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Abstract 

As a fact that the industrial buildings are under many possibilities of fire cases at any time, worldwide there were many 

actual cases of massive fires recorded as capital losses as well as human losses or injuries recorded. 

The fire tests are under improvement every day to investigate and reveal the fire phenomena as well as its effect when 

spreading to analyze the possible ways of fighting it whenever happened by the effective time. 

This paper illustrates the effect of fire position when occurred inside the industrial building and compares the fire thermal 

distribution all over the inner space for three different major positions. 

The model of industrial building is scaled to one tenth for prober time modelling using PyroSim fire modelling program, 

the parameters of fire HRR, inner volume and initial parameters are kept fixed to investigate the change of fire position 

in thermal temperature distribution. 
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INTRODUCTION 

Fire tests are being conducted in two categories, either in 

full-scale or numerical simulation. Full scale tests are being 

operated in different laboratories around the world, Tran & 

Jansen [1,2] for example constructed a full scale test for 

industrial building fire and studied its growth over different 

wall lining materials, Motavalli, Marks [3] in another tests 

and Motavalli & Ricciuti [4] as well studied also the 

characteristics of ceiling jets occurred in fires occurred in 

confined and unconfined enclosures as well which ended 

with results of Q* as dimensionless number, it’s used 

mainly in many tests to represent heat release rate, Cox & 

Chitty [5] tests are an example, other full scale experiments 

[6 and 7] are performed to investigate fire behavior. 

On the other hand, and due to the difficulty and higher 

costs of conducting the full-scale tests, numerical 

simulation programs are used to investigate the fire after 

being validated against a full-scale test with the same 

parameters. Validation tests are being studied and detailed 

as well [8 and 9] this is in addition to many full scale and 

modelling tests [10, 11, 12, 13 and 14]. 

In this paper, a scaled one to ten of Industrial Building 

gypsum model is used in the simulations, its dimensions 

are 3 m x 1 m and a height of 1 m The ceiling is un-

symmetric triangle shape while the whole inner space is 

covered with thermocouples to evaluate the change of 

inner space temperature along the fire interval duration of 

20 minutes. 

The burner is positioned in three different locations inside 

the model which are corner as it’s positioned in the inner 

left corner of the model, side as placed in the opposite wall 

to the door at its center and center as it’s placed in the 

model floor center position.  

Among all FDS (fire dynamic simulators) programs, 

PyroSim is selected to simulate the fire cases as it’s a 

powerful simulator and user-friendly interface. 

MODEL DESCRIPTION 

The model material is gypsum plaster which is used by the 

program using full standard properties such as density, 

conductivity, specific heat and absorption coefficient. The 

model dimensions are as described above of 3 m x 1 m x 1 

m. The model has a triangular un-symmetric ceiling shape 

which its vertical elevated length is at 0.78 m from the 

bottom of model. The model has one door only as an 

opening with dimensions 0.3 m in height and 0.25 m in 

width with a uniform wall thickness of 60 mm. The fire 

source top is elevated 10 cm from the floor with top surface 

area of 0.01 m2 giving net HRR of 240 Kw/m2 equivalent 

to 2.4 Kw.  It was positioned in three different locations 

inside the model inner ground area, first burner position is 

at the inner left corner which is at the opposite side of the 

opening door wall and is indicated by corner position, and 

second position is at the other side of the center position 

which is called side position. 

The third location is the model center point and is called 

center position. 

Figure 1-a is showing the model of PyroSim. Temperature 

measurements were recorded via the indicated 

thermocouples positions shown starting from the ignition 

time till reaching the steady state condition of temperature 

reading, thermocouples temperatures recording interval is 

every minute during this time which is 20 minutes, and this 

is for each thermocouple. Consequently, these 

measurements are repeated for each burner position 

individually. 
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Figure 1-b is showing the horizontal and vertical axis of the 

measurements which is recorded in the curves in 

dimensionless values. Horizontal R/H values of the 

thermocouple position indicating the distance R from the 

burner position divided by H which is the model length. 

Vertical Y/H values indicating the vertical position Y 

divided by the H vertical length of the model. 

 

Figures 1-a, b, Un-Symmetric ceiling model, three fire 

source positions and thermocouples are shown. 

 

RESULTS 

For different R/H positions of the thermocouples, Y/H is 

taken in the below curves against fire duration to show the 

temperature rise with time. So that, taking the whole row 

of R/H in variable vertical values against time is the first 

set of results while the second set of curves are showing 

the individual thermocouple at each R/H for the vertical 

positions Y/H with time. 

Corner fire results  

A.  Results at y/h = 0 

 
Figure 2, Temperature rise at y/H = 0 

B.  Results at y/h = 0.1 

 
Figure 3, Temperature rise at y/H = 0.1 

C.  Results at y/h = 0.2 

 
Figure 4, Temperature rise at y/H = 0.2 

D.  Results at y/h = 0.3 

 
Figure 5, Temperature rise at y/H = 0.3 

E.  Results at y/h = 0.9 

 
Figure 6, Temperature rise at y/H = 0.9 

 

As we can see from the above curves that starting with the 

ignition time till steady of the temperature after 20 minutes, 

we have temperature rise from the ambient to around 100 

degree Celsius. In addition, it’s noticed that the hot gases 

are concentrated at the top level of the model which are the 

highest temperatures, as known the hottest gases with less 

density is going up and above the high density gases, and 

going down in temperature every step up in y/H. 
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A.  Results at r/h = 0.27  

 
Figure 7, Temperature rise at r/H = 0.27 in the first 

minute of fire 

 

B.  Temperature Profile at r/h = 1.27 

 
Figure 8, Temperature rise at r/H = 1.27 in the first 

minute of fire 

C.  Temperature Profile at r/h = 2.83  

 
Figure 9, Temperature rise at r/H = 2.83 in the first 

minute of fire 

 

As we can see from the three figures above that the highest 

temperature is beside the burner position and temperature 

reduced going away of the flame position. This is at the 

first minute of ignition so that the highest temperature is 

not that high as the first set of curves above. In the first 

curve, which is the nearest to the flame position t’s clear 

that the highest temperature is not at y/h =o as expected but 

it’s almost at y/h = 0.1 which gives us a useful observation 

point illustrated in the conclusion below. The same notices 

are obtained in the side and center position fire cases and 

related curves below. 

