The Study Ntrc S miconductor

Facility

RERE REE FoR



[
4k
s
=
Y
g1y
e
otk
=
£y
&
B
%

\_.

SRR T RSN S S
R i~ Ep1 a8 tmis

A LRT S S BIGCF - G AT UL HRAAR FDS
SRR P AL ﬁ&éfﬁﬁ&ﬁ’ﬁ* N

B 2R

e
=
=
'S
E-0y
e
ok
eyl
N
&
W
b/
(i
(3
=
f;
%

AT S S SR &, SR ok 3 U AINEAR
2L P );? i FE g 'E;/fgl})ﬁ;—lﬁL Eﬁ/m@ » ¥ 1;‘; ‘;ﬁ ?é: ’}s 7‘3::7"‘.']19 'L )E-/”“ ’ \—’”‘Cj‘
%o H AP R D Z i iz

&
).
E=)
b
3
4
=
=
JL
‘a:
-_gn‘\
M
N
wn
>
O
-_gu‘\
~

Aol A P gL BB R A e RUEMA SAC B RS 0 &
A AU R ER o 1% SAC B FL 0 TN R K
o EEEYE o REENYI £ 1 TR (FAB % ) (iR E AT
RO S RN e = R P L i = RS G- R L e
FARREEENTVERBIRIC A m Y I R R P IREERS TR
Wit ATV BT B MR A L A R T 2 R SR 1B
BT 20%8 K e TR TR R R ] 2 VR AR
B ARG A VRN R A R g e A 2 SRR &) iR
T I engr ] v & odr~~4%A$V%@ﬁur144‘(1)\ &
A2 2 TR EEE P R LR B B A B
E % R0 R R AT o (2) b BB 2K
TEAS A L E ] N R T T R R B A AR L BLARIT P BN 0 @
Beb i E D 20%2 A L T ik e lE IR A - (3)
B WM PGS F 2 It RAPIT R RIEI TR 2 R RIR T



VLR 0 RRATE R BT e 13 R F R B 2R R Ry
SR aEHE o

% = 00> 5 1% Simulex ~ FDS+Evac % 2 £ 5 #Figp< > R HEH
PP P E AR L SR R e 7 o A

FOFZARP T AR TR REF I A %ﬁ%iﬁ%%/?*‘r?é
LT 3 (1) Simulex ~ FDS+Evac % i # 4 @€ > B
EP e Esn 5 1764 180 45 % 448 %) o (1) Z A #FHE 2
e P Bt g A R Asdad g Y W) A 8RR )
ARBEERIN S RAZEREA RIS PR ALENS AL R
G oA R ERE A R et d PR e P IRETE N e
B SRR A A A A 4E 6 Af 32 11402m?

‘E\

v AR B R RS-394 1) 0 o Ml pERE (448 F)) ¢88% -
7B A AR o (2) FDS+Evac #i4 A B 24T o flr 2 =
outflow ez A B 4 e @ > +.3“$1‘#§%;é iR e 5 b
FARTRP XA EIE o PG L BT R4 A f i

FrUF S A e A EF L A e E RN o (3)
Simulex #i# 4 B @1 3 PR & L (R BIRPIFF 3045 4 R &
PR 604,05 90 fjfas A | RA@# IR > SRk 2 # 5 7%

A R E R

R4 @ L gk ~ FDS+Evac ~ & B- % ~ Simulex



The Study of the Smoke Control System Design for a
Semiconductor Facility
Student : Yong-Siang Chen Advisor : Chiun-Hsun Chen
Department of Mechanical Engineering

National Chiao Tung University

ABSTRACT

This study is divided into two parts. The simulation of smoke control
system in clean room by FDS is provided in the first part. It is necessary
to setup the automated guided vehicle to carry the wafer on the roof of the
most advanced 12-inch-wafer facility clean room. Such this design may
not discourage the smoke-flow effectively due to the destruction of the
smoke screen. Besides, the vertical laminar air flow type design also has
influences on the smoke flow while fire accident happened. The first
work of this part supplies the influence on smoke screen in clean room.
The smoke flow arises to supply air chamber (SAC) because the smoke
storages in a large space and the filters are broken due to the high
temperature during fire accident. The extra exhaust port are installed on
SAC to reduce the effects of smoke flow in FAB. This study utilizes the
design of FFU’s air velocity and makes the pressure differences near the
origin of fire in order to gather the smoke flow in the firing range. The
simulation includes the 100%-off, 80%-off and reverse of FFU’s air
velocity under the big fire and small fire (FFU will not be damaged). The
results show that: (1) The smoke screen cannot play a major role while
the flow field, generated from the fire accident, diffuses to surroundings
due to the effect of inner cyclic flow field and the opening of smoking
screen. (2) The design of shut down and reverse the FFU in situation of

big and small fire, can restrict smoke flow in the zones adjacent to origin
Il



of fire. (3) The effect between shut down and reverse FFU is similar, but
the FFU should be processed that it can reverse operate to guide the
smoke flow to the zones. Therefore, we suggest shut down the FFU is
better chose for smoke control.

In the second part, to compare and investigate the evacuation time,
difference of calculation methodologies and descent velocity of smoke
layer by Simulex, FDS+Evac and Handbook of Verification Method for
Building Fire Egress Safety. The results show that: (1) The calculated
results of Simulex, FDS+Evac and Handbook of Verification Method for
Building Fire Egress Safety are 176, 180, 448 seconds respectively (2)
Handbook of Verification Method for Building Fire Egress Safety only
according to the ratio of staff moving distance and moving speed. This
methodology cannot estimate the phenomenon of jostle which is due to
frightened or unfamiliar to environment that postpone the evacuation time.
Moreover, this manual utilizes the floor area to estimate the starting time
of staff evacuation. However, the area of clean room is 11402 m?, so the
starting time of staff evacuation is 394 seconds which occupied 88% of
total evacuation time (448 seconds). The condition in this case is not
close to the reality. (3) FDS+Evac recognize staff as particles and
establish a flow field with outflow condition to decide staff evacuative
direction. However, in some complicated spaces, the tunnel which is too
small to pass through is still identified as evacuative route that cause staff
accumulative in this tunnel and postpone the evacuation time. The
condition in this case is not close to the reality (4) Utilize Simulex to
simulate staff evacuation time and chose detecting time of detector 30
seconds with staff response time 60 seconds that totally 90 seconds for
staff starting time of evacuation. This calculation methodology is more

conservative and more close to the reality.
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M2.5 10 12400 | 350 2650 75 1060 30 353 10

M3 35000 | 991 7570 214 3090 87.5 1000 28.3

M3.5 100 -- -- 36500 750 10600 300 3530 100




M4 -- | 75700 | 2140 | 30900 | 875 10000 283
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FFp 1980 Az > d L EMA L DEFFR > FHIWR Y B§

