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Boonsak Subcheawchan: 2008: A Study of Smoke Spread in Unconfined Staircase of
Office Building by Fire Dynamics Simulator Case Study : The 21 Floors Office Building
in Samutprakarn Province. Master of Engineering (Fire Protection Engineering), Major

Field: Fire Protection Engineering, Interdisciplinary Graduate Program. Thesis Advisor:

Mr. Apichart Changbamrung, Ph.D. 73 pages.

This research studied the spreading of smoke in unconfined staircase of an office
building at Samutparkarn province by FDS (Fire Dynamics Simulator) Version 4. It was used to
determine the fire flow behavior. The office building was 21 floors, 12.1 meters width, 17 meters
long, and 84 meters height. Many people have to use this building for working. Two situations of
fire were set. Firstly, fire occurred in the electrical room at the basement of the building.
Secondly, fire occurred in the electrical room at the 10" floor. In calculation, the dimensionless
mesh size (R *) was set to 0.213 was set in both situations. Heat release rate as 2,300 kW was
used to be a source of fire because the insulation of electrical line was burn (Hietaniemi ef al.

2004). The time when fire started to 600 seconds was simulated because it is the longest time for

the last person in the building to start to evacuate.

In the case of fire in electrical room at the basement results show that, Smoke seems to
have no effect to human who work in the office. But In the case of fire in electrical room at 10
Floor, smoke can float up to the 21" floor of the building. It means that smoke will be cause of
danger on human life. Furthermore, The results show that the maximum temperature is 325
degree Celsius. Carbon monoxide is up to 200 ppm and the visibility distance is lcast than 1.5
meters that is an obstacle to escape (Jin, 1976) from fire and firefighters can work difficultly also.
In order to control the smoke, the automatic smoke extraction system is suggested to install at the
wall of all electrical rooms. After adding the automatic extraction fan with 7 cubic meter per
second extraction volume flow rate in the building model, the results show that smoke is limited

only in electrical room that it will increase the time to escape from the building when fire occurs.
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v @ I 1 {
Simulator) Tagilagifunianiuily Jun 4
1.1 spuHassmsmasuiuesveslia (Hydrodynamic Model)

1514053 FDS (Fire Dynamics Simulator) 19521Te0338UT11a38119 (finite
volume method) 1o luaumMInIsaaoun uag aumsndinuuevod lva luaniigms

2 o [ Y
"lwmmummgsam (Low Much Speed) Llﬁﬂ\‘]iuﬁllﬂﬁ Navier-Stokes equations ﬂ\iﬁ
[ 4
auMI9YINHNIA ( Conservation of Mass)

a—'0+V-pu=0 (1)

ot

] o Y]
ﬁumimgiﬂyimuum ( Conservation of Momentum)

%(pu)JrV-pouer:,q‘JrV-rij )

v

AUNIDUINHWAIIU ( Conservation of Energy)

O oy +Vpu=LP s gm v.gr0 @
ot Dt



d YA

aunsoyinyatldd ( Conservation of Species)
a » . o . s -/
a—(le)+V-leu=V-leVYl+ml 4)
¢

12 wwuiaeams vaanzuuuiluiliy (Turbulent Model)

3 lnavesves Inalumasadsezidlums nanuiludu Falasunsuy
FDS 19521039y Large Eddy Simulation (LES) Taals Subgrid scale model YD

Smagorinsky

1.3 me"waammm"lwﬁ' (Combustion Model)

o ¥ o a

T1J51n54 FDS (Fire Dynamics Simulator) ﬁ%’t)iﬂﬂﬂiﬂﬁ’tN‘Wf]ﬁﬂiilImSLm

4 Y
Tudvouformas uaz o1ma WauyaguNoasImsen lufveufomasiueimagnaiugu
[ ~ di’ Aa o 9 1] v aa dy A o 9
TagdasmsMiFomaanue Mg waNiu (mixing controlled) HATNIFRINGINUDINIAIAN

aaa [ '

o A a o 3 . . . . y o
NﬁuﬂuwammfmnnJ;]nsmmmmﬂamasamsa (infinitely fast chemical reaction) 1audea

'
I A

nansusimswn Tndmnavinnsen ludauysel
2. M slasendsnunuden (Heat Release Rate)

99131mM 51U a0sNaINUANUTOU (Heat Release Rate) YDINMIH MM 5@l
A 9 B dg‘ (% Y = a A a 9 a
natieenunnmsgn Iud Feliuegniu Tnssadramanil Ysmauemandudineunaa
d'd' di’ a 9 1 dy d' a ANy [ J [
uaz aounMFomasgn ludegluiunilaniella aumsvesdasimsildesndsnuaiy

Fou (Heat Release Rate) Ao

Q=] AyAH, (5)
0 = f931M3aosndanuanusou, kw
Y v
m'"f = oas M luliaeiungege, g/m*s

= Uszansmmmsenngl



AH . = ANuSauT VeI I L, kI / g
A = NuNHINFAFeINa, m’

