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Analysis on Ingress of Coolant Event in Vacuum Vessel
using Modified TRAC-BF1 Code

Toshio AJIMA, Ryoichi KURIHARA and Yasushi SEKI
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Japan Atomic Energy Research Institute
Naka-machi, Naka-gun, Ibaraki-ken

(Received July 19, 1999)

The Transient Reactor Analysis Code (TRAC-BF1) was modified on the basis of ICE
experimental results so as to analyze the Ingress of Coolant Event (ICE) in the vacuum
vessel of a nuclear fusion reactor.

In the previous report, the TRAC-BF1 code, which was originally developed for the
safety analysis of a light water reactor, had been modified for the ICE of the fusion reactor.
'And the addition of the flat structural plate model to the VESSEL component and arbitrary
appointment of the gravity direction had been added in the TRAC-BF1 code.

This TRAC-BF1 code was further modified. The flat structural plate model of the
VESSEL component was enabled to divide in multi layers having different materials, and a
~ part of the multi layers could take a buried heater into consideration. Moreover, the TRAC-
BF1 code was modified to analyze under the low-pressure condition close to vacuum within
range of the steam table.

This paper describes additional functions of the modified TRAC-BF1 code, analytical
evaluation using ICE experimental data and the ITER model with final design report (FDR)
data.

Keywords: Vacuum Vessel, Cooling Pipe Failure, ICE, TRAC-BF1, ITER, FDR,
Fusion Reactor, Safety Analysis
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BElciro e, BUE RS T OBBMEETFIVOEEICKEL T, X5 7&K OB RBRUORBEHFER
EEETIEEROBBREKEANT Y TERBLICTOYSLEEE LR, £ 8ERET
T AFT 7 YBENVYR R EF—AY X NTANTBLS B> Tk, Zhe /0y
SARBTEXDLIREBELE,

(a) BWHETIV

—Ric. REERICHBVWT,H 1 & 2 ORI TRB XN 2 ERBHBRIIRRC THEZ NS,

0,=0_,-0., =0'-(T14 —T24)~A1- 1 1 1 Al 1 (2.3.1)
| E, (ET_I)+Z'(82'I)
s

Q, c H 1 EE 2 OMOERKHRE (W)

0., : EINSHE2ICHNDREHRE (W)

0. : E2HSE LITENSRHRE (W)

c s AFT 7 BINYIUEEK (=5.6687 X 10*W/m’K*)

£, D 1 ORER (=)

£, @ E2ORHK (-)

T, W1 ORE K)

T, H 2 DR (X)

A 1 DR (m®)

A, H 2 OREH (m®)

F, B 1 & 2 DM DOBIBEK (-)

HFE RS T OBERET N ER2.3. 11, ERKVEAHNR S TOREEETINEK2.3.2
IZRY,
(b) BEHETIVAA

o (2.3.1) REAVBOHEN, ATTEREAORHERRVBEERKNLEELRS, BN
LIEADERON— RBELAREEK2.3.1~%2.3.212, BMUEAHEROTS >0
ECBIAERBMERTRS IEREEK2.3.31TRT,

(2) BHGTET I ORIFE

BN & D EREE TR OGET 55 — A &I LT, TRAC-BF1 a— RIZHARAA
BN ET IV ORI R 21T 0 72,
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(a) Miik#®
R EMBEICTADICATOKEEZEAL =,

:‘2:11 %///A?//;/;’ZZ/II/%////%

g =1
T(t=0)=623 10m
T,(t=0)=373
C, =510
p = 8000 7 2571 7
halbalis
Ry : RAST7HEIERASTHE2HOBERER ()
& : RASTHE 1 ORHE (=)
& 1 ASTHE2OKRHEE (-
L ASTVHE 1 ORERE (K)
L . AST7H2OXREEE (K)
Cr 1 ASTHR (J/kg'K)
P : AT TEE (kg/m?)

Flee AT 1EXAST20XKEREEHIFL (A =4, V=V,) THD. HEBFE—T
HBETEH, ATTHOBEBHIBRHADOAIELEZHDET S,

(b) FRYTHR
REAEROERBEBRIZLITRLUE (2.3.1) ANTRBENS,
0, =0,,-0 =0 (L' -T')A- L (2.3.2)

_1_+(_1__1J+ﬁ.(_1__1)
F, €, A, \&,

AR U728t LA 0O L FRENRA TITAANTERINS.
73=£€;i (2.3.3)

BENRAT2ANT (23.1) REKDE S CHFEHD 3,

Q,=8-0-A 'T'T;)(T2 +7;)2) (2.3.4)
=EL

T=h-To=To-T (2.3.5)

T, ORI ROM HBRR TR E NS,
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a, _ _ Qp
dt Ce-p-V, (2.3.6)
8-0-A
= —2 A 1. 1(T? + T}
CP’P‘Vl [ 0( o )]

BEC, EAVDE (2.3.6) RIKROLIITBEINS,

dT, dT |
'Titl=71?=_cl -[T-T;,(TZ +752)] (2.3.7)
=L
C = 8-0-4 (2.3.8)
Co-p-Vi

(2.3.7) ﬁ%%&ﬁﬁﬁ?igﬁﬁbf T %ERD5,
T _
—————————— . (2-3.9)
IT-z,(T’+T(,2) C-fat
_TO2

2 o e————ene
I = —mwa (2.3.10)

(2.3.5) X% (2.3.10) KIKRALTTIDWTEETE I ECKD T,ORTRERS.

-T2
T, = & + T (2.3.11)
' \jl e T A

[
r
A

T, + T3
C, = 13~m-4ﬂ%—JL (2.3.12)
2C,T; T,

(=0)
(c) BAEFHHE
TRAC-BF1 O—R® VESSEL a>®—%2bEAVWTETIVEL. A571 FIHEE
623K) LR 572 (FHHRE 373K) MOBMKSICLSREERCHELRTok. RS TORE
HE ) — K32 &L, T 2T, VESSEL O R—% 2 FOSNMUEREORZEREY DL L,
X5z, RTTEEERECIEONTBERCLAEREEYOETHIEICED AT TR
TR DEIS T & B EBED B2 LI, FEIAOEREOD Y ho—)lid, 3 7)) —F
YSLB3DZHSHYIN—FSBZHTZ2CALLTABOBHMIEREYDETS T
Lizkfror,
TRAC-BF1 0— Ric L 23 B R EMTARELR L TR 2.3.31TR"Y. TRAC-BF1 a-—
RO BT RICIZE—R L, HEORYT. BEOBREN R LRVOR, TRAC-BF1
- RTI22 /) — ROBESFESICH L TEAM—KTREEFHE 2T > TR D0 BTRTIX
25 ThORMEZEEERL TRV EICE S, AFHEICKD,. TRAC-BF1 a— RiTHlAAA
ERBEHETFNVNEUBERESX D IEE2HRLI
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#2.3.1 VESSELAYR-ZRVPDOVLRINTF—FANERDI— RES
A—R ANERK A—R ANEHK | AR | ANEE | h—F | AhEK
&5 &5 &5 &5
17 |HSA 37 — 57 | VLN-T | 77 -
18 |HsM 38 - 58 |vin-z | 78 |
19 | DSA 39 - 59 | VLN-R | 79
20 | DSTH 40 — 60 | TVN 80

