stz AlEI0IM H JHAIE JlE

_65_






St A2dI0I&E & JtAIZE D=

H

S AlBYloIEe B5

s &E A2 d|0]&(Full scale experiment)
o AR AEES 0 Msst AlEd 0l A
o WHARMEHBUA X0 SIS 2MAIH SH

w 28 AlZdl 0| & (experimental simulation)
AP AANEHEZS 0|88 Sl ASH0lE

o ) =S4 2 HEWHA AR5 pool fireE =&

<

J

s &4 AlZ Al 0] & (computational simulation)
o CFDs2l ZES 0l8et & =H AlIZ2d0lA
h & ™ IV HE XYW E EHEHE Al=SdI 0| E
1 : DI0I 22 MA/RA 974 @ SAUStn

_67_



Al=dl0l&

o=
S

-

g g

O 7

U g |F

Y 0 L

0oy ®w e

= S — =

" 7 Rl &

o0 5 ™ §

= F R i

L S

H < = m =
< gl = o
__AI. OH ol %0
oo 8wy
=R
= o = A
W % wr ok
11 gull 11 o}
z B = =
<0 I <0 ~
il ]

_68_
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o SHAH 012 &k A} - Densimetric Froude & A} BFS
a AUHE O Ajr + He Mixture2 AIE
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O. Vauquelin et al., “Smoke extraction experiments in case of
fire in a tunnel”, Fire Safety Journal, Vol. 37 (2002)
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'FDS 2

a Computational fluid dynamics (CFD) model of fire-
driven fluid flow

m The software solves numerically a form of the Navier-
Stokes equations appropriate for low-speed, thermally-
driven flow with an emphasis on smoke and heat
transport from fires.

= FDS is Fortran 90 computer program that solves the
governing equations of fluid dynamics

DOl 22 MAl/RAl SP4Y @ P&US

'FDS M@

s Smokeview is a visualization program that is used to
display the results of an FDS simulation.

s Smokeview is a companion program written in
C/OpenGL programming language that produces
images and animations of the results.

0lol 22 MA/FA S @ fLUstn
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FDS e

s FDS has been aimed at solving practical fire problems in
ire protection engineering, while at the same time providi
ng a tool to study fundamental fire dynamics and combust
ion.

o FDS can be used to model the following phenomena:
o Low speed transport of heat and combustion products from fire

o Radiative and convective heat transfer between the gas and solid
surfaces

o Pyrolysis

= Flame spread and fire growth

o Sprinkler, heat detector, and smoke detector activation
o Sprinkler sprays and suppression by water

0ol 22 4A/RA ¢34 @ Ratisin
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'FDS &t A

U.S. Dept. of Commerce

¥
NIST
(National Institute of Standards and Technology)
¥
BFRL ‘
(Building and Fire Research Laboratory)

* University of Maryland

» Worcester Polytechnic

VTT Buildi d
HaIng an Institute (WPI)

Transport (Finland)

* Northwestern University

US Bureau of Alcohol, * University of Hlinois, Chicago

Tobacco and Firearms ; * Virginia Tec':h . _
(ATF) » Johns Hopkins University
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|FDS = 27|

= Hydrodynamics Model
o CFD: LES, DNS
0 Hast Ui S5 oA

]

g Combustion Model

& Radiation Transport

o FVM (Finite Volume Method)
o OIS Best SASNY oA

00l 32 AA/FA o124 @ Fastn

'FDS e

o KIBHEEA

Conservation of Mass

&)
f__ﬁ +Vepu=0
3

Conservation of Momentum (Newton's Second Law)

. ;"%{ﬂu} 4 Vo pan Vp s ple Vo 7y

Conservanon of Energy (First Law of Thermodyuamics)

3 Dp
(P Vopl e i 4 g™ VgD
ar P pra = gy T K

i

Equation of State for a Perfect Gas

=0
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FDS HE

g Combustion Reaction
vy Fuel+vo O — Z"Fi Products

The mixture fraction Z is defined as;

sYe~{Yo— Y5} s voMe
sYR+¥y : vEME

The nuxture fractton satisfies the conservation law

bz
= V. 0DVZ
?D: P

0ol 32 MA/{A H3d @ Fatistn
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'FDS W2

m Radiative Transport Equation
§-VhIx,8) = — [K{x. &)+ O, A3 F(x,8) + B(x, 2} + %%ﬁﬂxd>{s, §Yhix.s) Y

E{x,s) is the radiation intensity at wavelength A,
s 15 the direction vector of the mtensity,
k{x,A} and O.{x,}) are the local absorption and scattering coefficients

B(x,%) is the emission source term

ool 22 dAI/SA ¢PA @ RAUstn

| FDS Z 1} 8t

Qua
DENSITY

=(Gas Phase)

