or property damage. Thus, the principal
factors which control the movement of the combustion
gases and smoke through these openings deserve our atten-
tion. Full-scale testing of smoke leakage in a high-temper-
ature environment simulating a real fire has been little
studied. In view of this, the present study first established
a full-scale smoke-barrier testing device and then investi-
gated wall openings of various geometric shapes, which
may be passageway for cables and pipes and are usually
of irregular shapes, for different pressure differences and
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Fig. 1. The scheme and pictures of the smoke-barrier system: (a) smoke-barri
testing device.
temperatures. This study can aid in the understanding of
the principles governing smoke flow through irregular wall
openings in a fire.

2. Experimental apparatus and methods

A smoke-barrier system had been designed and con-
structed in this study, as shown in Fig. 1. It consisted of
a refractory wall/door testing furnace (Fig. 1b) and a
smoke-barrier device (Fig. 1c). The smoke-barrier system
could be used to simulate and examine the smoke behavior
though openings (vents or holes), door and shutter assem-
blies in a building fire.

2.1. Refractory wall/door testing furnace

A refractory wall/door testing furnace was used to
provide high-temperature combustion gases to the
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smoke-barrier testing device for the simulation of smoke
flow in a fire. The standards of construction and the func-
tions of the furnace were in accordance with ISO 834, CNS
11227 and ISO 3008. The inner and outer dimensions of
the furnace were 430W · 450H · 100L (cm) and
500W · 520H · 140L (cm), respectively. Steel structures
were used on the exterior of the furnace, test frame, air sup-
ply device, exhaust duct and hood. The surfaces inside the
furnace were covered with fireproof ceramic-fiber materials
capable of enduring a temperature over 1400 �C. The fuel
used was LPG and the burning system contained flat flame
burners, which were all equipped with UV flame sensors to
monitor the flame state. The available testing area, which
was directly exposed to the furnace fire, and the maximal
testing duration were 300W · 300H (cm) and 4 h,
respectively.

2.2. Smoke-barrier testing device

The smoke-barrier testing device could be divided into
five sections, such as hot-gas circulatory section, gastight
chamber, temperature/pressure feedback system, motor-
driven wheeled platform and the specimen. The whole
configuration is sketched in Fig. 1a. The airtight hot-gas
circulatory section contained a pressure chamber and a cir-
culation fan (800 �C, 240 m3/min, 50 mmAq). The circula-
tion fan blew the hot gases from the refractory furnace, to
form a high-temperature and constant-pressure environ-
ment in the upstream of the test specimen to simulate the
smoke distribution of an actual fire. The gastight chamber
was composed of an air-induction fan (300 �C, 100 m3/min,
50 mmAq), exhaust pipes and a flow meter (orifice type, 4–
20 mA output). The air-induction fan controlled the down-
stream pressure of the test specimen so as to establish a
specified pressure difference across the specimen and then
the flow rate of the smoke leakage could be measured.
The temperature and pressure feedback system included
K-type thermocouples (the accuracy was 1000 ± 4.73 �C),
pressure transducers, data management systems and con-
trol panels. The specimen embedded in the testing frame,
which was set up between the pressure chamber and the
gastight chamber, could be of various types such as wall
openings, fire dampers, fireproof wood doors and steel
doors, etc. In this study, wall-opening specimens of differ-
ent geometric shapes were used for examining their smoke
leakage characteristics.