[

Tumsdnumsasimsiassndsaunuion (Heat Release Rate) NYNADIAT
1 4
aumsh (5) 1iu Avsededoyannioananoveiniden1a 1nee1uI98909 Tawarson
9 @ dy a a 1 A g 9 Y 9 1 =
(1995) lanaaeumidgomasianeiomnudoyavesnionsimsw Indgeganonils
Y 1 v
NUIWNUN (Maximum burning flux) Aauaasluasian 1 awmanusouvesmsm lnsd
NN (Ideal heat of combustion) Wag AMNUTEUVDINITIHT 14TI59 (Actual heat of

Y v
combustion) Hutaad U519 4

d' o 9 ' 2 1 di‘ A . .
M319N 1 amwmsmﬂmqaqﬂﬁawuwmawuw (Maximum burning flux)

RN WandmawenIndgega
m"f (g/mz.s)

Liquefied propane 100-130
Liquefied natural gas 80-100
Benzene 90
Butane 80
Hexane 70-80
JP-4 50-70
Heptane 65-75
Gasoline 50-60
Methanol 22
Polymethyl methacrylate 28
Polyethylene 26
Flexible polyurethane foam 21-27
Rigid polyurethane foam 22-25
Polyvinyl chloride 16

131 Tawarson (1995)



M3 1M IUaoend11unNToU(Heat Release Rate) ¥4 1d01nNa3311A 12

Y [
$ounmsn 113l (Heat of Combustion) Taeasariulgnumsm Induuunai (Steady

v A

1 4 A
State) U lumgdaRNoNNaTUI UL dATIMsdoendeniunauiou (Heat Release Rate)
dy a d' . . d! YR awv
voursomadazillsasuaiunan (Time Dependent Fires) %3 Evan (1995) TadnIdems

4
v A

v Y 1
wa)sulasutl Tao@ouaunssaisendn <t — squared” 1@ Al

: 2
Q=a-t (6)
(@) = AMNAAMIAMIANUTOU, kW
t = 111, sec
1 (7] =) QJ 1 dsl a
o = mduilszansnmsain'lal (Growth factor) Vo3r0INA

UAazUILNN, KW/sec’

J
NEPA 204 (2002) lauuziiaduaszansnsain W (Growth factor) Taetai
o A a4 g A < <
Usznnmsnanveasamasdy 4 June 1. 5953010 (Ultra-fast) 2. 530157 (Fast) 3.11
1 P2 [ [l
819 (Medium) tag 4.91 (Slow) Faliamdudszansnisaru linuanaiaiuaiuaisian 2
Tagiinsnaasanens 1N slaosnaanunus oY (Heat Release- Rate) (M0 1,055 kW
1A NN 1 1aaIdnI1NIlaosnainunuiou (Heat Release Rate) 999031015813 19

(Growth factor) teazalsznnuilslasuauszezinan

Cartons 15 ft high, various contents;
fastest if empty or containing

Thin plywood wardrobe plastic foam

Full mail bags, 3-ft high
Wood pa\lels pallet stack
Fastest-buming r&ﬂ igh

upholstered furniture Conon/polyesler
innerspring
¥ mattress
6000 — Ultra-fast Fast Medlum

5000

40001

Heat release rate (Btu/sec)

Slow

1 1 1 1 ]
100 200 300 400 500 600 700
Time from ignition (sec)

MW 1 ﬂiﬁ/\l!,!,ﬁﬂﬂﬂwﬁi”lﬂﬁﬂﬁ@ﬂWﬁQﬂHﬂ’ﬂN%}@u

30 : NFPA 204(2002)



' %
M1 2 dulszansmsarn' Wl (Growth Factor)

annmsanyn oL (kW/s®) T 145 ()
599159110 (Ultra-fast) 0.19 75
<3
5291357 (Fast) 0.047 150
11una1e (Medium) 0.012 300
1 (Slow) 0.003 600

131 : NFPA 204 (2002)

Y
MIAUINNIDATINTUABINEINUALS 01 (Heat Release Rate) 1Udo3a0nan

o a = 1 a .. Y o
Y1lszansmsarn 1a (Growth factor) MM AN Karlsson ag Quitiere (1999) 1a111ns

a o d’ d' 1 d' o 1 o a Q( 1
’JilEJLW@LLEJﬂﬂS%LﬂTIﬁE]”IMVW\NG]TIL‘H?J”I%ET?Jﬂ‘]Jﬂ”Iﬁ?J']Ji%ﬁ“l/]‘ﬁﬂ”lia”lll"lw (Growth factor) Tag

uanaluaisian 3

' ¢
mswﬁ 3 ﬁll‘ﬂizﬁﬂ‘ﬁﬂﬁﬁﬁJulWﬂWMaﬂHﬂ!gﬂﬁGl%\‘ﬂu

U Y U
anmaMsldau oasnmsaan
Houned 1huna
v a4 J <
T5ausy , ao1usu@RsuAn 579157
a @ a <
WNATINAUA , ao1uafiing 52152170
o <
Tsai58u, d1inau 579157
Ts9ugaaImnT sy Tudmua