& (Hazardous materials) 7738 ¥ R B 452 FIL & 2 €40 > )t
»+ 1982 # ¢ UBC( Uniform Building Code ){= UFC( Uniform Fire Code
) % fgrd %%ﬂii‘,‘éﬂ;ﬁ - & fog B AsE ARG 2 1985 £ - UBC
fr UFC 4 w]i& 44 58 ¢ Section 911( UBC 911)% Article 51( UFC 51)
KARF L B> A ptpadkiFR * » UBC A& S R AP
gkt gere 1 s m UFC B4 & "L o i * ~qfe ivr azgo p 1985
EARRA G SR Ef AT SRR RERA R ED D > %
1988, i s 1S 4430 = A A R L o BER 0 LA HEhR
FFSEH2 0 T 1991 E g il £ Wm/;é 53 AR o
F]t 2 UBC 22 UFC 2L 4p 3 fhs ez 4L » L H R 530K i
PR Y D R e 1T 4% UBC 2 UFC rrdp B 2R T8 73

UBC = 4345 H i * ¥ % (Occupancy Group )& {7 4 &g (Group ) »

R )Y é#ﬁtﬁﬁfféﬁ%? H (Hazardous ) #g¢n % 6 78 (Division 6) >
fr H6- @ UBC 906 A& » & H-6 ¢ » FHenz P st ST Ak
- BRB A Bk Fap Vg Lo U R Gle
3% > ) & UFC Article 51 ( Semiconductor Fabrication Facilities Using
Hazardous Production Materials ) #7# % ¢ * ehp % 2 § T &
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CREEAR SRR SEFREF R E T e LT BREFESR
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w24y (Flashover) »(4) = >4 & # (Fully Developed) 2% (5) %
194 (Decay) > % B iEA24cB] 2-5 #77 o L PFE TN A et R A
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(1) 2L (lgnition)
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(3) =8 (Flashover)
WREF R 2OV RS R FAG AT F P E S - LR L e R

WA ORERS L plmFRT Y T RS 2R g

Z| s p L P %k (Flashover) % o — 4km 5 > F 5 B et 2

BT 600°CHE B I £ 5 2 #uidf 5K 20kW/m? > Th F

il i el
(4) = >% E3 (Fully Developed )

BOVUHEB IR L e R PR L L
IR R "ft”%‘tﬁ W R B N e R Y B Ko T )
%

BB v N2 F BT 0 At LS HuR B BT B i 1200°C
VR
(5) %9 (Decay)
FERpiEEE g o Ha e R AR BRUS F 28 R
d i

n ) B R %%ﬁ&ﬂ%%’ R SR
B S VRUERR 5P QR e (R brg i o — AL 1L HEG) 3L 3 80% cHpE Y
K T & o

1. YiRxE: ( T-Squared Fires)

T Nk Bk g i (fire hazard assessment) ¥ i & &
R A o kA A 2 RE e fR BRS¢ 5L (smoke management
system) 2 E P 3EX L ihank T A A X P8 -

gy s B VRS R T - TRt BEES 0 H
XAt s FEZR VIRAR ST e (2.1) AT

Q=alt-t,) (2.1)

Q : VikREFE =T (KW)
a ¢ LiReha £ Gl (KW/S?)
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t: B e R (s)

t, ¢ rRehE LR (s)

n:1234,....

& NPFA 92B[35]7 > 3n 5 * % ficend L ik g B 8 F e B
e Mo P UMk R Tl R kR
i g R }$T’Jymﬁﬁ<znvwﬂn%2v“ﬂ>

Vike £ PR S G Argt (22) 9or o

\\-\-

Q=06tg2 (2.2)

ty © FORETRNELL SR ()

9

v

b N & "T-Squared Fires™» m T-Squared Fires iz X ik = & i# 5 x

¥ % 4 = Ultra-fast ~ Fast~ Medium %2 Slow = &= £ & & % 87

Cenliha E GikE S EPFERF Aok 2-4 977 o FIN R R IE R P

TAAZ O EAF RS ES LD - RA RS ERF P EHEEE K

FPREZ T B R 26977 A VRSE AN H AR LR
4o @] 2-1 27T o

304 k%A E Ao

7B + £ fadk
T-Squared Fires a (KW/s*) a (Btu/s?)
%M (Slow) 0.002931 0.002778
¥ 3 (Medium) 0.01127 0.01111
P& (Fast) 0.04689 0.04444
& -1& (Ultra Fast ) 0.1878 0.1778
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Cartons 15 ft high, various contents,
fastest if empty or containing
plastic foam

Thin plywood wardrobe

Full mail bags, 3 ft high
pallet stack
5 ft high

Wood pallets
Fastest burning r Cotton/polyester
upholstered furniture i|qtersprri:;1g' l

Ultra-fast Fast mattress Medium

6000 —

5000
. 4000
(=]
g 3000}
Q

2000 Slow

1000}

o I 1 1 1 1 1 |
0 100 200 300 400 500 600 700
Time from ignition (sec)
@B 2-7 T-Square X = & d& 47 @]
. 2
2. Liwrs % (N-percentRule)

E@%iﬂif”@*?%@%&%ﬁﬁ’gasﬁ@@ﬁ@
e I b - #ER % 3 (Transition Zone) » @ i@ ¥ &5 & 0
B R ;ﬁ;;ﬁa;; A E & =8 (First Indication of Smoke ) > 48] 2-8 7
’/:F o

PR TR R éﬁsfiéé%:"’ié] B B % 1o #$k * Cooper
17 N-percent method K45 348 & &2 8 & enbd 7o & {1 % V3¢ g B
R GERATER R HEP 40T

TURBRGE. B - e Rt E TR AR R
BT BTTREER

AT, (t) = max[T (2,1, )] = T (Zan) (2.3)

AT, (t) tER T 2RI RERBEERDEL (C)

T(zat) * 5% 3 3 RIBER (C)

Tomp(Zan) * % BT cnik B8 B (C)

Yo T W TR AR RSO R R Y B Ry Bk R A
B 7 Bk T,u(20)=T(z,,t=0) » 5% (23) 7B 4
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ATref(t) maX[T( Zairt )] amb(zall’t:O) (2.4)

N-percent method =32z A pFfF t THT B 3 - FAR LD 3
_N Y
100 ATref (t) B
T(Zt’t)_Tamb(Zi): N ATref (t) (2.5)
100 '

- dg @ 2 N ik @ (N=10~15 ~ 20...) B~ s Bl HE 3%
L grira 2 ARG BT 2% > 5 NFPA92B Rz k4k N & %
80~90 & R B & F|T2 kR e

¥ ]

Smoke !
layer

Transition
Zone

Bl 2-8 NFPA92B = & 2 "L % 7+ &

3. wWig% >R aiLe

g3l R A G 3 F R AR P T s R
o FEERER A RBE %Wﬁﬂ’ﬂﬁ%%ﬂkﬁukj
S A A A Sy Rl REanEd I § RS o0y 2L

PEFWERIBEFM o FLT - F L REf VPR F
Pl Apr s R H R chR o o B F A e R R

NP R LA (b RURR RS € S B B g S

Toig & 4 BB K 2203 0 0 G RE Ok 6 R R SUE L 3

-
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e F EFER A R FLRALG L@ M E PR IR AR o AL 6 FIurEL
AR E g o FWEA B F 7 10 o R e ARFEH A A TG
EFo PP SV REA 4 L A RPEET SR T ko F o 2R
F 3 vig S FIR RIS Bk g o

Wypt 8k 3 R 2 2872 < 2 B2 H 0 MR 5Dy kB
Pt L p[36]° raER T Y 4% CO~ A A RAE MR BN
BT AR 2RSS FEE2 w2 AN LT -

