RN S VRS OO E VR oy

The Simulation Study for Fire shutter Deformation

in a Fire Compartment

Ly d R
IERR TG Rk



BRENP LR L LRBHLF]

The Simulation Study for Fire shutter Deformation

in a Fire Compartment

By A pRALE Student : Jeng-Jiun Su
R Mg Advisor : Chiun-Hsun Chen

% =
=0
B ek
B =
WE A
T 9%

A Thesis
Submitted to Department of Mechanical Engineering
College of Engineering
National Chiao Tung University
In Partial Fulfiillment of the Requirements
For the Degree of
Master of Science
In Mechanical Engineering
June 2011
Hsinchu, Taiwan, Republic of China



BHEP D LR LR E ]
g4 0 FRALH g g
Bz o~ FR g hmdsr

2

Aeh e B U RRIAMFDSH L B AR A XREP LR R
LB RA 2T L ANSYSA 42 0 TR MR R R 2 e
RIEERRFELTRE AR E Bt A 3w g FDSiE-
HE L BPHES 27 RGEFTA S

Rl AT o AR AGY < Qe B NIERR L FRE - RS S
Bor oo W R ARS Y R 4T 0 0 Bl R RAE 2 S8 RS R
2 %A d 30%"% .3 14% o

%Mﬁﬁ%%@m%%%?#ﬁ@1ww%ﬁ’%—%T%$W@F
WO R EREP AP E TRIIEE 6208 it AFS - d RS
T OEBPR MBS 0B RAUE IR B %"‘%LaZOme,
BleS s BR5230pal E¥ T R g Rk g BRI B
FREAZ N RER R FUAEF . 7 B ARERE R 0 BB VS e
FUARR 0 AL ARPIFIY ERED A GEET AP Ja R ER ot §
ST R EER G 3 O % 2 T8 FIURA 2 JadRp AR L s
FAE Z207Tmm > AR A B BER 512Gpat B¢ AN EM A R e

AR R v Rt BN SRCHERB T R (1) B
BAT A HEMEIERA 24 (2) RAAGEEPEED TR 2
S s (3) MREETREEPREZ A S (4) FAFEEERES 2
TR

MAES | 0 RSB LR A AT BB

Ci ¢



The Simulation Study for Fire shutter Deformation

in a Fire Compartment

Stuent : Jeng-Jiun Su Advisor : Prof. Chiun-Hsun Chen
Department of Mechanical Engineering

National Chiao Tung University

ABSTRACT

This study carries out the fire resistance evaluations of the fire shutters
used in building by FDS (Fire Dynamics Simulator) and ANSYS software. We
use the results of temperature and pressure distribution-on the shutters which is
simulated by FDS to:be the load of ANSYS. Besides, we also consider the
material properties“thatvary from temperature and.boundary conditions to
analyze the deformation and the thermal stress distribution of the shutters.

Before simulations of case analysis, we verify the cooperation between two
commercial codes, FDS and ANSYS, by large boiler fire test. Simulation results
show that simulate and experimental deformation are similar. The error between
simulate and experimental  deformation—decrease from 30% to 14% for
considering the parameters of material property.

Shutters used in escalator room are the target of this study. The study uses
FDS to simulate a fire accident in a substructure that are specified into two
scenarios. In the first scenario, the shutters close completely. In the second, the
shutters descend down to a position, where 2 meter-height above the floor. The
results show that the deformation of the shutters forms into wavy while the
shutters close completely, which the maximum deformation is 202mm and the
maximum thermal stress is 2.3Gpa. Compare with other experimental

researches, it is more practical than the one who neglects the pressure



distribution. In addition, the maximum deformation is 207mm and the

maximum thermal stress is 1.2Gpa when the shutters close incompletely.

Finally, the study obtains the relationship between parameters and
deformation of shutters: (1) the main reason of expansion of shutters is the
temperature distribution; (2) pressure distribution and the structure of shutter
affect the deformation direction of shutter; (3) material properties affect the size
of shutter deformation; (4) boundary conditions affect the thermal stress
distribution of the shutters.

Key words: FDS(Fire dynamics simulator), finite element, ANSYS,

shutter
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oA R RS 2 R
SR R T Z ) K 1100°C
FE MR 2 0 2 IR A A 5 R R
CNS 14803 - A A DIV EAZIE 10 A
[26] B. /P KNI EEALEF 191 cm
C. #FEYmIERN
4. rEFAPH A DIRT AEA L R B
A. e EG 9 A2E 170C
B. #4cfig iT- 2L R A2 210°C
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ol s s 30 A4 ) FEN2 ) B
3 pEZE 4] pE
FHMET AL R YV Es e e

A
v

FooBER e BERK  B I R ER
Sv A {s PR R

feFUR R 2 ) P 1100°C

B G M o F IR A S RBY:

A, ZAedg DI L UEAZE 10 F)

