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Abstract

Onset of internal fire whirls in a room with ceiling vents was studied numerically with
Computational Fluid Dynamics. Two different ventilation arrangements were set up by varying
the door height. Two fires of 0.12 MW and 0.24 MW were considered. Swirling air flow,
changes in eddy size and whirling speed near to the fire source were simulated. CFD
predictions indicate that air swirled up from the lower to the upper part of the room. Onset of
an internal fire whirl depends on the interaction between the indoor hot air and the outdoor cool

air flows. Swirling motion results when there is ventilation provision at the sidewall.
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1. Introduction

Fire whirls in mass fires were observed several times including the 2007 forest fire in California,
USA. As proposed by Emmons and Ying [1], flame whirling burns the fuels faster and more
vigorously. There are also concerns [2] on inducing internal fire whirls in atrium buildings
storing large amounts of combustibles with natural smoke venting design. For a room with
natural ventilation provided at the sidewalls, flame swirling would be different from fire whirls
induced in bigger buildings or in open atmosphere. Both experimental and numerical studies
on flame whirling due to natural ventilation were carried out by Satoh and Yang [3,4]. A
kerosene pool fire of 0.12 m diameter was burnt in a 0.7 m square shaft model of height 1.8 m.
The flame height was observed to stretch up to 1.7 m upon onsetting an internal fire whirl. The
flame height was several times longer than the normal value while burning the pool fire in free
space. Ventilation arrangement was identified to be a key factor. The air inlet and pool fire
were placed symmetrically in that particular scenario. Stability of the fire whirl and the
resulting swirling frequency depend on the symmetry of ventilation outlets and changes in heat
release rate. For rooms with natural ventilation provisions such as a door opening, a ceiling
vent or sidewall vents, an internal fire whirl can onset under some conditions [5]. A tall flame of
much higher heat release rates could be induced. It is necessary to study the hazard of such fire

scenarios.

Experimental studies on internal fire whirls produced within two semi-circular glass shields were
reported by Hassan et al. [6]. A shallow 5 cm propanol pool fire was burnt at the centreline.

Two gaps appeared on both sides with the two centres of glass shields overlapped. Outside air



was entrained to burn more vigorously. A maximum air speed of 0.7 to 0.9 ms™* was measured
by particle image velocimetry. Lower air density of 0.4 to 0.7 kgm™ was found at the upper
part of the pool fire. The value was much lower than 1.21 kgm at the air inlet. Outside cold

air was drawn in at 1.0 ms™ due to the pressure difference caused by the density difference.

Experiments were carried out by Snegirev et al. [7] to investigate the conditions for onsetting
buoyant whirling flame. A test room of size 2.77 m by 2.4 m with height 2.29 m was
constructed of corrugated steel with a hardwood floor. A door of width 0.8 m and height 1.95
m was placed in the front wall at a distance 0.135 m away from the sidewall. A ceiling vent of
size 0.8 by 0.9 m was located at the centre. A pool fire with commercial fuel gas of diameter
0.6 m and lip height 0.3 m was placed at the room centre. Room-scale whirling flames were
observed. The period between onset and destruction of the whirling core was recorded. The
reduction in burning time for a fixed amount of liquid fuel with fire whirls was also reported.
Numerical simulations on inducing buoyant whirling flames in the experiments were carried out.
Predicted results illustrated that the rotational flow was induced by buoyant turbulent diffusion
flame. Effects of the opening ventilation condition were discussed. Rotating flames were
predicted when the doorway was fully open. Flame swirling was not predicted when the
incoming airflow was deflected towards the axis. Burning rate for flame swirling would
increase from 0.029 to 0.039 kgms?, compared with that from 0.017 to 0.027 kgm?s? for
non-whirling flames. Swirling of fire in the compartment was described in detail. Swirling
patterns at different times and correlation with heat release rates were derived. Numerical

results indicated that the Swirl number is proportional to the external circulation.



An internal fire whirl [5,8] can be set up readily by burning a small fire in vertical shafts with
sidewall ventilation. In a compartment with a vent, motion of the fire plume is not stable with
swirling observed at the side of the compartment in many experiments. An internal fire swirl
might be induced when vents along the symmetric room axis are provided. Internal fire whirls
induced by a pool fire in a vertical shaft of height 15 m with different ventilation conditions were
studied experimentally [9]. Ventilation was provided from the sidewall with a gap of different
widths. Gasoline pool fires with diameters up to 0.46 m were put inside the shaft. Average flame
height was found to be 1 to 4.5 m when whirling onset. Experimental studies indicated that air
supply to the upper part of the shaft is a key factor for initiating internal fire whirls. Oxygen is
required to sustain combustion to generate heat for inducing whirling motions. Therefore, flames

will not whirl without adequate oxygen supply.

