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Na c NERZE A & [mol] (=p,-V,-103/M)

Pa R DOEE [kg/m?] (BB 1 RS

Va D ZEROMRFE [m®] (0.2822-HL =0.079524)

Cva D ERE VLB [J/mol/K] (=c¢p-R)
(CHW AR B 5 1122 H ~A v — 0 BEFKER)

Cpa D EJEE VB [J/mol/K] (=cpy:M)
(EELE(FE 1 RSK))

M D ER DSy & [g/mol] (=28.97)
(B L7 &R WET 5 p. 279)

R D RARES [J/mol/K] (=8.31)

Tint1 DAt EONTEKIEE [C]

Tin D BIEONEHERIRE [C]

At c WER A A [s] (=0.0006s)
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Bl1R EKJOYWHEEGEET)

8 bioliy TE b #L R LR R | B fBE R [T T v b
T 0 Cy v A Pr

[K] cTxL [kg/m*] [kJ/kg/K] [mm*/s] [mW/m/K] —

280 6. 85 1.2606 1.007 14.00 24.61 0.720
300 26. 85 1.1763 1.007 15.83 26. 14 0.717
320 46. 85 1.1026 1.008 17. 86 27.59 0.719
340 66. 85 1.0376 1.009 19. 88 29.00 0.718
360 86. 85 0.9799 1.011 21.98 30.39 0.717
380 106. 85 0.9282 1.012 24.15 31.73 0.715
400 126. 85 0.8818 1.015 26.39 33.05 0.715
420 146. 85 0.8398 1.017 28.70 34.37 0.713
440 166. 85 0.8016 1.020 31.06 35.68 0.712
460 186. 85 0.7667 1.023 33.51 36.97 0.711
480 206. 85 0.7347 1.027 36.01 38.25 0.710
500 226. 85 0.7053 1.031 38.58 39.51 0.710
550 276. 85 0.6412 1.041 45.27 42.60 0.709
600 326.85 0.5878 1.052 52.36 45.60 0.710
650 376.85 0.5425 1.064 59.90 48. 40 0.714
700 426. 85 0.5038 1.076 67.70 51.30 0.715
800 526. 85 0.4408 1.099 84.50 56. 90 0.719

*1 KO ERCEMIT—273.15CLT 5,
*2 HE~0OBMAIE [n?/s] RO TI0°ERUEZMEH VD,

[G)ﬁW®ﬁELﬁ]

(1) FHORE 5

R LR (2) 7 I~
b B R
I B K ) o B et

(4) b OWHEZE (L
(5) k170 & D25~ DA
6) WHZER DRI

WL R IR R 0 A 7
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MRERE
Qt
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W SR EEET S5 - Nd=26
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CEFEE L, MAEEMN WA EZZT, @A~ EESL250L
T5, #MIMEmTORBAFTLVLEO LT D,

FwcCw

51 AE il £ 7L

(1) ¥ & 58 B
& AT SR B TR J S FE A 0 A EB K SE 2 Rl 7 4 B (K 25 42 6 A
19H RrAOBRMBZEER)) &0, UFToLByRET D,

E =Rf-0 + E

7T,

E D HEH AR E [W/m?]

Rf RS R ECE [W/m?] (=58,000)

1) CHEARETAOREESEE (=0.5)

Es KB OZBIZX W RE [Wn2] (=400)
(2) $ll B4 ~ @ ¥@ o B0 x5z

A~ O WE G AR I K RAE O K RIEE 1,500°C, #H o0 WEE %
50CE LT, UFoLEtBYWEHT S,
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E-A- ((1,500+273.15)*—(Td(1)+273.15)%)

Qr= ((1,500+273.15)4—(50+4273.15)%)
ZZ 7T,

Qr DR BGmE [V

E DS R [W/m?]

