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Investigating the Effects of Loung Chair Fire in a Cinema Hall Using Displacement,
Impingement Jet and Stratum Ventilation Systems
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ABSTRACT: In this article, the effects of burning a chair in a cinema hall have been investigated by
using displacement, impingement jet, and stratum ventilation systems. The most important results of this
study by comparing displacement ventilation, impingement jet ventilation, and stratum ventilation is
that displacement ventilation and impingement jet ventilation could decrease soot of fire by 31%, carbon
dioxide 16%, and carbon monoxide 11% better than other systems. The concentration of toxic gases
from the fire in all three systems is within the permissible and safe range in a way that the two systems
of displacement ventilation and impingement jet ventilation recorded 6.3 ppm and 7.5 ppm for carbon
monoxide respectively. In the case of carbon dioxide gas, two systems of displacement ventilation and
impingement jet have decreased CO, to 330 ppm and 370 ppm respectively. In controlling the heat
exhaust from the doors of the cinema hall, displacement ventilation and impingement jet ventilation in
door 1 are 66.6% better than stratum ventilation and in door 2 the impingement jet system is 96% better
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1- Introduction

Because humans spend a lot of time in closed spaces,
these spaces will need special attention to investigate the
fire. Spaces such as residential buildings, office buildings
or recreational areas, etc. are some of these cases. Humans
spend most of their time in closed spaces such as apartments
and offices [1]. With the lack of proper thermal comfort
conditions and probably in the presence of pollutants in
indoor spaces, the performance of people will be reduced
and therefore it affects on people’s activity and moreover,
it increases their dissatisfaction [2,3]. In a displacement
ventilation system, generally, supplied air enters from
the floor and exits through the vents at the roof. Unlike
Mixed Ventilation (MV), this system distributes the air
with low velocities and at temperatures close to the indoor
temperature [4]. In the Stratum Ventilation (SV), the air is
supplied at the side walls in a horizontal direction [4]. In
the Impingement Jet Ventilation (IJV), an air jet with high
momentum impinges the floor vertically and a thin shear
layer is formed along the floor [4].

The role of ventilation systems in controlling fires is vital.
Several major fires occurred in Iran in recent years. The
fires at Jolfa custom building (1976), Neishabour railway
(2003), and Plasco building (2018) are the famous fires in
Iran that caused high damages and casualties [5]. In each fire,
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the generated smoke contains large amounts of dust, fibers,
vapors, and toxic gasses that can asphyxiation [6]. More
than 85% of fire deaths are due to smoke asphyxiation.

According to recent studies, the importance of fire safety
and the energy consumption is evident. It is necessary to pay
attention to the specific designs of the ventilation systems
that can give better control of toxic gasses and heat exhaust
during the fire. The suitable design and operation of such
systems give more time to the people to escape in the event
of a fire. In the previous studies, the residential buildings,
tunnels, and industrial environments were investigated.
However, such a study was not performed for cinema and
theater halls. Also, there are not sufficient data about the
effects of toxic gasses and the selection of the efficient
ventilation method for reduction of their concentrations in
the cinema halls. In recent study, we tried to fulfill these gaps
by obtaining useful numerical simulation results.
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Fig. 1. the schematic of cinema hall geometry and the velocity
boundary conditions

2- Methodology

2- 1- Governing equations

The general mass conservation and mass conservation of
species equations are presented as follows [7].

The momentum conservation equation of motion is obtained
as Eq. (3). Where 1ij is the stress tensor for Newtonian fluids.