As the combustion involves many complicated intermediate chemicals, those reactions were not
considered in this paper. The effect of the door opening and ceiling vent on the creation of

internal fire whirls was studied.

Swirling of flame under natural ventilation in small compartments with ceiling vents and two
different ventilation arrangements were described in this paper. Ventilation provision at the
sidewall is a key factor for the onset of internal fire whirls with a ceiling vent. This point is
demonstrated in this paper by numerical simulations in a normal room with ceiling vent using

Computational Fluid Dynamics (CFD) [10].



2. An Extended Discussion

As observed experimentally by Snegirev et al. [7] in studying a room fire, hot smoke moved out
through the ceiling vent and the upper part of the door opening. The flaming and the plume
regions were not clear with swirling motion. The fuel burnt very vigorously after onset of
whirling motion.  The burning rates were from 0.029 to 0.039 kgm2s™ for whirling fires. Note
that the burning rate was only lying from 0.017 to 0.027 kgm?s! for non-whirling fires,
increased by 70% for swirling fires. This process lasted for a period of 10 to 15 s until all the fuel
was consumed. The swirling flame motion was observed to be determined by external air

motion.

Numerical simulations were carried out by Snegirev et al. [7] in a room similar to their
experimental studies. The CFD software Fire3D was used. Predicted CFD results were
similar to their experimental observation. Transient whirling fires were predicted. The period
with and without fire whirl would be reduced if the fuel supply rate increased. Increasing the

burning mass rate would reduce the oscillation period further.

Note that the effect of whirling motion is not included in the turbulence models in Fire3D. The
Richardson number R; was defined to include centrifugal acceleration of the mean flow explicitly
in terms of the ratio square of the centrifugal acceleration, V//r, with V, being the angular

velocity and r, the local radius of curvature of the streamlines of the mean flow, and the



corresponding turbulent quantities k and ¢ as:

V7 /Ir)?
R =~4%__¢~ 1
' g2 1k ()

The coefficient C. appeared [11] in the turbulent viscosity p, :

Ht :Cppkzlg (2)

Value of C, was modified by two adjustable constants ij‘“ and Cw:

C.=(C, —c;“‘“ )exp(-C,R?) +C[1““ (3)

The values used under whirling conditions were suggested by Snegirev et al. [7].

A single-step global reaction in complex fuel oxidation to give carbon dioxide, water vapor,
carbon monoxide and soot was used. The generation efficiencies for soot and carbon monoxide
were taken as constants in their studies. The chemical reaction rate is determined by the eddy
break-up model. For vaporized kerosene, C14Hso, the enthalpy of formation is -387.5 kJ mol™,
the boiling temperature is 523 K, and the soot and carbon monoxide efficiencies are 0.04 and

0.007 respectively. The Monte Carlo statistical method was used to model thermal radiation



transfer in a gas-soot mixture.

Numerical experiments on varying the swirl number S under whirling conditions were carried
out by Snegirev et al. [7] in a room under free boundary conditions. Two fire conditions with

different fuel loss rate rm,,, and heat release rate Q were used:

M, = 0.02 kgm?s™
. (4)
Q =258 kW

and

M, = 0.04 kgm?s™
. ()
Q =516 kW

Results for non-whirling conditions were compared with those for whirling condition.
Maximum values of Ve were 0, 0.2 and 0.6 ms™ respectively under three major conditions.
However, the simulated flame height did not increase with the whirling speed. The results
would be improved by selecting appropriate turbulence models with swirling. It was concluded
that when the swirl number S exceeded 0.6, the flame height was shortened. This phenomenon

was also observed in jet swirling.

In simulating the whirling condition inside the room with air flowing in and out freely, a hot air
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layer was predicted. Hot air was flowing out through the ceiling vent and the doorway. Fire
whirls were induced and passed through the ceiling vent. Unsteady whirling motion with high
temperature core was predicted and agreed with experimental observations. The maximum
value of vorticity component along the vertical axis w, depends on the supply rate of different
burning fuel. Faster burning rate and larger burning mass would give higher temperature and

larger value of ;.