2.3. Experimental methods

The hot combustion gas in the refractory wall/door test-
ing furnace was drawn into the pressure chamber by the
circulation fan; and the temperature in the chamber was
controlled at certain nominal values (100, 200, 300, 400,
or 500 �C) to simulate various fire intensities. Fig. 2a and
b indicate locations of 18 thermocouples and the wall-
opening specimen on the testing frame, viewing from the
pressure-chamber side and gastight chamber side, respec-
tively. All thermocouples stayed 10 cm away from the sur-
face of the testing frame. The testing frame, which was set
up between the pressure chamber and the gastight cham-
ber, was a 3 m · 3 m concrete wall with a 1 m · 1 m steel
plate of thickness 5 mm at the center. And the steel plate
installed a wall opening of a certain area and a certain geo-
metric shape, which was used for smoke leakage testing in
this study. Thermocouples TC1–TC9 measured the temper-
ature distribution of the pressure chamber side (upstream
high-temperature side) of the specimen; and thermocouples
TC01–TC09 measured the temperature distribution of the
gastight chamber side (downstream low-temperature side)
of the specimen.

In the present experiment, three openings with different
geometric shapes of rectangular, square and circular were
used. The pressure differences were controlled at 30, 50,
100, 150, 200, 250 or 300 Pa across the specimen by chang-
ing the capacity of the air-induction fan. The temperature
in the pressure chamber was controlled and maintained
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with a 100 �C stepwise increment from the room tempera-
ture to 500 �C. The temperature steps specified here were
only nominal. By controlling the burning intensity of the
burners in the refractory furnace together with the hot
gas recirculation, the real temperature in the pressure
chamber gradually approached to the setting value. The
real temperature reached in each step was not exactly the
same as the setting value, but it remained constant and
steady for a period of time in which the pressure differences
were generated and the smoke leakage rates were also mea-
sured at the same time. Therefore, if one followed the same
controlling strategy to obtain the same real temperature,
the repeatability of measuring the smoke leakage rate was
acceptable with error less than 5%. The above-mentioned
experimental conditions covered the range of temperatures
and pressure differences commonly observed in a domestic
fire.
3. Results and discussions

3.1. Room-temperature testing

Fig. 3 shows the rate of smoke leakage through different
leakage areas of square opening at ambient temperature as
a function of pressure difference. In the figure, Ao and _Q
respectively indicate the leakage area of square opening
and the volumetric smoke leakage rate. T1 and DP repre-
sent the average operating temperature in the pressure
chamber and the pressure difference across the specimen,
respectively. First we notice that as the leakage area was
equal to 0 cm2, for all pressure differences, the leakage rate
of the system approached 0 m3/min. This ensured the air
tightness of the gastight chamber.

The volumetric smoke leakage rate increased as either
the leakage area or the pressure difference increased. The
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Fig. 3. Variations of smoke leakage rate with Ao under various pressure
differences at ambient temperature for a square wall opening.
volumetric flow rate of smoke leakage was seen to vary
proportionally with the leakage area for a fixed pressure
difference or with the square root of pressure difference
for a fixed leakage area. For example, as pressure difference
increased from 50 Pa to 300 Pa for a leakage area of
30 cm2, the volumetric flow rate of leakage rate would
increase from 1.2 to 3.2 m3/min. These relations can be eas-
ily explained by basic principles for constant-temperature
incompressible flows in fluid mechanics. After viewing the
room-temperature test result, performance and control of
the smoke-barrier system were found adequate for further
executing high-temperature leakage tests in which a fixed
30 cm2 leakage area was chosen as the opening area of
the specimen.

3.2. Smoke leakage at high temperatures

During the high-temperature smoke leakage test for var-
ious pressure differences across the specimen, the tempera-
ture distribution in the pressure chamber should be
maintained uniform and constant in the data recording
period at each testing condition. Thus, stepwise tempera-
ture control in the refractory furnace was adopted for the
experiments. Five temperature steps (100, 200, 300, 400
and 500 �C) were assigned, and for each temperature, seven
pressure differences (30, 50, 100, 150, 200, 250 and 300 Pa)
were applied across the specimen to measure the rate of
smoke leakage. The temperature steps specified here were
only nominal. All measurements and corresponding calcu-
lations were based on real time data output.

