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Pap npummen: geuembap 2014., pap npuxsafiex: maj 2015.

Papoje JesTuh*

ATICTPAKT

Moxap npencTaB/ba NPOLEC HEKOHTPONNCAHOT CaropeBarba
Koju CTBapa MaTepujainHy WTETY 11 YTPOXaBa Jby/cKe XMBOTE.
Beoma je BaxkHO 3HaTU (aKTOpe Of Kojux Mmoxap 3aBucH
pajl YCMeWHor MpojekToBatba W peanusauuje cuCTeMa 3a
3aWUTUTY O NOXapa. JeniaH 0/ TakBUX HaKTOpa je 1 pasnnunTy
NPOTOK Ba3/yxa Kojil Moxe 61T y BUZY BETpa, Mpomaje i .
(umynaunja paznuuuTix 6p3uHa NPOTOKa U HIXOB yTULA] Ha
pa3Boj NoXapa y 06jeKTy Cy aHanM3MpaHn y 0BOM pagy.

KrbyuHe peum: noxap, 6p3uHa npotoka Ba3ayxa, CAMynauu;ja,
FDS

YBOA

MojaBa noxapay 06jeKTy npeAcTaB/ba BEOMa peasHy 0MacHoCT,
Koja MOXe umaTi ¢atanHe nmocieauue no Jbyacke KUBOTE
W MmatepujanHa gobpa. [Moxap, reHepanHo, npeAcTaBiba
HeKOHTpOoAMCaHN 11 HenpeasuheHn npoec Wuperba TonsoTe.
Moxap kapakTepuwe Benukn 6poj napametapa. To cy
napameTpu KOji KapakTepuLly 30HY ropetba, 30Hy NMpeHoca
TonaoTe W 30HY Auma. 360r Tora je 3awTuTa 04 Moxapa
BEOMa KOMNJeEKCaH 1 OAroBOPaH 3ajaTaK Y Wby 04yBakba
6e36eHOCTY IbYACKMX XKMBOTa M MaTepujanHux aobapa. Pa3goj
HayKe, TexHuke, caobpahaja, uHaycTpuje kao 1 noseharve
JbyACKe momynauuje v MHoru Apyru daktopu notBphyjy
HaBefieHy UMkbeHNLY. 3aLUThTa 0/ NOXapa je BepOBATHO (Tapa
konuko 1 oTkpuhie Batpe. Mpumepyn noxapa Ha OTBOPEHOM
MpoCTOpY 1y 3rpadama NpuKa3aHm cy Ha ckama 11 2.

MocToju MHOTO HenpeABuAMBMX daKTOpa KOju Mory Umati
BeMMKM YTULAj Ha LumMperbe moxapa. HapagHo, yTuuaju Ha
LuMperbe MoXapa Ha OTBOPEHOM UM Y HeKoM 06jekTy mory
OuTM pasnuuuTy. JedaH og wux je u 6p3uHa Bazayxa. potok
Ba3fyxa Moxe 6uUTI y BUZy BeTapa, npomaje 1 1. Y BefinHu
(nlyyajea, noseharbe Op3uHe Basayxa AOBENO je 40 BENKOT
LMpetba noxapa. Ann, ynpKoc no3HaBarwy MHoOrUx ¢aktopa
1 YNpKOC MHOTUM CTaHAAPAMMA, MOCeamMLe noxapa Mmory
ouT daTanHe N WMpere NoXKapa e MOXKEe BeoMa TeLlKo
npenBuaeTH. 3ato, jedaH Of HajycnewHujux 1 Hajuewwhe
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ABSTRACT

Fire presents the process of the uncontrolled combustion that
makes material damage and endangers human lives. It is
important to know the factors that fire depends on for success
projecting and realization of fire protection systems. One of
such factors is different air flow that could be presented as
wind, draft and the like. The simulation of different air flow
speeds and its influences on fire propagation in object were
analyzed in this paper.

Key words: fire, air flow speed, simulation, FDS

INTRODUCTION

The appearance of fire in objects represents a very possible real
situation that could be very danger and could cause destructive
consequences on human lives and material properties. Fire,
generally, presents uncontrolled and unpredictable process
of heat propagation. Fire is characterized with big number of
parameters. These are parameters that characterize burning
zone, heat effect zone and smoke zone. For that reason, the
fire protection is a very complex and very responsible task in
every sense of human lives and material properties security.
The development of science, technique, traffic, industry as well
as the increasing of world population and lot of other factors
confirmed noted proposition. The fire protection is probably old
as much as the discovery of fire. The examples of the fire over
the open space and in buildings are presented on figures 1and
2.

