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Improvement of Multi-dimensional Two-Fluid Model Code ACE-3D
and Application to Thermal-Hydraulic Analysis of Water Pool for
Passive Residual Heat Removal

Akira OHNUKI, Hideki KAMO* and Hajime AKIMOTO

Department of Nuclear Energy System
Tokai Research Establishment
Japan Atomic Energy Research Institute

Tokai-mura, Naka-gun, Ibaraki-ken
(Received July 1, 1999)

In order to develop a detailed analytical tool for gas-liquid two-phase natural
circulation taking place in passive safety equipment, we improved ACE-3D code which is
based on multi-dimensional two-fluid model. The code can evaluate effects of turbulent
heat flux and execute coupled analyses with heat conduction structures. The
applicability of the improved functions were verified using data from steam jet
experiments in water pool which were obtained in this study. And, the improved ACE-
3D code was applied to the analysis of water pool for passive residual heat removal of
JPSR, which is a passive safety reactor designed in Japan Atomic Energy Research
Institute, in order to evaluate the performance of the heat removal. The followings were
revealed from this study:

(1) The introduction of the turbulent heat flux model is indispensable for the prediction
of two-phase natural circulation in water pool with steam jet. The improved ACE-
3D code has a high predictive accuracy for the phenomena.

(2) The residual heat removal capability of water pool in JPSR is high and it is possible

to remove the amount of heat which is required from a design criterion.

Keywords: Numerical Simulation, Two-phase Flow, Two-fluid Model, Passive Safety,

Residual Heat Removal, Phase Change, Constitutive Equation, Steam Jet

* KSD Ltd.
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Fluid temperature (K)
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hy = {minlhy o, po N3 -2X, )X (055 a<0.75)
minify g, A gy (0.75 s a)

(a. 35)
ZITIRT A—F X

x, =l 0'5%75 ~0.50)

(b) AT T % B ER DM
SHICHT 2BEZERR 3. ELRERNRIC OV TORRERR, . BEHIRICONT
®Dougal I-RohsenowDFHEARIC L B Ay, ZRANT. KRICKDFHET 5.
h, = max(h,,, kpp ) (a. 36)
Z T,
2 0.333
pgg{Tw "Tg‘] S LEES

h,. =0.13k
(I

k
B, = o.ozsRegfpr;-4(D—g)

h

Re, - {Vg la +Vja- a)}pgD,,

He

C
pr, = Petts
kg

TH 5.
Ao RE ani0. 9880 OBE. KRICK DMELEER 2AV5, DS,
: o -0.98
by = s - 3)1-0.98 s
THD. TIThyy,, BERKIBEHKOMBERX (Bl ICKDRDEBEERTH S,

A. 4. 2. 4 ERHBEEEICHTSFEERX

BB BB s8R, . CHFRET,,, L R/NERBRET  CBT5%#
fiR%E, T, T, OEKRELTERBINDIEA Y ICEIVAFTHIECXVEETS. §
nhb,

Durans = Werr + (1= Y ) min (a.37)
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ZZT,
2

_ T, -T,.

. (TCHF =Tyin )
THBo qegr 12 1) RICKDRDIARRTH B, £y qy, WEERT, ICT , ZfRAL
T.A 4.2, 38R U - B R R 2 A W T B L - KM R ORI DWW T OBEH BYRER
By i KEUh, . %KD,

Goin = Pemin Toia = T0) + hgmin (Tmin - Tg) (a.38)
CRALTEELZBRETH 5,

SHTHT HBMERA 1T, BHRT, ITBWT, BHBEEEFARORXZERL TRET

5. §72bH

h, = max(h, ,h,y) (a.39)
THO. h, Klhy, i3 @IORTRLERCIDEET S,
WA AT DRMEER R, 1Z. q,,, D DEMNOERR (T, -T, ) E RO AT &

