International Journal on Engineering Performance-Based Fire Codes, Volume 11, Number 2, p.43-48, 2012

NUMERICAL STUDIES ON ‘BARE CABIN’ FIRES WITH OPERATION OF
SMOKE EXTRACTION SYSTEM
Q. Kui
Institute of Building Fire Research, China Academy of Building Research, Beijing, China

W.K. Chow
Department of Building Services Engineering, The Hong Kong Polytechnic University, Hong Kong, China
(Received 3 January 2013; Accepted 6 February 2013)

ABSTRACT
Numerical studies on pre-flashover fires in a bare cabin were carried out with a fire field model through the
application of Computational Fluid Dynamics (CFD).
The cabin was of size 4 m by 4 m by 3 m with a door of 2 m wide and 2.5 m high opened. Air flow and
temperature field induced by a design fire were simulated. The CFD package PHOENICS was selected as the
simulator.
Further, air flow in the compartment with the operation of a smoke extraction system was also simulated. The
results were compared with those predicted by a two-layer zone model in the popular fire engineering tool
FIREWIND.

1.

INTRODUCTION

‘Cabin’ design [e.g. 1-5] is commonly used for fire
protection in big halls in Hong Kong (now the
Hong Kong Special Administrative Region
HKSAR). This takes the advantage of utilizing
more space for retailing in tall big halls without
designing smoke management system with high
extraction rates up to 12 air changes per hour (ACH)
[e.g. 6]. No doubt, this design is appropriate in
allocating retail areas with higher fire risk together
in those halls.
However, the likelihood for flashover to occur in a
cabin [7,8] should be watched carefully. Earlier
theories and experiments demonstrated [8-14] that
flashover occurs easily in small space with high
contents of combustibles. Post-flashover retail
shop fires should be assessed [14]. Bearing in
mind that the main function of sprinkler systems is
only to ‘control’ [15] a fire under a certain size, not
to ‘suppress’ nor ‘extinguish’ the fire. Upon
operating a sprinkler, the growth of heat release
rates of the fire might be reduced if the system is
reliable and designed properly. There might be
problems due to the hot steam produced.

scenarios, depending on the building occupancy,
combustibles stored, location of the hall, culture,
social and political stability.
Fires which occur in a cabin when the sprinkler
system and smoke extraction system are not yet
started to operate for whatever reasons, or known
as ‘bare cabin’ fires [9-11], had been studied
before. In case of the sprinkler system in a cabin
does not work, a ‘small’ cabin might become a big
hot object in the hall, in particular for shops selling
alcohol. This would entrain huge amount of hot air
as the perimeter of the fire grows bigger.
The effect of operating only the smoke extraction
system in a ‘bare cabin’ fire without the operation
of sprinkler will be studied using a fire field model
in this paper. The Computational Fluid Dynamics
(CFD) package PHOENICS [17] was selected as
the simulator. The effect of smoke extraction
operation in a cabin is also studied. Further, the
results predicted by CFD are compared with those
predicted by the two-layer zone model FIREWIND
[18] version 3.4.

2.
Detailed design of smoke extraction systems in
cabins is not clearly described in the local codes
[16]. There are also ‘open’ and ‘closed’ cabins.
Therefore, the cabin design should be applied
carefully by considering appropriate fire hazard

CFD SIMULATIONS

A cabin of length 4 m, width 4 m and height 3 m
was studied. There is a door of height 2.5 m and
width 2 m. For better description of the free
boundary, the computing domain was extended 4 m

43

International Journal on Engineering Performance-Based Fire Codes

outside the cabin. The geometry was divided into
25, 15 and 30 (with 15 parts assigned inside the
cabin) parts along the x-, y- and z-directions as
shown in Fig. 1. The grid sizes were smaller in the
regions close to the fire and door. For example, at
a distance 1 m away from the door, 4 parts were
divided.
The effect of smoke exhaust system on the
development of the fire environment was evaluated.
A mechanical smoke exhaust system was assigned
with hot air extracted through a ceiling vent of size
1 m by 1 m. Upward air speed of 0.53 ms-1 and
differential pressure 100 Pa were assigned at the
vent to give an extraction rate of 40 air changes per
hour (ACH).
Two simulations were carried out:



 ( t ) (in kW) follows a NFPA slow t2-fire [19]
Q
with a cut-off value of 1 MW as:
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A fire of area 1 m by 1 m and height 0.5 m was
assumed at the cabin centre. The heat release rate

P1

P2

P3

RESULTS

Velocity vectors predicted across the central
vertical plane at x = 2 m for simulations A and B
are shown in Fig. 2; temperature contours from 30
to 120C at the same plane in Fig. 3; and pressure
differential contours including the neutral lines in
Fig. 4.