CNS 14815 bk B, et RFEWAEAL T TR
[27] PLAE R F A DI S A R P

A. b4 #og ¥R AREE 170°C
B. ZEde#g iz BB A AW 210C
ok pFac s sos 530 048 ~ 1 /) pF 2 ) pF
T G R R 2 AN AT A e
5

EH N BiviEa* AP sk B

i U I VA FRANI T VP e T &7

7 B[28])

PFEDRY
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2.2 ¥ AiRE¥

% W' ¥ ¢ (National Fire Protection Association » f§ #z NFPA) = *
W 1896 & 117 6 p o+ 5t RIREN VAL B AR M KT A KA
FRANEFER VR LOER S B EPUFBAARIRERGE > 1R J5T
F2ApM R eak B  F LR REAF P N
W TR RIS E o NFPA 130 3 454 F 250 fuig 8 45k st R
#1983 4N F - KA BT ERK L 2010 £ L& 24 AR T4
BRRE 2 B Tk oV RIEROE 2 N R K K B R T 4% NFPA 130
PEIRAFE T EYRERZ LA D VM R ARRE2 5% 1EE 5 NFPA SO
SN AR SNFPA2S2 Sk PP iigk = 2 HpM p 3 R4 250
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% 2.4 NFPA 130 [29) 1 % 449 B 2%

2% .
& =X

»—‘1%‘&%}

5.2.1

B

PF 2z i ik NFPA 220 4 2

5.2.3.1

lﬁ‘;}‘iglé%‘:‘ﬁl

7 % 3

5.2.3.2.1

% 4

ok

5.2.3.2.2

&M
feaik

=
/4

=

P
&

pe]
T

5.2.3.2.3|%

¥
el

ok

5.2.3.2.4

[l
1‘};;

o
fesik

5.2.33
5.2.3.3.1

T2 S a4

5:2.3.5.1}¢

5.2.3.5.2

1 A2 A4

e

y 1Bk P

5.2.3.6.1

FCRL AT

e - 7

0 R
N

5.2:3.6.2)=

7 K PR =50

5.2.306.3

LR

< ik NFPA 80 4 _

16




# 2.5 NFPA f X 4 1 4p B} 15 3%

i % %~ PEAt
R EVEEE RS REE S S AR LI
X N
i AP E kgt 2 ¥ foinriEz VIR
NFPA 80 | F# L F® » WA LT A

[30]

ERS

Btk 2 12 @ AR F Ak
3 0B #-A2 1F 343°C (30 A 48)

FRBRETF

TR AR R H
e ekl * B2 b0

2327 C(30 = &)t T2 e

HEAS R REZEE - ¢ 7KL 2
NFPA 251 = (|9
(31) F RS A I e R T = 2
Hog 2ok g B2t G 2R B A bR B 2
B 12184 35140°C
CE A RS S S
NFPA 252 | B X F® ~ Se AR BT e EEE1100°C
[32] # ok B LR TE SERBLp AR EL R

140°C ~250°C ~361°C(30 %~ 4a)fE & & w1 -
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3 EREE

B d 53
BR300 @ e R 4 B € CEN 2 337

Y LY Z R A 0 ek 2.6 7T o
& PRI a2 AR BE AR

Mmoo BT ER

ﬁ]ﬁ]i")?i&’l’r ’

Y—V-f-\ ~
,ﬂ:'\?\/

% 2.6

R% 2w AR B S R R 2

e 2 07 i
, ,,/\%\/J] -fa’_ _} g

i R i~ PR
1. 4e#GR B>Y= 0 B 1100°C
20 ENEEHI A DIRT SRR G RB
BSEN 13631 | i ot ——_ 77 ,
[33) Y IR .
3o R ] U A I T S AL G R R
2Lae G 3D Az 4~ 43908 140°C
LG - R R A2 B A 43508 180°C
Lo =2 L aisk cndl st £ 7]
BSEN 13632 |  #r§ y 1 BO6 B/
[34] B i 3 5300 e AR
4, ipgr Rl Y R SR EE DS
1015 ~ 20 ~ 25kW/m” 2_ p¥ ¢
1. @=%E8p =2 %m® BSENI363-1 2 BS
BS EN 1634-1 7L EN1363-2
[35] FUFE |2, A RS R 4o BS EN1363-1
3. # i HHE 28 4 BS EN1363-2
BS EN 135012 g R 2 RB R, GF IR
[36) popp |RORERSD (RREET SRR

E—reai (BS EN1363-1)
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I— e+ (BS EN1363-1)

W — g sit 4 (FEZER L e Im 43
15kW/m2)

M— 47 5 (S3pirsg 4 204 )

C—p &R BFa?

