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ABSTRACT

Large Eddy Simulation (LES) was peformed for the backdraft occurred in a compartment filled with high-temperature
methane fuel using the Fire Dynamics Simulator (FDS) of version 6. The prediction performance of FDS, adopted the Eddy
Dissipation Concept (EDC) combustion model with five different chemical reaction mechanisms, was evaluated. The temporal
distributions of temperature, fuel mass fraction, velocity and pressure were discussed with numerical results and the pressure
variation in time was compared with that of previous experiment. The FDS adopted the EDC model showed the possibility
of LES for the backdraft phenomena. However, the prediction performance of the LES with EDC model strongly depended
on the chemical reaction mechanism considered. It is necessary that the suitability of the chemical reaction mechanism should
be validated in advance for LES with the FDS v6 to be applied to the simulation of backdraft.

Keywords : Backdraft, Fire Dynamics Simulator (FDS), Large Eddy Simulation (LES), Eddy Dissipation Concept (EDC)
Model, Chemical Reaction Mechanism

1. M 2 ol@st M eS| Yhgh AL Fleischman®] 4@

F® o]F BARo R ATl AZEAA oY 7hx A7
WS 2 3 B (Backdraftyls Aol 717 RES A o) R4 Ao olale S we Al AR

ol Al BHA7E AR FlTl A ol TR = 5k ARl ofelgt ARA WEd e gt 5

Fol ole) Zurdoz sjgdo] AutEl= whe YBF HA A AR AL wle FrslA) AAX T AA T S AL

A4folth. AAY7HA Fyedon wEdnes 2YEE L EojH WEEES gosls A

Aol ofgt g ulals) wol muE T ok w4 i A MEY e Sape] iAol 2L SAlsleT

o

ol SAAAL oI5 AUE AYT o= MEGTES  PotE F AN o EHTY TS HRIEFAGY 5
o) Aol $1ES W] whRol] S Folslof sh ofel AL FAlol 23 917 W] oS steie] EAe my
20| et SARE 4 gl damde] Ago] 44 %L HE E 4

tCorresponding Author, E-Mail: cboh@pknu.ac.kr, TEL: +82-51-629-6472, FAX: +82-51-629-6463
(© 2017 Korean Institute of Fire Science & Engineering. All right reserved.

35



36 CuI4 kel Ayl

AR T -

olth. B olfmi oldd B 54 2t w4
130

(Unsteady) HAIEALE AT EA HEE o] 8 &

o] A Akt e AlaE 21E 7] olele
S = £ 9ot A EX3E g gARS ;Tst};l-é]—{- L= e
E 9] u|AA} AES A3 BANE 4
o] a3t =t o]i= & 42 A (Direct Numerical
Simulation, DNS)L} to}5 WA H(Large Eddy Simulation,
LES)o| mahdel Aands Agtels wiol 714 gl
A o Zgol.

7120 e 2 A A At Fo]| Ferraris 573} Weng
S0 217} wo gt AT 247 wET
[e]

Qi B ALmES A gsto] MY RES SAS QA
st vl 9Jch Horvat S92 LES®} Reynolds Averaged Navier-
Stokes (RANS) 7|H& slojH =2 #8351 B2 o] &35}
o] ME g ZEof T3t 42X A AL ALE AP35 vf Qh T
3 e L E Q] o7t 1eshA & 27| dAMel =
2 55(Gravity current)of] ARE LA AL A= A A
Houb Yok Fulel A= w= NISTOA] /a3t Fire
Dynamic Simulator (FDS)E ©]|-83}o] W= Eo| ot
dgle] LA AT S v Aok Fye) W
S0 gt 44 A4 ATOIA FDSE ol 43t A7
o F2olth FDS v5.x9] 7] Aandl Sois ok
Qe wEdmee Washs s ans o33 4 8l
o} ? wheba] o] AFENAE oFFt AimEe] FHA
Sus5}7] 9iste] DNSeh GRSRS 7|18 AT 4%
Altko] AH ) glck T} DNS 7]He We 4o 4
A5 o 57| wigeo] A4bAzte] e A= ©ilo]
itk B3] QlandaA fasehle s 78 48 9
W oFS BSOS Fejd o0& df A (Resolve)dl7] 93] oS
A%e WAz sho] ARt Bl STk

ok ae)a {3slehbg 7]t 212 7 2]/ (Stiffness)
oz Qs ALkel =2t d(Instability)o] YA FHof A
&Aoo AAs] JE A = w

O|l

2

mlm

h‘.