A cxBmEAE [n?] (=1)

Td(1) : WrEAMERmEE [C]

(3) Wr 20 o 3R B 2 4k (FF I W BVm i)
WrBAM TR RO EHEH S oBsE L L, | #HiAOEEL/IT, B
TOXICTHERET D,

d —_—
prc- V- Td=Q
o, BRECIY) LR At Z L oRHETZUTFoRITRT,

Q
Tdn+1 = Tdn + At- pC_V

7T

Tdnt1 At BRZOWBEMIEE [C]

Tdn D BIIEO W BVH IR [C]

At R A & [s] (=0.001)

Q D EVEEEE (W]

p OB A ST B B 0 2 [kg/m?]
c DB A ST W B O B [J/ke/K]
\ DB A ST B B D R FE [m?]

()T EICBGER Q RUHM XIZMAM OB VEZLTO LD

o MO N
Q= Qr ~ Garmammy X A (AR — TdG + 1)

Ld
Nd-1

Vzlex
2
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j=2~Nd-10 # &

AdG-1)

_ AdG)
Q= (Ld/(Nd-1))

x Ax (TdG ~ D~ T4G)) ~ ronass

X A X (Td(j) — Td(j + 1))

Ld
V=AX Nd-1
j=Ndo 5 &
AdG-1) Af(1)

Q = Gayoa=zy X A% (146~ 1) = Td() — ey X A x (TF(L) — TA())

p-c-V=pdXCd><%><A><ﬁ':+pf><cf><%><A><%f1
ZT
Qr DR BV E LW
A s BVE RS [m2] (=1)
Ad D W B O BVEE R [W/m/K]
(Bl 5 OF 3-2 KRB M)
Ld WA OJE S [m] (=0.025)
Nd ;W EVE o Hi R E (= 26)
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pd W B O EE [kg/m’] (B S O 3-2 RE M)
cd S WrEE o B [J/kg/K]
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Af D AR D BB E SR [W/m/K]
(IR 5 D% 4-2 KB M)
Lf D HiM o E X [m] (=0.009)
Nf D BB o i % (10)
T£(j) CHi R ] TOHMIRE [C]
Pt M O BEE [ke/m’] (RIS OF 4-2 £S5 W)
ct D Hi A DB [J/kg/K] (IR 5 O 4-2 & )

Mk 48 2 & 1 mm O By BAPERE 25, FE VA AT TUT W BAAS 0. 625mm (2 AH Y
L, %% CIEWEM 12.6mm YT HREELT D,

mF, FEIEET K O IE O WM OB MEE OB D B 21X, WEM o
MER OB EZZE T 23 RAESAEICITO 28 &L, KON
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Tfnt1 AR B OMMIEE [C]
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50
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Tf(1) = Td(Nd)
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Ve=2XAX
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(Lf/(Nf-1))

Lf

Vf =AX (Nf-D)
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j=Nfo 4 &

_ MG N
Q= Ty XA (TfG — 1) — TE())

1 Lf
Vf—ExAx(Nf_l)
T,

Tf(1) A R E [C]
Td(Nd) : Wk EmiEE [C]

Af DA DB E =R [W/m/K]
(BI¥R 5 D 4-2 £ M)

A B A [n?] (=1)

Lf #M OE X [m] (=0.009)
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H 5,
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— R OBARE HF X EEFE) o, UToXnrbkd D
ENTE D,

(Y

d D VRO

A DBV E R [W/m/K]
c s H B [J/kg/K]

p B E [keg/m?]

At c RER A A [s]

Ax X E S [n]

HETTAHOHAEIINETE08, N2 3 RMIZRDEHEIE N=3
ERET S, 2T, ROESIE Ax=L/(N-1)ET 5, (L: HE [n] )

(b) 24 V£ o B 38 @ il B

Wi bt E Bl & CREL TV I2YMHMEA R 570, @I IEEE d
BRI 5, MROKE A=0.2 L7052 b, N ORE ML HE
TETWAHrZ Ltz LT,

UTICERBERE =T,

KARKT TIE, B2 At %2 0.001 [s], KOE S Ax % 0.001 [m]
IR E L TWD,

B, B, BEp AOAGERATIEREKRFEESZSET LI LE LD
2, EBE dOFMEREZH LS BET 22010, #MMIEEE 327C,
Wr BB I E &2 600C & L CHEEOEEZ AW D,