 

 

 

 

Side fire case results  

A.  Measurements at y/h = 0  

 
Figure 10, Temperature rise at y/H = 0 

B.  Measurements at y/h = 0.1  

 
Figure 11, Temperature rise at y/H = 0.1 

C.  Measurements at y/h = 0.2  

 
Figure 12, Temperature rise at y/H = 0.2 

D.  Measurements at y/h = 0.3  

 
Figure 13, Temperature rise at y/H = 0.3 
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E.  Measurements at y/h = 0.9  

 
Figure 14, Temperature rise at y/H = 0.9 

 

 

 

 

 

 

 

 

A.  Temperature Profile at r/h = 0.27 

 
Figure 15, Temperature rise at r/H = 0.27 in the fifth 

minute of fire. 

 

Center fire case results  

 
Figure 16, Temperature pattern of the center model at steady of fire. 

CONCLUSIONS 

 This research introduces one of the applications of fire 

simulations by using PyroSim as an FDS model for fire spread 

simulations. The conclusion is illustrated below 

1. For the results considering burner position effect, it’s shown 

that the position is affecting on the plume and hot gases 

temperatures by the existence of fresh air surrounding the 

plume and its quantity. This fresh air is playing the role of 

cooling down the plume and hot gases temperature and 

consequently reduces the ability of fire spread. Therefore, the 

most severe condition results are in case of corner fire inside 

the industrial building due to less ability of fresh air 

entrainment to surround the fire and only two sides of the fire 

is exposed to fresh air and the other two sides are facing the 

corner walls. 

2. In case of side fire position, the fresh air is surrounding three 

sides of the fire source while the center fire case is totally 

surrounded by the fresh air and consequently is having the 

lowest hot gases temperatures. 

3. The results showed that the sprinklers and detectors can be 

placed below of ceiling at the distance of 10% from the ceiling 

[y/H=0.1] which the measurements are showing maximum 

temperatures we found that the maximum temperature 

occurred at 10 cm down of the model ceiling.  

4. Finally, study showed that the temperature affected by fast 

growth after five minutes from the fire ignition which is a 

considerable time duration to fight the fire back within these 

five minutes and it makes it easy to be controlled and people 

can safely escape. 

5.  
 



Vol. 1, No. 44 April 2020, pp.17-21. Mohamed Fayek Abd Rabbo et al. Engineering Research Journal (ERJ) 

 

21 

REFERENCES 

[1] Tran, H. and Janssens, M. [1993]. Modeling the burner 

source used in the ASTM room fire test, J.  of fire prot. Eng., 

5 (2), pp. 53 

[2] Tran, H. and Janssens, M. L. [1991]. Wall and fire tests on 

selected wood products, J. of fire sciences Vol. 9, pp.106-124. 

[3] Vahid Motevalli & Marks, C.H. [1995], Transient and 

steady- state & small scale, fires induced, unconfined ceiling 

jet, heat and mass transfer, fires, ASME, HDT, vol.141-pp.49 

[4] Vahid Motevalli, C Ricciuti [1992]. “Characterization of 

the Confined Ceiling Jet in The Presence of an Upper Layer 

in Transient. 

[5] Cox, G. and Chitty, R. [1989]. A study of the deterministic 

properties of unbounded fire plumes combust and flame. 

[6] Stephen Kerber, Robert Backstrom, James Dalton and 

Daniel Madrzykowski [January 2012]. “Full-scale Floor 

System Field and Laboratory Fire Experiments”, 

Underwriters Laboratories Inc. 

[7] PENG Wei, HU Long-hua, YANG Rui-xin, LV Qing-

feng, TANG Fei, XU Yong, Wang Li-yuan, ELSEVIER 2011, 

“Full Scale Test on Fire Spread and Control of Wooden 

Buildings”, www.sciencedirect.com. 

[8] Mohammad Magdy El-Azab, [2012]. Thesis “Numerical 

Investigation of Transient Fire Spread in Industrial 

Buildings”, Benha University, Faculty of Engineering. 

[9] Mohammad Magdy El-Azab, [2019]. Thesis “Effect of 

Ventilation and Ceiling shape of Industrial Building on Fire 

Spread”, Benha University, Faculty of Engineering. 

[10] Cooper, L. Y. And Stroup, D.W. [1987]. Thermal 

Response of Unconfined Ceiling Above Growing Fires and 

The Important of Convective Heat Transfer” Journal of Heat 

Transfer, Vol. 109. 

[11] Quintiere, J. [1984]. A perspective on compartment fire 

growth, combustion science and Technology, vol. 39, pp. 11-

54. 

[12] Kevin McGrattan, [2004]. Modeling Fire Growth and 

Spread in Houses, Building and Fire Research Laboratory, 

National Institute of Standards and Technology (NIST), 

Gaithersburg, Maryland, USA 

[13] KEVIN Mc Grattan. Fire Dynamics Simulation (Versao 

5 User’s) Guide. M. NIST Special Publication 1019-5. 2009, 

p53-78. 

[14] Aristides Lopes da Silva, Study of Building Fire 

Evacuation and Geometric Modeling Based on Continuous 

Model FDS+AVEC, European Scientific Journal May 2014. 

http://www.sciencedirect.com/