41 - 61 | TLN 81 —

42 |voL 62 | PN 82 —
23 | FKLOS-T 43 | FA-T 63 | BORC 8 3 —
24 | FKLOS-Z 44 | FA-Z 64 | ICCFL| 84 —
25 | FKLOS-R 45 | FA-R 65 | WETP 85 —
26 | RKLOS-T 46 | HD-T 66 | PA 8 6 —
27 | RKLOS-Z 47 | HD-2 67 - 87 |HSAZ
28 | RKLOS-R 48 | HD-R 68 — 88 |HSMZ
29 |HSAB 49 |EPSD-T 69 — 89 |DSAZ
30 J|HSMB 50 | EPSD-Z 70 | ILEV 90
31 |DSAB 51 | EPSD-R 71 |DZLEV]| 91
32 52 | HSTN 72 | VLEV 92
33 53 | ALPN 73 |ALPP
34 |DSTB 54 | VVN-T 74 | ALPM

55 | VVN-2Z 75 -

56 | VVN-R 76 —
RIEERTOBMANERK

HSAB, HSMB, DSAB, DSTHB, MATDB, DSTB
HSAZ, HSMZ, DSAZ. DSTHZ. MATDZ. DSTZ

SEVERTOEBEANER
DSTH. MATDS, DSTHB. MATDB. DSTHZ. MATDZ

SEEETOEBMANEK
VEWFO . EMISI . EMISO . VEWFB. EMISB.
VEWFZU, EMISZL. EMISZU
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#2.3.2 VESSELIYR—X2LDEM BEANT-FONE

ANTF—% RIT BifT N
DSTH
m |HEXSTOREE
MATDS
- | HEASTOMESRS
HSAB EEATITD
NTSX*NRSX m? _
lumped Parameter & — b X 5 7
HSMB
NTSX*NRSX k g | EEH R I 7® lumped Parameter &
DSAB
NTSX*NRSX m? | BEAXS 7 OREHM
DSTHB
m |EEASTORX
MATDB - EHAST7TOMBESES
DSTB NODESD*NTSX
K |EBAST7O/— ROMIRE
*NRSX
HSAZ HWAEMBRATTD
NTSX*NRSX m?
lumped Parameter & — b X T T H#
HSMZ
' NTSX*NRSX k g | @ihrER A 5 7 O lumped Parameter H &
DSAZ
NTSX*NRSX m? | BiARBER X 5 T D&
DSTHZ
m MAMERA S TORX
MATDZ
— | Bi5PERAS TOMEES
DSTZ NODESD*NTSX
K |#@5mERAS70/— REGERE

*NRSX
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%£2.3.2 VESSELIVH—% FOEM. BEANF—5ONE (FE)

KT Bify W&
NTSX*NRSX — | WER S TN S TICHT B HERK
NTSX*NRSX - | WEX S 7 ORRIREOBENER
NTSX*NRSX - | AEZ S T ONREDOBEKHAER
NTSX*NRSX - EEXﬁjwmﬁlﬁihﬁﬂxijl:ﬁ@‘%:%%%ﬁ
NTSX*NRSX - | ERR S 7O LREOBBHE
NTSX*NRSX — | BARERZSTOLERR S TITHNT D BERK
| NTSX*NRSX — | ByARER R S5 T O TRIRE OB R
NTSX*NRSX — | BiHFER R 5 T O LRIREOBBHER
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#%2.3.3 VESSELIaYV®R-X2hODENM. BERS IEROAE

RA 25
£

LDSTH RERAS TDOES

LMATDS HEA S TOMBEES

NTSX*NRSX | fIE X5 7TOAMA S 7§ DHBEREAEK

NTSX*NRSX | U R Z 7 ORRIKE OB =R

NTSX*NRSX | fIE R T 7 OAMUKE ORMF R

NTSX*NRSX | R R 5 7 ONRIRE O BYzEFIR

NTSX*NRSX | I R 5 7 OSMEIRE O FYREFIK

LHSAB NTSX*NRSX | & X 5 7 ® lumped Parameter b— b X 5 7K
LHSMB NTSX*NRSX | JEH X 3 7 ® lumped Parameter H&

LDSAB NTSX*NRSX | EHER > 7OXREMR

LDSTHB EEAS TOEE

LMATDB . ERASTOMBEES

LDSTB *NI'\II‘(S))I()*?SI?SX EH AT 7D/ — RYMRE

LBSHLL NTSX*NRSX | EE R T 7O TFRIZE TORHEBER

LBSHLYV NTSX*NRSX | EF A5 7O FHERE TORHMRER

LBSHUL NTSX*NRSX | K@ R 5 7 O _LRIERE TORMEBZER

LBSHUV NTSX*NRSX | EEZ T 7O LAERE TOTARRER

NTSX*NRSX | EH X5 7 OtAm LM R 5 7T 25 FHEHRK

* 1 B4 UYERCIET SO IEAL CMTOERFOLEABHIEHRIND,
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#%2.3.3 VESSELaYR—F2MOEM. BERT CIERKONE (BE)
b 5t s

NTSX*NRSX EHE A T 7 D L&KEOBBER
NTSX*NRSX | EER T 7O L& O MR EFR

LHSAZ NTSX*NRSX | #iAFERZ S5 7D lumped Parameter b — kR 5 7

LHSMZ NTSX*NRSX | @A HER X 5 7? lumped Parameter & &

LDSAZ NTSX*NRSX | @iAMERA 5 7 OREHR

LDSTHZ WHEERA S TORE

LMATDZ BHMBERR S TOMEES

LDSTZ *NI‘;;);?SESX AR S 7D ) — KR

LDSHLL NTSX*NRSX | A SRR 5 7O FHERR COBARMEER

LDSHLV NTSX*NRSX | @iAFBER X 5 7 0 FRIEE TORMBRER

LDSHUL NTSX*NRSX | #iAFHER R 5 7 O _LARE TORAESMEER

LDSHUV NTSX*NRSX | #iAFIHERZ T 7 O _LAIRE TORAEMEER
NTSX*NRSX | ®iARERR S T D LR 5 TITxd 2 HHERE
NTSX*NRSX | @iAFERR ST OTRIREOHBHE
NTSX*NRSX | @ATER R 57 0 LAIREORBHER
NTSX*NRSX | BiAMERZ 5 7 O T RERE OB EFL
NTSX*NRSX | BiA R A 5 7 O L QIR E O BUEE R