BIRICEBNERZRT,

IRH% ok 04-RIIHR 5-45

96



Bl R IEECECd o F R R
RAPSES AL o0+ Wr 2464 2mm 7 454 3mm
P Al eF 52 1L C 327 600 600
L d 0.004 0.194 0.150
B R A W/m/K 19 2.8%! 2.8%!
L ¢ J 556 57.65%?2 57.65%?2
B p kg/m? 7,810 250 250
RF M %) A At s 0.001 0.001 0.001
X EB R & Ax m 0.001 0.001 0.001
%10 FEHAER 20 M52 F U H
2 BiWEHEEL 1/20 2 F L7l

oLk
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ETLVIZOWNT
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M 1ICHAEET VERT,

fit K BITIEEICIKE LILFERISICE > TBRENT D720, Mok
EFMAICB T, AMEEORT AR EBRETHL, LN - T,
A A~ O OB W RE AR m iR AR N S 22 e o T D W BV B &
Bz 5,

Mtk We 78 2 B U7 Wi BA A &2 i T L 7= 9mmSUS EAR IS k&K AE 2 ¥ & iF
THELESAOWHICLI2MMEBEOELEZHET D, sFE T — &L
REFHELE L, MAEEMN»SWEHNEAEZZ T, MM~ EET S,

M & AR BROBEENL~DOBBAOEBEBORE IOV T, Eid
6. (2)b. ()DL BV, REAEBLORMORE EFRICK D ZRIESH, AR
WD ED~DOR WAL NEN~OEF BT R AT RN LT 5,
HRE L2707 S REFNEKPRERTZ 0T HAOREL R UR
EEIRET D,

W EAT (i KA S+

g5t Qr

FBI1XK FEET L
(2) g &} 58 £

MAkRBR CIERABRATLZE T TR, RRAEAOHEICE W TH ME
R E LA mE L 725 X 9 E=30,000 [W/m2] &L TEY, KMEHIC

ShA% ok 04-RBI1¥R 5-49
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BTG A US98 EE E=30, 000 [W/m?] 2 ET 5,

(3) J# & JE SR A 2> & SR A ~ o g &
E VR 2 B M ~ D dE S I, WAkRBR LD KEHED KRIEEZ
670°C, HIM O WIEE A2 100CE LT, XICTTRHRET S,

((670 + 273.15)* — (Td(1) + 273.15)*)

Qr=E- A 670 + 273.15)" — (100 + 273.15)9
T,

Qr D HE G AR [W]

E CHE SR [W/m?]

A AV RS [m?] (=1 B, mAE)

Td(1) : WrEB £miEE [C]

(4) b B b4 o 5 28 Ak
e N S i N

HE —RETr28BH Ao REL L, 1 @HisDik
JE AL T RS TRIE

60

el

d ..
pre- V- Td() = Q

ERE2B@gECIY AtmEoREBHETO NI 2 L

Q
prc'V

Td(i) s, = Td(0), + At -

Q AR EE (W]

p AT S B B O B E [kg/m?]

c C HEAT SO B B o BBy [T/ kg /K]

\% AT SO B O (R FE [m®]
Td(i)n+1 : At ZOWEAMIEBEE [C] (n+1 X At BORB 2T v 7)
Td(i)n : BIEOKEMIEE [C] MIZBAEOKMAT v )
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A (NEICBAVREE Q M OMM XITMEAMOKE VEZLUTO X HIZ
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i=1
Ad
Q=Qr— gy A (Td(D) — Td(2))

V=1/2-A-Ld/(M—1)

i=2~M-1

Ad

sz'A'(Td(i—l)—Td(i))—

Ad . )
oy A (TdM - TdG + 1)

V=A-Ld/(M—1)

i=M

Ad

Af
Q= (Ld/(M~1))
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Lf M OE S [m] (=0.009)
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Q DBV & [W]
Pt WM OB E [ke/m*] (BIIRS OF 4-2 RSB W)
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R ifFEICALRERE QMOWMMOKE Vi L TO XY ITHET D,
i=1
Tf(i) = Td(i)