Exhaust
1m×1m

1 MW
slow t2 Fire
1 m × 1 m× 0.5 m

Fig. 1: Geometry of the cabin
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t  600 s

The air flow patterns and temperature fields
induced by the fire were simulated by the CFD
package PHOENICS version 3.1.

3.

Case A: Cabin without the operation of a
smoke exhaust system.
Case B: Cabin with a smoke exhaust system
operating at 40 ACH.

t  600 s

Grid
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3 ms-1

4.5 ms-1

(a) Simulation A

(b) Simulation B

Fig. 2: Velocity vectors across the central plane at x = 2 m

(a) Simulation A

(b) Simulation B

Fig. 3: Temperature contours across the central plane at x = 2 m
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Fig. 4: Pressure distribution across the central plane at x = 2 m

From the velocity vector diagrams, it is observed
that hot air moved out of the ceiling vent upon
activation of the smoke extraction system. High
amount of air was drawn in through the door due to
the fire and operation of the extraction fan.
Consequently, indoor temperature in most part of
the room fell below 60C. The differential pressure
contours are different from the case without the
operation of the fan. A possible explanation is that

a differential pressure of 100 Pa was induced at the
exhaust outlet.
A comparison of the results predicted by CFD and
by the zone model is shown in Fig. 5. In order to
compare with the hot layer positions predicted by
the zone model, CFD results in three positions at
P1, P2 and P3 as shown in Fig. 1 (i.e. at room center
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and x = 4 m, 3.4 m and 3.8 m respectively) are
shown.
Vertical temperature profiles predicted by the CFD
model at P1, P2 and P3 and by the zone model are
shown in Fig. 5. Agreements between the results
predicted by the two models are fair for simulation
A, but not for simulation B with the smoke
extraction fan switched on. However, it is clear
from Figs. 2 to 4 that a stable thermal stratified
layer would not be formed for simulation B. As

CFD
P2
P1 P3

Zone Model

pointed out recently, there might be mixing across
the smoke layer interface upon operation of the
exhaust fan. A two-layer zone model might not
work as pointed out earlier [20].
The average vertical temperature profiles predicted
by CFD over the three positions P1, P2 and P3 are
shown in Fig. 6 together with those predicted by the
zone model. The patterns look similar for
simulation A but not for simulation B.

CFD
P2 P1 P3

Zone Model

(a) Simulation A

(b) Simulation B

Fig. 5: Air temperature and hot layer height in CFD and zone model

Zone Model

Average CFD

Average CFD

Zone Model

(a) Simulation A

(b) Simulation B

Fig. 6: Average vertical profiles of CFD models
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4.

CONCLUSION

‘Bare cabin’ fires with only the smoke extraction
system operating under a 1 MW NFPA slow-t2 fire
[19] were studied using fire field modeling. The
CFD model PHOENICS was used as the simulator.
From the results, it is observed that when the smoke
exhaust system was operating, air temperature did
not change much. However, the position of the
neutral pressure plane changed.
Detailed experiments on cabin fires, especially
those ‘open’ cabins, should be carried out with
some studies on retail shops selling books, video
compact discs and clothings. The following should
be studied as fire protection systems including fire
detection system, sprinkler system and smoke
extraction system are expected in each cabin:








performance of the systems integrated;
whether the sprinkler system or smoke
extraction system should be operated first;
the time for detecting a fire, operating the
sprinkler to discharge water, turning on the
smoke extraction system and the time for
people staying inside to escape;
whether the cabin should be enclosed
completely in case of a fire;
the impact of exposure of occupants to the
steam generated by the sprinkler water;
performance of new fire services installation
such as total gas flooding systems with clean
agent heptafluoropropane.

The results are useful for the Authority to inspect
new projects of this kind, especially for those who
are not so experienced in using fire models while
implementing engineering performance-based fire
codes [21].
As raised recently [22], cabin design is not
enclosed as a submarine compartment. Flame and
smoke can spread out from the opening when there
is a fire. Appropriate protection must be provided
for new buildings. Existing buildings with cabin
design must be reviewed to put in additional
systems [23].
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