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ABSTRACT 
 The study of temperature and visibility in the parking lot of the commercial complex was 

done using the Fire Dynamic Simulator code with various fire accidents. Specification fire of parking 

was obtained in different fan system conditions. The temperature and visibility of a stairwell under 

multiple conditions were contrasted. The values were obtained at a height of 1.6m. The results 

showed that temperature and visibility reached 80°C and 1 meter in the first state in the 1200s after 

the fire. In the second state, visibility reached 6.34m in the 1200s, 6.34 times better than in the first. 

The temperature also decreased to 51.11°C in the 1200s. The temperature improved by 36.19% 

compared to the first state. In the third state, after the 1200s, the temperature decreased to 44.72°C. In 

the third state, the visibility was 15.59m, which improved 15.59 times in the first state. 
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1. Introduction 

With the urban enlargement and population 

growth, many large commercial or residential buildings 

have been built in today's advanced life. Closed car 

parks are used in the basement of these buildings [1]. 

During a fire in a closed parking lot, plenty of hot 

smoke is produced that must be evacuated. In addition, 

car exhaust contains dangerous gases such as carbon 

monoxide. In the parking, the air is heavily polluted by 

cars [2]; if a fire happens, the smoke from the fire will 

cause people's deaths. The purpose of fire simulation is 

to maintain the safety of residents to prevent casualties 

during a fire. In addition to heat and smoke, combustion 

also produces gases. The volume of hot gases in a 

closed space rises rapidly and fills the room [3]. In 

2011, vehicle fires in tunnels with various ventilation 

were simulated. The simulations showed that vehicle 

fires caused by strong forced ventilation were 10 times 

more significant than natural ventilation [4]. In 2014, 

Zhang experimentally developed a method for 

predicting the temperature of smoke from fires in large 

spaces. It was found that by choosing the appropriate 

shape factor for the desired model, it is possible to 

predict the temperature caused by fire [5]. 

In 2011, three types of fire tunnels were 

studied experimentally. Experimental equations for 

flame height and shape, topmost temperature, and height 

of the top temperature  were  obtained  according  to  the  

 

results of the desired scale [6]. In 2016, fire suppression 

of commercial buildings with the sprinkler system was 

analyzed. In the paper, different activation modes of the 

sprinkler were studied numerically to investigate the fire 

of a large commercial complex. The simulation results 

show that the sprinkler prevents the fire from slowing 

down and increases people's evacuation time [7]. A fire 

was simulated in a garment factory [8]. The results 

showed that after 6s from the start of the fire, the smoke 

spread on the floor and stairs and reached the upper 

floors, making the situation critical for the residents. In 

2020, a devolatilization model was used to simulate 

small tunnel experiments with variable ventilation rates 

in unit fireboards as a fuel source. Decomposition 

behaviour was effectively described, and optimized 

values were developed numerically [9]. 

In 2020, a numerical analysis of the fire caused 

by pressure changes was performed in an air-tight 

enclosure with ventilation devices. The pressure in the 

next room becomes so high that it becomes difficult to 

evacuate people [10]. 

In 2020, smoke spread on a staircase was 

studied. In this study, the effect of external wind was 

considered. The results show that the ascent speed of the 

plume increases to a certain height with the wind speed 

[11]. In 2021, the smoke expansion system was 

optimized in fire scenarios using a computational fluid 

dynamics model [12]. 
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According to previous research, the study of 

visibility and temperature profiles on people's exit stairs 

has yet to be investigated. For this reason, the fan 

system's effect on the stairwells' temperature and 

visibility at a height of 1.6m was investigated in this 

research. 

2. Mathematical Model 

2.1 Fluid-dynamic Model 
The fire simulation was done using the fire 

dynamics simulator code. The simulations in this article 

were done using the computational fluid dynamics code 

of FDS6.7.9. The equations are given below [13-14]: 

                  (1) 

                                 (2) 

  (3) 

2.2 Numerical Setup 
    The parking is located in a commercial 

complex. The visibility and the temperature profiles in 

the parking fire were investigated. The parking space 

has dimensions of 48m 19m 3m. Figure 1 shows a 

schematic of parking. It is essential to check the stairs 

because people escape during the fire. Due to the 

importance of the stairs, the temperature measuring 

devices were placed on the first and third stairs. 

