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! Fire dynamics simulator software
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! Sprinkler System

2 Watermist System

3 Gas Phase Cooling

4 Direct cooling

> Blocking Radiant heat
¢ Oxygen Displacement
7 Compartment Fire

8 Shield Fire

° Fire Extinguishing

19 Fire Suppression
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! Early Suppression Fast Response (ESFR)
2 Standard Response Sprinkler Heads

3 Computational Fluid Dynamics (CFD)

4 fireFoam software

5 Flash over phenomenon

¢ Backdraft phenomenon

7 Large Eddy Simulation (LES)
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!' Radiation intensity
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! Open source
2 Finit difference
3 Explicit
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Fig 2. A view of experimental geometry with details [38]

! Pyrosim software
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! Open Boundary condition



Open boundary conditions
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' Power Spectral Density (PSD)
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Fig 4. Grid study — PSD variations based on frequency
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Table 2. Comparison of blackout duration
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Table 3. Sprinkler specifications
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Fig 6. a) 3D view of the building in Pyrosim software, b)3D view of the geometry of a unit in the building, c) View
of the unit from above with details of sprinklers installation, d) Side view of a building unit
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Fig 7. The results of the spread of smoke and toxic and hot gases in the floors of the building without sprinklers

\Y



ol oo plol ] Ligels 29, 5 IS el 33, (slabl g 51 ooliiwl o g (cwy p Banl alllas pl pgs > o
S5 9,8, .l 0ol (g3l Jlad 4l Ve gley 50 IS sl By, slabl e 0gb o sdmlie ol @l A S 0 4
Gl Jbs 5l o il Ve U ogd oo Dglaie L8 a5l as canl o 4 4l Ve e 5l g e0g L8 cl wilen (5 > g
S 5 4l alS Lo i T o o 4,515 85 oo smnlin A US4 Sl a4 el Jlab 15T e 155
Gl ;3 apeidandl) Conl sdelcassas of 5 il a0 Voo Syl e el 5o lises Lol tinl oo plosil &, &) S
oolidl Glesl yley bl S8 5T (cgels Lol sl o8 il axy0 Voo Soop ST BB oo limen asl Yo lo; 0 aS
(el

ol chgals 0 a8 ouile 3L lall o Elo g oo o35 Lol sl ool ogels ol @l £l S ley cundSL
Oh S 5| a5 00 oo sdaldile T 1T Ul (55LuSis 5 Boyo slabl adl Ve 5 2 o 50 ishi e gl LGl 5l @y
0551 U1 Y Lol )3, con(slaaisS 5 Lo a5 09 s oanlive Cle (rpam 4y 5 Sl 0uds (xSl 55 om Slink 4y (]
Slade (a8l Voo glog ,0) 3T aib b1 10 0490 (p)S S gige lade a5 ggmuids .l IS el e > 5l eSS
Sls Ve ppm 5l S

2
3
A
3
9
4
a2
a
a2
temp
©
200
1
164
Y
3
N
9
3 10 q
56
n
€O (ppm)
2
3
N
3
2
Q
&}

a8 =gl il Yo =l 4l Fe =l FUETR PRRNISY

A el b o 50 ol Slinds 30 §15 g (oom 315 9 090 HLiil gl :A JSio
Fig 8. The results of the spread of smoke and toxic and hot gases in the floors of the building in the case of
sprinklers
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Table 4. The maximum value of temperature, carbon monoxide and carbon‘dioxide’in the case of without_sprinkler
(during 100 seconds of simulation)
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Fig 9. Curve of minimum, maximum and mean temperature in the rooms above the fire room for the case of
with_ and without_sprinklers
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Fig 10. Curve of minimum, maximum and mean CO: in the rooms above the fire room for the case of with_
and without_sprinklers
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Fig 11. Curve of minimum, maximum and mean CO in the rooms above the fire room for the case of with_ and
without_sprinklers
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Table 5. Time to reach the critical state for temperature, hot and toxic gases for the state without sprinklers
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Numerical study of the spread of toxic and hot fire gases
In_a multi-storey residential complex with and without
sprinkler fire extinguishing system

Hamid Tajaddod, Ghassem heidarinejad', Mohammad Safarzadeh

Department of Mechanical Engineering, Tarbiat Modares University, Tehran, Iran

ABSTRACT
In this study, the effect of a water-based fire suppression system on fire control and extinguishment in a multi-

story building was investigated using FDS software. The geometry consisted of a five-story building with a total
of 25 units, where the fire room with heptane fuel was located on the third floor in the center of the ground floor
room. Temperature parameters and species'such as carbon monoxide and carbon dioxide were measured in each
room, and the results were analyzed for two conditions with and without sprinklers from the start of combustion
to 100 seconds. Validation showed that the numerical results of this study had an 8% relative error compared to
experimental results. Additionally, in the condition without sprinklers, the temperature in the third-floor fire
room reached 700 degrees Celsius within 30 seconds, but with sprinklers, extinguishment occurred in less than
20 seconds. This behavior also occurs for toxic species such as carbon monoxide and carbon dioxide, which are at
risk in all floors above the fire room without sprinklers. Therefore, by considering minimum, maximum, and
average values, the importance of sprinklers in extinguishing_fires in the room and controlling toxic and hot

gases in other rooms can be concluded.
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Building Fire, FDS software, sprinkler fire extinguishing system, texic and hot gases, fire control

! Corresponding Author: Email: gheidari@modares.ac.ir

Yy