252 DMRERELT. KRCKVERET S,
~h, (T, -T,)

h( = irans |Tw —Tll (f‘:f‘:“ bh[ > 0) (a. 40)
2. 5  ARKHAESIHRESICE Y %N
RLHAARAN REBICH LT ST 2R BRRICEDREET 2.
hg = max(hgnc’ hgturb) . (a‘ 41)
ZZT
2 T -T 0.333 0.333
hy =013k, | 25k ) (e
HeTy ke
0.8 0333
D
hgturb =(.023 pg ’Vg i Cpg ‘ug ‘ki
.ug kg Dh
THb. £, BWHEIIHL TR
h,=0 (a.42)
95,

4. 2. 6 CHEAREIREICN T S FmK

AR AR T A EAMRERIT, N REaOKZIHN0.8DRZFRF &
LT, 2@DIZHT5,.
RA R a0 8LAFOHE I, ARICKVFET 5.
h, = max(hl’lam’hé’lurb) (a.43)

ZZT

hﬂam = 4[53_]
Dh

h,,, = 0.023Re%*Pr>* [ll;—f]

h

=, [UMHICHL TR
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h, =0 (a. 44)

&—3—60
R FEREN0. 982X &I L T
a -0.98 )

ho=h +——>__00-h

f ‘+0.9999—0.98( ")
. a-098 (. .

ho=h + 22" p' —h

LA 1.0—0.98(3 ")

h; = max(hgnc ’ hgturb )

K& Dh, h ZGHT D, b, 3@ DREMCTAHET 5. b, 13, ATRORKEA M

MERD QADRCIVEEINLETH D, £z @DADENTA=FIIRATXD
RET .

(a. 45)

(a. 46)

ke, = D
My
Cp,u
Pr, - Bk
¢
-1
"y = x_,+1 X,
" Al’lg ul’
G = lpme|
X. = apgRslip
¢ apgRslip + (l - a)pi
V
Rslip = f/_g—
¢

4. 20 7 BMBMRESUICH TSGR
BRARESIRICY T 2RI BAMRERIL, BFEY 1) 5 1 x,, OFEAN0. TURE T Chen
DR E. x,, 230 TIELETIINusse HOHBEX 2 EREE L TS 2. x, I TEIZKD
AET D,
ap,
ap, +(1-a)p,

xeq =

@) x, <071055

h, =0 (a.47)
N TS ((a.21)5K A3 0 I 7= 72 VMg ) (0. 48)
‘= {h; ((a.21) A5 D 32O
ZZT
h ore max(hforcl’hforCZ)

k
B jyrer = 0.023Rer, Pr,* [D—']

h
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Bporer = 4.0["—“]
Dh

hnucb = 00
Reyp = pl- a)[V[ |D" exp(1.25F)
H,
0.0 (x;'<01)
F =
0.8544153 + 0.7361- In(X ;" +0.213) (x;*>041)

0.9 05 01
Al
1-x, P, U,
(a.48) KiFChenDMHERITB VT, NTA—F SOfERIE LAFEITHET S,

®) x,, 20710%8

hyy -
T (x,, -0.71) (a. 49)

ZZThy . ChenOHBIRIZBNT/NT A—F SEIELEBAT. @ 4DRITKB,
he R0ET B k1

h, =

hco;;3 - h 1
hg = hgl + m(xeq - 071) s

ZZT,

hy =0

| (z;-7.)
hcon3 - [(1 =W )lconl + W, maX(hconla hconz )]X maqus - TwI’ 001)
WC=L—O.2 (=72 Losw, <1)
1.8
"\
hConl = 09428 M
ulTs -T,.)
3.2 4
B onz =0.003 ki PZKCOS?LETS -T,)
hye 1