3 : Karlsson and Quintiere (1999)

4 4 v 4
UONMNIUMIoNIUUTZVUAIUANATU Y Taege nTe NuRvalvaiiv masgiu

@ ) Ad A @ 1
NFPA 92B (2002) 8¢ 1duuzihvuaves Iiianigalumsesnuunszuuniuquaiulii

A58 1,055 kW 1391,000 btw/s 1oz A1sAUAuszauaTuliedluszaunludini 3

= a ~ 1 A A L= 9
wasmiemaaulagneglulsunnaniuandiy
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3. ngumsnasuiivesniu (Smoke Movement)

[ A A A 9 @ A [ d? =
ﬂ’)u‘ﬂ%tﬂﬁ@uﬂiullu’]ﬂiﬂ’]ElLLi\‘lﬁ@El@l’J (Buoyancy Force) ha1g mamuaawu”lﬂm
<} A a Y 2 Y &£ A ' Y
LWﬂTL!ﬂﬁ]%tﬂaEluﬂﬁﬂNﬂﬁuh‘iﬁsUfNﬂ’JuulflJ@niJLLu’JﬁgNW‘UL@]EJ’Jﬂ“]JLWf?n‘L! SEALT NI mu"lwa

9 a A A [ Y] dy = v 9 [
Tamanu (Ceiling jet) Wﬂ@]ﬂiillﬂ’lilﬂﬂ@uﬂﬂl@ﬂﬂ?uluﬁﬂ‘]&lﬂlguﬂguwaﬂizﬂﬂﬂ@lﬂ@Wﬁﬂ

9 @

1 % 1 = 1 dy d‘
maiummawmnqumuuwﬂizmﬂ"lﬂmmuwu‘wNmﬁa

McCaffrey (1995) JAANBINGANTTHVBISIATHIULANNIAT (axisymmetric plume)
FIINHANTNAADINLNATNITOHOLLITIVOIRIATUAUNIATAINTZAUANUFIA 1 VDA

1 4
drniuld 3 Fraasdinini 2 uag aigdng (2549) laesuennumnevesdinTuuaay

] Y ] dy o 9 A <
%3@1@@81\11&15“1% UDNINU McCaffrey (1995) ﬂﬂllﬂlﬁu@ﬁuﬂT'ilwﬂﬂigiﬂﬂl'ﬂTSﬂ?nJlj']

E4
v A

uaz gurgivesdiniulunaaz e 1idil

1. rularllaeriies (Continuous flame) Ao F39nNUFIFITANAIMIIVOIND

a = @ A R 1 A A Il dyd I [
Lwawumizﬂuqqqﬂmmﬂm"lvmﬁﬂgagammammmaﬂnm AT RN e SRS EOE o N

a [

d’ dy a a 9 [} 1 dyd a0 d!
NIYDINAN LIS @1ﬂ1ﬁlﬂﬂﬂ13m11‘ﬂll qmwnmmmmuiumqumumqﬂ 3 laetlseum

U

1w Aa o & 4 Z o <
msszniugamgiveudad liues Fude — - <0.08 awisafIuANWSI Hae
Aaln Yo dy
gl laasil
1/2
u, = 6.8 ™)
AT, =2.91T, ®)

2. 291l IWu19dau (Intermittent flame) Aiv Fr9n1ugannmsw Induea
& a o A d Y o 9 [~} 1A '
wormasnueimaneuszauyseinah linewrunlal lisingediisansdinina

[ [N A < A o 9 = 1 9 AL A
mmm”lm@mm mm&iami”lﬁaummﬁummmu%zumﬂammﬂw HALND

<
32/5

a

o 3 o A
0.08 < <0.2 dwnsafuInnus) uaz guugil lanedl

u, =1.90'"° ©9)
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Q2/5

AT, =0.227 T (10)
<

[l A 1< [ A 9 dy a ] 4

3. TNNQY (Buoyant Plume) A9 L‘]Juﬁl)"l\'i‘ﬂﬂWi!WWUlﬁﬁJ"U@QL“If@LWﬁ\nﬁﬁ‘ﬂﬁu‘iﬁlﬁﬂl

Y o & ' dy 9 [ £ a
1an ﬂﬂuuﬁlu‘vﬂﬂu%gﬂizﬂaﬂulﬂﬂ'JElﬂ'Ju5ﬂul!a$@1ﬂ1ﬁ%ﬂqﬁalﬂuﬂ1ﬂﬂ33&1']Elﬂ'lﬁ@ﬂﬂﬁﬂ’l]

Y E4 ] 1
mniuauseu uaz gangivesdinulugnivzulsanduiuanuguioaniniionad

< 1 D) A 0o q ¥ o o £ A d o
LEJT“YﬂIﬂEJi@lIllﬂam]nJTNﬁiJﬁ]ﬂﬁnﬂV]flﬁﬂ’Jumua\‘l YWD — G > 0.2 #1159MUIU
< Aay Y o dy
AITULII LAY Qmﬁﬂuuqﬂﬂﬂu
I/[O — 1.1Z71/3Q.1/3 (11)
Q‘z/s 5/3
AT, =0.076T, (12)
Z
<
U, = UL, m/s
AT, = gunql, “C