*1 RAHIEKICIRTS>7 AL CMTOREROLHBHSKEMI NS,
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VEWFO (1)

EMISI(I)

VEWFO (I-NTSX)
EMISO(I)

EMISI (I-NTSX)

CI-NTSX
‘ e EMISO (I-NTSX)

&, = EMISO(I - NTSX)
&, = EMISI(I)

F,, =VEWFO(I - NTSX)

K2.3.1 iR 7 7 OBREET IV
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VEWFZU (1) EMISZU (1)
|
EMISZL (1)
I
VEWFZU(I-1) EMISZU(1-1)

EMISZL(1-1)

VEWFB EMISB

I - O

& = EMISZU(I -1)
&, = EMISZI(I)

F, =VEWFZU(I -1)

K2.3.2 EHEE QB R T 7 OBREET N




(K)

TEMP .

SLAB

673

573

473

373

273

JAERI-Data/Code

99-040

....

.....

1 R (T ) |
O TRAC-BF L&t®f# (T,)
A TRAC-BF 1581 (T2)
X R (T2) |
[ S [ N [ W SR N U NN N B
3600 7200 10800
TIME (S)

M 2.3.3 TRAC-BFI ZHE{li & RATARD LLEL

14400
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2.4 HZERHETTOOHKEORE
(1) ;e
EMAFOREEBNOLI REEHBRO_MHFELEE THEORIMBEENRTOES
DHEREEZTADELOICTOYSLERBTEILEND S, 7OV ISLBERHRZD,
TRAC-BF1 31— ROERKZOHEHBESEZREL /=,
(a) EKFOHAHHE
TRAC-BF1 2— RO a7 )V @By T)N—F > THERMOREDY—X7/OY I A
i2&B &, TRAC-BF1 O— RTHEHINTWARIEZDORE -EHOHEBHGHEIILLTO LB
TH5,

BARRE (K) 273.15 ~ 647.3
SARRE (K) 273.15 ~ 3000.0
EAH (Pa) 1.0 ~ 4.50%X107

B, BEEFIEHINHEEEZAR L ZHBEIIE Y TNV—F > THERMO2BRT 3 EMN
T 5 EREEERXTRMEIC)EY IR, TOEOEEAvE—IRHAhEN S,

—H. ANT—IHBAHBBEETIE. ¥ 7)NV—F > FBRK, FCOMP. FFILKUFV
SLIBWTEATRME=1000Pa (EH LEE=1.9X10"Pa) KR EINTHD, ZhLvE
WENEZEETDEANUBTIS -5, £, BEFEERR T, Y 7NV—FFF1
DREUF F 3 DICESN FRE=1000Pa OHIFR (EH LRBE=1.9X107Pa) 2H V. Zh%EFE
SR EERHEIMNALART Yy TRFBITTHIEZTOUEZ LTV S,

UEDZEMS, BIRO TRAC-BF1 2— RZBWT. EHTELREHGHEIZ. FTRE=
1000Pa RO EBE=1.9X10"Pa THB I LMoz, ZhSOHEIE. BREXZOBEHAHHE
LD M RKEZLNOHBRBICBT 2 EAERENEREZZR L TREINZDOTH
3L END,

(2) Tals5LDEE
SEDOEETIZ. FEOLELZZERL. FH 1000Pa LA L OER THEZARECTE LIS
Oy S hEELE.
(a) BEYTIN—F>
1000Pa COHIHEHBEZABELT B0, TRAC-BF1 32— ROUFOY /I —F > %
EIELTz, %R U7 TRAC-BF1 a— ROEMARRERB/NEHEIZ6 2 0P aTH 5,
FBRK , FCOMP , FFIL , FF1D , FF3D
FVSL , THERMO, TRANS
ERBOYTIN—F> D55, FBRK, FCOMP, FFILRUFVSLIZDWTI. AN
WEEEOEATRMOF = v 7 {E% 1000Pa S 620Pa iCEE L=, £/=. ¥ IN—F > FF
1DEFF3DIOVWTIR. @BEHEROEHNTRMEDF v /% 1000Pa 55 620Pa iIZF
Bl ¥5K. Y INV—FTHERMO, FF3DRUTRANSIZDOWTIL, #ELAR
E - EANHBRELNTHE L L2RETEIAvE-J2OA MELE,
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(3) EEBIROIMSERIE
TRAC-BF1 2— KR53 7N —F > THERMOUTFEH T N—FFPROP.SETEO

SERBL., 5X5NEEN - BRESHICHETSRALFUEMEHRE TS TOS S LZERLE.
7. FPROPIEY I —F L THERMOTHEI N BAZEEMEE AN TKOMY E
(M, BpREMERE) 2HET Y 7N —F >, £/-. SETEOSIZITHE RMODEA#E®
EREEDDBH TN —F U THB,

TRAC-BF1 O— ROEKFIZB L. 10000Pa LA T 1000Pa & TOEEFIR D &S ARHEZH
N, EERR ARG SO RE R ENRN I L ERERE LI,

(@) BIRORE
zOT/OYSLERNT,. ¥ 7)—F > THERMO T E XN 38 ZRAEMEOEEFIR

(1000~20000Pa) TOENKEREEM I, HEMEEE2.4.1~K2.4.51TR7, #tH
AW BRHARUVSHBEIIROEBDTH S,

@ HBEHATOEIRE - (T=TSAT)

@ EH611.2Pa TORMRE (T=273.18K)

® HEH 20000Pa TOfFIERE (T=333.2251K)

TRSOEMNS., SEEE L RERRK 1000~20000Pa OEAFRICBNT, Rt
FEGIC B EIMIRNWI ENTN S,

(b) KOWEE
rRIaySLEHWT, Y 7)—F 2 F PROP THES 15 KO Y ED EE Hi

(1000~20000Pa) TOEHKGEHZA-. HEHREERK2.4.6~K2.4.9ITRY., I
5SOEMNS . SEEE L REFEERN 1000~20000Pa O EAFRICE N T, FHENRERIC

TAEERW ENgh5E,



AR (K)

340

330

320

310

300

290

280

270

JAERI-Data/Code

99-040

i :

! 1
5000 10000 1.5 10* 2 10
5 (Pa)
€2.4.1 RFIEEL



& (kg/m’)

a4

%48

B (kg/m%)

12

R

1000

995

990

985

980

975

0.16

0.12

0.1

0.08

0.06

0. 04

0.02
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—o— ROL (T=TSAT)
-E— ROL (T=273.18)

...............................................