SE 12 ded 2-5 #1 3 s
225 ZH AR 4T 2HERE R

i O e BE R
(1.8m g R4 JL_«,F”P\)
¥4 5§ WA R <60C
CO Jk & <1500ppm
e 2L & >10m
iz 8+ <25 kW/m’
EAE R >1.8m

B

o b~ (D
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2R OCUHERE A TR
3.1 it

311 ‘£2 %K

VRFARE O REFLVGEOREEAAFIF IS ET B F

T ¥ H(CO-~CO, &) AMMck 2 L & ;,: S TI.%L{— A2 T

(smoke ) » #gd* ] ¥ 5 0.01~10 ficst » 3 V3¢ o Tk ehdfdcaE &
FLALE * 30N G enad YR B g £ 7 g e S ik gl
P A 4h o 139p NFPA318 P HHEme s s 5 T8 2 4 &7
B A R RS BT 7§ P D F
$o o

BN g FLGa AR R T A L o BT
Pl d f Mg R AR PR R s LI RRT A
Tt A R AR i D R AT P D] 2y f 3

AR o w LR AP 50 WG aenig S iR e

”Lrle%\m/2 g LB 40 pE o
312 A22 £ 3

‘Lﬁ
et

-

FAEF M AmT LA R
Tt 3 F MERH A WA 2T § o A AL 18
RAUHTAREFMRI - TRAMAALZ L& JHE ™48
BOE T Ao o uE g o
- ~ & (Toxicity)

- Mg HEREE A 4 & e B 4o— § 0 (CO) -
¥ v (COx)~a v F (HCN)~ =% % (NO2)~ % % (NH3)
#Fitd (HC) &> 23 i Mdd - kAP HAMEE~
PRARRDET N HY BB B hk R - F bR 4
Flexe » 2. CO € Fezg A #a %

._h)\

& F

b

Iy

i

E g FenFaon A F Mg
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|

TERoFRIA YRR 2P COE < EAL F AL 2 CO
HEAL 1%t > Wit LB 1-2 Mg o § A
2 7 39%~5%k A CO /> g 5ldespd ~ w2 FE > § A&
109617+ g HRAEC 2 rRek > AR B RITE S F T A 6 ER
FEH DA GO R ARNMFR > R A 22 A~ o HON 2
g R~ Lnd Foo NOJ$ #likclhin o v » 47 ) § H5F)
RASE ~Forn E o FEaslde Ty 2 FBEG T o NHy§ ik
Mo 3 B ehg R $Rs G g R T g et 5 HCL A e g )
oAl § HieBE S NG Xkt g d éﬁi’%ﬁé_fé‘ eSS
FEOFHER TURS AL 2 FAPFH AR LG R

= ~ %8 (Temperature)

%R §E AR A AR e R G o i
E% A A4 E LG o WP ER £ @ §end
Gegk o FPEARR AR o HERFZB800CHE o@ A AR
BT L Faud Lo 3t b e AME L ek R R
1200C % 2 15 A~ 482 & ;BB 140°C & 5 5 ada 2 + 5 B A 175C A
Br& 1SRRG e TTRE DG T on VY AT L g e
fR ot 0.12W/emPz - W i £ R L RAZE S L K R

¢

Jui

. 313}3'}]“ ( Light Obscuration )

E A gﬁ’éé@&ﬁg&ﬂ/¢mﬂgg,,g&§%n:i%]jﬂ;§ﬁo
BLHY it AR e gt RS GE 0 £ Ae BE R Ok
A BT A B A FHZAL P IRBRBEEE DR 0§ { ey
At o A E N L gl Fla - o

SPTERR BT RS GRS LERFRAA
~ BEEFEERBRERERR (W Bk Gd) A2 o KGR

~
|
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.ﬁ Ao @R QEE%&@ < Brded 3-1 577 o

# 3-1 sk aficT o LR

Bk il | A LR AR LR
EHAYAL SRR PREEES R ER YT F
0.1 20~30m
HAREEAF SRR G Wil -
0.3 5m PIEEHTHRESAT AR R € E 4 s
0.5 3m PAPEE DR SR 0 A R E R R o
1.0 1~2m BRFES BT SRR e
Pl bl WL E IR ek R 0 Ve miE g A
10 <Im
G aEig e S F 2 A
30 EFH AL g ek R o
z ~ 73 41 (Pollution )

i@m’%ﬁﬁﬁﬁa@’@ﬁﬁﬂ%’fﬁ;zmzé&ﬁa%%
TS AT RE 0 R BR TR S R ERES i
3.1.3 "Eeindc i

L hE AP SRR TB IR AL RS A S P
;% (Passive) #73413¢ (Active) > @ p AR\ enSgid 3 ¢ 45 1L v
e~ i%4 SEOEE SRR S o AN REA L TR T

Sl S B Y R4 EROPE TR Y chg R el A @ Pl



FERAPEPZFEARNENF A NEPATFRADIR
EAFS cFERL P P INAES S F RS S T INGRA T
”@*’féé“%*““%Jéwf%’iwiﬁﬁwﬁ#@~

CEEA R NeGd PB oA gt oAt e F
zﬂ#T“mﬁ%Fﬁ%’“ﬁ#@~é#ﬂ~§ﬁﬁi%ﬁ
ﬁ ﬁﬁ”*%?ﬁFm%ﬁﬁ%’ﬁﬁigﬁ%ﬁ@

BRZAFPM T FOBRABRLE N T B @3%%5«4
SRR A RS LT 'm@)‘ T AP
’ ’H B it NE G 4 o Le?féffu FALF R L P
Normal Stack Effect ) o # (< j&eth SRR 4 < 3 ﬁf&fi* v BB R AR
F’ﬂ“‘Fé“frf—%Ei’P\"’“i"#BPﬁ B e D a4 P
E =gk ‘Q%‘g 5L ”K o AT A ek B A L_S‘Rﬁfé]% i
4 d'ri%;*:zaﬁ%?mﬁmrg)i PUPEE R R 2 T RN a4 <

VCE RO E Y iR R s s B E o d T O 2 R
S = TP ART I A S :]“_}_@" M ahhady BRI SRRSO e L AN S R
v g Mg e U AR R o L ol i %iiﬂ:%iﬁi P E P
BRPEAF AP OE PR el E 0 FIE RS I
B o® Ny ROk i T ‘4t'V<l}i AL g R e
Fl R R AT § T EeAr ¥ E °
2. %+ (‘Buoyancy)

a8

“\»

= ’Tr& =3 w} Ef

\ f
LR
)~ Rd ;—\v\ ‘?‘? ‘P‘ —»4-
“)
-\-x\

S
x

—~
PR e
\

F
ﬂ"\
s

VL AAZE A FRS R E P 7§ XA
%&%¢’#§éi&4’ﬁﬁﬁwj%
POHVE SR E G AR A md o A T i) 78
CEIGE R > B4 L REEVIREERARR B AR o
3. #g %k (Expansion )
RN B R F AR A SRR L IR 0 d Al ge

E1TRS
|3\
)
e
-
N
AN
™ N

FRERERA R > 2 WREATHFAE T g4y TR
45 33 J-EL‘F&J ﬁé’o—xE' i® ‘}f_/n H.P AE"Tm,,, # {2 i/” ,m,;m%%’ o