There are lots of unpredictable factors that could be present
with the fire and that could have a great influence on fire
propagation. Of course, their influence would be different for
the spreading of fire over the open and in some objects. One of
them is an air speed. Air flow could be presented through wind,
drift, and some kind of air flow and the like. In the vast majority
of the cases, the increased air speed brought on the great spread
of fire. The main characteristics of the air flow are the speed and
direction of air. But, despite the knowledge of many factors and
according to many standards, fire consequences could be fatal
and fire spreading could be very hard to predict. So, one of the
most successful and most frequently used ways for potential
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(Cn. 3. EnekTpoTexHnuka wona
,Hukona Tecna” y Huwy (neso)
Fig. 3. Electro technical school
,Nikola Tesla” in Ni$ (left)

(Cn. 4. Nabopatopujcku feo
EnekTpoTexHunuke Wwkone
,Hukona Tecna” y Huwy (pecHo)
/Fig. 4. Laboratory part of the
Electro technical school ,Nikola
Tesla” in Nis (right)

Cn. 1. Wnperbe noxapa Ha oTBOpeHoM npocTopy - npumep Marak 6paa usHaa
Mokpe lope (rope) / Fig. 1. The spreading of fire over open space - an example of
Panjak hill, above the Mokra Gora (above)

(Cn. 2. Wnpetbe noxapa y 3rpafama - npumep BeANKor noxapa y Xjycrony (aecHo)
Fig. 2. The spreading of fire in buildings - an example of great fire from Houston
(right)

kopuwheHux HauvHa 3a moryhe npepgubatbe noxapa jecte
ynotpeba cumynaumoHor codpTeepa U jedaH of Hajuelufie
kopuwwheHux copTBepa 3a 0By BPCTy npobnemaruke je FDS.
OBakBa cuMynauuja Moxe Aatu Benuki 6poj KOpPUCHUX
uHdopmaumja 3a npegsuhare wWupera noxapa: moryhe
n noctojehe eBakyaumoHe pyTe, moryha u nocrojeha mecta
BaTpe, AUMa, TemnepaTypHe ycnoBe y o6jekTy u Apyre
uHdopmaLmje of KpyLujanHe BaKHOCTY 3a JbyACKe XKUBOTe 1
matepujanHa 4o6pa, a Ha 0CHOBY HbUX Ce MOry NpojeKToBaTH
Hajborbe mo3uumje 3a CeH3ope, onTuManaH 6poj ceH3opa,
moryhe eBakyaumoHe pyTe uta.

HaBepieHe unkweHuLe NpefcTaBbajy foka3 Aa je cumynauuja
noxapa oaroapajyhum codtBepom  HajjedTuHujn 1
HajcurypHuju  HaumH npefgubata noxapa W yTuUdja
APYrUX (akTopa Ha MoHalame noxapa. Y 0BOM pagy,
aHanu3upaHa je cuMynaumja noxapa y nabopatopujckom feny
EnektpotexHuuke wkone ,Hukona Tecna” y Huwy (Blagojevic,
2011), (National Institute of Standards and Technology, 2010).

CAMYNALIMOHN MOAEN

EnektpoTexHuuka wkona ,Hukona Tecna” y Huwy je cpeprba
WwKona ca Bue o 800 Haka u uwe op 100 3anocneHux. Cam
LUKOANCKY 06jeKaT je BeNUKM 11 caapi 1abopaTopujcku Aeo, eo
(@ y4YNOHMLAMA 1 KaHLienapujama, Toanetuma, bubanotexkom u
canom 3a Gu3nuKo BacnuTame. MoBpLumHa objekTa je 2542,91
m2. Objekat UMa Tpy CnpaTa @ MaKCUMANHOM BUCUHOM 0f 12
m. Llena wkona ce moxe noJennTin Ha ABa Aena: YYnoHnuKi
[ie0 1 nabopatopujckn feo.

Yunonunukn geo EnexktpotexHuuke wone ,Hukona Tecna” uma,
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fire prediction is the use of the simulation software and one
of the most used software for this kind of problem is FDS
software. This simulation could give a lot of useful information
of possible fire propagation; possible and existed evacuation
routes; possible and exited placing of fire, smoke, temperature
conditions in object and other information of crucial importance
for human lives and material properties, such as the best places
for sensors position, optimal number of sensors, projection of
possible evacuation routes etc.