Buoyant plume

b Intermittent flame

» Continuous flame

The three zones of the axisymmetric buoyant plume

MNA 2 duaues (Axisymmetric plume)

;. McCaffrey (1995)
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4 A v & A VA A A .2 A o o =
ﬂ1§!ﬂa@u%m@\1ﬂjuuu1m!wfJQ!W]Lﬂa@umiuuufJﬂqwnuu meﬂﬂ’maﬂﬂﬁﬂﬂm
) v A ~ a ~ [ A A w
L‘Wﬂ']uiﬂc] aTﬂfJUﬂﬁlgljlllﬂafJuV]ﬁV]AN]lr]J@n?JL!u:ﬁgHAITJLﬂﬂ']ﬂ']JLWﬂAIU NITAADUNANHUS

Y 1
=1

dy A & ] 1Y Y 1A 9 [
HID 1/1Lﬂummwﬂszmwmmumqwummﬁamm

: o 4 v o 1 1w
Alpert (1975) ‘g\ivl?’gljcﬂWﬂWi‘V]ﬂﬁ’E’J\HWAGTﬂﬂ'ﬂilﬁll“l/‘ll!fﬁi%W31ﬂﬂ16ﬁ51ﬂ15ﬂ18ﬂ’313~1
Y] a < < { o 1 1 qa: a 1 T w 1
%’auﬂ‘u’qmﬁgu LLﬁ$ﬂ'NNLTJ"II?NLLﬂﬁ“ﬁ@HL!ﬁHQGIN”] Tﬂﬂﬂﬁﬁuuﬂﬁ1u31 MonsNsdaoe
o Y ISP = A Y ~
WA UAINNTDU (Heat Release Rate) HAIAIN L!ﬁ$i$EJ%"II’ENQﬂﬂiﬂ!ﬂlWﬂ1u1uﬁﬂiliﬂU

A @ A =2 4 1 Aa v o Jdo
wasundas dsuaasluning 3 %1ﬂﬂ13ﬂﬂﬁ@\1%\‘lllﬂﬁﬂﬂ13@nﬂ‘] NUANUTUNUDINU

s

4 v W ' 1w @ a < <
ﬂTlN‘ﬁ 3 mmauwuﬁizmnmammﬁmamm%’auﬂuqmwgu URAZANULTIVDULNE

ﬁ@‘iumﬁwhm
ﬁm : Evan (1995)
*\3
[9)
r
T,-T, =538~ ;L >0.18 (13)
H H
2
1690
T,-T,=—7"— :%£0.18 (14)

H3

T - gungiiindon,’ c
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0 = APNI1MIUa0sNaINUANNTOUTIY, kW
r = FLILNIIIINNINAAUDA Fire Plume DIAHUINADINITAUIY, m
H - ANNGIVOUNATUIHTTONOAUNAL, m

a

1 1 ~ 3 A 1 a 3 Ao ]
WYL (2547) NAINAUNITN (13) uJumJmiLwammqmw{]mEN!,Lﬂ?fwanm

9

a

] A 2 . A 1 Y1 I o A
AN ‘n“ri‘N’e]’eJﬂUlﬂinﬂﬂﬂﬂaNﬂl’eN Fire Plume 1’1i@ﬂa'ljvlﬂj']!ﬂuﬂ'ﬁﬂ']uqmleJﬁ'lqmﬁﬂiJ

U

r 1 d’ = U
voauAalu Ceiling Jet (E >0.18) dyvawmsi (14) vz lilimdwls r dsngluaums

| 4 1 A < . r '
wilugumstivormiagungiivoaundnielu Fire Plume (E <0.18) #ipszezaINNINAN

. = = A Y . .
U84 Fire Plume ﬂﬂﬂﬂlﬂaﬂuﬁiﬂiﬂﬂaﬂ (Turning Point)

1/3

0.1950 H'" -
U= :—>0.15 (15
}"5/6 H > ( )
/3
0
U =0.96 " ;égo.w (16)
U = mmﬁwamﬁﬁ, m/sec

4. 9ATIMINUUANIU (Rate of Smoke generation)

NFPA 92B (2002) lauuzihinmssuiamsasimsfuianiu (Rate of Smoke
generation) NUAMMUIVBINBUNAINUANAINY 1HOININAULHUIVBINBAUNAILTINA

USuaemeanmienindndinounasdiauisoutiaeon 1d 5 umia Ao

% a Y a 1 tﬂy d' Ty A
1. ﬂ’)uhh\llﬂﬂﬂa%ﬂﬂ\‘] (Axisymmetric Plume) AUNAIDYNANWUNISHRNIITAITY

