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ABSTRACT

In this study, fire simulations on the under-ventilated compartment fires have been conducted using
the Fire Dynamics Simulator (FDS Ver. 5.2) and its prediction performance on the thermal and com-
bustion chemical characteristics has been discussed. The temperature and chemical species concentra-
tions in the upper layer of methane, heptane, and toluene fires located in a 2/5 scale compartment
based on the ISO-9705 standard room are predicted and compared with the previously published
experimental data. The results showed that the FDS simulations reproduced well the temperature of
the ceiling and the mixture fraction in the upper layer under the well-ventilation conditions. For the
under-ventilated fires, which were taken place due to the insufficient oxygen entrainment, the predic-
tion by the FDS significantly under-estimated the production of carbon monoxide and soot compared
to the experimental data.
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Figure 1. Experimental setup® for the reduced scale fire
test.

Table 1. Summary of Test Cases

No.| Fuel B[‘;:;‘exr csrilz]e HRR* [kW]

I | Methane | 25x25 | 95, 425, 270, 180, 85
2 | Heptane | 25x25 150, 245, 340

3 | Toluene | 25x25 |50, 140, 200, 295, 340

*Nominal steady state heat release rate values from calorimetry
measurements
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Table 2. Yield Rates of Carbon Monoxide and Soot Used
in the Present Simulations

Fuel | CO Yield | Soot Yield | Heat of Combustion

Type Rate Rate [MJ/kg]
Methane 0.001 0.001 50.1
Heptane 0.01 0.037 44.6
Toluene 0.066 0.178 39.7
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Figure 3. Computational domain of the 40% reduced scale
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Figure 4. Heat release rate measurements® using the cone-
calorimetry and its reproduction by FDS simulation for test
1 methane fires.
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Figure 5. Comparison between measurements® and
predictions of the temperature at the ceiling point (CP) for
#1 methane, #2 hepatane, and #3 toluene fires.
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o

HolF itk EATPAN Folex ke &w
7} Figure 6(a)2] 95kWe| Aol vlal] F718la U
o 7(4/\42-1 oz :6:1—016-1- 2= oh;},

Figure 72 3}AIA J&5-2] dZFo 9] (Figure 22]
FPAIZ)ol A & E3gel o A Aas
vlwskar ok g tigh f;‘:%k% 4% CO,,
CO, UHC(unburned hydrocarbon) £-&2 7|40 2 A
A Zholth® 2ol o8l 1859 FEE 345]1
oF AT &4 7% 3]'7413-
7(—];(—1 A]—ﬂ]y] Jﬂﬂ.ﬁ—u} EE
A AQEr) dAR A4dde S-S
ISES IEEHA %=
< ?‘JE}O] 74, %ﬂi‘%‘
go] =& 9= ]"1‘“ A g
2559 JH=E tzﬂo}ﬂ] He EgEs Sﬁ*—ioﬂ G
< F F Joh AHS vb At sARE A7A = A
?ﬁ%l'd}-J AHA HwE flEiA FDS A AHE
o]-§gt TEEC] ALtNA 2SF] FFA (1) vt
A e AL en 185 =0 g A=
Figure 99 M2 Jepldch 288 ¥ Hryo=a
1]'-?‘5}7 1 24, & EFE80] stoichiometric FLE.TH 3}9—

TollXe MR 2kl £ IXE BT
‘R)\S S & 5 gk o]l vis| ?Z—%L—f-gol stoichiometric
el =stAY 2 oo R F7HE o, ohA] aA

Z =1}
hl =
Al

2 F-?lﬂ

J. of Korean Institute of Fire Sci. & Eng., Vol. 23, No. 5, 2009



108 aaE - A%

3k z7d) 0|24 FXe ex7} A Fleta
Je RS B F U IES 2449 o]#E &
e TS dAarde] 7124 7PgolA] 7)1k
& Rde 7iEHo7 A7e} 0, CO, H0 &
o] 2 7t F3 AFE oA w71 %3)
7
3]
2
=
=
)