L Li{ﬁiﬁé—cﬁéo

A. 4. 2. 8 BIRIZTZOALNIHS DHOFRHE
TIVRIZ 7 TR L RUDEET B SHET S Nk, BEARERL, KO, 1 KAUTLD

atHT S,

hzz:fx'hm"'(l_fx)hez (a.50)

hy = fyhy+ (1= fy (a.52)
I Thy&hyid, R FRELT,

a, = min(a}._l,aj,am)'fy +(1- fy)-min(aj,0.9999—1.0x10'8)

EH5Z AT CETICRLAEREZEMOWTEHE L ZBRERTH . 2. hy Eh,, 13,
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w1 RRELT,

a, =max(aj_1,aj,aj+l)
ERWTRDIZBRERTHS. f,. f FEAEETHD, ThEh

max(aj‘l,aj,am)—a}.
fx = .
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fy = (3— 2xl )x12
max(aj_l,aj,aj+l)—0.97

(0.98-0.97)

X, =

TEHRT 5,
TJOALNIVOFEDT, KO (ZR#HE1) ~ (BHFS) OWTHMMNEREINBVERC, 7
OALNVIFELBZWBDT S,
(& 1) max(aj_l,aj,aj+l)< 0.97

(%&#2) min(aj_l,aj,al.+1)z 0.98
(%#3) al.smin(aj_l,aj,am)
(% 4) ajzmax(aj_],aj,am)

(%8 5) max(aj_l,aj,aj+l)— min(aj_l,aj,am)< 1.0x10™

L4, 2.9 RAREN0.97E0. 98D HRICH BEBEHE
TIVNDRA REAW0.97&0. 8O TN B 5 W, BEFEARER A, RO, 3RAIC L DFE

ER-E

a-0.97
= b - (a.53)
4 f1 0,98 _ 0.97 ( 2 t’l)
a-0.97
hg =hgl +m(hgz _hgl) (a. 54)
T Thy Ehy A REE0ITELT, hy, Ehy, RS REE0.98Z LT, A4 2T
CZETIRLEREZANVWTHRELZABRERTH S,

CCWRLUEABAFENEH NS REIT. FRIZIE. ROZGEOTRTHREHREINZN
ZETH 5.

(%&#t1) a=s097

(&#F2) a=0.98

(R#3) T, <T,

(&f4) T, <T,

4. 2. 10 RA RRP0IATFTOROFE A

RA BB I5LLTFOHE, £23A 4.2 1HASA 4. 2. THORXEZRAWTEE I NZEK
RIDBRFERNOL T ORFIZIE, RITRIFREAEICKDFHIET 2,

h,-q% _7) (a. 55)

w ¢

h, =‘1% 1) (a. 56)
w g

ZCT

dn =hg (T, "Tg)"'hu(Tw _Tl)-q;l
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-0.01
g, = ﬁS—O—O—l gl(Tw "Tg) (0.01 <a 50.15)
4 . - V.

0 (a <0.01)
hy £ b EENENAA LGP BA 4. 2 THORE AL THE L BEERTH D,
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START

Yes
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Condensation

No
Yes—»
No

Tw=TI and

No

interface ?

Single phase
vapor

No

Yes

ﬁb

Convection to
mixture

Rel =Q or
Gr/Rel >1

Single phase
water (Natural
convection)

Single phase
water (Forced
convection)

No

Nucleate boiling
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Film boiling

A2

No

Transition boiling
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ANE Fortran DEH 7 +—<w MO FBHBRAEND, 2. ANT—FHIZOIAZ
xRk A, ANT—YORUEZTo TS, £, 5 1 BITIORPMLEIZDN
TR %, %2€T7 &@Aﬁﬁ&%r? F3HTIE Unix REDOH & TD ACE-3D 1
— ROEFTHIEZRT,