Y a =2 Y = Y a [
IOUDINNNNANN UAL ANDINIAVIUASUUVINNNAN LT UNY Tag EC =0.7E uag

9

F4
Z, = 0.533E. 7" dniusanmainaaudon 1ddai



m =0.0208E,*°7 . Z<Z, (17)
m=0.011E, L Z=2, (18)
m=0.022E,"°Z°" + 0.0042E, L Z>7, (19)

BN5INTAUNANIY, 1b/s

m _
E = anudounnmsw, btu/s

E = das1msdanennuieu, btu/s
z = ANNGIVOITEAUAIY, ft

Z, = anugeaiinaves i, fi

14

9 a { @ a y [ I~ 1
2. afulifeanmiTa (Wall Plume) dumasiiag ndsnuanusowduaounives

Y} a & 4 = Y A Y} v & £ Y a ' D)
AUNAINANNUN LS ﬂ\?@’lﬂWﬁsU'l\‘llﬂEIQLGU'liJ'Iulﬂﬂﬁ\iﬁuﬂéll@QWULWﬁQ@gﬂQWQW@Q

9

F4
Tas E, =1.4E waz Z, = 0.533E. 7 dnfusanmainaaiudinne lddsi

m=0.0104E,>°Z Z<Z, (20)
m =0.0055E, . Z=7, 1)
m=0.011E,'"°Z°"? +0.0021E, . Z>7, (22)

3. afulvifanyudes (Comer Plume) Aumasez Inanusomiludmvosdumas
Y

3
A

' L 4 = Y A Y} Y & a Y a '
@gﬂﬁW\i‘WH“ﬂ LUag ﬂ\‘]f]’lﬂWﬁslﬂ\‘llﬂfl\Hle'liJ'lulﬂﬁUQGI,UETEU?NG]ULWEN?JQﬂﬁWQWH

=D.

=

Tao E =2.8E uaz Z, = 0.533E 7 guriusasnimsnaaiud i lda
c 1 c

m=0.0052E 7 Z<Z, (23)

m =0.00275E, Z=7, Q4

m =0.0055E,"*Z°"* +0.00105E, . Z>7, (25)
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4. adulvinanldszidowmseldmadnseuyeslas (Balcony Plume) dnHULHLY

1 Y ¥
noanasldnuszides Taadomnaniuas auunuua TUIE TIUA109NNIETINBUDN T

E4
v A

Muusasimananiu laeail

m=0.124(E W?)"*(Z, +0.3H)[1+0.063(Z, +0.6H)/W1"* (26)

Z, = Smoke height 1itloszauszIoN, fi
W = anundnadunduda llauen, fi
H = szezandaveuvuvessu, ft

5. adulWonmiiens v5e ¥eutlauuwiia (Window Plume)

T E =6124 H "> E =0.7E waz a=2.4A"H " —2.1H  &dnusasns

9

a [} Yo A
inandulasail
m=0.022E,"*(Z, +a)*" +0.0042E, 27)
A, = Wuhveuda,
H, = anugela, ft
Z_ = Smoke height milovoureullsa, fi
a = Characteristic height, ft

nmsaalusnsinslassndinuanuden(Heat Release Rate) 1A 1,055 kW
1 [ o a [ . d‘ = [ a d‘ 9 =
WU oAsIMIRuilan‘TU(Rate of Smoke generation) 11nfiga Ao adulvlinanldszidiog
A 9 a 1 1 A g a . .
w5 lanaAnseuY¥edlas (Balcony Plume) 509833170 adu lvinana1e1o9 (Axisymmetric
Plume) #ag A4 119 19111A19 1150 ¥ouilauumis (Window Plume) tag 5092931 A9 AT
Tviiafimis (Wall Plume) 1oz a¥u'liinaiyuiies (Corner Plume)
Aav dy IYq Y a 1 o a £ &
Tuaatoil a1 vauyagunaiulifianaisTog (Axisymmetric Plume) Failu
o oA Y 2 I a A = o A Y
aumanlnamesnnuiusianniga uag Uons M INULAAIY (Rate of Smoke

Y H
generation) MNINEANDADIIUITOU LTAIAININT 4



F
: NFPA 92B

z
) [ |
d’ v A a Y . .
MNN 4 AMUNNANANNDN (Axisymmetric Plume)
A
nn

2 4 a o d £ .
5. ‘nqymmnwwaﬂnmmmnmsmﬂ‘m (Product of Combustion)

Y

a < 1 ]

IFOINAID 9T I(Combustible Solids) dauInaiii Inseasrnlszneudiesigisznon
J A a Y ' dy a o 9/

laTasmsvou (Hydrocarbon) iatAam s Tnidise niaudomas nu 8108 i Tnd

L4 o ) a o J .
au1y39i (Stoichiometric) 91 1% Idmasnaasnsi91nn5w 1ndl (Product of Combustion) Aie
o ¢ o ¢ S e w = &
mamsvou lagen land uag 1 mmindsaunsh (28) 1