[o

%
ou} 2853 22 A g8kge] AdE
gt wEtA EFEE w9 2%
7] 55 o] Astge ugt AXA € &
ol 7% stoichiometric #toll =3t wiet

slg AdHe] LAt F=E XY HAT t=
4500~55002] T7be) A ARghe Bk 27K Fig, 4 2

A B EFEE wol A fAEE Aot 2

2 Azt
Figures 83} 9= 27 COSt 1889 AEEE Ul
=

cot 228 # e vl seEe] 49 AW =
A= BARA AL 2 ghol WS- Ak, E )

0.04 ———T—T—T—TT —————T
#1 Methane fire ]
o —— FDS ]
0.02 N = EXP

/NLEN S S e

1000 2000 300 4000
0.04 =TT ]
#2 Heptane fire

0 1000 2000 4000 5000

Mass fraction of CO [g/g]
g

0.04 [T
[ #3 Toluene fire
0.02f N
- @
0 el - i
0 1000 2000 3000 4000 500 6000

Time from ignition [sec]

Figure 8. Comparison between measurements® and
predictions of the CO mass fraction at the front point (FP)
for #1 methane, #2 hepatane, and #3 toluene fires.

St A LSS =] A23H A5 E, 2009 H

A. Hamins « $-841

0.03 T """ T T T
[ #2 Heptane fire ]
S 0.02F FDS o) 3
o . ]
2 F o  ExP® ]
‘8’0.01:- 3
? C © ]
RO ST o B e o i O WO
c 0 1000 2000 3000 4000 5000
o
7 008 T T T
© [ #3 Toluene fire ° ]
E [ ]
o 0021 7
[2] - p
o - ]
= 001F ° 3
L i IR N TSI ST TN T T T S [N J
0 1000 2000 3000 4000 5000 6000

Time from ignition [sec]

Figure 9. Comparison between measurements® and
predictions of the soot mass fraction at the front point (FP)
for #2 hepatane, and #3 toluene fires.

g 3] AS 2E&Ee e A9 gl7] wiid
Figure 991X = ®le shAlle] 495 VeplA] ekuTh.
CO9 AFE LS JERE Figure 82 B wEk 3}
el 739 Adg siAge] zpelrt 7Y A3 EF
Al shAle] A eaph dUFem AL e &
. Figure 79 E3HE& 2345 2T of E9E
o] stoichiometric 742 A 33 sl= wg sx]<]
+ CO #&9 &7t 7P Atk AL 0T 4 3
o} H= FDS9 A MDA cog S s}
7] 913 i EFES wdo] FLE o} 2R
O Z= Table 20 AAIE A} 22 A& A
o CO HAL AlLte7] wiel R3] o3k LAy
7FeAde] gol glom B3] B3-S Fhol & A% 1
AE o Ave RS & 5 A =
o] 24 9 a4 kS mlwsta AUt A AF3H

o o o

7o) Aghe 4

O o Mo -y

ofr

B oor 2

AT} Figure 72
ol Skl
F on oy 4
] S78lL dee ¢ <t
o] FDSIAM = Ccovt &5 22 4
|atsl7] s AE Tl
= I

\J-E‘ml_m

m

-

N o Ol
0L, 0oL r-,—4
il
Lo
off

1y

o
o fe
o
o
¢
]
of
ox
oX,
o
o
o
ol
HF

o

i

o o
U

o

1o o2

P
i 4
ox |0 o\

rlquUrU
rlOIUEE
0 o
priy
XN

I'NF%
o
o O
23
e
ol M
o

]

wrE oz o)ee A
o 7= 27
ALt o] 2AE F0]7] HdA = A
5] 5 A 2ol el A4 &e] MaE el
L Hloleol 2 Al2g B714)0] sl