B. 1 Ahownil

AAYERRE LS ELEAEZS DTy hTF—FHIZRLTHELVWEANEL<H S,
TN —F > rdcard DBHNE. 1> T b F—FHDa X NEZTDERZE., Fortran D1 >~
Ty b F—FELTHWLNDEEDIIZ, AHT—YEBETHIETHS, HIZ, HIOAN
F—H DA IIN—RO¥ET) 7Oty HOBELHAI TS, AHTIE. N5 OKHE
OFERHEERRS, AL MORBRAFEICIT 2EDHD, ZDOATvia () I
DBFNSITORBETCHNIAL N THIEEERT 5. ﬁof FoRTICHNE., £D
FEAMNIANELTHROEDNS, £z, ﬁ@¢k%ﬂ@ TOHRDONEEDAT v
ADEFMETRANT—F ELTHRDN., FOEHMN 5. @%b@i’m\:X/bth
mokbns, #zE,

// this card is a comment -card.
3 5 12.6 // this is the 1st card.

ENWHH—REEZS, 1REBOH—KTIE, // MMTOBRNIHBED. TDH— REEN
OAYRNIRS, 2KBOH— KT, // BRI A FOEWERZITS,

HH—DDIAA FORBBAER /* RO */ TAAFZBHOIETHD, /1 12L51
A2 RORRAETIE, FFICEN23 A2 hEERHERZWE, ZOHETIE. TICEE
MBIARX OB UHEICE D, LTFICHIZRT,

/*node*/ 15 /*element */ 6
23.8 /*
this is a comment.
*/ 56.7
/* /* this is an example of nesting. */ */

I1BMEDOH—RKTIE. /*node */ KU /*element */ AIALbPTHBD. ORI
AAY RRIZA Ty FENZEROLRTIFERRT HRFICHENTH D, 2 KEOH—RIZ
EEND /* THIETD ¥/ FAREAOA—RNIZH B, /> T. ZOROEHZMRaAA b
ELTHRONS, BEMICIEE. 2KBOH—RD /* LI, 3SREDONT—RE2ART4BED
H—RD * FTTH5.2HMEDNI—RD 238 KR AKEDHI—RD56.TIZANT—F &
LTEROEbNS, ZO3AMORAMIHFINRN, FAREAINLZEEGE, V3
TOEFTEZDIETS, 5T, LOFIOSHED I — ROXS R FBIRHINZHEIE.
COBNT, VaTdoHETERIETS,

OALRNOEMIT 5> 7 TBERZIOND, - T, LOFHIO 3SHEDOHI—RETF >
»h—RiZhks,

BTALER )L —F > rdecard X SHBEDETEERTZAY R (T4 LT T4 TEELY)
B1ASLAEIC # 28, ST TAT > REEERT S, TOIXR D RIINTA—FINRKE
BEAICIE. OXCREETSOIEHIFTTNTA—FZ2ERT S, BIE. UFOT14 LY
TALTNA A R—=IENTNWS,

o TJyA)NDA 7 )b—FK (#include filename)
COMBIZHNO Ty ANELSION—RTBE, 12N —RT71IDXAL
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13, MEON—2 3 > TiE, BFIhiTuin,

o ®WR—T (#eject)

H T )W —F > rdecard Tl AHWHT—INITI—3INZN, TFOTIR Ty hOHR—
BITO5T4LVIT4TTHS

o 1 R=—TDITH%EHRE (#linecount number)
ANT—=FDLaA—EITOBOITRERET 5. T 74 )V MEX S0 THD, ZDOT 1 L
T4 TORENER—UNSITRABREINS.

o JXMHADHIE #listoff)
CDTFAVITATEORODANT—=INSTaA—%{TDRV, COTALIT4 7D
Ia—-idHhans, Ta-OFBIIKRD liston T4 L7 74 TiC&DiThbh s,

* JAMHITDHEEK @# liston)

VDZXMHAHZETDS., TI7FNREIOE—RTH B, listoff IZ78>TNWT, ZDF4 L
D74 TIRENEES., ROANT—Fhora—-3hb,

INSDT ALY T4 TOFILKRDED TH 5,

#include datal

#eject

#linecount 45

#listoff

#liston
LA LAHNETHoTH2HTLBUBNEDT A L7 T4 TIZ—HLBWESIL. @

WDOANT—FELTHOHEDNS, HIZE.