According to firefighting standards[14], the 

amount of heat released in the sample fire must be 4MW 

to simulate a fire in the closed parking area. Hence, 

according to previous research, a fire with dimensions 

of 1m 1m and heat release of 4000kW/m2 was 

considered in the northern of the parking.  
 

 

Fig. 1 The parking geometry 

2.3 Grid Study  
Choosing a suitable grid size is very important 

in getting accurate results. The ratio of the fire 

characteristic diameter to grid size, D*/ x, is a measure 

of grid resolution. The grid size is considered between 

0.1m and 0.6m. The temperature solution results were 

compared with each other in the 120s. The temperature 

is shown in Fig.2. As seen from the figure, the diagrams 

are almost aligned in the sizes 0.2m and 0.1m. 

Therefore, the solution was done for meshing with size 

0.2m. 

 

Fig. 2 Temperature profiles in different mesh sizes 

3. Result 

In this study, the first scenario, parking without 

ventilation, was considered. The second scenario 

evaluated the parking with a traditional ventilation 

system. In the last scenario, parking with a Jet fan was 

considered. The temperature and visibility profiles were 

obtained in all plans for the 1200s. 

The temperature of the stairs in the parking is 

critical. In Fig. 5, the temperatures of the stairs are 

compared in different scenarios. In the first scenario, the 

temperature is initially 20°C. When the fire starts, this 

value increases to about 96°C in the 600s, then 

decreases to 80°C when the simulation is finished. In 

the second scenario, the temperature will increase to 

87°C in 600s, but with the activation of the exhaust fans 

and supply fan, after 900s, the temperature will reach 

70°C. It decreases to 51.11°C in the 1200s. In the third 

scenario, where the jet fan is active, in the 600s, the 

temperature rises to 86.8°C, and after the 900s, it drops 

to 74.2°C, and in the 1200s, to 44.72°C. 
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Fig. 3 Temperature profiles in three scenarios 

Visibility is the distance a person can see 

during a fire. In Fig.4, visibility in three different 

scenarios is contrasted. Visibility was 30m before the 

fire started. With the advent of fire and the spread of 

smoke, this amount decreased to 1m in the 30s. A 

person in a parking area without ventilation does not see 

how to escape. In the second scenario, in the 30s, the 

visibility decreases to 1m, but with the activation of the 

fans, the visibility increases after the 550s. It reached 

6.34m in the 1200s. In the third scenario, the visibility 

decreases to 1m, but when the jet fan is activated, it gets 

15.59m in the 1200s.   

 

Fig. 4 Visibility profiles in three scenarios  

4. Conclusion 

In this study, visibility and temperature profiles 

in parking were investigated. Three different scenarios 

were defined. In the first scenario, there is no 

ventilation. In the second scenario, parking was 

provided with ventilation. In the last state, a jet fan was 

used for ventilation. This article aimed to investigate the 

effect of a ventilation system on the visibility and 

temperature profiles of stairwells at a height of 1.6m 

during the fire. In the desired space, the fire was 

simulated with heat release 4MW and at 1200s, 

visibility and temperature were compared in three 

scenarios. According to the results obtained, it was 

found that in the first scenario, before the fire, visibility 

was 30m. After the fire, the visibility decreased to 1m. 

In the second scenario, the visibility increased to 6.34m 

and improved 6.34 times. In the third scenario, the 

visibility increased to 15.59m, which was enhanced by 

15.59 times compared to the first scenario. In the first 

scenario, the temperature was initially 20°C. After the 

start of the fire, the temperature increased to 96°C; it 

reached 80°C at the end of the fire investigation. In the 

second scenario, the temperature rose to 87°C, but after 

the 900s, it decreased to 70°C and at the 1200s, it 

reached 51.1°C, which improved by 36.12% compared 

to the first scenario. In the third scenario, using a jet fan, 

the temperature went 86.8°C at 600s, and after 900s, it 

decreased to 74.2°C; at the 1200s, it got 44.72°C 

compared to the first scenario, it improved by 44.1%.  
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