S—#EH (A% Sa b ¥ IBRBERFET 2
Sm % @B E A Z 200CHE = T)

K— 7 & pF 2k
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24 KR

AGEHELRP VEF FRIEEEFTFE > ok 2.7 41 o RGN

o ARG HER A AT ERPUE TN 2 R RIS AR
REDT RS = F 5% > @ NFPA @A PR ie F -4 8 Rl & 21p
WAL TP ARGHINAS O R E S EREEF PR o A
Brelglt e P AR RS B o ARG SRR BEE RRE .
%27 BN RERARE R

Bk e CNS 14803 NFPA 252 BS EN 1634-1
el (» %) (=#) (& B)
1. 4efsk 1. 4e#zizk [NNS
BERP R do (S vh KRRk 2. (ST K 2. B LR

e

1. Zdc#g dim Lig

2. BRI EE
A% 1.9 cm

3. P E S oA

1. 2t4cdvm 3598

4218 170°C 140°C
FE A
2. Z4c#g T- B 2. Zt4cdig T BLR
B R ALE 210°C A2 180°C
£ AR 2hag A T o PI: N T IR % £ 5
Fuidg 2R

A F 43 15kW/m?
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¥23 RHAHZBRENAE

BLHRAENR
311 v RREER

73 BN INGE “EEa S A A NS G AU R AL L B SN e
%@ﬁ%%ﬁﬂ%%i%mﬁ’?ﬁél@%%%ﬂﬁﬁ%@ﬁﬁil
51 %% (Ignition) ~2.= & # (Growth) ~ 3.7 % # (Flashover) ~4.%

i Hp (Fully Developed) ™ % 5.% i%38 (Decay) ° % E 240 B|3.1 #7

7T REATIN L andF e R R AT
1. 51% (Ignition)

FHREBY EGF VRS o s A = B R PRILP A A U RE o Fn
P A EARY 0 BRE FIREE R A FL %00 fE2 51 % (Ignition)
SIZew B4 BEE M SRR R (T o
2. &= E#H (Growth)

4% 2 s T R EE_ AN ek
FERRCESR - M R R SN Ul 1 o S St I
£ o LG £ iF 2

B SRR B e A RE

FoFORBARRE At pRHpd VSR R ¥ bigmi g e F AR A
VRMIT RS o Flpt L U Rt W aE £
3. P %3 (Flash over)

—r’\)‘;l.l%]&im?JjL#+w+£’{|Wé_iffFﬂ%if?\;,_ _E #4‘:[,);1.1%

=1
o

AABBRS > AT RLF P OV R RT 2 3R
Mo pb L P %k (Flash over ) I % o — #& 1 8 R iE $1600°C
B R MR A A2 B S 20 kW/m2 =%¢%$ afls € 5 4 PR o
Wz B FN SRR B kAR - F VR REZ

3
&t
W
Y
Eg
3

P A
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SERELEE ¥

4. = & #p (Fully Developed )

BONRXFREIERE ) VRN FEBE L ENEE A B D
BEREME T PLFELVLIEREN (P FZF) SRS (53
B) cdo b BB [ 2B o UB R L I CHB T e g

Bordfie o @ B EVEN R BT 3 E1200°C L e

W AP M RRF AR ES ¥ T RS
ﬁﬂ@ﬁ%@i%ﬁo&%ﬁmvﬂra’ﬁ§ T d vriER 2 R -
# o e b NURAF FYF < T kAL E B Brang 4 4 ok o
fagd PAE RS
@’ﬁ%ﬁﬁ?ﬁwwmiﬁﬁ%uﬁﬁwlhgﬁg G L o T o
AT R e A

e
i 5

K ITNkR~ k% Y% 3% (fire hazard assessment) ¥ & & &
/A 0 FE LA A 2 R A f BT i i % (smoke management

2

system) 2. KB R el K o B AR e — Al 5 B ek T A SR

gk
NS NE‘

Lk (Steady fire) ~ 24£ & ¢ Jh (Unsteady fire) ™ 2 F % RV L = &

1. &£ Lk (Steady fire)

NRAALEEERY LSART LAR VRRE PR EEET
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%@ui?%%%ﬁ?i% B J’ﬁ#ﬁ%im\@@pﬂ&°
Klote [37) 2 &% F ¥ - iz R F E @Ak o A %3y i
L 500kW/m” > @ PR 32 B H g f 2 BEF A A 225kW/ m’ o &
TR SR VRBREEZAMREE b5 ff2
BT F T A G L 500kW/m” (44Btu/s-ft2) o 3t F At FE b
LG R E R L AR T A YR L 225kWm’
(20Btu/s-ft*) o @ $F7k s BFAE RN Rzt B R > 0L g2 e H ik
LETRE R LR VRAN R ARE LMW s A A A S Y
FORF e Bl IRR A SMW o b e & A
2. 22481 VAR (Unsteady fire)

A NPFA 92BP. > Pl E 0 5 % § $icenP e ViR G B ) B e 38 2 &
L“@,gg%ﬁﬁﬁg%%@%@’ﬂ&%%Qﬁéﬁmﬁﬁﬂ,u
Pedr &> A2 58 £ v [38]) o 4 3]‘-*‘3{;‘5‘:7“ (Bul)e? cin B 2 T ¥ b r A e
LA E RS R (32) %7 s RFELREE D - 2R
60 BBk ¢ R TS L1t s def]3.2(a) ~ 3.2(b)Hm o