Noted facts present the evidence that the simulation of fire with
the proper software is the cheapest and the securest way of fire
prediction and influence of different factors on fire behavior. In
this paper, the fire simulation with different speeds of air flow
on the third floor of the Electro technical school ,Nikola Tesla”
in Ni§ laboratory part was analyzed (Blagojevi¢, 2011), (National
Institute of Standards and Technology, 2010).

SIMULATION MODEL

The Electro technical school “Nikola Tesla” in Ni3 is the secondary
vocational school with more than 800 pupils and more than 100
employees. The school object itself is huge and it consists of
laboratory part, classrooms part with offices, toilets, library and
physical education hall. Approximate object ground surface is
about 2542, 91 m2. Object has three floors with maximal height
about 12 m. The whole school could be divided in two parts: the
classrooms part and laboratory part.

The classrooms part of the Electro technical school “Nikola

40-2015 AY



bpoj ) ) . Number of . h . .
ofjerara 0Objekar Nlumensuje Marepujan objects Object Dimensions Material
04mx0,4mx0,4m . 04mx0,4mx0,4m
426 cTonuua (0, 5¢m 2e6routa) uBepuLa 426 chair (0, 5¢m thickness) plywood
1 CTONapCKu 3mx1,5mx0,75m XpacToBo 1 carpenter 3mx1,5mx0,75m 0ak
cT0 (4,2cm pebmuHa) LpBO desk (4,2 cm thickness)
6 CoeRbi CTo 2mx0,8mx0,75m JBeDML 6 middle 2mx0,8mx0,75m wood
pea (3,5 cm pebrbiHa) P desk (3,5 cm thickness) Py
14 sefin opmap 1,8mxTmx2m XpacToBo 14 bigger 1,8mxTmx2m oak
LpBO cupboard
26 Matbi 0pMap 1,5mx1mxIm XpacToBo 26 smaller 1,5mxImx1m oak
ApBo cupboard
8 o 8,9mx6,8mx 60poBo 8 floor 89mx6,8mx ine
A 0,0015m ApBo 0,0015m p
37 Tabna 2,5mx1,27mx0,0025m | wuBepuua 37 table 2,5mx1,27mx0,0025m plywood
7 naxenu 2mx2m KHayd 7 prOJecItor Imx2m bCardd
ZpBeHn 6oposo panels oar
2670 naHenu 3a Tmx0,04mx0,005m ApBD 2%70 pine panels 1mx0,04mx0,005 m pine
3uoBe for walls
23 Bpata 1,97mx0,85mx0,037m | uBepuua 23 doors 1,97mx0,85mx0,037m plywood

Tab. 1. /ucra o6jekara ca tuxoBuUM AnMeH3Mjama 1 Matepujanom y
EnektpoTexHuukoj wkonu ,Hukona Tecna”

Takohe, Tpu cnpata. Y npusemMHoM ey Hanase ce 6ubnnoteka,
HaCTaBHIYKA KaHLenapuja, KaHuenapuje afM1UHUCTPATUBHOT
0co0/ba (AMpeKTOp, 3aMeHNK AUpeKTopa, npaBHa cnyxba u
(uHaHcujcka cnyx6a), yekaoHuLa v coba 3a npujem poauTeba.
lpBu W Apyru CmpaT yuumoHWuKor fena Likone umajy 18
yunoHuua, 9 no cnpaty. (Baku CnpaT UMa MYLUKN 11 XeHCKU
Toaner. Qotorpaduja Enekrpotexnuuke wkone ,Hukona Tecna”
npeAcTaB/beHa je Ha cmun 3. Gotorpaduja nabopatopujckor
gena EnektpotexHuuke wkone ,Hukona Tecna”, ca 03HaueHum
MeCTMa 33 NpOTOK Ba3dyxa, NpefcTaB/beHa je Ha cuum 4
(Jevtic, 2014), (Jevtic, Nickovic, 2014), (Jevti¢, Blagojevic, 2014).