4, B 2Rk 2o/ (Wind Effect)
”%&%@ﬁﬁ@ﬁﬁ%ﬁﬁ@,gﬁ%#ﬁ*é~w¢#@f
EERARDREF MR aoh e 4 bR R
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B P AR B R A S R B T h )
-~ AR AT RFEAFOL o B ESR e N FRBRA A
ARG B R TR F e b R @ﬁﬁﬁ
0 N WSl W R BN NEV S W F S I B
’%éﬁﬁﬁjﬁﬁ@J%mﬁﬁégi&?ﬁp—ﬁu HIER o
o pE kT R R R P R S kT R iR
B4 P g T

FRidraEAta 3 0 AR B PRI B o L L

-

AFPEBILIIN LRI AR E A CRBA E RS g BRI
He o b ehh Vs R BN IRE i o
5. 73 s % (HVAC System)

ZR PN IR A kS AL e FRA S — T i
P EA P L B AT A | IRy A EHE R R
Bk F OURE R R i Hnk vdegt - R A XE A X

‘g;

ST REE N AR THIO 2B AR A e P B
1&Aﬁéﬁﬁﬁﬁﬁﬁﬁﬁ"éf% K

=
BV E S BRI F PN B E PE S F T i BT R AN P e
3

XN

RN e A o

I EE Rk R A s E ik PR L e i IR BT
EERIDE - TR RN T RISt & S8 PO SR PR
ZH AT ER R PE L o 2 R AR ARG
3 M F o
6. T ¥-7% % »c i (Elevator Piston Effect )

PR a- BEY BEE, AT N A2 RS (Transient
Pressure) » o T & T 40 g 8 AT H LTI T F o0 FIX
R e B AR RTINS DT F o RSB A e B
oM T RPHTARL- BER AT THBEEY 0 R
MBEa s P T A H g o AR Fin o R RS AL
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RN L ENLLFEEARE T VHEY AR T EFOT
;It’ﬁ o ERLE RN TR Bk R St 4 iEARY ,{3‘_43‘_5\,1@;}7%
Bk R FEERS T AL g2 At d %Aﬁzi@k

(T 5 0 BIACEER AN S SR F R 0 B LT EA L B
BB S A H A

%g*yﬁﬁ*“@ﬁkiﬁaé’&ém%@:wiAﬁﬁi
R E S R RIS LR B N L PN
B FERM o B2 R S e L S AR T

2

éﬂi@’ﬁ$%%iﬂwjﬁgﬁbﬁ&@?o
2. JaFiE
AR AR B
Bl < o B RBR - FEARAFERLS | g Tl
A AR @8 A R
teil 4 R e
3. R
LT o A B FE A AT R L TR AT
MofTEe o NEINEH B A A BB F A ot FE s R SR
BT A o T Qg HEd 1T AR e R 4R
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4. ARkE
BV CTFEFT AR A R T AR &
B ER S AR A ke h A S a%&ir&$%ﬁ
2.0 IV ik S N Sl T SR U LR IR I TR e Al

‘ﬁ\

Wi 2 e

S. TR
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Fr¥ BEaHaEyrE Ay
22 Hicfic 1 PyroSim

AR SR SRS A G 2 BB E R R 2
om0 PyroSim £ - B3 B R 2 R R M e 4 B
Yk (FDS) enficiem skt o 2R B - 2 = aenficd|d
2Ea oA AR PSR AGR AL R T Y e A B
GETE P BT EdplE o L RLE2 fe "0 & FDS iF (73t
Boene Bt AP B R AR R A T 2 2
1$a’¢%%%7?H%*ﬁﬁﬁéﬁéﬁﬁﬁﬁéﬁ’i?kﬁ
KT BB R R ES 7 MER2 FEER > TE RS AT E b

Flli‘

=

FREZ 2B R EEREF A HFLF o N Ay - PR TR

H A 2 adh BdeT
1. i= = e+ (Meshes)

i% i Meshes ¥ #-#12F 2_ i A| ] ~ M@%M@féﬁ; RS
¥ A & H - %42 (Uniform Meshes) %2 £ H — % 4% (Nonuniform
Meshes) » | >t gt =] & P ANNE B A 4 RA e R
H e WP G A AT R B (Ao RHEIT) SRR B
2 et ()R 2 ER)m e o e S 2 BRI R H - R
1‘%%{%%“3?&1%&}@ PRELPFFFEL ST E 020472

=k

7’
A AR FERT TR LE S o i 2LH -

¥ %ﬁﬂﬂﬂé %2?’ﬁ%§iﬁiﬁ%ﬁﬁ§u1F
Al RAEFLIA - RRIT R R Y B 2 e

mo bR BT AE Gk o

= > At ¢k (Obstruction )
ér_PyroSimég@éﬁﬁa o wi%iE 3D~ 2D % 2~ F25N A
CRrEAIRAE RSP 2D EHERG Y o v R
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ATa BE: 540 7 A AP BEag R e 2

(
iF 2 AR A (S > F ASERCAI ) eh: B 4 2 (Obstruction )
EHK T e (vent) R TIEF 0 ArK 3% A G oD
REEF g (ViR CRET E)o
4. W HEAERE 2 ERZER T (Devices)
gﬁﬁﬁﬂ?w?ﬁ=¢ﬁfﬁkﬁﬁxkgﬁmguﬁ
WEREIEKX & o @ >t Devices & #® R EFRE ~ BT E
B R CORREPEESEc, I VR IZHiFHOIEEE
& 85l E 0 Glded BT L # L vent B T T
oo T MERNFRIBEEF RS 0 F T F G RNEI Rk
B 2 pl gk & R 38 BaE 1] 100°C g A 48 ] Ea s

o s BT a7 2 R R B o M U
FEEER F e WRABR - 0 RGA P FEAF R E

Ao R s A1 oo Rk 2(Surface )2 # i iE {7 HoHE
P

= ;ﬁ% /\%3—%7—’&3"’ Hp B FZ;F pind i%‘m’}’g_%& j ;j;* "‘”Li;xi jﬁ%ﬁ‘b

, uc %y— o

e

‘\

4.2 & % Hamsa (FDS)

FDS(Fire Dynamics Simulator) » &.d % R & R # & 57 7 97
(National Institute of Standard and Technology ; NIST) % & 2_ it v 3
PEEHA o E 2000 F 2 P BB A -k At e 2010 &
10 # 2B 4 %7 % (55345k)o

FDS &:- 8 ;nd 4 & 42538 o8 (Computational Fluid Dynamics ;
CFD) s > % % Fire Dynamics Simulator » & - £ d NIST % E A< 5
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v