O=alt—1) (3.1)
Ot tmang s (kW)

a ok iRend £ Gl (kW/sP)

LB e E s R (s)

ot 4 sk E LR (s)

Q=at, (3.2)
Lot 4 e s pE R (s)
7' f % "T-Squared Fires" > NFPA92B ¢ * = & P e & » = & B
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g2 2 £ 3 1,055kW e s 2o R > @ T-Squared Fires &

R tg G
Xk £ %ii Fx ¥ % A = Ultra-fast ~ Fast ~ Medium % Slow = = &

o LN PV RS E e A LR A3 o BN R T

'\4{7’1”%3‘;7{% éf,ll-7 ’ ﬁ’ﬂtf$"‘9: gG\' &%%;glgglﬁl" ’ ﬂ‘l]gﬁ’t%

RS VTARL Vo w3397 c EAVASLAN 2 A TP T

4 B)3.45757 o
% 3.1 YR E PN GE

3P & £t #c = £ PF R
T-Squared Fires A (kW/s2) a (Btu/s2) e (s)
%% (Slow) 0.002931 0.002778 600
¥ 1@ (Medium ) 0.01172 0.01111 300

$-:% (Fast) 0.04689 0.04444 150
#& -3¢ (Ultra Fast) 0.1876 0.1778 75

3. FEERNURE Y S
TENVRBEE I RF S NA LU E A AR R o TR

il @R OR L o FrFI PRI g L kR o

- WAL Cone-Calorimetry ~ Bench-Scale Test

FRERTYHEL T2 Al xS ka FIFE

FAN X mEE RS o B355 F R R RIRE S B g o7 (NIST,

National Institute of Standards and Technology) 22 A L LF 7 7 % %
(BFRL) & {7 2 ¢ R YERIFT & > 2RI 3 % (kiosk) »0bgppmrz L

LT S R A

/)z%' T§'}I—1
- 0= W IR MRS

& Full-Scale Test% = ;%
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313 PV R Ew2EP
Bl LR o AR F DR G AT R L A
/A F)F G VRMAE S VIRE LTRSS RE AR FEEREL TR
2R - R NG R R RS MR X TR 2 PR AR
FBoORBE VR FMA S FVUARF AL LB AR T RS
- 2 P or(flashover) » @ cnTR B R R g P A S BER R - X
FRAP N FRLZZEAFP TR 2 A2 R R F HFRE
dofe Ra AraE > U L2 EUER TG BN S VGRSl HEE S
Fra|l LR HE S AR HEE2 1 fE 2 AR ATRE L 2
ARE 2B VKFEFLH

VR A R EGE A
P e o @ PR R R R E R K
F g R AR > B EFNFHHE
2. B R

ﬁ/’%@ﬁﬁﬁﬁgﬁﬁﬁﬁ:ﬁ%w

CRE At LABAG A REHARCHARZ B AP 8
ERPAHEESTE %mm» T U K 2

P
FPARGIT LG RTELEAFED RG] AoB3.647F KT BY
RFRUGHEE A G EFRY MR FIRFEIIFI IR
jﬁ@%%%$£’%%%iiﬁ?ﬂu4mﬁm BT PHBERE
AR EFEL O dodap o~ B FE 2R stz B s B EwRR  TE
FALYE S AEPVREL R RS S TR FZETRIAR
ZREMT LA E - 2 FP 2 A2 725 g BEp g4 L 2R

!
B BEFN P ZRY > NE R ERL PR IR LR

T

by
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Bldol B B2 X T~ B R 2 e g

FARF A LS FEFEF 2L A F e bt

3. BEV Ry
TRSLREELFFL - o FIENZASE L L LR GRRE 2
B LS A B EGHE 5 BB REL MR S 2 Byt A

ﬁﬂ’%@ fep 2 F7 2 F I % B IR e AR A L W

R R o

4. P OEHALEEEL 2

Hpp L s ok L AR

fe]

()

5

FA N IR AR R R g VR 2 g R
BAAE A R EERZ J P ARL T > ¥ BB E S P G 0§k
ERERFHA AR T SRR TRPLE R 2 F o e L A2 3

M-
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3.2 X HE i (FDS)

FDS(Fire Dynamics Simulator) = % K K 7% ¥ & # F & 7 47
(National Institute of Standard and Technology ; NIST) #7473 2_ -t L -3+
A ot d 22000827 B A R - K T E ~2010& 107 o R