Nabopatopujcku feo wkone Takohe MMa Tpu cmpata u
noBpluMHy oko 708,05 m2 (40,46 m x 175 m). Ha npeom
cnpaty nabopatopujckor Aena Cy Hekonuko nabopatopuja,
KaHuenapuje NOMORHOr 0c06/ba, CTONAPHULLA, KaHTYHA,
yueHnukn kny6 u npoctopuja 3a ypehaje 3a xnafjere. Ha
Apyrom n Tpefiem cnpaty Hanase ce camo nabopatopuje.
ncta objekata Koju Cy NOLMPaHM Y YHYTPALLOCTU LUKOe
(y nabopatopujama, CTOMapHULM, KaHTUHW..), @ KOju MOry
UMaTV YTULQj Ha noxap y nabopaTopujckom feny, ca CBojuUM
AMMeH31jama, bpojem 11 MaTepujanom 0 Kora Cy CaulkbeHn
nfatajey 1abenu 1 (Group of authors, 1987), (Radosevic, 1968).

Mpema LUKONCKOM CTPYKTYPHOM MpOjeKTy, (a KOMMIETHUM
LUMEH31jama, KOHCTPYWCAH je CUMYyNauMoHu MOfen Lene
wKone y nporpamy PyroSim 2012 u aHanu3upaH y nporpamy
FDS. WHBeHTap y cMmynauuoHOM Mopeny je npeAcTaBibeH
npema (BOjUM peanHum AumeHsujama. Cumynaumja je
noapasymesana noxap Ha Apyrom cnpaty wkone. /3gop
noxapa je noctaBweH Yy nabopatopujn 112, Ha noay
nabopatopuje. [lmen3uje u3Bopa noxapa 6une ¢y 1 m x
0.5 m u cTona ocnobahatba TonnoTe je 6una nogelweHa Ha
100 kW/m2. Bpeme cumynauuje je 6uno nogeweHo Ha 100

AY 40-2015

Tab. 1. The list of objects with its dimensions and material in Electrotechnical school
"Nikola Tesla”

Tesla” has also three floors. On the ground floor, there are
library, teacher's office, administrative offices (director, vice
director, law service and finance service), waiting and parents
receiving room. The first and the second floor of the classrooms
part consist of eighteen classrooms, nine per every floor. Every
floor has toilets for man and women. The physical education hall
presents particular object witch is connected with school on the
first floor. Photography of Electro technical school “Nikola Tesla”
in Ni3 is presented on figure 3. Photography of the laboratory
part of Electro technical school ,Nikola Tesla”, with the marked
place for air flow is presented on figure 4 (Jevtic, 2014), (Jevtic,
Nickovic, 2014), (Jevtic, Blagojevic, 2014).

The laboratory part of the Electro technical school “Nikola
Tesla” has three floors and ground surface about 708,05 m2
(40,46 m x 17,5 m). At the first floor of the laboratory part there
are several laboratories, stuff office, carpenter room, canteen,
pupils club and refrigerate devices room located. On the second
and the third floor are only laboratories. The list of objects that
were located inside the school (in laboratories, carpenter room,
canteen...) which could have influence on fire in the laboratory
part, with its own dimensions, number and used material)
is presented on table 1 (Group of authors, 1987), (Radosevic,
1968).

According to the school structural project, with its complete
dimensions, the simulation model of the whole school was
made in PyroSim 2012 and analyzed in FDS. Inventary at the
simulation model was presented according to its real materials.
Simulation implied fire simulation on the second floor of the
laboratory part of Electro technical school “Nikola Tesla” in
Nis. The fire source was positioned at laboratory 112, on the
laboratory floor. The dimensions of the fire source were 1 m
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i

Cn. 5. Cumynaumonu mogen EnektpotexHuuke wkone ,Hukona Tecna” y Huwy ca
03HaueHum nabopatopujckum Aenom, y nporpamy PyroSim

Fig. 5. Simulation model of the Electro technical school “Nikola Tesla” in Nis, with
marked laboratory part, in PyroSim software