Temperature distributions in both sides of the testing
frame embedded with a rectangular shape of opening are
shown in Fig. 4 as an example to illustrate the temperature
variations in the experiment. Fig. 4a shows variations of
temperature distribution in the pressure chamber. The sym-
bol Tin, taken inside the refractory furnace, represents the
temperature of the inlet hot gas into the pressure chamber.
TC1–TC9 indicate the temperatures of the nine thermocou-
ples on the pressure-chamber side of the specimen; and
TCavg is the average of TC1–TC9. The inlet temperature
Tin was higher than TC1–TC9 and TCavg in the pressure
chamber because of the heat loss during the circulation
of the hot gas. The curves of temperature variation for nine
thermocouples (TC1–TC9) were quite close, indicating a
uniform temperature distribution on the pressure-chamber
side at any instant in the experiment. The smoke leakage
measurements were performed during the time period when
the temperature reached a step and stayed nearly constant.
The uniformity of temperature distribution on the pres-
sure-chamber side at any instant was mostly critical and
important in this study.

Fig. 4b represents the temperature distribution on the
gastight-chamber side of the specimen. Tout is the down-
stream temperature of the leaking smoke, which was mea-
sured right before the flow rate measuring device. TC01–TC09
indicate the temperatures of the nine thermocouples on the
gastight-chamber side of the specimen; and TC0avg is their
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average. It could be clearly seen that there were several val-
leys which exactly corresponded to the temperature steps
shown in Fig. 4a. As TCavg reached closely to the assigned
value and stayed nearly constant for a given temperature
step as shown in Fig. 4a, the induction fan was started to
generate various pressure differences in a stepwise fashion.
With increasing the pressure difference in the process, the
hot gas was drawn from the pressure chamber into the gas-
tight chamber resulting in an increase of temperature in the
gastight chamber. The increasing temperature reached a
local maximum shown in Fig. 4b until the leakage test
was done with shutting down the induction fan. Being for-
ward to the next temperature step, the temperatures (TC1–
TC9) of the pressure chamber increased, while the temper-
atures ðTC01–TC09Þ of the gastight chamber gradually
decreased because of the heat loss through the gastight
chamber. The oscillatory behavior of temperature variation
described above could be regarded as a necessary result
owing to the operation strategy in this study.

As can be seen in Fig. 4b, the temperatures of TC01–TC03
were the highest and TC07–TC09 were the lowest. The hot
gases through the opening flowed upward because the out-
going pipe was positioned on top; and therefore, the upper
region of the gastight chamber had higher temperatures
than the lower region. Since the temperatures of
TC01–TC03 were almost the same, similar observation for
TC04–TC06, it is worth to mention that the temperature dis-
tribution was uniform along the same height in the upper
and middle region of the gastight chamber.

In this study, three specimens of area 30 cm2 with geo-
metric shapes of rectangular (10 cm · 3 cm), square
(5.48 cm · 5.48 cm), and circular (6.18 cm in diameter)
were tested for their high-temperature smoke leakage rates.
To facilitate comparison, the measured volumetric smoke
leakage rates were corrected to mass smoke leakage rates,
which is shown as follows:

_m ¼ qs � _Q; ð1Þ
where _m is the mass smoke leakage rate (kg/min); _Q is the
measured volumetric flow rate (m3/min); and qs is the
smoke density (kg/m3) at the flow measuring point ob-
tained from the ideal gas law by using the local temperature
and pressure.

Fig. 5 shows the mass flow rate of smoke leakage _m as a
function of pressure-chamber temperature T1 (correspond-
ing to the measured TCavg) for various pressure differences
DP for the three specimens. In the experiment, as T1

increased from 30 �C to 500 �C, the mass smoke leakage
rate decreased gradually and this decreasing trend was more
apparent for higher pressure differences. Openings of differ-
ent geometric shape had similar temperature dependency. It
is noteworthy that the mass smoke leakage rate had its larg-
est value at room temperature. In Fig. 5, the rate of smoke
leakage _m was also seen to increase as the pressure difference
increased. Before more discussions on the experimental
data, we shall attempt to use a mathematical model to iden-
tify the parameters governing the leakage rate.