APl LR A BN v U e BV iF A 0 voant
EEEINIARBER AT S ) ﬁ#%%&ﬂi” FE ~FE -
R PEARGIEZAF S BN T I KR GRS A
14 Bd® 0 K8 Smokeview #-im 3T ALY 0 18 BT #48 Smokeview 77 3t
g 2010 & 10 * 2B g £ % 7 % (5.6 %) FDS ##8+% < A
Navier-Stokes = 42k » 1% 3 *T = & & 3N 00 34730 i 5 A ez [ 3
Tl R RR FEAEEG ARG, B TR
BRRCOKEE B (EpE2E B L e Lo
% FDS {B4R7 » % F L ¥-Hg2 SRR s SN - ViR
SO PERXE W F U RBRER BRERF N R E
MR R L e~ 2 -+ g p(*data) > £ 4 FDS SR B A8 o d
% FDS A & 52 § #yn g AI 2 % i 0 =3 B 110 (SAJE B
Somkeview k3§ B~ FDS #73+ 5 &) 2 #edp K Gl - e 45 5 353 o
FDS 2 & 37 i 424c ] 4.1 #7751 o
FDS 3+ 5 2. 4 & cnfifms 2840 F 97 /) &2 o
1. Jngld 82 s fg 5t
(1) % & == (Conservation of Mass) = #& ;'

op
—+V-pu=0
ot pu (4.1)

He , oAl @R (kgim?)

u ok AR (mfls)

L’ (s)
(2) # & =5 (Conservation of Momentum) = #g ;%
p(g—l:+(u-v)uj+Vp:pg+f+V-r (4.2)

#Hep R4 (nt/m’)

g &4 iE B (ms)
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fieb4 (nt/m®)
T ARFT RS EE (ntm?)

(3) &t & =& (Conservation of Energy ) = #%3%

%(ph)+V-phU—%T=Q—V-q"+VkVT+V-Zhé(pD)[VY€ (4.3)
DP 0 ”
He —=—+U-VP £
A o T a Y (F 2 $F#)
h % (kikg)

Q : AfPF (kw)
" B R R (kw/m?)
kot A @ E GEc (kw/mk)
) Y =am
h @ edfEz e i@ (kikg)
D : ¥Bic i (mPs)
Y, (g eSS
(4) 4487 |= (conservation of Species) * 4% ;¢
%(ng)-i-V- pYu=V-(pD),VY, +V\'/g” (4.4)
CRRARNES L A TERE
(5) it
P=P,~p,0Z+P (45)
B M D 3
P,=pTRY (Y;/M;)= pTR/M (4.6)
He P ot RRA (nt/m?)
p.9Z ¥ & (nt/m?)
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P I4E# R4 (nt/m?)
(6) 47 LES(Large Eddy Simulation) 2]
Hies = p(CSA)Z(Z(defJ)-(defJ)—%(V-G)ZJllz (4.7)
HYC, gk
A RBER
CDsr-VG=y(2(defﬁ-defﬁ)—§(V~ﬁ)j

_J2ou v ow,,
3(6x+8y+az) (48)
~ MY E <
z D —
& (D) Les -
(4.9)
HiESC
Kgs = L';r P (4.10)

# @ pr: 3 angk§ B (Prandtl number)
Sc : 4% ¥ #ic (Schmidt number )
2. A7 Frst
(1) P¥RZ39g

¥ P58 aade 4 o FDS # * Second  order  predictor-corrector
scheme - %= {3 time-step B 4pempsiz s p" ~ Y ~ 0" ~ H ¥ pl3o s ¢
Gro THERLEE s PN+, N R PES (n+) B time-step FEAE
NAE R A ki o
L& LM p ~ Y fop, A * Fikenx 72 (explicit Eluer step)
B Gldem AT I T NIER
p" = p" =& -Vp" +p"V-0") (4.11)

2. f2 /& 4 & Poisson > 23 B ¥ o

41



5 (4.12)

Fig- ¢ 30 BB AN ALEEE  FHE 4 T o

pld T i time-step g %

U(n+l)e _ U-n _é;[(lfn +VH n) (4.13>
@ time-step & /g # &
5t<mm(ﬁﬂﬁj (4.14)
u Vv w

2 (e By IR p s Yo p, #-T — B time-step
AR o B4R B R

o %(pn 4 e _ (@™ .y p +p(n+1)ev_lj(n+1)e)) (4.15)
43582 wIf A Ren® bk k£ 478 R4
i, __20P G @0y o
= .
g i B AcF
l]~n+1 h l[ﬁn o’ ﬁ(n+1)e . &(If(nﬂ)e == VH (n+1), )] (4 17)
> .

(2) % B2 3t

03 g B enBp AT R R F Sk & £ & 2 (Second order central

difference ) » B B3 ¥ enge A - BARE S HIEEAS LHE 2 A o &

B G > ¥ i Jqok D u L fmnX Y2 23 5 o S L
S (4R ) LRSS bl L LR B
time-step #2281 ~ J Km0 5 BB R AR SE G BT o
(3) feacix*

FDS $ic#8 e #icim - & = ;2 F > 2 & 3 LES(Large Eddy Simulation

AR BREHEER T 2 ) NGB E Y oty A (timestep) o
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#23% € 1995 CFL 48 <_if i+ (Courant-Friedrichs- Lewy condition) £2

VN 7% TAE 2 (Von -Neumann condition) » & #53*+ & #7{F 2_ i & ficid &2

pRE > pheEFRAERF 5t (time step) 2 A - @3- 5 EAw T
2. CFL #c®s VN #3540 08 2 12 B> P HciE = 2 r'TJ;‘".ErL’]{
%’(O
ul v |w
CFL=6tmax(u : u : u) (4.18)
6x Oy -6z

(4.19)

k 1 1 1
VN=2maX(V'D'—) St( )
pCp

+—+
ox2  8y?  6z?

ot i pFrF (time step)

UV W:EREAE

OX> O0y~02z: =]

V & A % Bc(viscosity)

D ¢ ¥4t % #c(diffusivity)

k/ oc, * # 3% 3 (thermal conductivity)
3. st

FDS ¥ # iR & Wb i ¢ (‘Mixture Fraction Combustion Model;
MFCM )% § "¢ & F st 2 & £ %] 22" MFCM 22 § 3 4 5 2.

RIEAFEHF S WS F B RARY RS F R
SRR RfgEEZ LB R -

M &L P4 SN ( Mixture Fraction Combustion Model )

V¢ Fuel +V,0, — >V, Products (4.20)

HIeV, i isF3 i Er Ry & Gk
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HiBEEF A2

14 n
meg _ Mg
VeM, VM,

V! G A

(4.21)

(4.22)

AR e SV e SN FEGLF- 20 (8Pa 4 v 8

F s B8 YEG (Z)F @& 5 -

Z(xt)=2; ; Zf:ﬁ
sYe +Y,

R\ Ye(-2/z,) z<z;

> \ O Z>Z;

d 1 XEB- MR E T AP L EE BT 4T RoT

CxH, + n(x+ y/4YO,+3.76N,)

— max(0,1-7)C,H, +min (,77)x CO, + min (1,77{%)H ,0
+max (0,7 -1)(x+ y/4)0, + 7(x+ y/4)3.76N,

SR 2 #EE QRN §F S R

W m
q" = AH, m

(4.23)

(4.24)

(4.25)

(4.26)

He AH A2 E - FE2 5 P28 %5 2d 3 520727 E

T,

1
|

v
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- n;(’)" = V(pD CZIYZO VZ) _a

. Yo ) S1 5 R A V. >
uiﬁﬁ@wW%m\Pﬁg%§a4L@guL

R0 BT A AR A on 2 o

(4.27)

55

(4.28)