The predicted average periods between the formations of straight whirling flame were 17 s for

m,, of 0.02 kgm?Zs?t and 12 s for m,, of 0.04 kgm?s®. Results are similar to the average
period observed in their experiments with values from 10 to 15 s. Flame length and
time-average mass burning rate in whirling fires were found to be greater than those in

non-whirling ones.



3. Numerical Experiments

To avoid having repeated cycles of onset and dissipation of fire whirls by Snegirev et al. [7], a
modified room was used. This design would supply sufficient air to the fire room. A room of
length 3.6 m, width 2.4 m and height 2.4 m as in Fig. 1 was considered. The ceiling vent
dimensions were changed from 0.8 m by 0.9 mto 1.4 m by 1.0 m. A doorway of width 0.8 m
was made on the rear wall. Two different heights of 1.0 m and 2.0 m were used to supply
adequate air. Effects of ventilation on the whirling speed and whirling paths were observed.

The heat release rate was kept constant in the numerical simulations.

Modifying the room as in above way would give circular air motion. Since there was an
additional opening at the sidewall, cool air drawn would give circular motion. As reported by
Snegirev et al. [7], for rooms without a ceiling vent with the fire located at a corner, only
small-scale whirls would be created by a small fire with low heat release rate. This point can
easily be studied by investigating the scenarios leading to onset of fire whirl by CFD. The study
is not intended to compare the CFD results with those experiments by Snegirev et al. [7], but to
extend their experiments. The heat release rates in the two scenarios in this paper were much

larger than those used by Snegirev et al. [7].

Two ventilation conditions V1 and V2 were provided by another door at the rear wall as in Fig.

1:
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* V1. Door of height 2 m

* V2:Door of height 1 m

Two pool fires F1 and F2 of the same area of 0.5 m by 0.5 m but different heat release rates were

used:

* F1: 0.24 MW and normal flame height 1.6 m in outside air

* F2: 0.12 MW and normal flame height 0.8 m in outside air

Fire whirls can be formed under different ventilation areas, different heat release rates and
different room sizes. Numerical experiments were carried out under these two ventilation
conditions. The numerical input data used in this study was based on the experimental studies
reported by Snegirev et al. [7]. The CFD software PHOENICS v3.5 [12] was used with a
Pentium personal computer. The software had been demonstrated years ago to be suitable for
simulating building fires [10]. A reasonably fine grid size with a total number of computing
cells 216,000 was used. There are 60 cells along the X, y and z directions as shown in Fig. 1.
The coarse grid size is 3.6 m / 60 or 0.06 m, satisfying the convergence criterion worked out on
thermal plume [13]. The time interval was 10 s. The total computing time for 300 s (30 time

steps, 10 s each) was 20 hours to give converged results.

Three boundary conditions were used in this study.

e Boundary conditions of wall surface:
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The wall was considered to be adiabatic with no slip. The logarithm law was used near the
wall surface. \elocity on the wall is zero for the momentum equation. Wall function was
used for the enthalpy equation but not for solving the & equation. The diffusion

coefficient of k was taken to be that of the momentum equation.

e Inlet boundary conditions:

Flow variables set to be input conditions with turbulence intensity varying from 0.02 to

0.05%.

e Free boundary conditions:

At the free boundary, the pressure is taken as the atmospheric value. The normal
component of velocity is zero and fluid can flow in or out, depending on the estimated

pressure differences.

For inflow and outflow zones, a zero variable gradient was set along the vertical boundary
plane. Pressure was taken to be the atmospheric value at those positions. The variables k,

¢ and T were taken as inflow values.

The above boundary conditions and grid numbers were selected based on CFD simulations for
similar problems. These examples had been justified in the past by different experimental studies

[10]. Only the effects of the door opening, the ceiling vent and the heat release rate are focused

12



on in this paper. Intermediate chemical reactions in burning the fire were not taken into account.
Heat release rate was taken to be the most important input factor affecting the onset of fire

whirls.

Selected temperature contours are plotted in Fig. 2. Results for the smaller fire F2 and
ventilation condition V1 with the taller door are shown in Fig. 2a at the vertical plane for x at 1.8
m and 120 s. The temperature distribution was observed to be stable at 120 s. The
temperature distributions for the bigger fire F1 and the same vent V1 at the same plane at 120 s

and 240 s are shown in Figs. 2b and 2c.