B —o — ROL (T=333. 2251)
|
i ! ] N | o i n ]
5000 10000 1.5 10* 2 10
EhH (Pa)
M2.4.2 WHEELRL
T ] T ] T I T
j 1 : : ]
L —&— ROV (T=TSAT) : : = .
- B ROVET:273.18) ) e Pl B
i —o — ROV (T=333. 2251 : ;
- /

10000
£ (Pa)
M2.4.3 SKHEEZL



RFEfAFIT U2 ILE (U/ke)

SHBEAFIT A2 ILE (U/kg)

2. 62

2.6

2.58

2.56

2.54

2.52

2.9

108
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5000 10000 1.5 10 2 10

I£7 (Pa)
M2.4.4 WA &)IE—ZL

5000 10000 1.5 10 2 104

[£5H (Pa)

B2.4.5 SKAEMIZIE—Z4L



4180

4175

4170

4165

RHEELLEER (kg K)

4160

4155

g8 10°

6 10°

4 10°

2 10°

J[HBEELER (ke K)

-2 108
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I o i —&— CPL (T=TSAT)

. ] , i 1 1 .

i .; § -E— CPL(T=273. 18)
i : 5 —o — CPL (T=333. 2251)

1

5000 10000 1.5 10°

£ (Pa)
K2.4.6 WHETLLBEE{L

2 10°

T ] T T ] T

- —o0— CPV(T=TSAT)
. -3— CPV(T=273. 18)

. —o— CPV(T=333.2251) i, AUUURRN yam

- s i
- // =
- ’/ -
=Rl ;
- G =——6 © © ©
b i 1 l A, l 1

5000 10000 1.5 10

£H (Pa)

2.4.7 SHEELBEL
— 35—



RIBEMBEE W/m K)

JABRMCEE W/m K)

0. 68

0. 66

0. 64

0. 62

0.6

0.58

0. 56

0.027

0. 026

0. 025

0. 024

0.023

0.022

0. 021

0. 02
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T ] | T
g g g
B § -=— CL (T=273. 18) |
I ; —0 — CL(T=333.2251)
r-e—-— -— 8 — -— £~—- -—— -5-i-— -8B -
i 1 1 1 i i I L
5000 10000 1.5 10° 2 10
T (Pa)
K2.4.8 WHB=HERELL
[ T l T ! T | T ]

: 5 f -E— CV(T=273.18) -
: 5 : —o— CV(T=333. 2251) ]
F-—-— '._—E_‘ - ‘C'—- e B T T —_—f
: | i 1 1 ]

5000 10000 1.5 10

E£5 (Pa)

2.4.9 SHEBLEERZEY
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2.5 4B % VESSEL % OEHEHDEE
(1) ;% _
B4R TRAC-BF1 11— RT3, #&iE % VESSEL #ROBPEIT/KEHFICEERET D RIVHD
KEEECERTAHEOBH 2 ZRL TRV, HEE VESSEL OEH ICE X >2KD
BEIMARE RIS TV, AERT. Bl Z VESSEL Rk OEH HERD Z#H RN
R4 REGREICLZ2EHEEZBMNTB LI TSI LEBELL.
(@) 1 RROARICLZEHNY RF
ERBOKEEN TIE. BETHEIVBOKEZECER L THREOBHNREZS. T0
BHerZET5-0C. TRAC-BF1 21— R® VESSEL 2> R—X > hOEB)HFEXR KM
R4 & 6 FRRAMCIZ RS REBOARICLZENENMMINTNS,
2.5. 1 ISRTKENFE T 558, R RROARIKLZEAAY KEIX (2.5.1)
RTHEALNS,

VP, =R -F
(2.5.1)
=(h1 —h'z)'(Pl"pg)'g
Ay &4

P EH

h TR &

p FE

g EHhHIEE

(b) EHHEROKE
EEHERO Z AR, B E VESSEL RICBIT 2 IR RRYBEIC L SENE
EUTOXSICEALL,
DOBARDO BB HERD Z #7511

.a_v_‘I.-;__(Vl _a.YﬂLq..‘_,&%.q.Vl ..a_‘il)_iél_)
ot " or r 080 ‘9z ) p, 92 (2.5.2)

hlhay &y
vp - _(n=m)(pmp.) 8 (2.5.3)
" oz Az
8, =g-cosb (2.5.4)
(2.5.3) RADh,Eh, B BETERINOKERETHS.
bl
Vv FE
P : EAH
C : FE¥¥IsHRK
a : KRAER
p W



JAERI-Data/Code 99-040

(2) HE & VESSEL 4% O/KEH 2 HEK
' HifE & VESSEL (kRO KHME h Z2ROZHBE. BRICED 2HD. KA RRIZKD 3

BOOBEEPITEXBDLEND D, HRETOME X VESSEL 4R O/KIER X FHERELL
Fiexwd,

(@) EABRT—5 O#ER
ZTTE. KEMEIHECMUTHELRDVINOER. REIBOEEHBRT—FOHK
KXERT,

® r<n -cos(g)o)iﬂ%

LIEFNER2.5.210RT, M2.5.2iB0WT, EHBEO~@DEHMES,~S , LEHS
@O, @OEZXh,. h,BUTFTOESITRDENS,

S, =r -[g—cos(g)-sin(—o—)] (2.5.5)
2 2 2

S,=r -cos(g)vsin(g)—rf-tan(-g-) (2.5.6)
6\ 6
S3=r12'[tan(§)-5] (2.5.7)
54:%,3 (2.5.8)
6
hl=r2-r2-cos(-2—) (2.5.9)
h2=r2-cos(g)—r1 (2.5.10)

a r> rz-cos(g)wiﬁé

EVETFNERK2.5.31CRT, M2.5.3CBNVWT. HBEO~@DHEMS,~S , FHIK
O~Q@®EE h,~h ;IZUTOLS KD SNB,

Y CRNEAWEY) 5.1
S, = '22 . [g - % + cos(-g—‘-) . sin(%‘-) - coS(g) . sm(g)] + rf I:cos(%) . sin(%) - (;—2]

(2.5.12)

S,=r -cos(g)-sin(g)wf-[—cos(ez—z)-sin(—ezl)+%—g] (2.5.13)
4=§-rf (2.5.14)

h=r—r (2.5.15)
h2=ri_r2cos(—g-) (251 6)

r
r
2!
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co
e

(b) HENVHREURA RREH TOKER X HER
N n<n- cos(-g—)d)iﬁ%
OHRA KBRS (S,+85,+85,)-(1-a)<§ 0OBE
EVEFNER2.5. 41077, R2.5.4KBVT. SR TRTEBROERS, L h,,
RUAE IUTOLIIRDSNS, '