FDS# M3 B =87z B LY LiF5(8 2 VHEZER D5 v R
e TR RS N Y
CRAREE R BT E R RN T L R e PR (e
I 4% ;N Smokeview #-jin B R 4F fLg H5 AL 20 3 N T AR T ﬁ%l AU (s IR BT RY
Smokeview 7~ >+ & ~2010& 107 =B % £ %7 % (5.6% ) - FDS{ 7 11 #
FZRPP 2T RS ROKEEE PR AT R R A o f
EMF-2 kR SRR AR A B T e 1 2k oo
B i * FDSPR Jf L Bficgt 2 B Ak ~ il F s ViR + o] ~ 2E
RHAF T TFER ﬁﬁ%ﬁuﬁéﬁwk“WUQiiﬁﬁﬁ
>3 - 2 FAh(*.data) £ 4 FDSH 8 B 453t 8 > d 38 FDS A £ 3 2 5 R
HP ALY 25 0 FFR 4] * Somkeview it K 3 B~FDS#73+ & 12 dk
oK BE - A 7 2 E 5 o Bl 3.7 5 FDS 42 B > B 3.8 5 FDS &
Somkeview 2_ ‘& ?“« A

FDS#7i# * 2 ficie » /22 H 3 & cndLfpr= 25840t T 97 1 58 o
321 R4 B2 R sl

£ N B MR B

0
P4V pu=0 (3.11)

ot

#e pimsm A (kgm’)
u oo dERE (m/s)
tpEER (s)
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8
p&§+ﬁrvhj+Vp=ng+f+V~r (3.12)

Ao p R4 (nt/m”)
gt E4 B (m/s?)
fiehA (¢ gHckE2ZEES ) (nt/m’)
r AR T R4 EE (nt/m?)

T ol A

%(ph)+v-phu—%f:Q—V-q”+VkVT+V-Zh[(pD)[VY[ (3.13)
/

DP ©

Ho T =" 1 ydVP g2p

hoo% (KkJkg)

0 #A MW (kw)

" fp s duiE B (kw/m)
D @ g (kw/mk)
PEA(C)

h, 03 fEz s B (KIkE)

D : #HEctask (m'/s)

v, b A

N X

PRETE

(pY,)+ V- pYu=V-(pD), VY, + W/ (3.14)
LI AGECE 3 SLX T R
AR RN

P=P,—p gZ +P (3.15)
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P, = pTRY (Y;/ M,)= pTR/ M (3.16)
#ep ot RRA (nt/m’)
p.gZ * # & (nt/m’)
P #HER4 (nt/m®)
6 #%t LES(Large Eddy Simulation) &3
Hyss = p(csAf(z(defaT)-(defﬁ—é(vif]m (3.17)
HY ¢, 5% ¥ &
A REE R
O=r-Vu=yu 2(def&-def;)—§(v.;)j

v Ou +(6_W+@)2+(6_M+6_W)2}

ou ov ow
=) 20T FE 2
ox Oy oz Ox . Oy dy oz 0z Ox

_{%(a_u+@+a_w)2}
3 0x oylnoz
€Hh (pD) s = (3.18)
HLESC
kies = Li P (3.19)
r

H ¢ pr: ¥ ¥ dic (Prandtl number)
Sc + &% # ¥ #i (Schmidt number)

29



3.2.2
1.

£ &3
PF R 2 34T
¥ PF R 38 cndg 47 0 FDS## * Second order predictor-corrector scheme e

B Btime-step B 4o ePPFiE o p" s Y s w" s H'E pr3a G e v F oG

Cm\ﬂr

b.f2/& 4 1 Poisson * 42 ;%@ 7 4

FE o PR m+1), N R PES (n+1) B time-stepPF A28 T 5 A1k ehiE o

A BP LT p ~ Y fop, A1 * Bitenk £272 (explicit Eluer step) #

3o BdeBRT D TRIER

(n+),

P =g =& - Vo' +p'V-u") (3.20)

(V-u)" =(V-)"
&

V'H' =

~V-F" (3.21)

Fiz- e 50 383 N EHE -« F 402 ¢4 g o # R P

d T i time-stepif iz

@ = ut = S F+ V") (3.22)
@ time-step& R (< &
ot < min(é‘—x’é‘_y’ﬁj (3.23)
u v ow

p +p(n+l)" _ &(a(}'ﬁl)e _Vp(nn)g + p(”+l)“v-ﬁ(”+l)" )) (3-24>

BB BRI kR R E R R RS

2V = (V)" = (Vi)
S

~ V. FUh (3.25)

g i aaE B AT

30



ﬁn+1 _ ; [u 1 — (n+1), 5t(Fv(n+1)e + VH(”H)e )] (326)