Velocity vectors at different heights y at 0.2 m, 0.6 m, 1.0 m, 1.6 m, 2.2 m and 2.8 m for the

bigger fire F1 with larger vent V1at5s, 60 s, 120 s, 180 s and 240 s are plotted in Figs. 3a to 3e.
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4. \entilation V1 with Big Fire

The following are observed from the CFD predictions:

No whirling motion was formed before 5 s as in Fig. 3a. Only upward air flow due to

buoyancy was observed.

Upward flow with whirling was formed at 5 s with the direction of air flow dependent on the
location of the side vent. Air swirled up from near the flame bottom through the ceiling
vent. Air speed for swirling along the tangential direction in the compartment is less than
0.5 ms. At 5 s, the airflow at the bottom side rotated half a circle in the compartment with a

maximum tangential speed less than 0.3 ms™.

Stronger whirling flow near the flame bottom was formed at 60 s as in Fig. 3b. The
maximum tangential velocity in the rotational direction is up to 1.0 ms®. The upward
velocity at the compartment ceiling due to buoyancy is about 6.0 ms?®. This is the
maximum predicted speed up to 300 s when the flow was steady. The maximum predicted

speed was found at the ceiling vent.

Whirling motion was not induced about the flame axis at 120 s as shown in Fig. 3c.  Near
the top of the compartment, the swirling motion centre moved more towards one side of the
compartment with the whirling size decreased. The overall vertical upward speed increased

as shown in Fig. 3c due to the increase in buoyancy. Predicted results are different from
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those at 60 s shown in Fig. 3b. The tangential whirling speed is smaller at the top than at

the bottom of the compartment as shown in Fig. 3c.

e As shown from the velocity vectors at 180 s in Fig. 3d, temperature in the compartment
distributed more uniformly. The tangential speed for rotation increased, especially at the
bottom of the compartment. This is because of the higher flame temperature near the
central bottom area and lowest incoming air temperature. Therefore, the maximum speed

for whirling was observed there.

e Both the velocity and temperature became stable at 240 s as seen from Fig. 3e. Swirling

flow at the bottom of the compartment was observed.

Selected patterns on predicted streamlines at 5 s, 60 s, 120 s, 180 s and 240 s are shown in Fig. 4.
Swirling motion depends on the air temperature at the lower part of the compartment. For
example, the bigger fire F1 would give high air temperature. The air in the upper part of the
compartment would move up due to the temperature difference between the hot air moving at the
centre and the cool air at the ceiling vent. The pattern remained the same up to 240 s,

demonstrating strong flow.
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5. Comparison with Small Fire

Streamlines with the smaller fire F2 with ventilation V1 at 120 s and 240 s are shown in Fig. 5.
Air circulated two times before flowing out of the compartment at 120 s.  Air temperature was
not stable. This is because air temperature near the ceiling vent was lower than that for the
bigger fire F1. Therefore, swirling motion was not induced. Note that air swirled many times

before moving up to the ceiling for the bigger fire F1 as in Fig. 4.

The three-dimensional streamline pattern at 240 s is shown in Fig. 5b. Air at the upper
compartment did not move out at the vent centre after the second swirl. The swirling radius

decreased.

The whirling tangential speeds for both big and small fires F1 and F2 under ventilation condition
V1 are plotted in Fig. 6a. It is observed that the tangential speeds increased with time.
Comparing the scenarios F1 and F2, the difference in the tangential speed also increased with
time. The rotating tangential speed of the smaller fire is about 0.5 ms™? at 180 s, lower than 1.2

ms* for the bigger fire.

Variation of the tangential speed with height y in the compartment at distance from the fire centre
of 0.2 m at 300 s is shown in Fig. 6.  When the height in the compartment is higher than 1.8 m,
the tangential speed changes slightly. In fact, the tangential speed changed slightly with height
under the smaller fire. For the smaller fire F2, tangential speed only decreased slightly from 0.6
mst at y of 0.25 m to 0.4 mst at y of 20 m. The tangential speed for the bigger fire F1

changed significantly from 1.9 mst aty of 0.2 msto 1.0 ms* at y of 2.0 m.
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6. Ventilation Condition

Variation of tangential speed with time at y of 0.2 m for the two ventilation conditions V1 and
V2 is shown in Fig. 7a. There is a slight difference in the tangential speed of the whirling at the

bottom for the two ventilation conditions.