3.3. Smoke leakage characteristics analysis

Sketched in Fig. 6 is the schematic of a smoke-leaking
wall opening which is subjected to a high temperature gas
on the upstream side. The symbols A, P, q, V, and T repre-
sent local area of the opening, pressure, density, velocity and
temperature of the gas flow. The variables corresponding to
the pressure chamber, the gastight chamber, and the open-
ing are designated by subscripts 1, 2, and o, respectively.
Based on Fig. 4, it was found that at any instant, the temper-
ature distribution was entirely uniform in the pressure
chamber, and was also uniform along the same height in
the upper and middle region of the gastight chamber. Since
the area of the specimen was relatively small in comparing
with the total area of the testing chamber, it is reasonable
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to focus our attention to the neighborhood of the specimen
and neglect the height influence by using one-dimensional
flow assumption in our analysis. Taking a mass and momen-
tum balance between the upstream and downstream sides of
the opening, we obtain the following equations:

Continuity equation: _m¼ q1A1V 1 ¼ q2A2V 2 ¼ qoAoV o;

ð2Þ

Momentum equation: P 1� P 2�
F R

Ao

¼ q2V 2
2 � q1V 2

1: ð3Þ

In the momentum equation, FR is regarded as a momen-
tum loss from the friction of the opening and can be
written as F R ¼ AoKL
qoV 2

o

2

� �
, where KL is the geometric

friction factor. Considering A1 � A2, the momentum equa-
tion can then be rearranged as

P 1 � P 2 � KL

qoV 2
o

2
¼ q2

oV 2
oA2

o

q1A2
1

q1

q2

� 1

� �
: ð4Þ

By assuming the density at the opening as a certain multi-
ple of q1, i.e., qo = bq1, where b P 1, and then the velocity
Vo can be derived as

V o ¼ ðbq1Þ
�1

2ðP 1 � P 2Þ
1
2

KL

2
þ bA2

o

A2
1

q1

q2

� 1

� �" #�1
2

: ð5Þ

The mass flow rate is further expressed by

_m ¼ Aoðbq1Þ
1
2ðP 1 � P 2Þ

1
2

KL

2
þ bA2

o

A2
1

q1

q2

� 1

� �" #�1
2

: ð6Þ

From Eq. (6), it can be seen that there are four major fac-
tors influencing the mass flow rate, namely, A, q, DP, and
KL. If the opening is small compared with cross section A1,
i.e. A1� Ao, Eq. (6) can be reduced to the following
equation:

_m ¼
ffiffiffi
2
p

Aob
1
2q

1
2
1K
�1

2
L DP

1
2; ð7Þ

where q1 is inversely proportional to T1, if the ideal gas law
is assumed. Eq. (7) shows that _m varies with the 1

2
th power

of DP or q1 (or the negative 1
2
th power of T1). In this equa-

tion, Ao is taken as constant because the thermal expansion
coefficients of steel and concrete are small. KL is a function
of the geometry of the opening and the Reynolds number
of the flow. Since the narrow range of Reynolds number
involved in the experiment, KL varied slightly with the
Reynolds number for a given opening. For simplicity in
the calculation, the KL in Eq. (7) may be treated as a con-
stant taken by an average value from the experiment.
Based on the ideal gas assumption, the b in Eq. (7) showing
the ratio of qo and q1 is proportional to the ratio of T1 and
To. From the interpolation between T1 (the measured
TCavg) and T2 (the measured TC05Þ in the experiment, To

can be determined and further coupled with T1 to achieve
a simple correlation equation b = 1.3 · 10�3T1 + 0.992
(T1 P 30 �C) being used in Eq. (7) for calculations.