# include datal

#inclde datal

HTH5, FUDHDHANIH & include DENCT T 7 03H 0, 2 FZBBDOHFTIE include D DD

DOMELEN-> TS,

INEDT A4 VLI T4 T AT —FhoiHINb, B, Zhed574 L7574 7D

WM 757780 T. T—FHIZi3k 570,

ANT—F3, 80D —RENSiHmARAENDZHDEL, T2 AT LUBEA—FRid 74

— )V RELTEHRTS,

B. 2 AhZa7)V
1= ROAMILLFDIEFTIT D,

B21 A7 arh—FRK
ZDH—RFTiE, ZHENK-—ZRRNK-BRENERNTE TS TE2ANT 5,

2 % | 417 B B
ieos B O | KOS

0= K—&X%

1= 7K—2E5%

iopt B B IX—LUANEHWAINESHDT T T
0= F—LUARZHWZIN
1=%—LUALZHNS

B22 #4 bIH—R
ZON—RIZTRTa72D 7 =< v b THAAETNS,
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B.23 *—ALUZAb

—BEDH— RDiopt N1 DFE. F—LY Xk option ZEANT S, F—LUARDAN
T4 —w MIOWTIET7+— 52D a7 EBBOE, £2—A4LYU Xk option TEH
TNTVAERIIUTOROTH S, INSOT 74 )b MEZFEROHFITIREINT NS,

£ ¥ v ) B
clift £ K | KHEOKEHMD Nift force IZHEN S RE (0.0)
ctd % ¥ | KHEOELERILE A ICE? SR (0.0)
cvm x£ ¥ | MIEREOREK (0.0)
clw £ ¥ | wall force DFRE (0.0)
ctw £ ¥ | wall force DFRE (0.0)
wallds | £ ¥ | wall force A3&h < BED S OFE#EE (0.0)
amultg | £ ¥ | KHOMERKICHET %K 0.0
amultl | £ B | WHOKMEREICENT SR (0.0)
tmult £ B | BHOLKIANTF—REROLRINF—IHATEIELZEE
D LLBIFRE (0.01)
sdtim E B et i AvtE—Y2HIHR (0.1)
editop B M I74v hOEKX (0)
0= RAZKOHHNT S,
1= ¥EEREZHNT 5.
2= 2TOEREHNT 5.
on_tim | 3 % | lift force, ELFILELS KU wall force Z{EE) = ¥ HH5%(-1.0)
ibub #® N RAETANICHREEGET 2200mEHRN (0)

0= 2HORIMEXZFEHRT S
1= [EROHOWHERRZHEH TS
noslug | B ¥ |K[BEHTATITRSPEEZERTHINEINLDT ST (0)
0= ATTRREEETS
1= AT TR EERLIZN
ibub DEMN 0D EZIZ0IZ, ibub DEN 1 DEEFT 1ICEY b E
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idia OB | SNEE Weber BN SEBTAENEI DT T v T (0)
0 = Weber BN 551 HT 5
1= ERTEZD
: ibub DEMN 0D EZIF oI Y FENSB
ilift # ¥ | lift force DETIV (0)
-1 = —X&JC Lahey €5 )V
0= =Xt Lahey TV
1 = Minato €7 )

dbub E ¥ | idia OEHN 1 O EZITEHA I NS K[EE (0.001)

ichf # K | hteor CBWVWTRAY T H—TERVBNEIDDT TV T (1)
1=K )T Hh—TEHNWS
0=RA1 )T h—TZ2HANEN

prtl E OB | RHEOER YT > RV (1.0e6)

prtv £ O | KHOER T T > RIVE (1.0e6)
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B24 Y1 LATYTH—E