It is observed from Fig. 7b that when the height of the vent increased by two times, the
compartment temperature at 300 s was stable. The maximum tangential speed of the whirling
changed slightly. Despite the increase in the vent height, the tangential velocity decreased by
20 % or 30 % with the height. In other words, the height change of the rear vent has no effect
on the extent of decrease of the tangential velocity with height. The slope of the tangential
velocity with height remained the same when the height of the rear vent increased two times.
Variation of the tangential velocity with height for these two ventilation conditions remain

parallel as shown in Fig. 7b.
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7. Effect of Flame Height

For the selected room with the same size as that used by Snegirev et al. [7], another door was
constructed at the rear wall. Two different ventilation conditions V1 and V2 were set up with
different heights of door of 1 m and 2 m. The door width and also the size of the ceiling

opening were the same as those reported [7].

With the heat source at the centre of the room, swirling was formed with cool air drawing in
under natural ventilation. The flow velocity depends on the heat release rate, flame bottom
temperature and the outside air temperature. As the heat inside the room accumulated, the
rotational speed also increased. Finally, when a steady state thermal balance between the heat
inside the room and the cool air entering from outside was reached, a steady swirling motion due
to the heat source was formed. Numerical simulations indicated that there were no particular

patterns for the flow.

With the increase in heat release rate and fire height, the rotational speed along the tangential
direction of the whirling at the bottom would increase. The extent of increase changes with
time. When temperature becomes stable in the compartment (after t = 240 s in this paper), the
maximum tangential velocity of the whirling is observed. The speed would no longer change

with time.

When temperature and velocity become stable, with the increase in heat release rate and fire
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height, the tangential velocity of the whirling would increase significantly. In the simulation for
the smaller fire F2 (0.12 MW and 0.8 m height), the maximum tangential velocity decreased
from 0.6 mstat 0.2 mto 0.3 ms*at 2.4 m. For the bigger fire F1 (0.24 MW and 1.6 m height),
the maximum tangential velocity decreased from 1.9 ms® at 0.2 m t0 0.93 ms* at 2.4 m. The
tangential velocity decreased by 50% with height. When the heat release rate and height
doubled, the maximum tangential velocity changed from 0.6 ms™ to 1.9 ms™* at the height of 0.2
m; and changed from 0.3 ms™? to 0.93 ms? at 2.4 m. The maximum tangential velocity of the

rotation in the compartment increased three times.

When the fire height is lower than 0.8 m at the bottom of the compartment, the air whirling

would move out of the ceiling vent after circulating twice. When the fire height is 1.6 m, the air

at the same location would move out of the ceiling vent after circulating less than 1.5 times.
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8. Conclusions

Numerical experiments on the onset of internal fire whirls were carried out based on some earlier
studies by Snegirev et al. [7]. The following conclusions can be drawn from the above CFD

simulations:

e The height of the rear vent has no effect on the swirling flow.

e Upon the onset of fire whirl, air temperature became stable in the compartment.

e Increasing the rear door vent height has no effect on the variation of rotational speed of the
whirling with height. Swirling air flow is induced at the bottom of the compartment. Air

flow at the upper part of the compartment is mainly upward moving through the ceiling vent.

These observations are useful to assess fire hazard for a room fire with different ventilation
provisions. The possibility of fire whirls and the associated hazards should be further studied in
compartments or spaces with a ceiling vent or side openings, particularly for bigger fires with

higher heat release rates.
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9. Additional Comments

The paper was published as a journal paper [14]. With the practice of publisher, preprint is
allowed to upload at a website. There are further studies on this topic [15-43] in the past 10 years.

Projects by the authors funded by Research Grants Council of Hong Kong are:

e Onsetting of internal fire whirls in buildings and associated safety provisions.

e A study of internal fire whirl in vertical shafts with open roofs.

e A study on electric and magnetic effects associated with an internal fire whirl in a vertical
shaft.

e A study of the hazardous consequences of fire whirls generated in a room.

Acknowledgement

The work described in this paper was supported by a grant from the Research Grants Council of
Hong Kong for the project “Onsetting of internal fire whirls in buildings and associated safety

provisions (PolyU 5149/06E)” with account code B-QO1E.

21



References

1.  H.W. Emmons and S.J. Ying, The fire whirl. Proceedings of the 11th International
Symposium on Combustion. The Combustion Institute, pp. 475-488, 1966.

