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FDS (Fire Dynamics Simulator)= 3} QF 3-8 E-ofoll A 713 d ] AL85 = HAAHFA1 98 AZE o] 2 A
kA o] AT} &l gk st Fotel S82 & At B AFNAM = FAA DA ALt 54 H
7}V = A= 258 2% (Fractional Effective Dose, FED)9} & F-3-5 = (Fractional Effective Concentration,
FEC) & ¢l &317] 913t FDS Al E# o]l 4] Aol 7 thefst A A& &85t Hth 28 FDSol A 71 E-3
o= Xil*o}b ZYHCE=oHR S AHH R FE F o I A EH oA AR AR E A
FAA EE 9 A4t A& 531 FED9 FEC 55 AlLteldth £31,2013 1€l FDS| Mz o] ulo|E
Hul o] B AT A= 53 2 tist] FDSS] FHA I A A& v wste] AlEH oA 3P e, 14
3} FED, FECAEOll 1ol A 5 WA Abeloll B F 10% 2] 2fo] 7t Ak 821 & 4= 913l

Abstract - FDS (Fire Dynamics Simulator) is the most widely used computational fluid dynamics software
in the fire safety engineering community, and it is applicable to various evaluations of fire growth and its
effects. This study made use of a range of outputs from FDS simulation to predict FED (Fractional Effective
Concentration) and FEC (Fractional Effective Concentration) levels which are often adopted to evaluate tox-
icity of fire smoke. As it is not possible to calculate these values directly from outputs of FDS, it was necessary
to produce them by means of additional calculation procedures incorporating results of evacuation simulation.
In this study, the latest version of FDS, which was recently updated in November 2013, was utilized for the pur-
pose of quantitative comparison with the old version of FDS. As a result, it was found that they make about 10
percent difference on average in predicting FED and FEC levels for the cable fire case study.
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Fig. 1. Geometry model of the building.

Table 1. Mesh Resolution

Resolution Coarse Medium Fine
D*/dx 4 10 16
dx(mm) 241 96 60
Cell size(mm) used 200 100 50
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--- fuel ---
SREAC ID = "pVC’

FYI = 'Cable M - n(C_2 H 3 N 0 C 0 Cl 1),

IDEAL = .FALSE.

HEAT_OF COMBUSTION = 16533.33

SCOT_YIELD = 0.1

€o_YIELD = 0.13333333333

N = 0.

C = 2.

H = 3.

o = 0.

OTHER = 1.

MW_OTHER = 35.5 /

&5URF ID="BURNER', HRRPUA=832., TAU Q=-1168, COLOR='BRASPBERRY' /

Fig. 2. PVC combustion modelling in FDSS5.

=== My fuel =---

ESPEC ID = "COSO06&TL1', FOBMULA ='C2H3Cl'/

&5PEC ID = '"QXYGEN', LUMPED COMPONENT ONLY = .TRUE. /

&5FEC ID = 'NITROGEN', LUMPED_COMPONENT_ONLY = .TRUE. /

&5PEC ID = 'HYDROGEN CHLORIDE', LUMPED COMPONENT_ONLY = .TRUE. I

S&5PEC ID = 'WATER VAPOR', LUMPED COMPONENT ONLY = .TRUE. /

&5PEC ID = 'CARBOM MOMOXIDE®', LUMPED COMPONENT ONLY = .TRUE. /

ESPEC ID = '"CARBOM DIOXIDE', LUMPED COMPONENT_ONLY = .TRUE. I

&SPEC ID = '500T', LUMPED COMPONENT OMLY = .TRUE. /

&5FEC ID = 'AIR', BACKGROUND=.TIRUE.,
SPEC_ID(1l) = 'OXYGEN', VOLUME FRACTION(l)= 1,
SPEC_ID(2) = 'NITIROGEN', VOLUME FRACTICH(2)= 3.7¢ /

&5PEC ID = 'PRODUCIS',
SPEC_ID(1) = 'WATER VAFOR', VOLUME FRACTION (1) = 1,
SPEC_ID(2) = 'NITROGEN', WVOLUME FRACTION(2) = 6.882142857 '
SPEC_ID(3) = 'CARBON DIOXIDE', VOLUME _FRACTION(3) = 1.181547619 ¥
SPEC_ID(4) = 'CARBON MONOXIDE®, VOLUME_FRACTION(4) = 0.297619048 N
SPEC_ID(5) = 'HYDROGEN CHLCRIDE', VOLUME FRACTION(S) = 1 .,
SPEC_ID(&) = '500T*, VOLUME FRACTION(6) = 0.520833333 /!