2. % B2 34T
Ty IR endpde ey - ¢ ¢ & £ 4% (Second order central
difference) - B B35 R E - BARE > MR LA LS W o &
BB G > * I~ J«fpkgvvljyxz\,ﬁg"}qu YRz o Ay A
£ (o B ) LA B Y 8 R Bl4e P % & e E 7 B time-step
Wemhi s kg g oo v Ben@E R L A Bk G B o
3. JeaciE 2
FDS #ic#8 o #ic @3- 57 2 + > 1 & 5 LES (Large Eddy Sim-ulation
SR RRBOERS 2 )N F Rl o M R R (time step )
#23% ¢ 1495 CFL 42 < if i ( Courant-Friedrichs- Lewy condition ) ¥ VN
#& %_i¥ i (Von-Neumann condition) » i&Jg3t 5 #7{8 2 i B #cid &2 4 32
B opRieialp PR Ot (timestep) 2 3 & o @3- B iE4E Y 2 CFL
Bt VN S0 438 0.8 3 12 B » 01:E 5l 5 5% o2t B 2 fc ac o

u v w
CFLzEStmax(l—l : l—l : l—l)

ox Oy . bz (3.27)

1 1 1)

k
VN = 2 ( D ) St(
maxyy pCp 8x? 5y2 - A

(3.28)
ot : A X pF R (time step )

usveow: i EASE

8x ~ dy ~ 8z ¢ Bk

V 1 Ak % Bie(viscosity)

D : 34 % fie(diffusivity)

k/pc, © # % ¢ (thermal conductivity)
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323 REBsst

FDS ¥ # &8 & b #4058 ( Mixture Fraction Combustion Model,

MFCM )% 5 " FF Bzt > 2 & 2 9 a2 "MFCMA_ M § £ 52 R
TS R TN F AR I E LR Py B
K 2 B

AL P E N (( Mixture Fraction Combustion Model )

Vi Fuel + V.0, — >V, Products (3.29)
1
Ao Viiinsngr gt hik
$EEER R g
mt m"
VoM, VM (3.30)
Misins3z28m8 £ (kg
i in G2 BE S (kgls)
sy -{5-1) V.M
s ¥ o= o 0 : _ YoMy
& SZ;1+YOOO s VoMl - (3.31)

BMRSN Y BR RS REGAR - SFRE (T AL

Y”
Z(x,)0=Z, . syl+v” (3.32)
Y°\1-2/7Z <7
B ngnz{o( /:Q B f} (3.33)
0 > Ly

d P A - R AR VB E T T N AT
C&Hy+mx+%MM%+37M%)

—»nmx@J—nk;fgqqmnaﬂﬂxcoz+nman{§Jﬁgo
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+max(o,n —1)x+ y/4)0, +n(x + y/4)3.76N, (3.34)
EHE R e BERF ORI F A RE

q"=AH,my (3.35)
Ao Mo 2 B e TR I EF LT RI 2D FFLFREYE

¥ OE

. 2
_m;,,:v(pD dy, VZ]_dYO d’y,

2
V.-pDVZ = pD-—"2|VZ 3.36
dZ z P p d22| | ( )

o

PR N R b E A e

BN e plE T A3 N A2 o
Veu,Colly, +V5,0; = Vo, €03 +Vyy o H,0

2RI TRt LE SR

4

(3.37)
BB 5 it ForE o Fe kOt A 2 e R
d|C,H _E
l#yJ:—B[CXHy]”[OZ]be Thr (3.38)

H ¥ B! F &% #ic(pre-exponential factor for arrhenius reaction )

E @ & iy (kJ/mol)

33



3.2.4 #EiF s i 230
FDSz # 5 6 @ 5t 4258 4o 95 57 ¢

5V, (xs) =k [@n ﬂ n=1..N (3.39)

H o ]hn::FW(ImnDIMX)TTA/ﬂ (3.40)
=ﬁa@ﬂ (341)

[ gg st #se & (kw/m2)

k:eoye th ik

A& (m)

o ¥ F &—ik i & ( Stefan-Boltzman constant )
3 dh o 2 &g 550 FDS# * 2 B i 4o

()= el ot it (805 nlde (3.42)

S nw<0
v Al ez 4 AL e R (kw/m2)
ST Hrwd
€ 1 Akt K
ool e 2 REE St B (kw/m2)
P AR RS VA EEEL L S BRI - g 2 iR
BApRF > {7 @aofg st § o
x)= [ S1(x, 5O (3.43)
F et i :E‘_

A I A N N I VN A

q,(0) = K(JU) -4, (X} U() = [10es)d  (3.44)
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325 #RiEe
FDS® # e A2 R iF i v ¥ P - L4 % 240 2R
BOCREREY SPE 2 380 ~ 3R PR AN 2 485 ) R R0 o
PRy BN B R aoe S e £ > fe &3 BB AR 05 0 &
LA R R FIX AT A S hi BT k- A E H iR T BT
i R .