AREFd F 0 E - HHLF A2 R E RS

d|.CXHyJ

<ol gfe,m,Fo,Pe

# ¢ B F ¥ #i(pre-exponential factor for arrhenius reaction )

E :£it #e (kdmol)
4, #ip bz Sufp A7l

FDS z_ #ig &+ % Sefpr= 4238 4o T #75p

51, (x,5)=k, (xl1,,09-1(x8)} n=L..N

2 Ib,n Vi I:n(/lmln’ﬂ“max )O-T4/7[

| fpst#s R (kw/m?)
k @ e T e
£ (m)

o @ ¢ F »— % & (Stefan-Boltzman constant )
g o 2o Fudg o o FDS#;I&’3+ 2 R e
1,(S)=d,, +—— jl (S)S’- nwidQ

S’ nw<0
Wb 2 B st A (kw/im?)
S Hi+p g
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(4.29)

(4.30)

(4.31)

(4.32)

(4.33)



£ T EFF
o B TR R (kw/m®)

PR RS UM ERS RS BRE- R 2 FHBA
M 7 gt § o

= ISl(X, $)dQ (4.34)
TR B A AR gL LT T S
v.q,(x)= K(X)[U(X)—47Z‘|b(x)];U(X)= | I(x,s)dQ (4.35)
Az

5. iR g

FDS P & ik o /8] fk 28 J ik i ik (& * IF&za‘& Pl A S 2.8
TERE (BET PRz Sk 34E7 "z&n‘c—%sr;\ A ZE A
ﬁf_‘;\: °

EE Sy ﬂ:@ﬂvxqécz“%;zﬂzﬁﬂ%@ﬁ ’ ﬁ.‘faéi * F A AL iR o o
et R fAatp R PR FIL AT AL it R L e it B R
Z R Ak g e

g LES 5 5 v

qr=hAT ' h= max[C|AT|y 0037L(|V$J P%} (4.36)

AT Rz s+ B28Z2(00)

q"‘?

CIp AR GE(SHT B Y PR A kT e PFC=143 >
43 6 C=095) (kw/m?)
L& R (m)
B 4kF B (mP/s)
1 £ EA A7 B S f24e™ !
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oT 0T
PsCs ES =k >

: T .
= ,_ks%xs(o,t):qgm: (4.37)

2o AE R RE (kgm®)

Cs : Hs vk & (kikgk)

s °

q ¢ n s £ (kw/m?)
Q¢ 5 EaE E (kwim?)
T, P HayiEr (°C)

2. BEAFL WA (BEER e ARZES » 2593 4 05)

dTy _ge+ar (4.38)
dt p,Co

B s F g e A ()

POSEERRAA RE 0 LI R s - Sl P B FRAFFERT
B o %Rk 4 5 Z§ 24 R 5>t Clausisus-Clapeyron /R 4 p# o H-if T
otk i e

Pec = Po BXF{—hVi[i —iﬂ (4.39)

T, - 2% R R
Ty o AR R
FDS #dcfd b 2. Sufr= 4755 ~ PR s Fudg s w2
PEE et B b kg X R URHcER2 (Large Eddy Simulation o LES)

HE 2 LES 2 E RS E R A L+ ¢ B(grid-scale) 3 =t
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= & (sub-gridscale » SGS) & $Rix o ¥3v* 2 B3 ¥ A LES ¥
# #&d Navier-Stokes = #&3% £z 5 @ AT B P dippr I8
AR 2 PR A KR AR R F o HEs (Sub-grid Turbulence
Model) %77 » ¥ B &3 E i st - ¥z 5 FDS 4 7
DNSz 3+ 832> 2d »*DNS2 2 <~ EF % TR T%EM Aty
PRs ZRAPFE R ZAMRE Ty EF IR 2§ 1
Al A 5 FDS S-S p b Esk @ % 2 LES #5%  DNS
EARBE 2 BOFS F RI R AR P AR o
6. TiTEY

FDS &85 iz r € ~itgenibyp T Mccipi e CPU > @ d
PR e R e U o Fe e R Bk 0 PR TR gheic R o U
At BbC 0 HARE R JF 5 B ROFDS mi2 (7 A F R R K il
FPERE e A Al Al o SO R e gkl P &
g mﬁ”f EFR 0 Rl E Y 05 0 R 3 e

gh’(

> ﬁ’ii#%%%éﬁit““lﬁ FDS 7 I * T (5385 ¢ i § i {7id
o RBER SRR 0 RA T @ R O BEBGE 7 1505 o FDS
F1* MPL(u A @2 7 m 5 Message Passing Interface) 2% &0 #ici 2
Eic g i ZIEfE e o MPL A & Rt g Bafend N E X B30 0%
EFrnicit B R EeT g R éhg ond e dh P gt 7 7 koL A A
B2 TR E e BFERZ 4 LR & Fortran~ C~ C+
TEFTHEROEN Y TRET - F F BalES o EeS AR RE
* oo pom i * e MPI o $ic 88 &% B < Argonne National Lab v
Mississippi ' 2 < & =7 B ) ke d 7 #4 MPICH -

MPICH # - = # & MPI *FLEPO RN E P RETEBT L CFAT
DI EET Aot - RT U L RIE A B E TR
g & LT A E RN .
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4.3 EIEHERI

4.3.1 Simulex

Simulex #_d ® & 1 Fire Safety Group #1%# B rgr ikt oo fg o
TR A FEAF RS AP P T S o B AR S —
LR AR kAT FREAE O E - R LR RARRATH FER
7 e o

B i A2 L % Rk AP B 58k 0 gL A1 AutoCAD #2:% g
WAL T e B Rig#TaBl®r Simulex #4887 > PFK
R E A e R R T 0 RS T o i
Rl T edg A B> A R 2 B enied ~ ) (7ad & s M85 & db =
Vo ) 508 T8 S BE TR o Simulex 2o Bt A2 4c B 4-2 25 o

A B 7 <t Simulex %1 = i Bk A s & & B BRI 2 £ g
(ZE) 0= (4@ 4-3 #751 ) @ A28 AL F T 4 /AL 487 <
REERAT R AV RREAS T L DA REJF AT R 0
o A B (TR B P A iRIRE A A BERFEEAE O 5N > B EEH[ER A B A
Wi ee A L Qe S A B 16 SR U pFEs AR T ik
Poehig BV o (e FEART 3 A F 0.8 2% M s (T R M€ R
2FE T E G 0 PRI Tk R 2B h4oB] 4-4 #71 - Simulex
R K BAEREAG (drk 41978 ) FERT FERS
ZREEE R TFRPEA TSR A T PEITREL A AR D
I

g b BT LIS 0 T R FHHE > Simulex ¥ EHE
A2 ¥ P i 2D e G il 4R T ORISR LR A R L 2 i
A FEE > AR H R AT R BE BRI SR 2 B
¥ oo
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B 4-2 Simulex 42
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A FHC %L = %5 1 %+ 1+ %523
PESF R 30 40 30 0
* Z 30 30 30 10
Py & 30 20 30 20
g3 10 10 10 70
X X 50 20 30 0
b’“r”ﬁ 7 0 100 0 0
e 0 0 100 0
TH S0 A 0 0 0 100
e
PR
kE v )/
g~ B
TEEER
WA AR R
Y
KT EEERL T
! Y
FER B SRIE AR | | W AR IR AT




o
o
o

Walking Velocity
o O
N [e)]
(@] o

Zero velocity when people are
packed as tightly as possible -~
(inter—person distance is -
equal to body depth) 7

A3

—|—: ]}ﬂox‘.ﬁ
B 4-3 f#t A 2 <o &R

In this graph, interference
threshold is set at 1.6m
inter—personal distance.
Velocity is unaffected
above this point.

