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A Numerical Study of a Room Fire for Fire Sizes
I. Center Fire
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Abstract : The Fire Dynamics Simulator (FDS) was applied to a center fire in a room, of which dimensions were
1.8m X 1.8m X 1.38m with an opening of 0.45m X 1.2m doorway, to evaluate the numerical method. The time-variation of
temperature at a top point of the doorway centerline and distributions of average temperature along the doorway centerline
and corner stack were compared with measurements for three different fire sizes, 7.65, 21.25 and 51.71kW. The resuits
showed FDS predicted a very rapid fire growth compared with the experiment for all the three fire sizes, that is an
importand shortcoming of FDS in compartment fire simulations. The average temperature distributions, and heights of hot
gas layers and neutral planes in steady state were in reasonable agreement with the measurements.
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Fig. 1. Computational domain and configuration
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Fig. 2. Comparison of temperature variations at P
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Table 1. Ramp function used for HRR control
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Fig. 3. Comparison of temperature variations at P computed
with HRR controlied by the ramp function in Table 1

Joumnal of the KIS, Vol. 19, No. 1, 2004



FOSE 0[St Ahsixy 2Ate| 2RI

—¢ A
*2 L] § A Aﬁ
1.2 ;|
0 € 80 AA‘A &
" £ 7
—_— 00% OOQ N A ‘i
E 080 o' 0 @, A i
5 [ 3 A % A
5‘:9 0.60 R
L ©  computed, 7.65kW
0.40 O computed, 21.25kW
A computed, 51.71kW
~—— measured, 7.65kW
0.20 —@— measured, 21.25kW
g —&— measured, 51.71kW
0.00 -
o] 50 100 150 200

Temperature[ C]
Fig. 4. Comparison of temperature distributions along the
doorway centerline

Fig. 45 379 95 $X = 045m, Fo)
1.2me] 7)7-He $EF4 A Al
th FDSo] L&+ sH-5 3
A t=200~300sec2] +A &9 Fygtolth A
DS I A4S 5%, A5 olgz i01(2)7}
ok 0.5m7HR &= 947]4 %?J oz 2%7 20TE +
A5 RE 1} 2 RN AL F
£ 2ot 343] deste A &7t 32}
ANzl wEl 2 2ol &S & 4 Yok FDSE
ﬁwd MR FAFAAe] LEEFEE z=115m

oA SR T} Al Y| gt ‘LEM z>1 15m
91 A FIMe SR 257} =
zole= A AV 7F S48 FUFEIT. 2&5, 05<z
<LIsmeME 2& FoloA HE2= ALA|7L
EA 2 K1) gl

Fig. 5 2AW37te] 2MEje) 7k YA1Q x=
1.6m, y=16me] A a~bolA #AZ7]o] Wz &
= vwg ok R IHEE I/t FYHE
AR RSN 2R T uie
MEE 2xdsly) el F7ke] AdReA =
FDS2} A7t EAA B AR, A 7HA] ghA)
A7)9] 9o BT FDSE} Aol SEBEZ} H]
w3 Ade EOIL ek HaeEe Azt
7.65kW, 21.25kW, 51.71kW?-l w Age A= 59,
977, 165°Celd] B3] FDSS) AAtAT}E 2 3bo) A
69T, 113C, 180CE k7 ¢ i‘f-%}ﬂ} Fig. 42} Fig.
594 g7t & F Af, 58] 51.71kwe] 35
of ZARAV) Abggt AL AgoA HAYgEe] &
T2 387 A3 FAAe] FRsA @#td A

AtoiotXBLE|X|, H19A H|1E, 20044

° 0 A
*0 e O A A
1.20 2 \ co> ﬁ
03 A2
?o [ 4 Q ‘ A
1.00 ,§ » § A Z;
Og ] 8 A f
= 0.80 b o A
E % o S A A
S 6.60 o ® ,:) o 4 A
£ g0, ot Lo
o @ AA
0.40 < » A a - ¢  computed, 7.65KW
AT QO  computed, 21.2KW
8 & A corrputed, 51.71kW
0.20 i 4 measured, 7.65kW
—@- measured, 21.25kW
& —A— measured, 51.71kW
0.00 - -
0 50 100 150 200

Temperature[ C]
Fig. 5. Comparison of temperature distributions along the

line a-b
Table 2= 3237|159 FAE vlastr] HsizH
759 #HFAAH a~bAdM 257 0T %

o|g AN Rolth. A elME= o] EolE AA
7| gkort kel Fig. 49} Fig 5258 AR R

Takdck Aata AgelA] BE g F2o]
A% a~bdel vjaf AT TN FLRE
719l ol F& ¥ F Aok E sAar7 37t
12E75 FAZ Sk A 49
Z ARtk 12371F FAE SR 45

e A A7t o :3—7}0}21%

e R G K I G g i e R |
AHAnE Fig 60l Ve i}xﬂiﬂﬂ s
FE ARy F7hR A8 R EHke
Az7t29 £x27t Z7hetAG. U=09) T49 ofH
Fo M 9 7E7)Y FUSTIE 57t ot S7F
& & 4 Utk Table 3o FHHY Fol& £44
o vtk AT ALgE THAS ®o
7} grobA] a1, sk a7)ol BARlel AR FHA)
2o} ¢ 0.Im w7 Yepted, st weE
Ho] goldishs A33 & JAFE ¢+ Ut
FHdol YolAles AL fTRolA 12E7)F0]

274g& vhehact

Table 2. Comparison of heights where T= 50C [m]

fire size 7.65kW | 21.25kW | 51L.71kW
doorway computed 0.87 0.73 0.64
centerline measured 0.77 0.64 0.57

|
computed 0.68 0.51 038
a-b line

measured | 0.69 0.4 0.28
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Table 3. Comparison of neutral plane heights at the
doorway centerline {m]

fire size 7.65kW 21.25kW 51.71kW

computed 0.78 0.74 0.70

measured” 0.66 0.64 0.60
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