1=2~N-1

“A- (Tf(l) Tf(1+1))

Q= -A- (Tf(i — 1) — Tf()) —

(Lf/(N 1) (Lf/(N 1)

Vi=A-Lf/(N=1)

i=N

Q= -A- (TF(N — 1) — TF(N))

(Lf/ (N 1)

Vi=1/2-A-Lf/(N—-1)

A%k 04-RIIHR 5-52

103



(Y
(Y
A

TF(i)
Td (i)

=z

Af

LB O AR E [C)
LB O R E [T

M oE S [n] (=0.009)

LB O B 5 % (10)

CEBE R [m?] (=1 BGL A

IR O BURE R (W/m/K] (BIRS5 OB 4-2 X5 R)

SRH% K 04-R1JH 5-53

104



N — 6
L ZEREEE T K S D

R R A 2 KEERRE AR ORI & DIl

105



1 R o T T T S 1
2. ﬁﬁ%ﬁﬁ%ﬁﬁﬁ@%ﬁ: ......................................................... 1
3. fﬁ%]&%ﬂ%ﬁ:ob N e s e 2
3.1 fﬁf%]\?}h%@{ﬁj% ......................................................... 2
3.2 FEEABNEOBHEFIZIH D EEL 3
4. #;”ﬁ;%@@tt@& ............................................................ 3
. T LMD r et 4
1

106



1. 1ZC®IZ

WLZERRIETE K SN KT 2 BRI R TV DA S, KRERE GREEULEIES 2 &5
L5 FER LA 107 5R) 2B L TWDb0E HNTW5D, £72, it Ko WrEihe
CRIEIREE, FVEAiE OBMRE R, %) OREICIE, KEFREABROMBREZHHTW
%,

ARERTIE, RERERR, WL (KBRS ORE) M OMAENRSE & L TEN
U 72 1M KERBR O SR IZ DWW Tl « B2 L, KERED L EAG L 72 i KB O Wr B
(CETAIREE, FETAiE OBYRER, HEGE) 2 W, MizeEE K KO KBRS %
P LR ET H Z L ORYMEE R,

2. KEGRERBR DS
REGRERERIT, B MERERER - FEAn 27 T 1EE (— M EVE NEM B o & —)
ICHE SN FIETERT 20D TH D, MABEDES 2R ET DIDITHWEKE
FORE R &SR N T 2R R I K K DR 2 55 1-1 KD LB i LT,

11 % KREZREHER & 2o % k5 o 50k

KEFRE R T B RTA (AT 22 B B VK 558
INEN | BRBRIR & NBVENIZRRE L, FRA 2 11 7S ZE R 6 K K D 2k 5%
S| FNIREE DS 1S0834 12 TR SALDIRMENEN | OELGTEICIE T D 2 & A4 L,
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&1 FDS OFFEMEIZOWT

O=— R4 :  Fire Dynamics Simulator (FDS)

@PBE%EHEE ©  National Institute of Standards and Technology, NIST)
QBFFERF] © 2000 4 (IR Y U — )

@ERLI="—Yar: 6.7.1

OB . F— L KERFOIRE « Fa s /3Am OB AEfEdT

©=— NOMEE . BRI L DBOHA, KKROZEE), EXiEhEsaie3 ke Ial
—a VERREETAHACD V7 b7,

DFEFE (Verification) OV Y 1ERERR (Validation) :

[#23E (Verification) ]

- BRI ITL TV D U 77 LU AT A R verification fRiZIB\W\T, ZEMRGE
PITHOITWD,

[ 24 MR (Validation) ]

- BEHEBANRITL TV D Y 7 7 L AH A K validation fRiCE\W\T, FEHlT—%
(IS < 2 MERER A ZHAT DAL T D, K[E NRC O KSKFHT 7 A K (U. S. Nuclear
Regulatory Commission(2011). Nuclear Power Plant Fire Modeling Application
Guide (NPP FIRE MAG). NUREG-1934.)(ZHtVY RiFbni-FEEEAT 5,
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5% 2 BREFHARDOBREIZOWT