— — Male — 20yrs age
— Median Values
T e Female — 55yrs age

f T T T T T T T T T T T T 1

T T T T T
04 06 08 10 12 14 16 18 20
Inter—person Distance (m)

Bl 4-4 * R R (78 B 2 B %
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4.3.2 FDS+Evac

FDS+EVAC #_d e VTIT H =% ¢ (VTT Technical
Research Centre of Finland ) B % sgrgps* 5 #3] » # i FDS gt
ARFUIE(T 0 TR 2 BORE LV UHORE TR S 0 R LT R R
a2 AR R i i FDS+EVAC(Fire Dynamics Simulator with
Evacuation) » % — &>t & = 2007 &% FDS5 R+ » >t 2010 # 4%
FDS5.53 5= { #71 2.3.1 %

FDS+Evac #-i* 4 A B Ak 53 o &Jp Helbing[38]= "4+ & 4 |
FE B R AT B BRHATTR R R TS ETPE
oHelbing =2~ #8 & 7+ = ;% ¢ * H [F] ¥ $i-3]>% Langston 12 2 Korhonen
FAEG B E= BRI EREAT A e ] (0Bl 4-5) At
BenigAe? o = BREIEARR G 3 WLz BRl A BT gt E
MR R R G A R R AR R R A TR R
ARGk R Ard 42977 0 & BA AL FEB GG R G R F
NESERV R A S 3

R

@] 4-5 FDS+Evac ti4# * %8 % < 7+ & Bl
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7 4-2 FDS+Evac gk A R -t B # i R
L Rl Rg(m) R/Rq RJ/Rq dy/Ry | Speed(m/s)
VI 0.255+0.035 | 0.5882 | 0.3725 | 0.6275 | 1.25+0.30
¥ 0.270+0.020 | 0.5926 | 0.3704 | 0.6296 | 1.35+0.20
- 0.240+0.020 | 0.5833 | 0.3750 | 0.6250 | 1.15+0.20
| 7% 0.210+0.015 | 0.5714 | 0.3333 | 0.6667 | 0.90+0.30
X A 0.250+0.020 | 0.6000.(.0.3600 | 0.6400 | 0.80+0.30

FDS+Evac 4 £ #pid s = 4255 5 A#H > &85 B d BA:E
BoFR S A gt AR S e $0 2 5 0 B S RN 4T
AT
1. B> fE5

d? xl(t)

s (4.40)

= f;(©) +&:(0)
m; - (X M E‘ﬁ?ﬁ‘g“ g

xi(t) F TR AR g o

fi(®) : BEHBHI AL NS

§() 1 - B %] e A4

AOBR AT PRt 4 3 ¥ S A et A s 4o T Mg

fi ——(v +v)+2(ﬁ§“ 1§+ ) + BT+ fa) +2 S att (4.41)

m; . o, Y 2 ,
T—‘(vio +v;) DA EHEATERR 4 o
i
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Z(flsoc+flatt+fi§) R AR A RS

2 + fa) DR R A AL B
2 fi DR ETRB A A B o
i#k

AHEHEATSRE A R EF BRI S FRRP T B
4 o B0 v = o] 5 BALD RS FER O TRER S
E 28

AHA R A ] = BIvA Al Py A ¢ 4 fI00nst

J
2= 428 d Helbing % 4 #dio dmide TR
(rl]_dlj) A
W= A= 8 Tl 30— (4.42)

A; :&4E4 - Helbing # * & 5 2000N -

v - BRI EBE R ¢ s 2 B e o

dip AR B AR XA (Ry) e

B; 2% e - Helbing ¢ * & 5 0.08.s

A PR e R PAed Rk $A, =1 Pl EApT H
fend £ 54 0<A4<lo Rl A B £5 3 A f B4
HL o

Qij “ARIZARJER S pSL 4 o

n; ‘ARjfpr A RihEEeE .
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'?”( F IE; 4}@”‘4 P P\—:'E’f’JAl ‘Bi}“ Alﬁ?%‘iﬁifﬁ’ fl?_ I,Li’.p 73"’”1”/1
FDS+Evac p 3k (e > B4 & B A § (L § 4ple chiE o @ g4 4 b
FEA f ARG B AR A R RS 5/ Apine i A, 2B, % A,
f/

t

i ;‘L-;E-TJ ;__ET"#QJCO

A _;—»'j A W/”%%‘)@ 34 fig_;“_—-'r ;\‘. DTl

=F

fi§ = [k(dij = 73j) + cadvij|ny; + k(di; — ri)Avjjty;  (4.43)
Avi; PR g R AL o
Avl R R pE D g R A o
Cq P RIER Sdico
tij CRERERMAEDE e 2 E cdp R4 @R Ap S
P e
k D B
WA AR A fS0CH) 2e L g X A g R flsoc{#ﬁ e i
EFApk it F e fA A R EARA LT il 4 A

T B R L@ Poaaad LR e e

2. AT
17990 _ pz ey 4 p7(0) (4.44)

d2

If P bR R
pi(t) BRI AP IPFSHER -

MZ(t) : % FIBRBEHBWI A2 P iE o
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ni(t) - Bix] R RpE

F ARG P g E e S 25t o A BT AT DIRB TN o

B e T Aoy o

MZ = MS + M5 + M} (4.45)
M¢ = RE X fS (4.46)
MSOC — RSOC X f‘lSOC (447>

ME(t) = [% —w;(t)| =1 — [@° =w(D)]  (4.48)
ME BRI s 4 e o
M$FS : BARE IR v g 4 2 aE
M7 BRI et 4 AR o
R PRI P Sy B Rk e § o
RS BAEIF % ¢ wdpeit§ 4 BRI B £ o
w? R B R e
wi(t) : BRIGPEF tRFOLE R o
;(t) BRI ITEE LR o
@) I BERip R R o
“ FDS+Evac® » A F it 4 h2 o A% 22 2 b ain g kw0

FDS+Evac #-#73 #f* 4 A BARZ o+ » T 8-5 Bard ok - BA
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R F R @ A B e 2 RE P AL - B ARSI
SR AR e dai S o BB RIS AR S E DR
R BT FEEE A 7 - LR R RIT N T e T B

2R R A FRURL S AR £ R R R 2 o

bR (4-38) ~ (4-46) ¥ @ % 1 5 gl Bl R lY
I RIS R T L N TR AT S TS T

éﬁﬁﬁyﬁw’a%azﬁmﬂﬁﬁ&am*%T@’»‘%%i
R B B E R O] Sl g St B VR 51 e
(Monte Carlo simulations ) » I %t & 78 5-#chl 1 38 = o) 4 47 © iF
WHREAr A €4 SRR RO A L B > P H B R E
B d BB 2 A Rrend % £ on F it en o