S&REAC FUEL = 'COS06T1',

SPEC_ID NU = 'COS06IL1", 'AIR', "PRODUCTS', NWU=-1, -1.830357143, 1,
HEAT OF COMBUSTION = 16533.33, CHECK ATOM BALANCE=.TRUE. /

L&5URF ID='BURNER"', HRRPUA=832., TAU Q=-1168, COLOR='RASPBERRY"' /

Fig. 3. PVC combustion modelling in FDS6.
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Table 2. input of combustion modelling

material PVC
Formula CHsCl
Soot yield(g/g) 0.1
CO yield(g/g) 0.1333
Heat of Combustion(kJ/kg) 16,533.33
Peak heat release rate(kW) 1,000
Time to reach peak HRR(s) 1,168
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where, @cp is CO concentration in ppm

Qucn 1S HCN concentration in ppm

At is time increment in minutes
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Table 3. Summary of results in cable fires

OUTPUT FDS5 FDS6 Deviation
FEDco Avg. | 2.54x10™* 2.29x10™* 9.8%
Max. | 0.00313 0.00295 5.8%
FECha Avg. | 0.00472 0.00424 102%
Max. | 0.37497 0.32224 14.1%
Conczﬁfr;ﬁon Avg. | 000193 0.00173 10.4%
(g/m’) Max. | 0.15112 0.12988 14.1%

Table 4. People exposed to threshold FEC(=0.3)

Version Number of people affected
FDSS5 8 of 446
FDS6 3 of 446

KIGAS Vol. 19, No. 1, February, 2015
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Fig. 4. FED by FDS5.
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Fig. 5. FED by FDS6.
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Fig. 6. FEC by FDSS.

Zgol JojA BEhE S= S5l A= AR
of vt A wart= 7ol FastY dso|
g H+ 2223 (mean chemical source term)©]
o] 24kd(Eddy Dissipation Concept, EDC)®l <]
o melFEre]. 1yt LAkstekAel S E(soot)
P 22 B33 03l glojAs &l A
AZE 2A L EREgel A= ARke] 2~Ad
STHE T Atk FDS6= o2& M=ol /e -
&3 3]#8E-3-7]| = I (Partially-Stirred Batch Reac-
tor Model) 2 3123t 1 gtk o] RoAs d4
Folste 24 B2 AFEE) 712 £/ &
2] “EFNE-E-7] 7% (mixed reactor zone)"ol| 4 Al 7F
ueh Hatet, dubz oz o3l EfEs W

o o3l 9-HcH7]. I-H, FDS6E GHELH
go= QI8 FDS5el i) drid ez 2 At
AN E F2 AFEE AFsHA HAT webA

fr Lo

2

oy

tlo oo rfz Y 1o d1 2 Ho
o
2,
o o

g
a2/
tlo
o)
9
o

o] AFEEE o] &3k Zlojth FDS6ol A
Azpe] Ao T3] 0oy 1574 22
o] ol EFH Hgko] AlRtol we} ws)
17] W&ol FDS5914 A&, A5 d7FE
HHr A8 E(dAatste 4, ol itkste 4,
of tigk A& ded ¥ =3
I (mixture fraction model)el H]3
de F JUATHE]. HA& AA G
HE A 7] wZol EFEEET
2 TE(soot) BTFE H4H7} 8t
AW A Brkg = vk oA =37 vkel o)
FDS M6l Hot e dandst died
< A83 AL st SR AEd oA
FDS57t dAikstebs AHE-&3 FE(soot) AHE
& ALkgel glof ¢k 10% ©1%d TA st QL

Eﬁr
i

ol
N

go

=4
e
P
oo

m

S

o]
Q
=

flot
o
z
2y o off
[l

o

ot ot
bt

7

-

o 2 0 oy to 1% kI rlF 2

e o
i ok gt

o

-

B>
£y

- 43 -

FEC total

time(sec)

Fig. 7. FEC by FDS6.
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