BT IV Fire Dynamics Simulator (FDS) DT A 77 U Tl F 7 HDF — & MR
T IR QA /oY
T, RELTABEBI 2L, XX T TV DT VKR OBREE T A — 4
(B KB BIABESR, EBUELL, IRBEER, 2R U TRE ) 23R Ul & oM R 21572 Lin b,
AEAEIRNTIZ N D T TV OBREE T A—2 L LT, XX DBREERNT A— X B E L
77
W1ER T KEEEOBEE T A — 2 O E?

2 o
-] - -
g-£ = 5 Z EREY
ZEs 25 s g £ 5 25| =%
EE = 2 2 s 2 =z ‘2 2 | £ & Un-obscuration Ratio Ur (m*m2)
-4 o v o S
= @2 E © = E - E = £
= g = C S £ me o =
Fuel & =
Mmax kﬁ AHc SEP Km
(kem?s?h) [ (mY) (kJ/kg) (kw-lf:?) (m!) | C/H | D<10m | 10m<D<20m |D<20m
Acetone 0.038 2.238 25.800 130 100 | 050 | 0.2 0.02 0.02
Benzine 0.085 2.700 40.100 130 100 | 1.00 | 002 0.02 0.02
Butane 0.110 0.852 45.700 225 0937 | 040 | 023 0.12 0.08
Crude Oil 0.051 1.301 42.600 130 100 | 0.54 | 0.05 0.05 0.05
Diesel 0.054 1.301 44.400 130 100 | 053 | 002 0.02 0.02
Ethanol 0.029 100,000 | 29.700 130 100 | 033 | 1.00 1.00 1.00
Fuel Oil 0.034 1.67 39.700 130 100 | 061 | 0.02 0.02 0.02
Gasoline/ Petrol|  0.055 1.480 43,700 130 100 | 043 | 0.02 0.02 0.02
Heptane 0.081 1.394 44.600 200 100 | 0438 | 023 0.12 0.08
Hexane 0.075 1.394 44.700 200 100 | 0429 | 023 0.12 0.08
Hydrogen/ 0.161 6.741 70 7415 | 000 | 1.00 1.00 1.00
Liquified
GP4 0.056 1.962 43.500 130 100 | 046 | 0.02 0.02 0.02
GPs/ 0.063 1.269 43.000 130 100 | 045 | 0.02 0.02 0.02
Kerosene
LNG 0.141 0.136 265 0.149 | 025 | 0.77 0.69 0.55
LPG 0.181 0.500 250 0.55 [0375 055 0.23 0.16
Methanol 0.020 100.000 | 20.000 70 100 | 025 | 1.00 1.00 1.00
Naplitha/ 0.095 100.000 200 100 |0417| 023 0.12 0.08
Pentane
Octane 0.081 1.394 200 100 | 0444 | 023 0.12 0.08
Toluene 0.066 3.370 130 100 |0875| 0.02 0.02 0.02
Xylene 0.090 1.400 40.800 130 100 | 080 | 002 0.02 0.02

[1]Kevin B.McGrattan etal. “Fire Dynamics Simulator User’ s Guide” NIST Special
Publication 1019, sixth edition, revision FDS6.6.0-129-g951268a (2017).

[2]C. Goula, C.Malkotsi “Numerical simulation of pool hydrocarbon fires and their effect on
adjacent tanks” , Master Thesis, Department of Civil Engineering, University of Thessaly,
Greece (2017).
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5o4-2 K TREKWBIER v b OFF R R
P & Kt 7] FE b e K i 77 FE bt
A Gt 18 (450°C )
FE 0.35 0.53
KRG 0.24 0.36
N 0.37 0.55
N7 Rk 0.29 0.43
BWE T L — R 0.28 0.42
KIET L — A 0.14 0.21
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