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CFD ANALYSIS APPLIED TO SMOKE EXTRACTION IN CAR 
PARK CAUSED BY SINGLE FIRE SOURCE

Abstract: 
  The aim of this paper is to present the application of CFD software to the 
calculation and to show the image of fluid flow during garage ventilation in an 
emergency situation. On that way, JET fans, arranged on the ceiling of the parking 
lot, blow smoke at high speed, transmitting complete energy to the surrounding 
air. Proper arrangement of JET fans ensures that the entire air mass of the park-
ing space gets controlled movement in the desired speed range. This reduces 
the pressure required by the main fans to expel and inject outside air from and 
into the garage space, and thus the required power of these fans. Thanks to the 
application of CFD analysis, a graphical representation of the flow was obtained, 
based on when the JET fan can be selected. In this way, the selected fans and the 
designed ventilation system have significant advantages over the conventional 
duct flue system.
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INTRODUCTION

The purpose of this paper is to present the findings of a Computa-
tional Fluid Dynamics (CFD) study of the Jet Thrust Fan system for car 
park project, which consists of three identical buildings.

Computational Fluid Dynamics (CFD) is a design tool used to aid the 
detailed design of Jet Thrust systems. The software allows the designer to 
model complex airflows within the car park, visually inspect and analyse 
the airflow patterns in order to make decisions as to how the final layout 
of the system will need to be configured.

Governing equations (the Navier-Stokes equations) are important in 
any fluid flow problems. Equations are either in two forms compress-
ible and incompressible. With compressible fluids density changes sig-
nificantly in response to a change in pressure (i.e. shock waves) whereas 
for incompressible fluids the density remains constant as a function of 
pressure (i.e. density is a property of the flow and not the fluid). When 
incompressible flow is used with an appropriate sub model for buoyancy, 
density variations due to changes in temperature can be computed.
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Figure 1 – Images of air flows field in tunnels and temperature profiles depending on tunnel sections and time

2. PREVIOUS RESEARCHES

The contribution of this paper is the presentation 
of solving specific requirements by applying the CFD 
method to the design of smoke systems. CFD analysis is 
widely used in the design of ventilation systems. During 
the preparation of this paper, numerous applications of 
this method were analyzed. The increasing application 
of the CFD method in the analysis of fluid flow is noted, 
primarily in JET ventilation systems. In paper [1], it 
is presented Proper Mesh Transitions between differ-
ent parts and velocity analysis, where the currents are  
clearly defined. Paper [2] is very useful by the reason that 
reduced-scale modelling is applied to tunnels equipped 
with axial jet fans. By the analysis flow fields in tunnels 
and current images of temperature profile depending on 
tunnel sections and time are presented, Fig. 1.

In paper [3], the application of CFD analysis to the 
fumigation of underground garages in the event of an 
initial fire on a vehicle is given. The analysis shows the 
spread of smoke along the height of the object as a func-
tion of time. The same paper gives the application of the 
finite volume method to the analysis of smoke propagation.

3. THEORETICAL BASES

Leading Navier-Stokes equations are important in 
any fluid flow analysis Equations are either for com-
pressible and incompressible fluid. With compress-
ible fluids density changes significantly in response to 
a change in pressure, i.e. for shock waves, whereas for 
incompressible fluids the density remains constant as a 
function of pressure because density is a property of the 
flow and not of the fluid. When incompressible fluid is 
analysed with an appropriate sub model for buoyancy 
analyzing, density variations due to changes of tempera-
ture can be computed. It is very practically, CFD - Solid 
Works Flow Simulation to be used for mathematical 
presentation of the car park fluid flow, by which  nu-
merically  solving of 3- D Navier-Stokes equations is 
possible. Mesh generation is realized on the bases of the 
finite volume method, [4].

The law can be formulated mathematically in the 
fields of fluid mechanics and continuum mechanics, 
where the conservation of mass is usually expressed by 
the continuity equation, given in differential form as (1):

(1)
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The first term describes the density changes with 
time and the second term defines the mass convection 
where u represents velocity vector. 

Momentum equation: The equation for the conserva-
tion of momentum is derived from Newton’s second law 
of motion, which states that the rate of momentum of a 
fluid element is equal to the sum of the forces acting on 
it. The equation is written in the form presented by (2):

The left hand side represents the increase in mo-
mentum and inertia forces, while the right hand side 
comprises forces acting on it. These forces include pres-
sure p, gravity acceleration: g, and external force per unit 
mass vector f which represents a measure of the viscous 
stress tensor τ acting on the fluid within the control volume. 
The full buoyancy model will be used to calculate buoy-
ancy effects from the fire.

Equation for conversation energy law [5] and [6], is 
defined by equation(3):

The term is the heat conduction coefficient and is 
the diffusion flux of species ’J’. The first three terms on 
the right-hand side of above equation represent energy 
transfer due to conduction, species diffusion and viscous 
dissipation respectively. The Sh term represents any other 
defined heat source.

4. POLLUTION VENTILATION BY CFD 
SIMULATION METHODOLOGY

The initial point for the construction of the geomet-
ric model is a sketch realized by AutoCAD of the car 
park’s geometry, Fig. 2, extruded and hollowed to create 
the car park. The internal geometry of pillars, walls, ser-
vice rooms and other reserved spaces are then extruded 
from inside the model using the same method. Where 
appropriate the geometry of the car park has been sim-
plified to speed up the calculation and analysis time.

Figure 2 – Computational mesh generation

The mesh specifies the computational domain in 
which the simulation takes place by splitting the model 
into individual cells. The equations of state are applied 
to the individual cells using partial differential equa-
tions. The equations are solved on an iterative basis to 
calculate the air movement and dilution of passive scalar 
quantities such as Carbon Monoxide or fire smoke in 
order to [7] and [8].