§°N|<D

):L (2.5.18)

n

)=I_ cos( ) (2.5.19)
n

S, =(S,+S,+5,)(1- a)=% (5 -7)-(-a) (2.5.20)
S =r- [——cos( ) (%—:I (2.5.21)
6,
h’=r2'|il-cos(7)] : (2.5.22)
(2.5.20) K& (2.5.21) REODKRAZHES.
6, —sin(p)- LB U= (2.5.2 3)

n
=a—hk2 - 5FYERED (2.5.23) Remx0 2RD. (2.5.22) Ricik
AUTKEM 2k 5,
ORA1 KEEH 5, <(5+5,+S5,)-(1-a)<§+S, OHE
ELEFINER2.5.5RT, K2.5.50B0T. SHRTRTEROERS, LHI A,
RUAFOLS TRDSNB,

S, =(S+85,+58;)-(1—- a)— (r-r)-(-a) - (2.5.24)

&+&+&+&—&=(r40-m{g) (2.5.25)
(2.5.24) R&D

S, +S,+8,— s._g( -r)a (2.5.26)
-3 &:%f &(2.5.25) . (2.5.26) R&D

—(r-h) -tan (g) (2.5.27)

r—r)
J[ ;) “*’] (2.5.28)

QRA K&t (S5 +5,+85,)-(1- a)>S+S DHE

tw%rw%leﬁkTTO!&5ﬁkbmr‘ﬁﬁrﬁbtﬁﬁmﬁﬁ&aﬁ&

OB h. RUAELIUTOLITRDSNS.
S,=(S1+Sz+S3)-(1—a)=gv(r22—q’)-(l—a) (2.5.29)
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6, 0.\ . (6,
Sx1='iz'|i-é——cos(7)-s1n(7] (2.5.30)
e 0
Sx+sxl=5'r22—(r2_hx)2'tan('§) (2'5'3 1)
h,=r2—r;-cos(%) (2.5.32)
(2.5.31) Ric (2.5.29),(2.5.30), (2.5.32) AERALT
9-(1‘22—712)-(1—a)+r,2-[Gx—sin(ex)]=0-rf—r,2~[1+cos(0,)]-tan(—g-) (2.5.33)

Za—bhre STV EIRED (2.5.33) RNEMEO, RD. (2.5.32) Ak
AUTKER ZRDS,

) >y .ws(g)wiﬁé

ORA RREH  (5+85,+S5,)-(1-a)<§, O#HE
BVEFNER2.5.7TIRT, K2.5.7 ORGTRTEROEMS, LM & h,. RO
B0, 3O ERIT. KIRLER2.5.40B8ERALTH S,

@R1 Risgt §<(S,+5,+8,)-(1-a)< S +S, OHE
ELVEFINER2.5.8IRT. M2.5.8BNT, fETRTEROEMS, B A,
RUAE ZUTFOLI RO SIS,

&ﬁ@+&+%)0—m=%(g—fya—m (2.5.34)
le=r12-|:ﬁ—cos(-%-)-sin(o’“ ] (2.5.35)
2 2 2
Sx+le=%-52—(5—h,)2-tm(952 (2.5.36)
h,=r2—r1-cos(o"‘)=rz.[l-—cos(9"2)] (2.5.37)
2 2
(2.5.36) Rz (2.5.34) . (2.5.35) . (2.5.37) RERALT

6 6, 6,) . (6,
—2"("22"12)'(1—a)+'iz'[ 2’ —cos( ZIJ'SIH(TI)]

2
=r- arccos[—:l— ‘ cos(%)] -5 cos( 05‘ ) . \/ n - [r; . cos(%)]

Za—bhr e ITVIITED (2.5.38) REMEO 2RD. (2.5.37) Rl
AUTKER %RD B,
QRS RBE#E ($,+5,+5,)-(1-a)> S +S5, 0OFE
EVEFNER2.5.9RT, M2.5.9 OB TRTEROERS, LH3 h . RS
Bl D ERIL. BTRLEK2.5.6 DBAERALTH S,

(2.5.38)

(3) VESSEL #EBZAROKEAFHI DT R MR

BE X VESSEL AR DHBEIC, i TRE LARHERXZAWT, BIORS RR e 2B
BBV AKERS hOHEETHo 2, HEENVEFINER2.5.1 0ITFRT,

T, BABRT—FIZROEBOTHS,
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r, = 5bm
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7] = n/2

EREHT. RSB TRTENVORS REBEO~ 1RSI EEBEOKERE hOELE K
2.5.1 1IZRT, R RBOEIEVKENELT 2THDNS,

(4) 0¥ 5 ADBE
(@) BENE
BEAHEOEEIC%~>T. TRAC-BFl 21— ROAS VI —F YTRAC. BT N—F
TF3ERUVSL2EAU)—RKNEWDT. #BELE. £k FRCHIN—F
HEAD Z ##ERR LIz, & —F > OBERNEEE2.5. 1ITRT
©) AHF—FDEE
BEAEOEEICHY, BEE VESSEL ARIC B3 KHEEFEIC L 3 ENENROEH £
EBTAIEREANT—FITBMULT, NAMELIST AZ1A— KD
WHEADZ=1.0D0
AEIMUEADTH S, 2% WHEADZ (3B & VESSEL AR TOKEEEIC LD EHHIC
BT 0.0~1.0 OROERER 3, T7bS 0.0 DEFREAEDRIYOERD,
RD TRAC-BF1 O— RO#RES L7253, 1.0 D& FBKEEEICL 2 EAHOHRMN
1%%T§ktméoWHBEE@?7¢WF@@QO?%%Q

(5) FALEE
(@) T NHEETFI
BEHESEORYMEEF Ly 7/ T500F A MNHER2To k. TAMEETFIVERZ.
5.1 210RT, #iAMZE3LANCHF LGS EHEZICL. BEZRICER LS
I 51V 1 EDEFRERD S EHE (0.001kg/s) DK% 15 BMEAT S, [SELHk
BEEL, E— FASTHSDBROBAILLDKDEENBOREERET D, BAT S
LARVES, 2, 1EB(EXET. BEEEIADOEKRRZARDS, V—RATS0T7 5Lk
ReUTHNL. TV 1~3EHIT. BHEMIBEDIZONTELNIVO BE IV OKMIEF
L33 THs, ARBBOTHRIIEROREEZEZDOTHELRLCELE,
(b) FRITHER
FANHEETIN 1~ 3I2DWT, #KD TRAC-BF1 3— RTORS R¥EEM2.5.1 3,
2.5.15., 2.5.1 712, BEF#H®O TRAC-BF1 2— RTORS KEEK2.5.14, 2.5.
16, 2.5.18IRY, TTT EBEROBTTIE. WHEADZ=1.0Z28Wk,
choDEED, #638D TRAC-BF1 O— R T 100 BREAETHE L XIVOKALIZRD
BRESNBH, EBEHD TRAC-BF1 21— R T2 10 BEBETL XV 1 ~3 ORAS RRMIE
BUWEERD, FOH. KOBEANILEES 1 5BETRA RREIBAH L, 40 BERRITH
A REIT—EME (0.848) ITh3., ZDOLIRELVRIVOEEEIVOKMNEL <R3 REFR
HRIESNE,
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2.6 HKE= VESSEL ARDAKEFRAY ¥ aDEEL
(1) ;e ,