%(p;)+v.(p;;)+VP:p§+V.rij 3)

The energy conservation will be obtained as Eq. (4) [7]. hs is
the sensible enthalpy of the fluid and € represents the destruction
terms in the energy equation. The Radiation Transfer Equation
(RTE) is written as Eq. (5) [7].
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Where I is the intensity of the radiation at a special wavelength.
Also, the state equation of ideal gas for flows with a low Mach
number is considered. Using the finite difference method
with second-order accuracy, Pyrosim will be able to solve
the equations of mass, momentum, and energy conservation
over time. Variables are updated over time using the explicit
second-order Rang-Kutta method. All advection terms will be
discretized in the prediction stage by the upwind method and
in the correction stage by the downwind method. All diffusion
terms are centrally differenced.
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The method of simulating turbulence in Pyrosim software is
Large Eddy Simulation (LES). This method uses a filter (spatial
averaging) that can solve large eddies in the turbulent flow but is
unable to directly solve smaller eddies than the size of the filter.
To consider interactions between small and large scales, we need
to define subscale models. In this method, the Smagorinsky
model will be used to model vortices smaller than the filter size.

2- 2- Geometry and boundary conditions

The geometry of the present study is related to the cinema
hall in Torbat-e Heydarieh city and this hall has dimensions of
3x5x9.8 meters (height x width x length). The walls are made of
brick, sand, and cement, plaster, and paint. There are two doors
each with dimensions of 2.4x1.6 m (height x width) and 56
chairs with dimensions of 0.5x0.45%0.45 m (height x width x
length), in the form of a rectangular cube inside the cinema hall.
Two fresh air supply valves in the north wall and two exhaust air
vents in the ceiling are installed and the size of each vent is equal
to 18x 14 inches. The number of 2,020,000 computational cells
has been selected due to grid independency and the time of 170
seconds has been used for the steady state solution. More details
about geometry and boundary conditions can be seen in Fig. 1.

3- Results and Discussion

Three ventilation systems including Stratum Ventilation (SV),
Displacement Ventilation (DV), and Impingement Jet Ventilation
(IJV) have been considered. Fig. 2 shows a comparison of the
fire-soot diagram versus time for the entire room space. This
process (since the fire reaches its maximum heat generation rate
around 40 seconds after the start of the process) should show an
increase in the amount of soot around =40 seconds. Because
ventilation systems are working to remove the smoke, the closer
graph’s peak to 40 seconds and lower amount of soot in the
peak time means better performance of a system in exhausting
pollutants. Comparing the peak time of three ventilation systems
to control the amount of soot in Fig. 2, IJV reaches its peak time
in 67 seconds, DV in 68 seconds, and SV in 94 seconds. DV and
1JV are 37.3% better than the SV in soot control. Finally, due to
the operating time, the best performance was related to the [JV
system.

In Fig. 3, the amount of heat exhaust from exit door number
one is given versus time. This diagram shows how successful the
ventilation systems were in extracting heat through the exhaust
vent. According to Fig. 3, the best performance is related to the
DV. 1JV reduced the amount of heat exhaust through the door
close to zero around 100 seconds after the start of the fire. In the
SV case, the ventilation system could not reduce the heat passing
through the door to zero. The maximum heat exhaust through
door number 1 is observed in all ventilation systems precisely
at the time of maximum heat release rate of the fire except for
the SV (i.e. 40 seconds after the start of the fire). In the SV
maximum heat transfer through the door is seen in 60 seconds
after the beginning of the fire. The reason for this subject is that
the heat is trapped in the hall and was not removed by exhaust
vents.
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Fig. 2. Soot versus time in three different ventilation systems

4- Conclusions

The comparison of the findings and the results showed that
finally, among the DV, SV, and 1JV, good performance to control
the fire, both in terms of contaminants and in terms of heat
exhaust obtained by the DV and 1JV, which has performed up
to 40% in removing pollutants (Soot, CO and CO2) and up to
96% in exhausting heat from doors. Comparing all the results
of contaminants, it was observed that the level of toxic particles
in the cinema hall is less than the allowable level in a small fire.
It can be concluded that for the small volume fires, the need for
the use of fire extinguishing systems is not necessary and a well-
designed ventilation system can easily perform this action at the
right time to remove the fire products out of the environment.
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Table 2. The material properties of lounge chair type 2
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Table 3. Coefficients related to fire reaction in Eq. (9)
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Fig. 3. Comparison diagram of numerical simulation and experimental results [26], a)
Internal temperature in the right wall b) Internal temperature in the ceiling