The mesh size density is crucial to the desired ac-
curacy of the simulation result. If the mesh is too coarse 
the airflow will not be correctly modelled leading to a 
misrepresentation of the system. Conversely a mesh 
which is too fine will exponentially increase the calcula-
tion time. Initial location of the fire source is presented 
on the sketch, realized by CAD software, Fig. 3.

The ventilation system is operating in high pollu-
tion mode at the start of the simulation, according to 
the ventilation mode set-points defined in Table 1. Post 
processing of CFD results characteristics of ventila-
tion in mode 1, when main fan operation is on the rate 
of 60% speed. Decreasing of carbon monoxide pollu-
tion depending on time on that mode is presented by 
diagram, Fig. 4. Such analysis is equivalent to analyses 
realised and presented in [9], [10] and [11]. The main 
contribution of analysis presented in this paper and il-
lustrated below is shift from channel conception of car 
parks which was designed by conventional approach to 
JET fans concept on which CFD method has been 
applied.

(2)

(3)
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The car park is filled with Carbon Monoxide [CO] 
to create a blanket condition of 50ppm throughout the 
entire car park (as a worst case scenario).

The ventilation system is activated at the start of the 
simulation. The equations of state are calculated as a 
transient/time dependant simulation. The gradient of 
the decay of CO can then be plotted against time.

The ventilation system is operating in emergency 
ventilation mode at the start of the simulation according, 
to the ventilation mode set-points defined in Table 2. 
Post processing of CFD results characteristics of ventila-
tion in mode 2, when main fan operation is on the level 
of 100% speed.  

The power of 4MW fire is started in the car park in a 
worst case location. The rate of growth of fire develop-
ment is set to very fast so that the maximum heat release 
is reached quickly. 

The quantity of smoke produced by the fire is also 
at its maximum value assuming a constant soot yield of 
10%. The heat of combustion of the fire is assumed to 
be 26MJ/kg. 

The time-step used for transient simulations of this 
type is typically in the range of 0.1 - 0.25s. The time-step 
is evaluated on a case by case basis according to:

-	 The rate of convergence of partial differential 
equations describing the motion and thermal 
properties of the fluid, 

-	 The characteristic mesh length scale, aspect ratio 
and skew ness,

-	 The rate of change of goal dependant and non-
goal dependant transport variables.

Mode 1
CO>30ppm

Thrust fans  
reference

Thrust fan 
operation

Main fan  
reference

Main fan 
operation

Extract duty
[m3/h]

JT-01,JT-02, 
JT-03,  

JT-04,JT-05

ON at 50%  
speed Extract On at 60%  

speed 32500

Table 1 – Ventilation mode set – points for the speed on the rate of 60%

 
 

4MW Single vehicle fire 

Figure 3 – Single vehicle fire source

Mode 2  
Fire detected

Thrust fans  
reference

Thrust fan 
operation

Main fan  
reference

Main fan 
operation

Extract duty
[m3/h]

JT-01,JT-02,JT-03  
JT-04,JT-05

ON at 100%  
speed Extract On at 100%  

speed 54000

Table 2 – Ventilation mode set – points for the worst case location and speed rate of 100%
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Equations: (4) to (7) represent time dependent 
carbon monoxide rate:

 ,                             (4)

   ,                     (5)

  ,                         (6)

.                         (7)

If initial time t1 is equal to zero, then follow equations: 
(8) to (11) in the form:

 ,                            (8)

  ,                                  (9)
 

 ,                    (10) 

 .                    (11)

By integrating time from t1 to t2 and concentration 
from C1 to C2, it is to be got:

  .           (12)

In equation (12) variables represent:

K - Ventilation performance factor for incomplete mix-
ing,

t1=0 [s] - initial time
t2=720[s] - time necessary for carbon monoxide to be 

reduced half,
V =5333.27[m³] - Air volume of the car park,
C2[ppm] - Carbon monoxide concentration at time t1, 

ppm represent flow of particles per minute,
C1[ppm] - Carbon monoxide concentration at time t2, 

ppm represent flow of particles per minute.

According to results presented above and CFD anal-
ysis illustration of the visibility in car park in is achieved 
as given on Fig. 5 . 

5. CONCLUSION

The paper presents the CFD method used for the 
analysis of behaviour in the field. The application of 
this method is present both in the field of mechanical 
engineering and in the field of electrical engineering. 
This paper presents the application of this method for 
the calculation and visualization of fluids in ventilation 
systems. 

Figure 4 – Carbon monoxide pollution depending on time
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The paper presents the application of this method to 
smoking a parking garage in case of fire. The aim was 
to give a graphical representation of the spread and re-
moval of smoke as a function of time. In addition to 
the graphical representation, the method also performs 
the calculation of fluid flow. In the specifically processed 
example of parking garage smoking, this method was 
found to reduce the time of smoke emission, reduce the 
amount of smoke, increase the space for evacuation and 
allow easier access to the source of the fire to the fire bri-
gade. Fluid flow behaviour is difficult and complicated 
to predict. The accuracy of the calculation is the most 
important for choosing the most efficient way of venti-
lation. CFD simulation checks whether there is enough 
air movement in all parts of the parking lot, whether a 
sufficient number of air changes is provided. 

In order to perform CFD analysis, it is necessary to 
have a 3D model of the object that includes all open-
ings, beams, ceiling surfaces as well as all other necessary 
details for CFD simulation. CFD simulation is used for 
the purpose of simulating air flow and to ensure good 
air distribution for efficient operation in normal and 
emergency situations. The program includes solutions 
for several relevant maintenance equations (mass, mo-
mentum and concentration). The software solves these 
problems until an accuracy is achieved that allows for 
accurate system design.
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