BIRD TRAC-BF1 0— Rid#kiE = VESSEL $RRICAEHAFLF EAMRE LTS, MBI
BRONAMZEEZD LAEHNEELEORGETORTTED ZENEEXLY, £EIT. TEHOD
eI BT, BB % VESSEL ARMICAESFMESIEORMTRITTEDLST/DI 502
BELE,

B X RIS VESSEL 2 R—2% > NOBHEOEHMBRMEIY TN —FTFI3ET
FtExhs, BROI—F 4 /TR BEOEHEE GC £ 75L&, VESSEL ofifHRz5
X5 ANEH VSLGRV ZAWT, WiAHOEHIE GCZ, BHHMOENE GCR REHMOES
HGCTIX (2.6.1) ~ (2.6.3) ATHEZINAS,

GCZ = GC-cos(VSLGRV) (2.6.1)
GCR=—GC-sin(VSLGRV)-cos[(IT—l)*- r ] (2.6.2)
NTSX
% 4 n
GCT = GC -sin(VSLGRV) -sin| IT * -— .6.
inf ) '( NTSX NTSX) (2.6.3)

D (2.6.2) ~ (2.6.3) RicBWT. EENTSXVEFMOLHEHKTHD., I
RE> TAEIMEFREZREL TS,

2.6.112AY Y aREARE—TD GCR., GCT OHEIFZRT. HRODI—T 1 2 LR
CLEMEEEHOESMETS. ZOHE. AEFMESELETHHEUERIIIT. (2.6.2)
~ (2.6.3) REUTOKSIIBIEEL I

GCR =-GC -sin(VSLGRV)- cos(DTHG!) (2.6.4)
GCT = GC -sin(VSLGRV)-sin(DTHG?2) (2.6.5)
=L,
IT=1 DTHGI(1)=0

DTHG(1) =%
IT>1 DTHG|(IT) = DTHG](IT—-I)+Q%1+—95”-

DTHG2(IT) = DTHG2(IT - 1)+ 6,
HHROEAE GCZ HEROEERZL,

(2) 705 LDEE
7075 LADEERNEEZUTIRT.
(@) BEHEOHE
HF)N—F 2 TF 3 EICBWT, ¥ VESSEL %O EHREOBH ML RUEH WD
EIHET HRICEROAESENCHIETEDLIBELL.
b) E—FEFNVICHTHEE
HTN—FYHSLAB, [VSLIZBWT, ZRETEMLAEE-FEFINIIDOVTD,
MEHMESFIEMRE LT 4 VT RBIELL,
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(c) #4# Z VESSEL 4% TOKBEEFH K TOHIRRMEDEM
HIN—F > TF3ERBWT, B0 1 0AENRT L EORIIAKREEZYOEL, #
{# % VESSEL R O/KEEIC L ZFRBES@NZVESCTOSSLAZEELE,

(3) FALHE
(@ FX NHEETIV

V2705 hREBORZUREF L I TEHRDOT A MHEET o /. BITKEEDOF =
YORERLELOERCLUTTFA MHEETIVEERLE. TAMNIEET IV ERK2.6.2K%
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FANHETIE. BHRE 90 ETORNFILZETI (M2.6.2) EAEFRDAY o
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FEFINTE BIV1~40@ERpRIAEETN TN 45 B, 135 B, 90 E. 90 L L=,
ZHhIZX D, AEFRESHEIETINOEIL 5 QAR AEHRSELEETIDOEIVE O¥45H
B, LERo T, BCBKEETL NIV 1I~3DEIV 5 OACEKRRH B ETHE. AES
FHBLFETIN DI 5 DKBIAEFMERETTNVORED 2 FITRBITTH S,

(b) FA MEHEHER

TARHEET N 1~3IZDOVT, AEFMFFFETTINTORS REEK2.6.4, 2.6.
6. 2.6.81C, AEFAFEBFNEETINTORS REEZK2.6.5, 2.6.7, 2.6.9iC¢Fh
BNRT, BARERENSHEINDZ B 50R 1 RROMEIZ. AEFRSLEETIT
0.848, AEHMFESEHEETIVT0.696 THD, HEMBIINIT—RK LI, AKRTERT &,
IV 5 DARRIIAEHMESREITTIVT 0.152, AEFMFESLEETINC 0.304 THY. F
BIN#ER (28 ERH2TEEHBLE. B, K2.6.3 DAEHFMESLEETIVICK
BHBIZBNT, LRIV 1~3DENVEUADEINRAS RRIZILT 1.0 THD. BIV5LSITK
BEELRWN,
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BEMEDHD. IRTHRETINVERNER E/2D T EMASHITIRS T,
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% B TRAC-BFl J— RTEMEERFITER) ORET —& £/ ITER-FDR BHE
FNELT, EEAB%E 3KRT VESSEL a2 Hh—X> NTREL. EHARS 22880
7z ITER-FDR @ ICE ¥RO a3 b— a3 YBITEfTo> 7. TO#R, 3K5T VESSEL O
CHR—RY D TEBELLEBRERIIBNTD, AZEHRNENNESK 0.4MPa BEIZ/RD,
HfFLTW5 MELCOR TR & IZIEMBSORRERD L ERRTER,

%R TRAC-BF1 J— Rid, AZAHZZ IRILATDIET. mAERMERN > KBRS
ATALEREREANERERTOR A4 ARCREL LS TFYr—T 4 AV EN LT,
EHMME 0 NBRRIEBET 2ROBR S 1 LB LB OME L OBRRICERT 2FR
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Pressurizer

iR : 435.5 (K)
( fioEET—S VAN )

VESSEL
1

R=6, =4, Z=13

Relief Pipes &

RuptureDisks
¥4
TipEARERE : 8.0 (m2)

(1) Vacuume Vesselffil
HEF : 1000 (Pa)
BE 300 (K)