Yy Y

CH, +v,0,=vCO,+Vv,H,0

2

(28)
Aav a I a a a 5
Tuandseidomauilusianedonsan (Polyethylene) Felgasniuaiiae CH
v

A ¥ ¢ . . D 4 .
magmm"lwmmuauyim (Stoichiometric) vz 1dnans (Product of Combustion) Tagns
auaaauMIAll Al

1 QJ =
Lmium&ﬂ@ﬂﬂﬂﬁl‘ﬂ

Y
a Y

C,H, +30, = 2C0, +2H,0 (29)
SOTUNIT AN
of Combustion) 3931 1 IAAMaHA

Y o < 9 ] t4
Tudsinazidumsw Tusfuunldauysel (Incomplete

o @ . & o
a1 15161 1157 (Product of Combustion) @4t uney
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a =) ) 4 d o 4 %) 4 g’ 1
WY fo ﬂ1%ﬂ15‘].|i’]1!11i’]1!@ﬂl10151!, mmmsuau"lﬂaaﬂ"l%u, UUBNUI, WUULAS aZDBIVD

wondsi g ndiganaaslueumsdi o)
C.H,0,+0, = CO,,C0O,H,0,H,,Soot,CH (30)

4

1INYoyan1aiag MSDS (Material Safety Data Sheet) Yo U FINAIBHANORONT AN

£~ aA £ 1 ' . . A
(Polyethylene) a1 gasn1uaune CH, Gﬁqagiuﬂqu Aliphatic Carbon-Hydrogen Atoms LN®

] Y a o . A o 7 ¢ o s

gmm"lwmz'lﬂwaﬁnmm (Product of Combustion) A9 ﬂwmimuu@uaﬂ"lcvu, NIYA1TUDU

[ 4 oy dy A A [l 9 a [ [
Vlﬂ@@ﬂllclfu, NUDNUI, e ﬁgﬂ@Q%@QL%@LWﬁQﬂUlNQﬂLWWllWN IﬂﬁlﬂiuW@liﬂlﬂ%magﬂTﬁf

a Y] 4 v Aawv
wandaaz ldnnnanaandlaginide
F) dy a a A < 9 (%)
Tewarson (1995) ldnaasumuFomasnaInvaiesiia o udoyavoania
a o J . < 1Y 1 o
WanA 91013180 113 (Product of Combustion) Iastaauiudasiaruvesuianiu

4 { a 1 4 a A
(M3IVBU+DINA) AazUIAA1TNHAADDNUIROLIALTOINAINAN 113l (Mass Burning Rate

%30 Smoke or Species Yield)
yi=—- 31

wIaesNHanoon, kg

3
I

3
I

zi’ a A 9
N?ﬂ!%@&WﬁQWQﬂlIWN, kg

Han1inaaodnaadlual1sian 4 TINIIWIM IR UFDINAINDAIBNT AU
(Polyethylene) ﬂﬂﬁ'"lﬁ'ﬁ”l@hﬁﬁﬁ Heat of Combustion, Ahﬁ_whh”u 43.6 kJ/g, Heat of
Combustion per mass of O, ,Ahozl,vl'1ﬁ‘l_l 12.8 kl/g, Yields of CO 1110 0.024 uag Yields of

' v & J U Y ) 1 4 3’ ' a 4 g a
Soot 1111171 0.06 A nnartiazgmilifld PBimeasamsiiinesvousormasluTisunsy

d'i o d'i Y 9 ] [ Y 9 9 a 1 A A dgl
FDS INaMMUIUNDHIANUUNUUVDIUVNIAIU LA ANUUNUVUUDINBWHA W) NINAY Tu

[

ADIUMBIIADUNADANNY
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H a Y] 4
MI19N 4 WanA N UDINITIH 13T (Products of combustion in fire with sufficient air)

Heat of combustion

Ahc Actual yields
(g products/g mass lost)
Ideal Actual
Substance Formula (kJ/g fuel (kJ/g mass c0o2 CcO Soot  Other
burned) loss) CH
Methane (g) CH, 50.1 49.6 2.72 - - -
Propane (g) C, Hy 46.0 43.7 2.85 0.005  0.024  0.003
Butane (g) C,H, 454 42.6 2.85 0.007  0.029  0.003
Methanol (1) CH, O 20.0 19.1 1.31 0.001 - -
Ethanol (1) C,HO 27.7 25.6 1.77 0.001 0.008 0.001
n-Heptane (1) C,H, 44.6 41.2 2.85 0.010  0.037 0.004
Benzene (g) C,H, 40.2 27.6 2.33 0.067  0.181 0.018
Wood (red oak) ~ CH, O, 17.1 12.4 127 0004 0015  0.001
Nylon (C,H,, 30.8 27.1 2.06 0.038 0.075 0.016
NO),
PMMA (C5 H, 02)n 25.2 24.2 2.12 0.010  0.022 0.001
Polyethylene, PE (C,H), 43.6 30.8 2.76 0.024  0.060  0.007
Polypropylene, PS  (C,H,), 43.4 38.6 2.79 0.024  0.059  0.006
Polystyrene, PS (C,H), 39.2 27.0 2.33 0.060 0.164 0.014

#31: Tawarson (1995)
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o Y o 9 <] A
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v o A = ya o 2 ¢
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(Thermocouple) 142U 5 A AMTZzAI PN IAGATINTYaRENAIIUAIMUSOU (Heat
d! o =) = 3 o . .