TDOH— RT3, MAFHMAER. TR T v T ROBHTR TRZEA T 5. fFiTH
AT T 0 THWESIIV RAY— P aTE&T 5, BBAT Yy 700 DBEE>H LY
37ETB, UZAY— FOEDICIE BOEFTHETRI LI TURI— T 7TV %E
7oa— kL TEMRTNIEIZ S0,

£ K | 9147 Bt #
sttime | £ B | BATBALARTX

nstep ® | WBRBATY 7 B 0. dump AT v THK
endtim | % ¥ | @7

Kz, BAREMZT v 78, R/NEHEAT v TEERCHHRHEA T Y TREANT 2.

r ¥ | Y17 A B
deltmx | £ ¥ | BAKMZAT v 7E
deltmn | % # | B/ NFRIR T v Tig
delti0 | % ¥ | ¥BHRSEIA T v TR

KDH— BT, HAREE (MR 1m7T) > 57—,

Oy b7y AIVKROY T Ty

AW T B0 ) 2ANT 5.

E % | ¥y17 B2 B4
edtim £ K| U UAHAREAT Y TR

pltim £ K | 7oy b7 ANAOHAEBZX Ty TR
dmtim | &£ ¥ | ¥ 777 AINAOHAEHZAT v TR

B.2.5 IERHERBGH—F

TON— KT, BARBEEERCICESEHMZ 5 X 5. EHORKEREERRXEREK
EBATES. TOATFTy FIRNKLEA> b0 EAREIN, FEZATy TiEE 1/2 1L
THHET 2. EHOMHGBEENERMEL VNS BoBE. TOAT v TIEBEKRL

b0 ET 5,

2 | 417 B B
maxitr | ¥ ¥ | RAKEREK

epsenv | E ¥ | PORHIEME
B26 t#hFEFH—FK

ThoDh—RTIiE. MikEREANTS, 1 KEOH—RTIE. Ay aBOANZET
5, 2O — RTIE. fill KU break OEE I AR EEOEREA TS, BHEEEKIS,
KZOBERICIR DT 2 ENTES, 3 KRB ERORKEIX 1 ETHD. 1 RITBHERK
DEKEIZT > 7 )— K chtenl NOEKTHEI NS, BFEHEZAVZVER. 0ZAN
T5, 3 HEHDOH— KT, BEERF 7L 3 VD ROEARETINOF T a2 ANT 5. £
DBDOH— RT3, BEREE/ HEEEROX. y£2i30 AROAMEREFHERVEREN
DANFEDEEETD. BEBOH—RTIE. BETOEED slip/nonslip ODRHZEET
%,

ZE & | 517 | 3 7 |
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nx B OB | xEERrAmAy a2
ny B OK | yEREFOAMAY 2R
nz BOE | A Avalk
£ K 17 G2 A
nfill #8 R|fill OfEE
nbreak # £ | break OfEIEK
nhtend | % 3 | 3 XouEEAEOHEE
nht1ld # |1 KRICEHESEAORE

KRDOH— KT, FHEOF T3> E2ANT S,

£ B | 517 B B

iwall ® K| BEEEEATSIa

0= BEEEHBEAZHNS

1 = BEEEEHR 2 W

iturb B K |\ ARETINA T ar

0= EFEETIVER RN

1= FELIRILBUREIC SATO OET N EHNS

HAR TN F R EROZRINF—ICHHATE EKET S
2= "HERETINEZHA NS

iturb DA 1 DK, U TFOH—FZANT S,

£ % | 517 i i

bubdia | £ ¥ |&EE
uast E OB | EEREE

iturb OfEA 2 DK, UFOH—KZANT S,

E B | 417 A !

bubdia £ | [

ROH— BT, EERCENMEEDANZTS.