2. R.N. Meroney, Fire whirls, fire tornadoes and firestorms: Physical and numerical
modelling. Proceedings of Physmod2003: International Workshop on Physcial Modelling
of Flow and Dispersion Phenomena. 3-5 September 2003, Prato, Italy, 2003.

3. K. Satoh and K.T. Yang, Simulation of swirling fires controlled by channeled
self-generated entrainment flows. Proceedings of the 5th International Symposium,
International Association for Fire Safety Science, Melbourne, Australia, pp. 201-212, 1997.

4. K. Satoh and K.T. Yang, Experiments and numerical simulations of swirling fires due to 2
x 2 flames in a channel with single corner gap. Proceedings of ASME Heat Transfer
Division, HTD-361:2, pp. 49-56, 1998.

5. W.K. Chow and S.S. Han, Experimental investigation on onsetting internal fire whirls in a
vertical shaft. Journal of Fire Sciences, 27:6, pp.259-543, 2009.

6. M.l Hassan, K. Kuwana, K. Saito, K. and F.J. Wang, Flow structure of a fixed — frame
type fire whirl. Proceedings of the 8th International Symposium. International Association
for Fire Safety Science, Beijing, China, pp. 951-962, 2005.

7. Y. Snegirev, J.A. Marsden and J. Francis, Numerical studies and experimental observations
of whirling flames. International Journal of Heat and Mass Transfer, 47:12-13, pp.
2523-2539, 2004.

8.  W.K. Chow, Z. He, Z. and Y. Gao, Internal fire whirls in a vertical shaft. Journal of Fire

Sciences, 29:1, pp.71-92, 2011.

22



10.

11.

12.

13.

14.

15.

16.

17.

G.W. Zou and L. Yang and W.K. Chow, Numerical studies on fire whirls in a vertical shaft.
Proceedings of the Inaugural Us-Eu-China Thermophysics Conference, UECTC-RE ’09.
28-30 May 2009 Beijing, China, 20009.

W.K. Chow, Use of computational fluid dynamics for simulating enclosure fires, Journal of
Fire Sciences, 13:4, pp. 300-334, 1995.

W. Rodi, Turbulence models and their application in hydraulics. A state-of-the-art review.
University of Karlsruhe, Germany, SFB 80/t/127, 1978.

PHOENICS Version 2007, Concentration Heat and Momentum Limited (CHAM Ltd.),
Wimbledon, London, UK, August 2007.

T.G. Ma and J.G. Quintiere, Numerical simulation of axi-symmetric fire plumes: accuracy
and limitations. Fire Safety Journal, 38:5, pp. 467-492, 2003.

Y. Gao and W.K. Chow, Onsetting Internal Fire Whirls in a Room with Ceiling Vents,

Journal of Applied Fire Science, 20:2, pp. 149-165, 2010-2011.

W.K. Chow and J. Li, On the bidirectional flow across an atrium ceiling vent, Building
and Environment, 46: 12, pp. 2598-2602, 2011.

W.K. Chow and S.S. Han, Experimental data on scale modeling studies on internal fire
whirls, International Journal on Engineering Performance-Based Fire Codes, 10:3, pp.
63-74, 2011.
https://www.academia.edu/79729898/Experimental_data_on_scale_modeling_studies_on_inte
rnal_fire_whirls

W.K. Chow, Z. He and Y. Gao, Internal fire whirls in a vertical shaft, Journal of Fire

Sciences, 29:1, pp. 71-92, 2011.

23


http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6V37-48DXTSF-1&_user=107833&_coverDate=09%2F30%2F2003&_alid=1486762300&_rdoc=1&_fmt=high&_orig=search&_origin=search&_zone=rslt_list_item&_cdi=5723&_sort=r&_st=13&_docanchor=&view=c&_ct=1&_acct=C000008378&_version=1&_urlVersion=0&_userid=107833&md5=ce35aa09850eb11d481b340a05391a00&searchtype=a
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6V37-48DXTSF-1&_user=107833&_coverDate=09%2F30%2F2003&_alid=1486762300&_rdoc=1&_fmt=high&_orig=search&_origin=search&_zone=rslt_list_item&_cdi=5723&_sort=r&_st=13&_docanchor=&view=c&_ct=1&_acct=C000008378&_version=1&_urlVersion=0&_userid=107833&md5=ce35aa09850eb11d481b340a05391a00&searchtype=a
https://www.academia.edu/79729898/Experimental_data_on_scale_modeling_studies_on_internal_fire_whirls
https://www.academia.edu/79729898/Experimental_data_on_scale_modeling_studies_on_internal_fire_whirls
https://www.academia.edu/79729898/Experimental_data_on_scale_modeling_studies_on_internal_fire_whirls

18.