ceKyHnu. V3Hap n3Bopa noxapa, Yy CMMynauuoHOM MoZeny,
MOCTaBIbeHe Cy paBHY 3a AeTeKLWjy TONNoTe, AeTeKTOpU AUMa
n petexkTopu Tonnote. Pactojarbe u3melly fetekTopa je 6uno
1'm, 0K je BUCUHA HA KOjy Cy JeTeKTOpU 6unu nocTaB/beHn
6una 3,2 m. (umynaumja je peanu3oBaHa 3a pasnuuute
6p3uHe npoToka Ba3ayxa: 0 m/s, 2 m/s, 4 m/s, 8 m/s u 12 m/s.
OcHoBHa npeTnocTaBka je Aa fie pa3nuuute Gp3uHe NpoToKa
Ba3JyXa MMaTU YTULAj Ha LUMpekbe NOXKapa Y CMUCTTY HeroBor
noBeharba. QuekuBaHu pesyntatn 6u Tpebano Aa noKaxy
pacnofieny Auma 1 TonnoTe 3a pasnuuute Gp3uHe NPOTOKa
Bazgyxa. (umynaumoHn Mmogen EnexTpotexHuuke wkone
,Hukona Tecna” y Huwy, ca o3HayeHUM nabopaTopujckum
fienom, y nporpamy PyroSim, npeAcTaBrbeH je Ha Cmum 5, 4OK
je cumynaumoHn mogen nabopaTopujckor fena, ca 03HaueHUm
MeCTIMa 3a MPOTOK Ba3dyXa W AeTeKTOpWMa, Y Mporpamy
PyroSim, npeactasmben Ha cuum 6 (Stankovic, 1997), (Bukic,
2004), (Thunderhead, 2012).

PE3YNTATU CUMYNALIMIE

CumynaumoHn pesyntati 3a [AeTeKTope AUMA W TomnoTe
MpeacTaB/beHn ¢y Ha Cnukama of 7 [o 26. 36or Benukor
0Opoja rpaduka, 0AnyyeHo je [a ce NpuKaxy camo pesyntaTti
33 leTeKTope AMMa 1 TOMNOTe Ha NPBOj M YETBPTOj NO3ULUjU.
BaxHo je HanoMeHyTY Aa je akTMBALMOHN Npar 3a fieTeKTope
Anma 6uo 3, 28 % 3aTaMiberba, 0K je akTUBALMOHM mpar 3a
JeTekTope TonnoTe 6una Temnepatypa og 70 °C.

JNCKYCHIA

Pesyntati cumynaumje cy nokasanu fa npoTok BasAyxa, Yy
3aBUCHOCT 071 OP3MHE, MMa BENMKIN YTULLAj y CMIACAY MPOTOKA
TONNOTE W AUMA Kpo3 obnact 3axsafieHy noxapom. 3a 6p3uHy
npoToka Basayxa od 0 m/s, Tpu AeTeKkTopa TOMa0Te U TpU
JieTekTopa Auma fie pearoBaty; 3a 6p3uHy NPoTOKa Ba3dyxa
0f 2 m/s, ABa fieTeKTOpa ToMsoTe U TpU AeTekTopa Auma fie
pearoBaty; 3a 6p3uHy NpoToKa Ba3dyxa of 4 m/s, camo jefaH
J[leTeKTOp TOnnoTe 1 TPU AeTekTopa Auma fie pearoBaty; 3a
Op3vHy MpoTOKa Ba3dyxa o4 8 m/s, camo jedaH HeTeKTop
TONNOTE M TPU AeTeKTopa AuMa he pearoBat u 3a 6p3uHy
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(Cn. 6. Cumynauvonu mogen nabopatopujckor aena EnektpotexHuuke wkone
,Hukona Tecna” y Huwy, ca 03HaueHM MecTvMa 3 NPOTOK Basayxa 1
LeTeKTopuMa, y nporpamy PyroSim

Fig. 6. Simulation model of the laboratory part of the Electro technical school “Nikola
Tesla” in Nis, with marked places for air flow and detectors, in PyroSim software

x 0.5 m and the heat release rate per area of the fire source
was set to 100 kW/m2. The simulation time was set to 100
seconds. Above the fire source, the heat detection plane, smoke
detectors and heat detectors were positioned. The distances
between detectors were 1 m, while the height of detectors
was 3, 2 m for all detectors. The simulation was realized for
different air flow speeds: 0 m/s, 2m/s, 4 m/s, 8 m/s and 12 m/s.
The base presumption was that different air flow speeds had
an influence on fire propagation, in sense of increase of fire
propagation. Expected results should show the smoke and heat
distribution for different air flow speeds. Simulation model of
the Electro technical school “Nikola Tesla” in Nis, with marked
laboratory part, in PyroSim software is presented on figure 5,
while the simulation model of the laboratory part of the Electro
technical school ,Nikola Tesla” in Nis, with marked places for air
flow and detectors, in PyroSim software, is presented on figure
6 (Stankovic, 1997), (Bukic¢, 2004), (Thunderhead, 2012).

SIMULATION RESULTS

Simulation results of smoke and heat detectors are presented
on figures from 7 to 26. Due to the large number of graphics,
it was decided to present only results for smoke and heat
detectors for the first and for the fourth position. It is important
to note that the activation threshold for smoke detectors was
3, 28 % of obscuration, while the activation threshold for heat
detectors was temperature of 70 °C.