E 8% | 517 # g

igeom B K | 0= HEEERER

1= BEXEER

cyclic ® K |y Ekide AmEREREE
0= EEm

1= A&

nvgrav | B ¥ | BEHOANSAE

0= z /DB g, = ~9.807m/s*
1=g,. g, kg, EANTS

KRDOH— KRB, BERTOREOERFHEEEZADHDTH S, slip FAIZEER TOEE
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WHORHTH S,
E K 517 & B
iwbe(1,1) | #¥ ¥ | x £7/213r ATAM slip/nonslip HER & H:
0 =slip &
1 = nonslip &
iwbe(2,1) | B ¥ | x £213r AR slip/monslip R & H
0 =slip &ff
1 = nonslip &
£ X 517 By ]
iwbe(1,2) | # ¥ | y £7/i360 H1PH slip/nonslip H AR &M
0 =slip &ff
1 =nonslip &
iwbe(2,2) | ¥ K | y £72i136 HASM slip/nonslip HR KM
0 =slip &ff
1 = nonslip &#
E 17 it BH
iwbe(1,3) | % ¥ | z AW Tl slip/nonslip HFE A&
0 =slip §&fF
1 =nonslip &
iwbc(2,3) | % % | z 47 LM slip/nonslip HASRHE
0=slip &
1 = nonslip &

B2.7 Av aF—Fh—FK
INSOHN—RTIE, AviaDEEMEEANTT S,

%z ¥ A7 B BA
z £ B | zAHAAENVEROEE nz+1BANTS
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rad OB | xEREBr AR EVEROEE m+1BANTS
7N v B B :
th £ K|y R0 HFRAEIVEROEE ny + 1BEANT
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nvgrav = 0 DI,
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ge £ K |EHhNEEOKRES

gravx £ K | xEEEr AMOEE
gravy £ K |y Eide soEE
gravz £ | zAm0EE

B.2.9 t»?—&ﬁ—b

AN EBEIZT S 012, I ORIV AR OWEEICITEEDIR, BRERIZ
HZLWHET B, {EO’C )\7)3‘6%% 3, i, HMER. KA RE EAKCRE

WEOEEANLESS. BIEOYEZRETSZ &iJ\'Cé'Z) EQEDHEI, TD
11‘5'( HEains, tIVEOHEZZRET S HEERRENHHECRICEINVEDEEZ AT S,
TIHOLOMEIZHTHEIAN T+ —<y MILLFTH S,

do 1200k =1, nz
do 1100)=1, ny
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1100 continue
1200 continue
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hdyt0 £ K |y xide HEOFMER
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EEREAIR (SI) &HmEXR