(2) Suppresion Tankffi
EH 12300 (Pa)
BE 293 (K)

Organ Pipes
A% 4
EHS : 2300 (Pa)
A - 293 (K)
WEEARERY : 8.31 (n2)

|VALVE
| 23
|

X 3.2.1

[ ]
PIPE
FILL 12
1
//////////

//

21

R IR RN

VALVE|

Vacuum Vessel
K7 : 1000 (Pa)
BE 300 (K)
{54 - 3773 (@3)

Suppression Tank
£/ : 2300 (Pa)
KR ;293 (K)
AR5 : 2246 (m3)
(#&A8 :1047.58(m3) ]
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22 (r) (m)
1 6.025
2 6.525
3 8.420
4 8.490
5 10.026
6

11.279

29.028 (m VYacuum Vessel

£/ : 1000 (Pa)
12 BEE 300 (K
............... {z[;fﬁ - 3773 (m"’)

1 /\
2 A * 1 Heat Structure

10 HERH

LR (W) : 498.5(K)
EEIRE () : 453.6(K)
BIERE (A) : 504. 2(K)
VESSEL L7 /- 16. 244 R E (4)) : 487.5(K)

13 Pl A .. k_m 28. 928

1 6 ey e BEEE 1 438.5(0)
.- % A2
Relie Pipes MRS : 498.5(K)
’ SRR : 453. 6 (K)
5 B AN -4
PR BE : 550. 5(K)
/” 7 ABEE - 482.5(K)
ol " 5.62
4 Relief Pipe 11éader I 537 Suppression Tank
3 Organ Pipes Ej] . 2300 (Pa)

| RARES0  ARIR A ¢ 293 (K)
{ FANE=00  SHRIENE : 293 (K)

RFBAFE - 1047.6  (m?)
0.0 SHEAERE - 1198.4 (m®)

0.0 6.025 11.279 (m)

3.2.2 EHZERBBIOELI®IS 7



Mass Flow Rate (kg/sec)
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——=TRAC_BF 1 1t R
—o— MELCORMITR R

...............................................

TIME (sec)

K3.2.3 BRMEFERBHBITICBIIEARBEILOLE AR : MELCORI BEMER)

0.6

0.5

Pressure (MPa)
o o
w H

o
N

0.1
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3.2

.4

______________________________________________________________________

==TRAC_BF1(iterHN)
—o— MELCORM#F R

TIME (sec)

B EFREBTICBT B))-IV (7 v BMEARED s GEAFER : MELCORS BEMEA)
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Pressure (MPa)
o o
w E-N

o
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4.5&9

4Bl ATELABEICER L7z TRAC-BFl 21— ROBBEHBIZDOWTENENOMEEEREL
Peo Flz, ®ER U TRAC-BF1 3— REAWT, ICE FHERTFT— I L 2T 2o 7=,

TOMR, ATMTHRE LBITERICHEART, EEABNICERSEKIEH LEBOED
LAEHEFFE I —a TEBZLE2RR L, £ BKBESERF O ITER-FDR
HMYETIVEBEL, EHNFESY 228D ICE ER%EMITL., MELCOR B8 & 131F
I ORITFEANTA D Z & ERBLT=. _

BUFIZ, TR L= TRAC-BF1 O— ROKBHEFEDH 3,

(1) VESSEL a2 HR—X2 rOt)V LE®, KEHOFTINVAS THREEKICA Y > as

FIL., AEBEOZEBEMTT I OBTNERES /2o T,

(2)VESSEL 2 HR—XR Y hDYTINAS TRIZNHERRERZI B LS KR L &T,

ICE PREBREBOER L —F 2ETF L L =BT 0NATRE & T2 5 72,

(3)VESSEL 2V —X > NOMARERA S T ICBHHETINEBMT B2 &L T,

PEAS TICMAT, EBERAS T L@AMERZS TRICOWTHBMSIC L 2 8x8 82

B2 Z LRI T,

(4) AEBRBENOBES TOENIERERZTISLDCTOYSIAERKET B D,

HEOREEEERL T, EH 1000Pa L LOERTOFEEEE LT,

(5) VESSEL a2 HR—%> hOKEZHREOKTSEICEET 2 LIV ROKEEZF TR

W 2MEOBEIRZ LS ITHKE L,

(6) VESSEL a2 R—X» NOMBXARBOAEFMOLE HEERBEL., AEHMIE

EDEORETHRIANTESLSCHKEL,

RIZ. ICE FHEBRBH TR INETETIMETE TV RN S EBEMT — Y D AW HEE
PR, Xy aBREBMICANTED LS IR EIE, T5I0, Ay a0 —Hic#s
BEEZLLETE—FICL2MAEHBTERLDICLAEZ LT, RBRIICHNTHREED
ARDEN EFBN D RBREIGEN D ERS T,

%E TRAC-BF1 22— RTOHEZBAEZD 3IRTAN NI~ HOKERESEMEED ICE 5
REEL T LTHEITH D MM,
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I

ICE #tHIC TRAC-BF1 2— RE2%KRTZICHRED . REHFEFT TEXNF—T AT LHE
i MFERETIN—TOREMZED 513 ICE FHEBEROBHEVWEFE, BEAYS
ERDELEIETEHWZLET, £z, TRAC-BF1 2— RORRIZHED, 71 - F4 -
VA () OEFRERZRZUDHETIHEIERBRRIBHEBD E LI LITEBNE
L¥Y, £/, MELCOR 21— ROBMBNHEDOER, ANT—F EMFTERORRENVEY
V3/= INEEL @ Richard Moore KO ZH IR B#H WL ET,

BRI, FLTIARHAROEBHEERERVBEMAF AT ABREOLERERES
BUOEERMICRHBERG)EZBDE LI EEHNELET,

B3 XX

(1) RW.Shumway et al., TRAC-BF1/MODI1: An Advanced Best Estimate Computer
Program for Boiling Water Reactor Transient Analysis, Volume 2: Users Guide,
NUREG/CR-4356,EGG-2626, June 1992.

(2) D.D.Taylor et al., TRAC-BF1/MOD1: An Advanced Best Estimate Computer
Program for Boiling Water Reactor Transient Analysis, Volume 1: Model Description,
NUREG/CR-4356,EGG-2626, August 1992.

(3) &B #HX 44" AEBBEARHAMBABRMEITH TRAC-BF1 a2— ROKA",
JAERI-Data/Code 97-034 (1997) . |

(4) FEE MFER " AR C EEE. 385D

(5) L.N. Topilski, et al., ” Validation and Verification of ITER safety computer
codes ” Proc. of SOFE(Symposium on Fusion Engineering), San Diego(1997).