Lg Az BART IR g 4 Sl B s - R
A; =2000N >~ B;=0.04m % A; =05 - A 23 g 3 i * A] 3
A, =2000N B, = 0.08mZz A; = 0.2 £ i3 2 ¥ o f st ribae @ 4%
IR &%%?iﬁ}_ﬁvﬁ@j 7 oae @R Aot % o W EES 0 4
3Tk e gdic A d sk BT A(y) = 2000Max(0.5, v /v))N -

AT A2 A R 3 (R indd il BRJR 4 S B k=12 X
10*kgm™2 > k =4 X 10*kgs 'm™1 2 ¢; = 500kgs™! « ¥ - B £
80kg =¥ 14+ » H Bz = 17 = 4.Okgm_2 v His LB od R

IRERT rod 4p ¥ et Bl 5 o 45 IR ST, = 0.2s 0 & 3@
B %#w) =4ns™1 o
3. S 'L‘J'th 42 El rh;?;/'égg

g

FDS+Evac #-% P4 e FELE Gd FDS T £ aud & >
Bt EARY FUERETNLHOTERL Aof ML LR CER
COERZ £z8tx » 7 7\?%"}&% FHARLA AR A
AU v g7 afdg o

T F hae AR €% M AR & hig B > FDS+Evac %4
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Frantzich §= Nilsson e’ F¥ A 855 T R BB sk » Hf %k B

SR 44T AR S o
V(K = Max[vfmin + 2L (a + BKL)] (4.49)
S
Vipin © A BB M HE R0Ixv) o v) 5 BH i 4o B
a : 0.706 m™ -
B 1 20.057 m™ -

d PR F v, ARSMET Y 7 g >Rk om A g SR A
o E FlF g e @ A Rdex a1 iEad 0 L H A g
F R end [T * £ % Purser 4 #ic % 24| £ (Fractional Effective
Dose»FED) $24 % @ o P ah eF5R A 0% CO~ COy 2 Oy ik & %
2% FED & :
FED;o; = FED¢o + HVco, + FEDo, (4.50)

bR COperk B M A ¥ 3L et 0 CO, kB i 7
5OOPE 7732 4 MR R s LA B I PE > CO, ik R
£ & gi\a{ cin}rfvnér‘l]/;&o

COERRKR7AMME I E 40T N org

FEDco = 4.607 x 1077 (Cco) 036t (4.51)
t PR (s)o

Cco - COER (ppm) -
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Oy b B R 7 M B 2 5 4o N o

t
FEDo, = 60exp [8.13-0.54(20.9-Co, )] (4.52)

Co, - O2ik A (ppm) -

CO2 ik B B Ret ek B RE cnia Bt B 4o 5V o7 o

exp (0.1930C¢o,+2.0004)
7.1

HVCOZ -

iil; FED Eﬁ@a‘t“;{iﬁ?fﬁ B2 ﬁ e 2 — rp0 4 -,ﬁ'/z"‘-ﬁ‘-
P U AR A AR T ERRAEVES 00 e PR

N

I A5 e i B B S AR € e Ueh Verlet i & &2 (modified
velocity-Verlet algorithm ) » @ T # end 4 0> Al & @ % f 4p %

( self-consistent dissipative ) 3 \Verlet i# & /% & ;2348 » H & 3R> P
B EE D Verletid BigE2imty ot B8P AHEFERFEREESR

WA A AL (E 4 PR R o
% FDS @ 7 14 % MR endRip) 515 B4R ® » = & FDS+Evac ¥
Hed AR A sd B ENITHEFel LhF A DBt o a L
AP FHEREH
i ]+ 0.000001 > P & e o @ i LA AL A ﬁﬂ v REdin
05 % > RIFFC 7 A 4ok 573 LF > PIEH 4 |28 a0
ERAeA BB R R E 8 B2 [ apeag o

R
o e ) TR ARET - F v FED
G
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g |=—» E]
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WA PFFTTAERT AL BN 5 - NP L ERR R

N

-2
- ¥

PEIIEN AT ER > RN AEE N T AT R
Tescapesztart'l'Ttravel+Tqueue

Tescape ol A é%éﬁ% ‘E;Ei: e

Tstart : ﬁiﬂf’“ 'Qr'hL"rﬁz FEF'& IR e ‘ R ,\j"é\ﬁ EA ‘k%—
FE T F AR 0 2 AR I BRAsF Rk

BT A A 0 T DN

Hoor

0

A EEE R R =

+3 (4.54)

A
srart 3
Afioor ’}g-}é] ’}Q.f‘ # o ﬁ;‘ <m2> e
Tiavel - F|iE o912 B ok IR 4 B 4;;‘_)1&;%;’3.“% M
WRATEZERF s TN o
Rl = max, » - ‘ (4.55)
L ll!' J
i o2 BT EERE (m) o
Vidh T R (m/s)e A R 7 RAcd 4-2 1o o
Tqueue:ﬁ;’@ hLFrﬁFEF'& #ﬂ‘ﬁzy Eﬂfg SV TR o
ﬁ?’ﬁﬁﬁ‘ﬁﬁ%%?iﬁﬁiﬁﬁﬁﬂr’ﬁ
FAOREE L ABEN T G kT A a5

Z !'I';I - AH."F"H
i@i@ﬂ’,["ﬂ?ﬁﬂ“ . Tqum-z -
Z jﬁ\':jﬁ“ : Bsr
P AR®mA (LmP)
Aarea ;5’@-% é’ﬁéigg/}—’»ﬁ#‘*ﬁ f(m)

(4.56)

63



Nerr © 3 »cimde adic (A /m A ) o
By @2 22 AR (M)
Fd R F PR WRERERLER  IE S C R R
TR AR e 0 TS R R -

3043 Mt b AR HFEA

, #H 7 R
FRAPZEFRE Y RN * ik Bk WIS e
(m/~)
= g (7 27
1’ 3
\ 36
BRIR S 8 o r spa gip | RERING - 30
A2 R
: 60
1 b2 2R i
ERI R = -0 ¢ b 27
A
M RE L AT~ AR - 5 36

i 3
(Fras i QL RAE | | - 60

NG 35
B~z 5 H By
Ml 47
B Z2BAT
- 78

64




I% B%23H%

AT AT AR B R 2EERENEFT Rk
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K¢ k'r%f;‘t&&”v oo ANEE o A B 2 L e Wet Bench
o EL LR EE a4 ) L 6.4mx2.3mxdm ok R fE s 1m?
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% b g 2 Bl o Factory Mutual Research Corporation (FMRC) i & =
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< # ek v it 1I0MWo @ A% < 2 Wet Bench 4 2+ Fdet & Bt
B 2 38R F RS Rt VIR s B S 5 SMW L
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* Ultra-fast i& 7 ifg:™F > 3 164 f5p o 2§ xS T 3] SMW
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2. P IRF R

ARZHRFET LGS Rz BN Z A (B BACR 5-1 2
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ﬁi;i*?ﬂmfﬁw%%4 LR o
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= 12mxl2m> 2EF5%E 15 P2KE - &5 1200CMM 2_ £ F
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AR BERIEER P L RER > 12 0.25mx0.25mx0.25m ~0.5mx0.5mx0.5m

S
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s B ERNE R GREL 5 0.9% 0 2 0.5mx0.5mx0.5m et gk <+
S L TS L R WP Eblc s 173 B H R EEA R Bl
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