Release rate) Favz1wfseuneununasIuIaved 1asunsy FDS (Fire Dynamics

Simulator)
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Y
b) msdaaaee T 10 Fuvuazunsa

nn: Hietaniemi et.al. (2004)
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A Hietaniemi et.al. (2004)
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3000
© Measurement

HRR (kW)

time from burner ignition (s)

4‘ = ~ @ 1 [ Y
Mnn 7 naluaasmsilseumeudasimsdassnasnuanuiou

nn: Hietaniemi et.al. (2004)
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nn: Hadjisophocleous and Ko (2006)
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fan: Hadjisophocleous and Ko (2006)

Fan_C @ Hall
“olume Flux 15.0 m*3ls
5 Fan_B & W-E Corndor

Wolume Flux 10.0 m*3ls
‘/ Far_A @ M-S Corridar
“olurme Flux 10.0 m*3/s

Inlet Daors
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" Eiza :
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Burmer Surface Temperature 1 1000°C
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fan: Hadjisophocleous and Ko (2006)
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AZ = VUIAUOINTA (Grid Size), m

o, = AMUAUUY (Density), kg / m’

c, = ﬁwmmilmm%'aummmmﬁ (Heat of Specification),kJ/kg . K
T, = qmwgﬁmmmmﬁ (Ambient Temperature), K

g = AN aiieannauTiun19veean (Gravitation), m/s
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oMU aNTAYoITTNFOINGY Polyethylene A9t

1.1. tdonSurface Type 1 Flammable Solid
1.2.  MUUA Heat of Vaporization MY 3,600 kl/kg

1.3.  f11uA Heat of Combustion (11U 4.36 x 10° kl/kg

_ 1.2
CONCRETESAISIEIET L | gipface 10t |Po\yethy|ene
CONCRETEZ40502020:
(CONCRETEZ40S02020% Color: | ] | Texture: 7] |
CONCRETEZ40502020: 1.3
COMNCRETEZ40502020; Surface Type: |Flammahle Solid ﬂ
COMCRETEZ40502020:
CONCRETEZaosozozo: P BEEL Boundaw Gondtionsd Rartidos|— = — — — — — —
COMCRETEZ405020208 1
(CONCRETEZ40S02020; IHeat of Vaporization: [3600.0000 Kajkg
r
[ P 1[¥ Override Heat of Combustion: |4, 36E04 Kk
(COMCRETEZ4050203 1
CONCRETEZ40503 TR Rt e — = = = [0 — - — - — lemfimz)
COMCRETEZ406
CCOMCRETEZS Fuel Fraction: 1.00000
(COMCRETEZ502 Ernissivity: W
(COMCRETEZG
(COMCRETEZ7 Backing: Ait Gap (Defa... ¥
IMERT

Add From Library. ..
Rename...
Delete. .

Apply | K | Cancel

v Y
MWHUIDA A1 Mvuagaauiiave I TaqFoInas Polyethylene

E4 v
2. ﬁ%}Nﬂ’ENLWﬂQL%’OLWﬂ\ﬂﬂﬂlaﬂﬂﬁ Model/New Vent A HUAA UM UIVBINDIUNAY

Y
[ %

il X (6,7), Y(0.5,1.5) , 2(0,2.3)



Vent Properties x

"'l Activation Events ]

Description: |Burner ‘

Group: |&

J Unu Z
Type: |BURNER | | |
[ Specify Calor | [ ]
/ upu XY
Geomekry {m;

1
Lies inthe plane:  |... ¥ | = |2.30000 :
1
1
i\]ormal Direction: |P.utnmatic (Recommend... ﬂ 1
1

T
Bounds:

1
1
! 1
o, .
1 Min &, 0000 Min ¥ 50000 :
! 1
: Max x:  |7.00000 Max ¥: |1,50000 1

v v
MNEUINT A2 HUAVLIA LAY G]O'ILLWHQGUENﬂ’GQLWﬂQL%@LWﬁQ Polyethylene

Pl
=

o o v a A A Y qs/‘ ya
3. ﬂ'IWfl]'IE‘]’ENG]'ILL‘H‘L!\'1GUﬂﬂﬂﬂﬁlWﬁQLﬂﬂﬂJHﬂW’ﬂQUlV\m'l%ulﬁﬂ‘u

m

AUHUIND4

a Y
masluvies

Tt lda

iy

—

Uil
i/

i;/

il
__ E!.

i

v v 2
MNWHUINT A3 aasnndudaneanasnties lihduldanlulysunsy PyroSim



MANUHIN 3

Y
U

JUADUNTNINUANAANTEUI18AIU(Smoke Exhaust Fan)
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MANUIN 3