% LES & fi-;¢ ¢

g"=hAT i h=max| CJAT]5 0.037 % (l] (3.45)

AT : B R B 5 liArd B8 1(0)
C AR GBS By PPN Y PR E KT FC=143 >
£3 5 c=095) (kw/m’)
L ek Bo(m)
v # Ak e (m/s)
1. # 53 B g 25 o H i > fgde

oT 2 T . .
S — 0 TS —k a_S(O’t):qZ+q;’ (346)

o ox? ° Ox

psC;

A9t AL SR RA Ckglm®)
CotmE s (klkgk)
g' Hngd E (kw/m’)
g ¢ s B (kw/md)

T, FfEER (C)

2. AFEAIFE R (BRERALE AERE 3w 5353 4 0 )
T 14 .ll
a, _4ct4r (3.47)
da p,Co
25 0 B E R (m)
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N N SN
R DI 2 U

W%ﬁﬁﬁ%#%%’&m%é—&&’fﬁﬁaﬁgikﬁﬁ%o

TR A 9 & F 2 & B Z > Clausisus-Clapeyron/® 4 B » i T ek i o
AWM, (1 1
= - 3.48
po=roonl -1 L (3.48)
Hodopol R
M, A5 E

T %wiER
T, t A AR R
300 P FDS2 suim s A2 o B ATt R Y o PR 2 TR
Second Order Predictor-corrector  Scheme : % P 78§ £ * Second Order
Finite Differences ¢ % i 3% ~#u g S it L 2 f HiE 12 ezt & F v g
* %R tgt 2 (Large Eddy Simulation » LES )3t & 2 32 > LES;2 £ 4/
WHIEE ® A 5~ 8 B ( grid-scale )& =t & ¢ & ( sub-grid scale » SGS )
F IR o FA K 2 BEed @ A LESP B 45 ¢ Navier-Stokes = #2;% #f% ;
Ao R B RPN O IEE o ] %ﬁ?ﬁiﬁ%é%mUi%%%
% H 7% ( Sub-grid Turbulence Model )77 4t B 33 5 347 i &

% 5 FDS/ % % 7 DNSz2 3+ 5 272, e d 3*DNS/Z § + £ F % 74 1%,
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3.3 #5322 = %2 PyroSim

PyroSim#_— i 3 # 3% #07)2& = g v 5 L L d 4 F2 5 it (FDS)
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FE o ZZ2HPEY U E g o FH i A HE 205N o PyroSimig B =
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-

22 s e 2%, IR N &= R A A4S
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o 4 82k E_(Surface)

B B Y Lk FIM(solid) 4 2 i b ¢ (vent)2 (R 0 gt o FAR

FEARFDE S AEVEMST R TR TAR

FORERARTE S RORK R VE R E 2 R

& & (device)z_ 3 T @ WREIT R G Pl
hov(vent)it TR ¥ B¢ VEYFRIER WL @R H LR H 2
oo M E R AR IR EFTR o
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£ P gLk B (Devices)

% FDS 5§ 2% 0 A% F A0 2 AR T P Pk

B ERAEE 4COER f LR MR EASE

RS RG] WA 2T e T EREKE BRI R
TR %F 4 5 102 F 2 & P2 (gas phase and solid phase

device) » A PIBK ¥ ™ EFHEFF 2 & By -
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i B 2R
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SZHAIP R E S R FSEREEEREIFFEL S
EFEAIT2Z0 ) 5 e p B § e x i ] X g ER
g@%;i@«fﬁﬁf’ﬁ@@%Lﬁ~$ﬁ’%ﬁﬁ#@é

-—\

= BAEZREMNA AR REFH L - LR
TR ] 2 kﬁ’m@4&£wﬁw%é%4°
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THAEY FDS B2 i 2 ffg2 2 EE BT 0 F)
wH > oom £fE2 27 FEH Large DAdy(LDS) & & Direct
Numerical(DNS) » J* & = 2 2. 72 e et i 5303 — & B 3% FDS 3%
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3.4 ANSYS % A%
ANSYS Mechanical % # RANSYS 2 @ 7B 3 2. 3 "T~ % 2 17 8¢
RE- P B 37 A S ANSYS 13.00 #d8 1 & & 422 BINA % AT R e
AT A IR e
PR EREAEZEY A AR BB 4 REF e
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3.4.1 ANSYS Mechanical &7 & A 477 i

it 2 % ANSYS Mechanicale4 4573 3 & 70 # A (static)
A7~ kB WAL (modal) 47 ~ f§ 2% &% (harmonic: response) 4~ 17 ~ #F ¥
(spectrum)~ 17 ~ & ¥ & & (random vibration) » 17 -~ # ik # * & (transient
dynamic)4 45 ~ 4 A (buckling) 4 7 ~ B3k 4 5 (fracture mechanics)4 45 ~
B if it (optimization)4 #7 & o

A4 @ & 2 5 > ANSYS Mechanical & 4 47 4] 5% ¢ 3 7 & &
(steady-state)~ 17 ~ #7 f§ (transient) 4 47 ~ # @ % (heat conduction) ~ # $/ix
(heat convection) ~ #t 45 #¢ (heat radiation) ~ 4p % * (phase change) ~ & & &
1£.(mass transport) & -

% 18 & F(coupled fields)* & » ANSYS Mechanicalens 47358 ¢ 2
# - % 1f (thermal-structural) # 7 ~ # - € (thermal-electric) # 7 ~ B T