Slapd pom> sl 48)S L8 )y 0)90 CiliSe 495 slapluans )
Slodd )5 jlai )3 Sy olye (Sen 3 len (295 5 20len

o g b -¥
sy (ks sl 21

g b 38l 3 (Gilodend @l (oxiojlisl 4 (A ol >
Dgd o ddby 000 @l b dwlie g dize (gilwdnd odlatwl b
390 2 [VE] ol g ol 1 slallie Sl oalial b gy ol (oLl
ool 092 jload able sbaglotle ) Gy (ilwded Jdod g cus
Pl mawg by )18l 53 BT (giloand ol 48)S7 )18 ()32 3590
o (058 ls (gilwand (pl 5D (i Coro jalaie 4y .l ol
2 &S BAS duwlie (oode o b ojle Caiw 5 Cuwly Cuoww Hlesy (3D
Sl bla 18T 53 395 0 0090 a5 4sSilad sl 0ad 00ly LS ¥ IS

.Q}éLyaoAmLLoLgfzS@3k35 fbt>‘5bA;L55L»¢&$ GﬁuSCﬁA°L£95

VS CAMIRRE s I 2 4

o Sy pols Badod > ool 5)90 41985 (Sl ]
oub plosl Glidos & g b (B g9y 2 ol 86 5 Jobs s
5 odlatwl CublB 4 Sbpiuaw (65 canlio basl s pisron g i3l
Dot e Jold dgts e dwr )5 1) Lk (yonen (olaliad
Sl (63)55 2 Co g e 9 Y @50 puge 2bel>
o 4 dog b o Gl (0101 (dlgn (298 B w2 N0
dy90 slon (line a4y angi L L Yl cpl )3 lan yayged ladd dlass o 5L
HAD asuie [YO] g ye 4 a2 g b 2)8 2 (gl jL

2 pols a5 08 Dl b pleiaw (cbad gl 5L 350 (slon pes
2dlon 48 Ll 3y90 3 g Cawl o Gl Vel Gl w Aee Yl
Slod oz 10> YO e a0 L bl adly dgng 293 45T BB )5 55
Voo (olsp (8 &5 (gme ol 4y 250 &8)S s )3 [YF] 0ad 295
395 1,3 8 o 1o 4 4S5 ) s g b sl 05 5! ] Bl o

1 Cubic foot per minute

00AY



BOKF b AOVY dxies VF++ Jlo V) o)l DY 0,93 ¢S yuel SilSo swigen 4 s

V=0.8 m/s

lss adye am s

B0

V=1.68 m/s

Iyt o a0

Lol 495wl 0 192 (295 9 4S8 Bz (5 1,8 Jome F UK

Fig. 4. Location of air supply and outlet vents in the displacement ventilation system
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Fig. 5. Location of air supply and outlet vents in the stratum ventilation system
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Fig. 6. Location of air supply and outlet vents in the impingement jet ventilation system
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Fig. 7. Comparison of soot concentration in different
ventilation systems
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Table 4. Comparison of soot diagram parameters in different ventilation systems
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Fig. 8. Comparison of carbon monoxide concentration in different ventilation systems
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Fig. 9. Comparison of carbon dioxide concentration in different ventilation systems
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Table 5. Comparison of CO diagram parameters in different ventilation systems
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Table 6. Comparison of CO2 diagram parameters in different ventilation systems
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Fig. 10. Performance comparison of ventilation systems in door number 1, a) Temperature - b) Speed
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Fig. 11. Performance comparison of ventilation systems in door number 2, a) Temperature - b) Speed
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Fig. 12. Performance comparison of different ventilation systems in controlling the amount of heat exhaust
through door number 1
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Fig. 13. Performance comparison of different ventilation systems in controlling the amount of heat exhaust
through door number 2
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Table 7. Thermal performance parameters related to door number 1.
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Table 8. Thermal performance parameters related to door number 2
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