TUAdUMIMHUANAANIZLI8AIM(Smoke Exhaust Fan) laglisunsy PyroSim
1. SMuevLIANAaNsz118A Y (Smoke Exhaust Fan) 1agaoni Model/Edit

. J i o <3 o @
Surface Properties Llé}’lﬂﬂﬂu New IO MUAANUITIVOINAANTZ L8R IU (Smoke Exhaust

Fan) 11101 7m/s

Edit Surfaces @l
COMCRETEZ4030202 - Surface 10: SMOKE EXTRACTION FARN
COMCRETEZ4030202
’ A 3w
CONCRETEzd4nzozoz  COlon (== reews (@ ] ANUISINABY
COMCRETE24030202 :
CONCRETE24030202 Surface Type:  Fan/wind -
kSR E Properties | Air Flow | Particles
CONCRETEZ4030202 —_—— 1
1
COMCRETE24030202 re\nclty 1
COMCRETE24030202 1
COMCRETEZ4030202 | @) Specify Normal Yelocity: 7 mfs 0
CONCRETE24030202 S ety Ve~ T Toe T T T T R T
CONCRETEZ4030202
COMCRETE24030202 [ Include Tangential Yelocity: mj's
COMCRETEZS
CONCRETEZ7 velocity Ramp:  Default - 1,00000 5
INERT [ Specify Yelocity Slip Index:
MIRROR
CPEN
Palyethylene = ‘Wind Profile:  Top Hat (Default)
SMOKE EXTRACTION
< i »
New...,
Add From Library...
Apply I [ [s]4 ] I Cancel

! o <3 @ Y
ﬂ1WﬂH3ﬂﬁ 41 MUUAANULTIVDINAANTSUIUAIU (Smoke Exhaust Fan)

Y
v o

2. fruaretla(Hold) iioAaaainanszu1eA U (Smoke Exhaust Fan) 9154
Y v 1
vsnamivesies Iihmndsu Taoiaoni Model / New Hold tiofmuavuiageuilauuia
Y
AUNAN 1 WAT 817 1 WAT 1Az VU 0.2 WAs tagivuadumusvesyeullanniu 1wy

waaaludlog195 a3 Y 10 Ao X (5.6) , Y(0,0.2), Z(44.45) 1udu
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Activation Event o 1
I ctivation Events | — dve Las
Descripkion: IHD|E / . A
YUAveIrouila
Group: |‘ ll
Specify Calar El
| Boondng - - - - - S S o o e T s s s s s T T ~

Min¥:  |5.00000 Mnv: 0.0 | Minz:  [+4.0000
Max % |5.00000 Max i [.20000 Max Z:  [45.0000

MNAUINT 92 AMHUATUIA ez Munisvesrota

v Y
3. UAANNWANIMU LA 6ll“Ll"lﬂ‘llf]\iGlff)\il,“ﬂﬂ(Hold) ﬁﬁ’m"lwﬁﬁu 10 Tag Tdsunsu

PyroSim

¥oarlavuia 1

2
m

v ] 9
MNAUINA 3 uaasmndwnisreutlanios lwihdu 10 TuTdsunsu PyroSim
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FemMImuInensTIMIsrueaiunuuniu linanaialag (Axisymmetric Plume)
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MANUIN D
siemsanaensmsszueaduuuaiuininanaisles (Axisymmetric Plume)

1. wnaveshod lihlinauga 13.12 ft 4 m) waz Hdamsideswdsay

AUTOU (Heat Release Rate) 2180 bti/s (2,300 kW) fariuaunsamianuydsunsms

E4
v A

W1(Heat of convection, E,) 1tag Augeuesdinavesnin(Z,) i
E . =0.7E =(0.7) ¢ (2,180) = 1,526 but/s
Z, =0.533E.7" = (0.533) ¢ (1,526)%° =10 ft

o o w 9 I % v Y d!
2. mmmqwmmﬂmmmu(zl ) theuny ﬂ’JHJEI\‘l"U’ENizﬂiJﬂ’JU(Z ) B

1 k4
AvamsnuguaIuliognsza 9.84 fi (3 m) Aaiiu Z < Z,
[ c?/‘ = 9 Y A Y o £ 4 o [ dy
3. auiudsdesldaumsin (17) K lumssunadeIdnanmssiuinasil

m=0.0208E.>°Z
(17)
rir = (0.0208) o (1,526°"°) # (9.84) = 16.64 1bs

4. fram)sunanms lva(Volume flow rate, V) 18 16.64 1b/s 150 13,320

CFM 130 6.28 m'/s

< . o [ 4
5. ANULI(Velocity, v) UBINADNAANIU(Smoke Exhaust Fan) ol
Y v )
WUNMTNAAVDIRAAUIMITY 1 m x 1 m 910U 6.28 m/s uaNaANyazaIn lum sy

o <3 [
Tisunsudaivualiianus umiy 7 m/s
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