F1 SIEARAL L HEBIEGL F2 SILHFRShZRAL *&5 SI#EPAE
&2 E i 5 % FR i 5 5% RERE i 5
& A = b m 5, ¥, O min, h, d 10°] £ 7 +| E
" /| +o075 4 kg : R O 7 0% ~ ¥ p
B% Fﬂﬁ » s Y v b |1, L 10'2 5 5 T
S wl7 v ~ 7 A 3 vt 10° | ¥ # G
MOFRE |7 v v K BEHELL eV 10° # # M
R v | wol RTERE | ot I B
b glhn v F35 cd 102 ~ 72 ¢ h
T @ Mm|5 v 7 v | rad 1eV=1.60218x107'°J 007 #] da
¥t A|zFIVTY sr 1u=1.66054% 107 kg 0 7 d
1072 € v F c
102 | 3 ) m
£3 EHOZHE b SIETR 0 | v42a| 4
&4 SILEICYEMIC s
sao | fl0D STEUT 10 + n
B & s L ER HiHrxh 3847 10712 . Y P
A [ Wi~ »n v, Hz s % B T 5 107" 7=4F f
Vil =a-+FV| N m-kg/s’ AvyzZbo—2 A 0" 7 b a
F h . B Al 2 # | Pa| N/m? N - v b ]
inF- B BB |0 2 — | J N'm N - v bar (&)
L#®, a7 » +| W[ Js # W Gal L &1—513 TERBEAER] B5 R B
B R, EMH|7 — o | C A-s * a0y - Ci Ea%E 1985 FRITTIc & B, 72750, 1eV
&, BF, £EH (X o+ M|V W/A 2 N, SV R BLU 1 uDfEiid CODATA O 1986 F HEi2
# ® & RBR|7 7 7 F|F C/V 5 K rad iz & -7,
® S OE WA - 4| Q V/A [ I rem . .
av ¥ sy vr|v-xvza| 8 A/V 2. RAKBBE, /o b, Tow Ay
B #H|w = — | Wb | V.s 1 A=0.1 nm=10"""m ~WEBETNTOABHEORALDTT
woR @ ®)\7 o2 7T xb/"‘z 1 b=100 fm?=10-%* m? TTHEBL L, )
. 3 “ ~ 1 _ - P s
1 v 5 55 # AN v ) H b/A | bar=0.1 MPa=10°Pa 3. barid, JISTHRHEDOEhEEDTIE
ey o 2@E | evvyRE]C | Gal=1em/s® =10~ m/s? BRMBOR2DA 7 T) —IHRSATH
A w v — £ v Im cd.sr 2
2 1Ci=3.7x10'°B °
e glv 7 2k | Im/m o 4 ECHMEHELIESTHE bar, barnkk
" " |~ 2 v | Bqg| s 1 R=2.58x10"C/kg ) : v
_Z U [MEDCHK | mmHg 2FX 20453y
® X K ®|7 v 4| Gy | J/kg 1rad=1cGy=10"Gy AT
s B X B|v-—~wb| Sy J/kg lrem=1cSv=10"?Sv °
% =1 .3
71| N(=10°dyn) kgf 1bf £ | MPa(=10 bar) kgf/cm? atm mmHg(Torr)| 1bf/in*(psi)
1 0.101972 0.224809 1 10.1972 9.86923 7.50062 x 10° 145.038
9.80665 1 2.20462 71| 0.0980665 1 0.967841 735.559 14.2233
4.44822 0.453592 1 0.101325 1.03323 1 760 14.6959
¥ FE 1Pa-s(N-s/m*)=10P(#7 x)(g/(cms)) 1.33322 x 107 | 1.35951 x 107* | 1.31579 x 10~? 1 1.93368 x 107
WEE 1m*/s=10'St(R b — 7 2 ) (cm?/s) 6.89476 x 107* | 7.03070 x 1072 | 6.80460 x 102 51.7149 1
x| J(=10"erg) kgf-m kW+h cal GGHAH:) Btu ft = Ibf eV 1 cal = 4.18605 J (it&#:)
ES
W 1 0.101972 | 2.77778 x 1077 0.238889 | 9.47813 x 10" 0.737562 | 6.24150 x 10'® =4.184J (#L)
¥
I 9.80665 1 2.72407 x 107 2.34270 9.29487 x 10°? 7.23301 6.12082x 10" =4.18554J (15°C)
% 36x10° | 3.67098 x 10° 1 859999 x 10° 3412.13 2.65522 x 10° | 2.24694 x 102 =4.1868 J (BB RS HK)
- 4.18605 0.426858 | 1.16279x 107 1 3.96759 x 107° 3.08747 261272x10° (g | PS ({48 /)
[ 1055.06 107.586 2.93072 x 107 252.042 1 778.172 6.58515 x 102! =75 kgf-m/s
1.35582 0.138255 | 3.76616 x 10”7 0.323890 1.28506 x 10 1 8.46233x 10'® = 735.499 W
1.60218 x 107" | 1.63377 x 107%°| 4.45050 x 1072¢| 3.82743 x 10"2°| 1.51857 x 10722| 1.18171 x 10*® 1
4 Bq Ci % Gy rad ;2] C/kg R # Sv rem
# e )] &
1 2.70270 x 107" 8 1 100 & 1 3876 % 1 100
i3 &’ &7 &’
3.7 x 100 1 0.01 1 2.58 x 107 1 0.01 1

(86 % 12 A 26 ABR)
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