19.

20.

21.

22.

23.

24,

25.

Y. Huo, W.K. Chow and Y. Gao, Internal fire whirls induced by pool fire in a vertical
shaft, ASME/JSME 8th Thermal Engineering Joint Conference, (AJTEC2011), March
13-17, 2011, Honolulu, Hawaii, USA, 2011.

J. Liand W.K. Chow, Wind Effect on Smoke Exhaust by Natural Vent, The 2012 World
Congress on Advances in Civil, Environmental, and Materials Research (ACEM’ 12)
Seoul, Korea, August 26-30 2012.

H. Dong, G.W. Zou and W.K. Chow, Numerical simulation of flow across a ceiling vent,
The 2nd Asian-US-European Thermophysics Conference - Thermal Science for
Sustainable World, 3-6January 2012, Hong Kong — Paper presented, 2012.

H.M. Wu and Y. Gao and W.K. Chow, Studies on internal fire whirls in a vertical shaft
with a single corner gap,Journal of Applied Fire Science, 22:2, pp. 179-200, 2012-2013.
W.K. Chow, Air pumping action of a plume in a room fire, Building Simulation, 6:1, pp.
95-102, 2013.

Y. Gao, G.W. Zou, S.S. Li and W.K. Chow, Some Experimental Results on Internal Fire
Whirls in a Vertical Shaft, ASME 2013 International Mechanical Engineering Congress
and Exposition, November 2013.

W.K. Chow, N. Cai and Y. Gao, Numerical study of internal fire whirls in a kitchen with
ceiling vents, ASME 2013 Summer Heat Transfer Conference, 14-19 July 2013,
Minneapolis, MN, USA, Paper no.HT2013-17103, 2013.

Y. Gao, G.W. Zou, S.S. Li and W.K. Chow, Some experimental results on internal fire

24


javascript:;
javascript:;
javascript:;

26.

27.

28.

29.

30.

31.

whirls in a vertical shaft, Proceedings of the ASME 2013 International Mechanical
Engineering Congress and Exposition (IMECE2013), 15-21 November 2013, California,
USA, Paper No. IMECE2013-62148, 2013.

W.K. Chow, On necessity of having combustion in onsetting fire whirls, The 11th
International Symposium on Building and Urban Environmental Engineering
(BUEE2013),11-14 December 2013, Taipei, Taiwan, 2013.

W.K. Chow, A study on relationship between burning rate and flame height of internal
fire whirls in a vertical shaft model, Journal of Fire Sciences, 32:1, pp. 72-83, 2014.
G.W. Zou and W.K. Chow, Generation of an internal fire whirl in an open roof vertical
shaft model with a single corner gap, Journal of Fire Science, 33:3, pp. 183-201, 2015.
W.K. Chow, An experimental study on characteristics of an internal fire whirl in a
vertical shaft, The First Pacific Rim Thermal Engineering Conference (PRTEC2016),
13-17 March 2016, WaikoloaBeach Marriott Resort & Spa, Hawaii’s Big Island, USA,
Paper no. PRTEC-14284, 2016.

Y. Huo, W.K. Chow and C.L. Chow, Generation and characteristics of internal fire whirl
in a shaft model with two corner slits under microgravity conditions, Advances in Space
Research, 59:12, pp. 3058-3069, 2017.

W.K. Chow, J.F. Dang, Y. Gao and C.L. Chow, Dependence of flame height of internal
fire whirl in a vertical shaft on fuel burning rate in pool fire, Applied Thermal

Engineering, 121, pp. 712-720, 2017.

25


http://www.sciencedirect.com/science/journal/02731177/59/12

32.

33.

34.

35.

36.

37.

38.

39.

C.H. Su, J.H. Bai, H.Y. Hung, W.K. Chow and C.L. Chow, A study of internal fire whirl
in a vertical shaft model with partially open roof, Measurement, 122, pp. 141-148, 2018.
L. Miao and C.L. Chow, A study on window plume from a room fire to the cavity of a
double-skin facade, Applied Thermal Engineering, 129, pp. 230-241, 2018.