With the above-mentioned strategy, the theoretical rela-
tions of mass flow rate ð _mÞ to pressure difference (DP) or
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temperature (T) are plotted in Fig. 5 as dashed lines for com-
parison. In Fig. 5, the analytical model predicts the temper-
ature dependency of the mass smoke leakage rate correctly.
In previous studies, the decrease of mass smoke leakage rate
for higher temperature was usually attributed to the thermal
expansion of the specimen. But the thermal expansion coef-
ficient of steel was so small (in the order of 10�5 m/m), this
reasoning is questionable. According to the Eq. (7), it could
be known that the mass smoke leakage rate is directly pro-
portional to the density q

1
2
1 which is equivalent to T

�1
2

1 . As
the temperature T1 increases, the inlet smoke density would
reduce. Thus the mass smoke leakage rate would decrease
with � 1

2
th power of T1; and the thermal expansion effect

would be regarded as an insignificant factor.
Re (x104)

1
0        1        2        3       4        5        6        7        8

Fig. 8. The geometric loss factor as a function of Reynolds number for
various wall openings.
3.4. Smoke leakage influenced by geometrical shapes

Fig. 7 describes the differences of mass smoke leakage
rate for different geometric openings under different pres-
Ao = 30 cm2
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Fig. 7. Variations of smoke leakage rate with T1 and DP for various wall
openings.
sure differences and temperatures. For all cases, the flow
rates of the circular and square openings were closer to
each other than to the rectangular opening; and they had
higher leakage rate than the rectangular opening. Take
pressure difference DP = 200 Pa and temperature T1 from
30 �C to 500 �C for example, the mass smoke leakage rates
of rectangular and circular openings were from 3.03 to 2.27
and 3.07 to 2.45 kg/min, respectively. The increment of
smoke leakage for circular openings comparing to rectan-
gular opening was about 1–8%. The reason is certainly that
the geometric loss factor KL for the rectangular opening
was larger than that of square opening. The higher value
of KL of the rectangular opening came from its higher
perimeter-to-area ratio than the other two openings.

Fig. 8 shows a correlation of KL with various Reynolds
numbers (Re) for each geometric shape. KL was calculated
from the formula of 2DP

qoV 2
o
. The Reynolds number was

defined at the opening as qoV oDh

lo
; where Dh was the hydrau-

lic diameter of the opening. qo and lo were functions of To

which was determined by the interpolation between T1 (the
measured TCavg) and T2 (the measured TC05Þ. Vo was sim-
ply

_Q
Ao

. From Fig. 8, it is found that KL was nearly indepen-
dent of Reynolds number (Re) for the same opening, and
was just a function of the geometric shape. For the rectan-
gular opening, the average KL was about 1.71; and for the
circular and square openings, they were about 1.5 and 1.52.
A higher KL indicated a smaller leakage rate if all other
conditions were fixed.
4. Conclusion

This study developed a large-scale smoke-barrier testing
device and established a testing procedure to investigate the
rate of smoke leakage for a horizontal wall opening under
different pressure differences and temperatures, as might be
encountered in an actual fire. An analytical model for the
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dependence of smoke leakage rate on pressure difference
and temperature was also presented and compared with
the experiment findings. The conclusions are summarized
as follows:

(1) The smoke leakage rate is dependent on several fac-
tors including pressure difference, gas temperature,
geometric shape and area of opening.

(2) The rate of smoke leakage ð _mÞ is proportional to the
square root of the pressure difference (DP) or is inver-
sely proportional to the square root of the upstream
temperature (T1).

(3) An opening of higher perimeter-to-area ratio has
higher resistance against the smoke flow and thus
results in smaller rate of smoke leakage.

(4) The geometric loss factor (KL) of the opening varies
slightly for the narrow range of Reynolds number
encountered in this study.

In this study, the capability of the testing device and the
application of the testing procedure were finally verified to
be suitable for the fire tests of more complicate objects,
such as smoke barriers or doors, in the future.
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