ST Kg/m3
TEMPERATURE g °C
THERMOCOUPLE g 2% C
U-, V-, W-VELOCITY L, wHEHE m/s
VELOCITY SS A& W+vi+w) m/s
PRESSURE T2 g3 Pa
H HAYHR /55 (m/s)?
HRRPUV Ct2| A & & Heat Release Rate kW/m?
MIXTURE_FRACTION EgtE 28 kg/kg
DYNAMIC_VISCOSITY HMANH A kg/m/s
KINEMATIC_ VISCOSITY SAMI| A m?/s
DIVERGENCE 1N 51
A WMPUV HAMEYG S(Water) 2 & kg/m?
WATER VAPOR >SN VY EE kg/kg
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'FDS 2 1}

=(Gas Phase)

oxygen

MAOH)MHE EE mol/mol
oXygen mass fraction A0 BB B E kg/kg
fuel AR ANHEE mol/mol
nitrogen HAN)RH BE mol/mol
water vapor £5H0AH &8 mol/mol
carbon dioxide 0j2tatEHA(CO,) Xﬂ@. 2E mol/mol
carbon monoxide AUNMNBIEH A (CO)ME 2 ppm
soot volume fraction oHet A& '3’% ppm
soot density OHot XA & mg/m’
extinetion coefficient LS PSR B 1/m
visibility JEAIAH el m
DROPLET FLUX X, Y, Z %, y, z2 8 Q] E(Water) F 2 kg/m?/s

ool a2 MAl//A S @ ®

| FDS 2 D} &t

= (Solid Phase)
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RADIATEIVE FLUX =

CONVECTIVE_FLUX DH2d YR ERS kW/m?
HEAT FLUX LMz Ol EgRS kW/m?
GAUGE_HEAT FLUX FEo) et 2t 275 kW/m?
INCIDENT HEAT FLUX FUE RS kK'W/m?
WALL TEMPERATURE HEE C
INSIDE WALL TEMPERATURE |84 2% C
BURNING RATE CreHAC MerdaE kg/m?/s
PRESSURE_COEFFICIENT orad 4 -
WMPUA SRR M S S (Water) 2 & kg/m?

[o] CF AL
WCPUA g;gg?%?* 2= 2K Water KW/m?
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F DS Al &F & 1F Animation

m Particle Ammation
a Tank farm
a Crude oil

NIST
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| FDS 2| & 2 D} Animation

3D Smoke and Fire

o House

fime: 01 Fooiinns T
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FDS Al & 2 0F Animation

Temperature Contour Slice

House

A @ sAUstn
FDS Al & Z2 b Animation
e Velocity Vector Slice
= House
10l 22 MA/SAl &2 @ $Atst
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| FDS & 22 I} Animation

o House
a Wall Temperature

Frame; 0 e
Time; .01 {,,m”WMMWHMM,:}
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| FDS H &F 2 D Animation

m [so-surface
a House
o Mixture fraction

NIST

Time: 0.1 ‘iwm.m,,,NM.MWMW.",,”M;E
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World Trade Center Investigation
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FUS ws. Experiment

Observation at 53 $ afser ignition

@ Nightclub fire reconstruction
a Full scale recreation

2 FDS simulation

: 5
Preliminary Simulation
Un-sprinkiered Experiment

S

Stage Area Fire

Fult-seale Recrestion of

PAST
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FDS & &l & Atd

2006 Olympic Games Ice Hockey Stadium

Tdights

20086 Olympic Games lce
Hockey Stadium,
Turin, ltaly

Davy Leroy
Ove Arup & Partners Lid

Leseds, Wast Yorkshire, UK
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Beijing Int. Airport, Terminal

‘ ” Beijing international Airport,
Checkin desk fire Terminal T3A, Bejjing

Davy Leroy / Gareth Ainley
Qve Arup & Partners Ltd

Leeds, West Yorkshire, UK
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Emergency Ventilation System

Sirnulation of Emergency Ventilation Systems for
Underground Rapid ~Transi system
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Open-space Office Building

~ OBJECTIVE OF THE STUDY:
« Finnish Fire Safety Enginearing Guidslines
for office building fire design
fire 1vad singte work
w “"""“ ———  unit burning

-

Pt Fistacsprmi. 3, Fice safaly Sesqr of 3m o oe buking weng FUB el axwisling. )..,{;i"
Ssoco: Tachom Reseans Centre ot Fisdand, 20805, YTT Woming Papers. 1 b pdiened m'
e A

e
Sprinklered Above'vs.
Above & Below e

» (ity of Henderson, NV
Building & Fire Safety
» Lynn Nielson

»
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FDS 2 Ml 8& Abd

m Underground Station
Naturaf exhaust upan o
}

fife getechion e

Blackfriars
Underground
Station, London, UK

Davy Leroy

s Ove Arup & Partners Ltd

l.eeds, West Yorkshire,
UK
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Underground Parking Space

Smoke Controf in Underground
Parking Space

Mr. 8imo Hostikka

VYTT Building and Transport
Espoc, Finland

Tane: 17059

e et
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# Road Tunnel
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Multi-purpose Arena

- Lappi Areena in Rovaniemi, Finland
» Objective: performance-based fire-safety design using the FDS
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