DISCUSSION

The simulation results showed that air flow, depending of its
speed, has a great influence in the sense of heat and smoke
transferring through the fire area. For air flow speed of 0 m/s,
three heat detectors will react and three smoke detectors; for
air flow speed of 2 m/s, two heat detectors will react and three
smoke detectors; for air flow speed of 4 m/s, only one heat
detector will react and three smoke detectors will react; for air
flow speed of 8 m/s, only one heat detector will react and three
smoke detectors will react and for air flow speed of 12 m/s, only

40-2015 AY



SD
1000
20,00
. 6000
E
g
4000
2000
00
00 20,00 4000 60,00 80,00 1000
Time (s)
THCP

2500

2000

50,00

©
g 8
g 8

00

00 20,00 4000 60,00 80,00 1000 1200
Time (s)
SD
1000
90,00
20,00
7000
_. 8000
E
2 s
4000
30,00
2000
10,00
00
00 20,00 4000 60,00 80,00 1000 1200
Time (s)
THCP
60,00
55,00
50,00
4500
Qw0
3500
20,00
2500
2000
00 20,00 4000 60,00 80,00 1000 1200
Time (s)
SD
1000
90,00
20,00
7000
_. 8000
E
2 s
40,00
30,00
2000
10,00
00
00 20,00 4000 60,00 80,00 1000 1200
Time (s)
THCP
55,00
50,00
4500
. 4000
e
35,00
30,00
25,00
2000
00 20,00 4000 60,00 80,00 1000 1200
Time (s)

AY 40-2015

SDo4
100
50802
£
32 00
=~ o0 2000 40,00 60.00 80,00 1000 1200
-5.06-02
-100
Time (s)
THCP04
27.00
2600
2500
. 2400
e
2300
200
2100
2000
00 20,00 4000 60,00 80,00 1000 1200
Time (s)
SDo4
100
50802
£
32 00
= o0 2000 40,00 60.00 80,00 1000 1200
-5.06-02
-100
Time (s)
THCP04
20,00
70.00
60,00
C s
40,00
30,00
2000
00 20,00 4000 60,00 80,00 1000 1200
Time (s)
SDo4
100
50802
£
32 00
< o0 20,00 40,00 60.00 80,00 1000 1200
-5.06-02
-100
Time (s)
THCP04
1400
1200
1000
C s
60,00
40,00
2000
00 20,00 4000 60,00 80,00 1000 1200
Time (s)

Cn. 7. Cumynavumou pesynTatv 3a
MpBU leTeKTop UM, 3a Op3uHy
npoToKa Ba3ayxa o 0 m/s (nego)
Fig. 7. Simulation results of the first
smoke detector, for air flow speed 0
m/s (left)

Cn. 8. Cumynavuumonu pesyntatu 3a
YeTBPTU €TEKTOP AIMa, 33 Op3UHY
npoToKa Ba3ayxa op 0 m/s (necHo)
Fig. 8. Simulation results of the fourth
smoke detector, for air flow speed 0
m/s (right)

Cn. 9. Cumynanmonm pesynTaTii 3a
MpBU ieTeKTOp TONNOoTe, 32 6p3uHy
npoToKa Ba3ayxa o 0 m/s (nego)
Fig. 9. Simulation results of the first
heat detector, for air flow speed 0
m/s (left)

Cn. 10. CumynaumoHu pesyntati
33 UeTBPTY JETEKTOp TONNOTE, 33
6p3uHy npoToKa Basayxa o 0 m/s
(necHo)

Fig. 10. Simulation results of the
fourth heat detector, for air flow
speed 0 m/s (right)

Cn. 11. Cumynaumnonm pesyntati 3a
NpBY LeTeKTop AMMa, 3 6p3uHy
NpoToKa Ba3Ayxa of 2 m/s (neso)
Fig. 11. Simulation results of the first
smoke detector, for air flow speed 2
m/s (left)

(Cn. 12. Cumynaumnoxn pesyntatv 3a
YeTBPTU €TEKTOP AIMa, 33 Op3UHY
NpoToKa Ba3Ayxa oA 2 m/s (necHo)
Fig. 12. Simulation results of the
fourth smoke detector, for air flow
speed 2 m/s (right)