< of=Eol ik
Z| L NISTO||A4]3= FDS v6 ©]4F2] ¥HoA] EDC 2 E&
A gatglon o] mae Hgoa gasishileS =

2o} A 4 1bEEE) =2, A31E A4, 2017

o
=
30
N

HEZEof gt

o Hof u B e o R
Tk £3] FDS v6.x R E =

frsteturg-ol
%9 LESO|= #gtsiA 7@ slof gle]
A g0l B e
I Aow Jh:rzh:}

P
o

[ net

£ o
[kl

S =@ ot ol

H

rir

w o m

rlo

-}

o %

:10
rlr ) o‘,

wheba] 2 aﬂ?ow
EDC m2o) 2§ 7Hs é—% Jz;‘ Bt g, 5] EDC 5
o] AHE-E= oheFst BFsNhE7]o] ded Hrkske] W
TP ZEo gt LESe| et w7 +E Al gste] &5
M ZEo| gt LES ¢Tto] &S F1x stk

HegzEo] gt A AL 74] EH%EE% Weng 2}
Fan(B)E] A13& ZFa1slo] Figure

= A7kt Figure 19] -84 %i TrEe) A
(12 mx0.6 mx0.6 m)EA 7}22 71 FAF (0.6 mx0.2 m)2]
NRE 7HAAL ok A AAbel= NISTO|A| 7HEE
FDS v6.32"72 Ahgagich. GRatge] st +22 A
Ho R, 53t AaALtel= ZHzF LES 73t EDC A4
HeS Aoy BAMRE R = Gray-gas o] AREE G
o} AA AL AL 3.62 mx0.64 mx0.92 m= 3}t o]
A U] 266,4327]( Az x Ayx Az=181x32x46)2] 2!
AAAE A3 2 Ao A= 7]Ee] B 2 E
et AAN I g yiEre] FAES VReR
HrEOt s &gk Alo] ol MA| S 5 A A4 3
qoz siqrt

Aufkg A2k LES 7% % EDC A4mdof ot g

& AT g old Axrs Y Fxdioh

22 AMEY U spEHIST|T
=

T Ao A MEHZES FYA7]7] 91 e stst
F 2R 2rzde 712 AgdFE Fastel 4
Yo 29 ﬂi*é—li—% uﬂ%(CHz;)olE}

Ashalek. 724
=]



Mgl 2e FAalo] LESE 93 EDC 2Eo] oA 38hute ] A At 37

Table 1. Species Conditions and Temperature in the Compartment

Species Mass Fraction

Layer Temperature (C)

Ycms Yo2 Yco Ycoz

Yn2 Ty Ty

0.1224 0.1460 0.0012 0.0210

0.7094 103 67

Table 2. Combustion Chemistry in EDC Model for the LES of Backdraft and Their Abbreviation

Case No. Combustion Chemistry in EDC Model Abbreviation
1 EDC Simple Chemistry EDC-simple
2 EDC 1-step Finite Chemistry EDC-1-step-FC
3 EDC 3-step Finite Chemistry EDC-3-step-FC
4 EDC Mixed Chemistry EDC-mixed
5 EDC 2-step Mixed Chemistry EDC-2-step-mixed
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Figure 2. Temporal evolution of temperature distributions with different chemical reaction models.
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Figure 3. Temporal evolution of fuel mass fractions with different chemical reaction models.
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Figure 4. Temporal evolution of velocity magnitudes with different chemical reaction models.
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