N

2 N

Lo _ll)l' )
2
R
rr
(1
2
o
o
!
=
_O|L
ofk

e
e ™
4

o
3

1

O



RS TSl

of & Qo= Amarh
.28 B

B dtdre @759 279 skl st
3 2eo] FDS(Ver. 52)% o]&3lo] a4
A 54 9 A vk A 54 o
S H7hskoitt. 1S0-9705 EEsHA) A 2] 2/
el e g 2719 wig # e, =
shl & AR om A JEHe] e, da
o

of s 14 Ashe slEe 29 AP

ol
P
o
1
oy 1o
rlo o

fz
%0
T
il
o
_&i
o
~
pish
et
=%
T
jm x
(]
ﬁ;ﬂ o
o &
Lo
>

N 1
rflo do
offt
=)
v}
i)‘
g

O

oft
1)
e
i
H
, o
sich
e
N fo

f

jin
i N
dob 30 A X oft ux o

N
Y
&
i)
o
il
2
>,
N
x2
v
d

2N

Q2 o
G =

=

% u
S
o2 K
e 4z
Ho
off
> mlo
[
ns}
e
jincs
-u
9

o _>L _0,
2
My

(1?;{..
_|1>!d
oo
grL
=)
ox
[o ofy
_O|L
an
Rz

s

wel 9127} s

o o o £ o

B ¥ o £ o
i
S

AL HFRe) FHRE D Cosk aLEe

59| shels ww elZol oA FDSE %k

AE AP B AXNE HPOY BNNE
A

Az

o EAEEE )% =
Ao 12 Aol 27 748 = Q7] wEelTh,
Hebd cou 2eEel wAe mrh Aeal o33}
7 SladE 8] 246 We Agge) Wale w9
& 4 9 A2E el AXHolol & RO Az,

AR =
L -\ 1 B I 0 ) I P N1 25 S DA
d AR] 9] Ao 423 515U THKFI-00001). ©]°]
AR e A HA=HYT
ENES

1. J.G. Quintiere, W. J. Rinkinen and W.W. Jones,

10.

12.

. K.B. McGrattan and A. Hamins,

FDS 34 g A% 109
“The Effect of Room Opening on Fire Plume
Entrainment“, Comb. Sci. Tech., Vol.26, pp.193-201
(1981).

. C.L. Beyler, “Major Species Production by Diffusion

Flames in a Two-Layer Compartment Fire Environ-
ment”, Fire Safety Journal, Vol.10, pp.47-56(1986).

. W.M. Pitts, “The Global Equivalence Ratio Concept

and the Formation Mechanism of Carbon Monoxide
in Enclosure Fire“, Prog. Ener. Comb. Sci., Vol.21,
pp.197-237 (1995).

. P. Blomqvist and A. Lonnermark, “Characterization

of the Combustion Products in Large-Scale Fire
Tests; Comparison of Three Experimental Configura-
tions”, Fire and Materials, Vol.25, pp.71-81(2001).

. R.G. Gann, J.D. Averill, E.L. Johnsson, M.R. Nyden

and R.D. Peacock, “Smoke Component Yields from
Room-Scale Fire Tests”, NIST TN 1453, NIST,
Maryland(2003).

. M. Bundy, A. Hamins, E.L. Johnsson, S.C. Kim,

GH. Ko and D.B. Lenhert, “Measurement of Heat
and Combustion Products in Reduced-Scale Ven-
tilation-Limited Compartment Fires, NIST TN
1483, NIST, Maryland(2007).

. K.B. McGrattan, S. Hostikka, J.E. Floyd, H.R.

Baum and R.G. Rehm, “Fire Dynamics Simulator
(Version 5), Technical Reference Guide”, NIST SP
1018-5, NIST, Maryland (2007).

“Numerical
Simulation of the Howard Street Tunnel Fire”, Fire
Technology, Vol.42, No.4, pp. 273-281(2006).

A8, A, FEE, oAviFE ] s 7L

o e Sxa4) A7, BFehALetE] A,
A214, A3ZE, pp.15-23(2007).

GH. Ko, A. Hamins, M. Bundy, E.L. Johnsson,
S.C. Kim and D.B. Lenhert, “Mixture Fraction
Ananlysis of Combustion Products in the Upper
Layer of Reduced-Scale Compartment Fires”, Comb.
Flame, Vol.156, pp.467-476(2009).

. A. Tewarson, “Generation Heat and Chemical Com-

pounds in Fires”, Section 3, SFPE Handbook of
Fire Protection Engineering(2002).

A3, ™, oY, S ol 713 sk
welo] Aol g A7, BRSNS i
A, A234d, A43Z, pp.130-136(2009).

J. of Korean Institute of Fire Sci. & Eng., Vol. 23, No. 5, 2009




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