(Cn. 13. Cumynaumoxn pesyntatv 3a
TpBY ZeTeKTOp TONJI0Te, 3a Gp3uHy
npoToKa Ba3ayxa o 2 m/s (nego)
Fig. 13. Simulation results of the first
heat detector, for air flow speed 2
m/s (left)

(Cn. 14. CumynaumoHu pesyntat
33 YeTBPTY J€TEKTOP TONNOTE, 33
6p3uHy NpoTOKa Ba3Ayxa 04 2 m/s
(mecHo)

Fig. 14. Simulation results of the
fourth heat detector, for air flow
speed 2 m/s (right)

Cn. 15. Cumynaumon pesyntatv 3a
NpBU AeTeKTOP AUMa, 32 6p31Hy
npoToKa Ba3Ayxa op 4 m/s (nego)
Fig. 15. Simulation results of the first
smoke detector, for air flow speed 4
m/s (left)

(Cn. 16. (umynaumnoHu pesynaTi 3a
YeTBPTU €TEKTOP AIMa, 33 Op3UHY
npoToKa Ba3ayxa oa 4 m/s (necHo)
Fig.16. Simulation results of the
fourth smoke detector, for air flow
speed 4 m/s (right)

Cn. 17. CumynaumoHu pesyntati 3a
NpBY AeTeKTop TOnsoTe, 3 Op3uHy
npoToKa Ba3gyxa of 4 m/s (nego)
Fig. 17. Simulation results of the first
heat detector, for air flow speed 4
m/s (left)

(Cn. 18. CumynaumoHm pesyntati
33 UeTBPTY JETEKTOp TONNOTE, 33
6p3uHy NpoToKa Basayxa o 4 m/s
(necHo)

Fig. 18. Simulation results of the
fourth heat detector, for air flow
speed 4 m/s (right)

63



(Cn. 19. CumynauuoHu pesyntatv
3a NpBY JeTeKTop AMMa, 3a
6p3MHY NPOTOKa Ba3zayXa 04 8
m/s (neBo)

Fig. 19. Simulation results of the
first smoke detector, for air flow
speed 8 m/s (left)

Cn. 20. Cumynaumnonm pesyntatin
33 YETBPTY JAETEKTOP AUMA, 33
6Op31HY NPOTOKa Ba3ayxa of 8
m/s (necHo)

Fig. 20. Simulation results of the
fourth smoke detector, for air
flow speed 8 m/s (right)

Cn. 21. CumynaumnoHu pesyntati
3a NpBY JieTeKTop TOMNNoTe, 33
6Op31Hy NpoTOKa Ba3ayxa of 8

m/s (neBo)

Fig. 21. Simulation results of the
first heat detector, for air flow

speed 8 m/s (left)

(Cn. 22. Cumynavumonm pesyntati
33 YETBPTM AETEKTOP TONNOTE,
3a 6p3uHy npoToka Ba3pyxa of 8
m/s (ecHo)

Fig. 22. Simulation results of the
second heat detector, for air flow
speed 8 m/s (right)

Cn. 23. Cumynauvonm pesyntati
3a NpBY JeTeKTop AMMa, 3a
6p3uHY NpoTOKa Basayxa og 12
m/s (neBo)

Fig. 23. Simulation results of the
first smoke detector, for air flow
speed 12 m/s (left)

Cn. 24. CumynavunoHn pesyntatu
33 YeTBPTY AeTEKTOP AMMA, 33
6p3uHy NpoToKa Basayxa og 12
m/s (necHo)

Fig. 24. Simulation results of the
fourth smoke detector, for air
flow speed 12 m/s (right)

Cn. 25. Cumynauvonm pesyntatn
3a NpBU AieTeKTOp TOnoTe, 3a
6p3uHy npoToka Basayxa og 12
m/s (neso)

Fig. 25. Simulation results of the
first heat detector, for air flow
speed 12 m/s (left)

Cn. 26. Cumynaumonm pesyntati
33 YeTBPTM AieTEKTOP TONNOTE, 33
6p31Hy npoToKa Basayxa op 12
m/s (ecHo)

Fig. 26. Simulation results of the
fourth heat detector, for air flow
speed 12 m/s (right)
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MpoTOKa Ba3jyxa of 12 m/s, camo jefaH fieTekTop TonsoTe U
Tpu AeTekTopa Auma he pearosatu. Cumynauuja je nokasana
pacnofieny Tonnote W Auma y nabopatopujckom feny kaja
cy Bpata nabopatopuje 6una oteopeHa. Beoma BaxHa cTBap
je buna nosuumja petekTopa. Mako cy nosuumje peTektopa
perynucaHe oprosapajyfium CTaHpapAuma, Cumynauuja
je mokasanma Aa pasnuuute 6p3vHe MPOTOKA Ba3dyXxa MOry
UMaTy pa3nuunTe edeKTe Ha peakumjy Aetektopa. Ha npumep,
y nocnetbeM cnyyajy, camo he jemaH aeTekTop Tomnote
pearoBatut (nocneatbi, noce 27 ceKyHam). Y npeom cueHapujy,
0Baj [IeTEKTOP YOMLUTE Huje pearoBao.