(piezoelectric) 4~ 47 ~ #-#-- %5 ff (acoustic-structural) 4 47 % o
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e %‘ 2
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%,ﬁw@yé%gﬁy«@uwwm§%@ﬁ,aﬁﬁ@%#wmﬁbﬁﬁﬁ
Lt AEFNERAGSLE NERALSEDN R4 > @ Direct Method R E_f
PR P e B - 8 MBS R E S AR B GF S
SRR o

AP ABFEHREFR SRS o EAREA G FDSHEE N L Bt 25

% 17 ANSYS 2_ 1§ hif # Ll an%a; ¥ > s gk Seauential Method 2. = 3¢

21l F
A

343 <36
- AT PR T AR F L g il A B SRR~ B Sl
H*r*?oaANsmkgiﬁﬂm&‘9é3D£2D’ﬁﬂﬁé“ﬁfﬁ*‘FQ

THfn EREE 2 TR 0 A&7 E* SHELLISI =~ % > 4o B)3.9%7
"MEUJMﬂmgﬁﬂﬁﬁaﬁK%ﬁL%i@ﬁﬂﬁW%&ziﬂm%’
A E Rt 3DEYE 52 B & Z(node) 2 B d R A B TH
(translation) é0 % = p d & UX ~ UY ~ UZ)2 2 > i& (rotation) s p d A&

TR AN T S ¥R ML 45 SHELLIS]
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SHELL= % 7 48 :
CARF AP ERRE@PEE )L 3D F M -

2. BHF ALY LA 2 Y outofplanei%‘ﬂ} °

3. (N ERREZFRMAPHNE BT E AL BTSN R
R -

344 BREHAHE
RPEATT A B G
lo}=[DJe'} (3.49)
He
lo}= [O-x y0:050,: xz] 4w B JoB3 4047 %
[D] : sgp g
= teh - e e

{8} [8x y€a8m €2 xz] %

€' ERmE s B
Az T O RAEARE T £ 5

{e"}=AT|a,a,&.000] (3.50)
£ (3.45)7 sy &

te}=t"}+ (D] o} (3.51)

VE, — -v,/E  —v_/E 0 0 0
-v,/E, VE  -v_ /E 0 0 0
D] = -v,/E. —v, /E  1/E, 0 0 0 (3.52)
0 0 /G, 0 0
0 0 0 UG, O
| 0 0 0 0 1/G. |

Ecvxm o i thie
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& =a AT-——"+ 2 -2
y y E E
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V_O V., O o
£, =aq AT ——2%_ =2 =
E E
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_% V4° »- 2
gx)’ _G 8}/2 —G 8xz a
Xy Yz ze
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& S ; >
X o 2 G %
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h { Ey)
%(VXZ +VszxyX8Z —azAT)
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(3.56)

(3.57)
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Fire behavior Fuel controlled Ventilation controlled = | Fuel controlled
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BB EE

A WA

Active control
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Control by Fire Service

Fire Service
ERIOREE
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Passive control surface spread of Fire resistance, containment, collapse
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Smokeview 56 - Oct 29 2010

Frame: 84
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Smokeview 56 - Oct 29 2010 2‘;3; Smokeview 5.6 - Oct 29 2010 2‘,‘3; Smokeview 56 - Oct 29 2010 2‘,‘3;
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Frame: 1000

Time: 7200 —

Frame: 667 Frame: f34

Tmesos NN 0 Time 6005

96



NODAL SOLUTION ﬁ'ANSYS NODAL SOLUTION ANSYS NODAL SOLUTION
Noncommerdel nss only| Noncommerdel mse only| Noncommendel use enly
APR 62012 APR 62012 APR 62012
19:55:40 19:52:07 19:46:36
7z x Zox 7z x
—
~257E-03 ~412E-03 1009624 019719 029814 103991 ~619E-03
004146 039368 004576 014671 024767 034862 044957 007231 070036

NODAL SOLUTION NODAL SOLUTION ANSYS
STEP=1 Nancen STEP=1 Noncommendial use enl -
e NODAL SOLUTION ANS ET S
APR 62012 APR 62012 I WArtedonie
19:42:14 19:37:42 i
APR 62012
19:28:28
7 X
Z X
| B SS—— |
-471E-03 118023 ~131E-03
014341 103211 .132835 01572 .142531 — — —
-177E-03 045936 092048 138161 184273
K 068992 115105 161217 20733

B 448 # FF %2, £ RS % (8 2)

97
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Smokeview
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Smokeview 5.5 - Oct 23 2010

mesh: 1
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mesh: 1
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mesh: 1
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mesh: 1
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Smokeview 5.6 - Oct 28 2010 Smokeview 5.6 - Dct 29 2010 Smokeview 5.6 - Oct 28 2010

mesh: 1
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mesh: 1 mesh: 1 mesh: 1
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mesh: 1
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mesh: 1
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