(6) IAEA, " Technical Basis for The ITER Final Design Report, Cost Review and Safety
Analysis (FDR) ” Chapter IV: Safety Assessment (1997) .
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EAEF -

T : ASTHE (K)

p  ATTEE (kg m?®)
Cp ¢ AT TH# (kg K)
k : ATT7RRER (W./m-K)
t o BRI (s)

r o EEHENE (m)

z o WHALE (m)

q" : ASTABORHRER (W,/m3)
0, @ T 1&H2DOMOIERBSHRE (W)

Q.. : ME1INDHE2ITHND K HE w)

0., 1 W2NSHE 1AM KRR (W)

o : AFT7 - RINYTUEEK (=5.6687 X 10*W/m’K*)
g : ATTMH 1 OBEHE (=)

g, : AITHE2OHHER (-)

T A5 7H 1 ORERE (K)

T, : RSTHE20XHERE (K)

A RAITH 1 OXRERK (m?)
A, RASTHE 2 OXRER (m?)

E, : AST7HE1EASTH2HEOBEBER (-

Pr . BIV1IOESH (Pa)

P2 . ®BIV2OEH (Pa)

ht © I 1OKEFE (m)

h2 @ B 2OXKEHX (m)

g : EhHhEE (m/sec?)
Vo HE (m/sec)
Ci: FUEmsywisifa (kg/m*)
Cw: BEEBINTIE S fR¥K (kg/m?)
o : FTARE (-)

Az : zHMEX (m)

RE

{ : ¥ S 10157 0 : 0 FmES

g : X8 2 : Z ARG
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I E|A - F N m or. W, 1l | min, h, d o™ | = 7w E
(T E I N B L S ol DA B
It ] 74 S Yo ob v | L L 0% 7 7 T
i w7 > x 7 A k vt 10" | ¥ o G
BOVEIRIE |7 oL v v K L rELF | oV 100 | 4 ff M
W o oW e % mol WP U u l():’ ¥ 5] k
i Bin v ed 1071~ 7 b h
(S U B A rad 1 eV-160218x10 ';’.l 10| ¥ »# da
VO Ml aFTeTy or I u=L66054x10 “kg 10| D d
0] &> | ¢
o e ] T 1074 2 Y m
£33 A0 H#HE L DSHLTAUY 105 v42n0 y
T e SIE Mz #E iz 10" + /
o | [ eSS 4 sl n
"l ¥ il 12k 2 4eB) Hedlr X 415 6 10 ' E ) P
Wooo# |~ v Y| Hz | st to i N B
b Za2—t+r>¥| N m-kg/s? Xy T A O— A 10 ™| 7 b a
WoJr o, by A A bl Pa | N/mF IR — > b
IRLF— (M Y 2 — L) N-m I _ v bar (iE)
L%, Bstwl v b ow s I v Gal Lo &1 -5 48 BBy SO M, [HB%
AT SR AR 1/ N/ = S I O Ass ¥ .y = Ci JENE LG 1O8SIEMITrIC K 5, 72720, eV
i, WIE, B[R L bV W/A Loy ko R EXT T udiECODATADIORG A e
i ;E woom|7 7 7 F| F (OAY 3 K rad iz X o 7.
"y s a e - — 7/ “
L A VA L 4| rem 2. KAEWN, /v k, P, NI
3y vy a|lv—Aral s | AV LY 5 AT\ Bt 9 A 0
7 wlm o= — x| wh | ves 1 A=0.Inm=10 “m PRI EITL ST DA 0T -
fi Yi o) 1T A 7 T Wh/m* 1 b=100fm*-10 *m? ZTIEAMRL 72, A A
PR A A , ~ v y —| H Wh/A | bar=0.1MPa<10°Pa 3. bariz, | lS’C“liiflT.f/l&'V)H:)J?kb'd‘ 2
Ly A ey RIEL C . s o GIZBH L2073 — 1o T
1 Gal=lem/s =10 “my/s*
)4 wln — A »| Im cd-sr | Cio3.7 x 1OV 2
{ 3 2 i-3.7 x10"Bq o
H A I Im/m . - 4. E CHISBUERR Tl bar, barny &
i 4 k| 7 L 4| B s TR=2.58 10 "C/kg - oyl
' e b e 2 G TREDTE mmllg% &2 0% 7 T
W @ | L 1| Gy ke 1 rad=1cGy=10 *Gy CEARTL S
BooWt O M| =R M| Sy | Jkg Irem=leSv-10 *Sv ‘
it £ #
111 N(=10"dyn) kgf Ibt L] MPa(=10bar)| kgl/cm?® atm mmHg(Torr)] Ibf/in*(psi)
1 0.101972 0.224809 1 10.1972 9.86923 7.50062 10 145.038
9.80665 1 2.20462 ) 0.0980665 1 0.967841 735.559 14.2233
4.44822 0.453592 | 0.101325 1.03323 1 760 14.6959
K JE TPa-s(N-s/m?)=10P (X 7 X)(g/(cm+s)) L33322x10 ' | 1.35951x10 * | L31579x10 7 1 193368 <10 *
BRTE Tm7/s=10"St(A b — 2 A)(cm?/s) 6.89476x10 “17.03070x10 * | 6.80460%10 * 317149 1
| J=107 erg) kgl-m kW-h cal(il- k) Btu ft-1br eV 1 cal= 4.18605]) (il htik)
7‘ _
n 1 0.101972 27777810 ° 0.238889 947813 %10 0.737562 6.24150 x 10* = 4.184] (#AL¥)
] 9.80665 1 2.72407 %10 ¢ 2.34270 9.29487 10 7.23301 6.12082 < 10" = 4.1855] (15C)
ft: 3,610 3.67098 X107 1 8.59999x10° 341203 | 2.65522%10% | 2.24694 x 107 = AI868S (MBS )
xﬁ: SR
j;“ 4186056 0.426858 116279 %10 ° 1 3.96759%10 ¢ 3.08747 2.61272 10" (L% 1 PSULIE )
W 105506 107.586 | 29307210 *|  252.042 1 778172 | 6.58515 %104 = 75 kuf-m/s
1.35582 0.138255 376616 %10 - .323890 1.28506 %10 ~* 1 8.46233x10"™ = 735.499W
L60218 10 " | 163377 %10 | 415050 x10 | 3.82743x10 *'| L51857 <10 < | LISI7TIx10 ™ 1
fi 3q Ci 3 Gy rad L] C/kg R # Sv rem
4t ; 4 4 i
b 1 2.70270>10 " 5 I 100 ) 1 3876 R ] 100
: it it it
3.7x10" 1 " 0.01 1 ' 2.58x10 1 | : 0.01 1

(BGIEI2) 26 HBL(E)
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