3AKIbYYAK

(uTyauuja ca NpoTOKOM Ba3dyxa y moxapy, y 06auky Betpa,
npoMmaje Unn Heyera Apyror, BeOMa je HenpeABuanBa. Ynopeba
(MMynaumje noxapa cMmarbyje MOryiHOCT nojaBe O0BaKBUX
uTyaumja Ha 6esbefiaH u mpeunsaH HauuH 6e3 nocneanua,
LUTO je BEOMA BaXHa NPeJHOCT Y 0AHOCY Ha eKCMIEPUMEHT UK
peanHe cutyauuje.

(umynaumja noxapa Hekor oppeheHor objekta omoryhasa
oapehyBatbe MHOr0 pasMunUTIX MapameTapa: TemneparypHa
(Tona, cTona ocnobaharwa TOnnoTe, CTOMa Auma, 6p3uHa
npotoka Basdyxa U cn. (no3HaBate OBUX MapameTapa U
MOTEHLMjaNHOT LUMpetba MoKapa je eceHumjanHu dakTop y
OTKpUBatbY NoXapay paHoj Gasu, KOHCTPYKLMjI 1 oapelnBatby
MoTeHLMjanHUX eBakyawnoHux pyTa. (umynaumoxn peyntatu
MOTY MOKa3aTy 1 MOTBPAMTM WAK NOOUTI UntbeHULE Be3aHe
33 ONTWUManaH pacnopes [eTekTopa NoXapa, [eTekTopa
[UMa, [eTeKTopa YIbeH-MOHOKCUAQA, AeTeKTopa nnameHa
W APYTUX NOMapHUX UHCTanaumja y Lniby 0uyBakba JbyACKMX
MBOTA, MaTepujanHux [nobapa ¥ 3aBpLUETKA MoXapa.
MocebHa 106pobuUT oa cumynaumje Moxe 6uti npeasuhare
NOTEHLMjaNHUX eBaKYaLMOHMX pyTa, LUTO je 04 KpyuujanHe
BAXXHOCTW 33 CUTYPHOCT Jbyau, nocebHo y objekTma Kao
LITO Cy LWKone, cTambenn objekTy, obaaHuwTa uTA. (Furness,
Mucket, 2007), (DOE-STD-1066-99, 1999), (Jevti¢, Nickovic,
2013).
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one heat detector will react and three smoke detectors will
react. The simulation showed the heat and smoke distribution
in the laboratory part when the door of the laboratory, where
the fire started, was open. The very important thing was the
positions of detectors. Although the detector positions were
regulated by appropriate standards, the simulation showed
that different speeds of air flow could have different effects on
detectors reaction. For example, in last scenario, only one heat
detector reacted (the last one, after 27 seconds). In the first
scenario, this detector didn't react at all.

CONCLUSION

The situations with air flow in fire, in the form of wind, draft or
some other are very unpredictable. The usage of fire simulation
decreases this kind of situations in a safe and precise way
without any consequences, which is very important advantage
according to experiment or real situations.

The fire simulation of some particular object enabling
determination of many different parameters, such as,
temperature rate, heat released rate, smoke rate, air flow
speed and the like. Cognition of this parameters and potential
fire propagation is essential factor in fire detecting on early
stage, construction and determination of potential evacuation
routes. Simulation results can show and confirm or deny facts
for the optimal positions of fire detectors, smoke detectors,
carbon monoxide detectors, flame detectors and other fire
installations in order to save human lives, material properties
and fire completion. The special benefit of the simulation could
be the prediction of the potential evacuation routes, which
is of the crucial importance for the human safety, especially
in the objects with lots of humans inside, such as schools,
residential objects, nurseries etc (Furness, Mucket, 2007), (DOE-
STD-1066-99, 1999), (Jevti¢, Nickovi¢, 2013).
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