C.H. Cheng, S.S. Han, W.K. Chow and C.L. Chow, Magnetic field associated with an
internal fire whirl: A simple model, Measurement, 115, pp. 80-86, 2018.

L. Miao and C.L. Chow, Influence of heat release rate and wall heat-blocking effect on
the thermal plume ejected from compartment fire, Applied Thermal Engineering, 139, pp.
585-597, 2018.

W.K. Chow and S.S. Han, Effects of internal fire whirl in a vertical shaft repaired by
basalt fibre reinforced polymer, Engineering Mechanics Institute Conference 2018,
Mini-Symposium — Safety of Structures in Fire, 29May - 1 June 2018, Massachusetts
Institute of Technology, Cambridge, Massachusetts, USA, 2018.

Z.M. Gao, S.S. Li, Y. Gao and W.K. Chow, Experimental studies on characteristics of
fire whirl in a vertical shaft,Fire and Materials, 43, pp. 229-240, 2019.

G.W. Zou, H.Y. Hung and W.K. Chow, A study of correlation between flame height and
gap width of an internal fire whirl in a vertical shaft with a single corner gap, Indoor and
Built Environment, 28:1, pp. 34-45, 2019.

H.Y. Hung, S.S. Han, W.K. Chow and C.L. Chow, Observation on a fire whirl in a

vertical shaft using high-speed camera and associated correlation derived, Thermal

26



40.

41.

42.

43.

Record:

Science, 25:2A, pp. 1001-1012, 2021.

Z.M. Gao, S.S. Li, Y. Gao, H.Y. Hung and W.K. Chow, Numerical studies on swirling of
internal fire whirls with experimental justifications,Building Simulation, 14, pp.
1499-1509, 2021.

W.P. Fan, Y.W. Wang, Y. Gao, W.K. Chow, J.H.K. Lai, C.L. Chow and C.H. Cheng,
Hame whirling characteristics of fire in a room with vent, Fire and Materials, 46, pp.
771-779, 2022.

H.Y. Hung, Z.M. Gao, S.S. Li, Y. Gao, W.K. Chow and C.L. Chow, Attenuation of
swirling motion of a fire whirl in a vertical shaft, Fire Technology, 58:1, pp. 149-182,
2022.

Y.W. Wang, W.P. Fan, Y. Gao, W.K. Chow, Joseph H.K. Lai, C.L. Chow and C.H.
Cheng, “Wind action on whirling flame characteristics”, Thermal Science, 27:2, pp.
1301-1311, 2023.

JAFS_GaolFW2010B-R2
A442UL22-1e

A442UL22-1a (opened 23 June 2023, open from JAFS_GaolFW2010B-R2.doc)
A442UL22-1b (opened 5 July 2023)
A442UL22-1c (opened 5 July 2023)
A442UL22-1d (opened 5 July 2023)
A442UL22-1e (opened 6 July 2023)

27



Ventilation V1: 2.0m x 0.8 m
> , Ventilation V2: 1.0m x 0.8 m
~ 14

| / /
'\P‘ ! //, |
= yal s
I >
o : -
i
1
]
|
]

S ‘
5 9
H N . 3\
v _ 08 _‘ ra
¥ A= 05 4%
03| ;
1
- _ 08 _
36
All inm
Fig. 1: The compartment
o¥
S gl
R
= =] S los
/ 2 WQ}O IS
N
5
S ©
k!
(2)120 s for F2 (b) 120 s for F1 (c) 240 s for F1

Fig. 2: Temperature contours at a vertical plane (x = 1.8 m) across the fire for ventilation
V1
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Fig. 4: Streamlines for F1 and V1

() 120 s (b) 240 s

Fig. 5: Streamlines for F2 and V1

30



o high
® low
linear fit of high

- - -linear fit of low

v/ms

V/mst

o high
e Jow
linear fit of high
- = -linear fit of low

wims

60 120

180

Time /s

(@) Variation wi

th time

Fig. 6: Tangential speed for V1

o =masall went
*  Jarge vent
lingar fit of
- = lingar fit of

zmall went
large went

1.0 1.5 2.0 25
Height / m

(b) Variation with height

o =small vent
®  lzrgs went
linzar fit of small went
— - -linzar fit of large went

Vime!

Time !

5

(a) Variation with time

Fig. 7: Tangential air speed for F2

(b) Variation with height



