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Feasibility Study on Thermal-Hydraulic design of Reduced-Moderation PWR-type core

Hiroyuki YOSHIDA, Akira Ohnuki, Hajime AKIMOTO

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

Tokai-mura, Naka-gun, Ibaraki-ken

(Received February 4, 2000)

At JAERI, a conceptual study on reduced-moderation water reactor (RMWR) has been performed as one
of the advanced reactor system which is designed so as to realize the conversion ratio more than unity. In
this reactor concept, the gap spacing between the fuel rods is remarkably narrower than in a reactor
currently operated. Therefore, an evaluation of the core thermal margin becomes very important in the
design of the RMWR. In this study, we have performed a feasibility evaluation on thermal-hydraulic
design of RM-PWR type core (core thermal output: 2900 MW¢, Rod gaps: 1mm).

In RM-PWR core, seed and blanket regions are exist. In the blanket region, power density is lower than
that of the seed region. Then, evaluation was performed under setting a channel box to each fuel assembly
in order to adjust the flow rate in each assembly, because it is possible that the coolant boils in the seed
region.

In the feasibility evaluations, subchannel code COBRA-IV-I was used in combination with KfK DNB
correlation. When coolant mass flow rate to the blanket fuel assembly is reduced by 40%, and that to the
seed fuel assembly is increased, coolant boiling is not occurred in the assembly region calculation.
Provided that the channel boxes to the blanket fuel assembly are set up and coolant mass flow rate to the
blanket fuel assembly is reduced by 40%, it is confirmed by the whole core calculation that the boiling of

the coolant is not occurred and the RM-PWR core is feasible.

Keywords : Reduced Moderation Water Reactor, COBRA-IV-I, Tight Lattice
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3. FHERERERET

31 RH RS AR B O E

2.3.1 TRLTZ, N—RT—RILOWT, WEMAR—ITRASET, SEVANFKREHEL2VE
ADORNTEAT 12, BN TRONIZE TR OF ¥ o FVEE O KRAREEF/N DNBR O&{LEX
3R Y, U FRBHE S A TG 3/4 HI20 CHEOBILAL, 11N TORAREL 0.28 BRE LD,
ZOHBED DNBRIZ 1.2 138 Tho77, K 3.2 IZFAUL, R—R7—R{ZSWTFERNORER Y 2T
WIBAOH O TORANRSAE R, i HREHERID O, HIEEENE IV B CRAREN
BT LRSS, ET, OB TRAREI/ NS> TNDDR, ZIUTEIEICAEH ke %
AL LI-Z &2z, 205G OB EE? KENILITLD,

COEHA R RE TR AT, IFNO Y — IR S TR 5, o — B
ARICHT 51 BE NS EIIE, ¥ TOBRBIIERSND, 7707y MEEHES (kT
BREEDFREMD DD, M 3.3 12, O~ FROTI7U7y MREHE G KIZ o BRI A 2 B(LSE 5
A O, FLESEH NICBITDRAREOR KIEDOE(LZ TR Y, ¥ —FRBES K TORARRTT
Ty MREHE B ISR B BASID + 310 LIt T T 585, RIS, 772y MIRFHE S
KT LERT2, R RO Ty MREME S RO W5 TN = SRV GRAREL 0)EA2iE,
EBROFLELTRILY D, )&V, 770 7y MRBE A RO B2 TR D 40BEETERTESE
DL, ZOFRMEEFBRTIIEDRIDD, M 3.4 ICZOHE DR —MREHEAEDE1TH DNBR
DEALETFT . DNBR i, EOMATHREZLAMEBHL THEL TS 1.3 UTFIC26T, 20
I CORSID AR TH DL NID, 22T, KO LAITICHN T, ZORESZHL
THRNTZ D T2,

3.2 21RO

3.5, 612, ETOESEIITF YU RNRYIARLL GG &, Ty MDD IZTF v RNVR Y I A%
BTG AOF U NBE O fiE RS, 770y MR 0 OBREIIE, 750y MO GHM I
IMBASNAZ LR ETIREIL, 777y MABHE S RO NREIX — N ES RO K m H DR
S TR A8CIRV Y, 7Ty MO AR T BIZ LMo TT Fo- 7y MREHE & (RO H MR
BELBINL, 7Ty AN 2 EOBAITIE, —FRREMES RO Bt DIRE XL T 70y Mk
BHEA RO S NRED N ELe5, 3.5, 6 DERIIIEFITNEL, ZORMEY —RlF v %
NI AD R W HT LT HL,

BT —REREHE SR NBEOR A% TR T, X 3.5, 6 THEERINDIDITHARED KK
T F Yo FNRy I ADF EDEBERFIEAEZ T e, REHEA KB OB EM ORAIZE TR
BEME T 28587, O —FREMESIRIZTF ¥ FAR w7 AR ENGE DO FBE T THDHH
KEIRENBEML VA, 2, GEIMOERIZEVIE O RERESENO/NIBRESE~DGH
MOBEOEER, BREHESERE TOMAMOREOREL LRS-l Bbhd, ZOZ&iT—
RERDOH M KENEE (T T v MU TR/ NEWNEE), F o FNVRy JAD T OGN K EA
BIENPOLLMERTED, M 3.8 —MREHEA K NIREOIEEREL =T, HAREOR XL
EFBROFE RARL, Fro RV Ry I ADH BIZLLRBITTEAL Rbnen, RS Om AR
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4. F&H

PWR BUKHEHE AR MUVF.L &R R & U TR Ry O Bk Ttz L 0, BUFo

EREER,

L. FOANRTHAMEY - ICRAIEEES, > — RRBESERANTHREBIRE 5.

2. AKIZF Y o FRINARY I AEZRITZHEEREL, PFLOAORTORBRS ZHRET 57~
- DOEARBEOFNEITY, T2y MEBESHRANDREE 40%ICHRL, > — R
FHEGARADORBZEMIED Z L0k THEBNEZ S THANMICHKILT S & 2R
L7z,

3. EAKENOFMTHAERBESICED, 2FL0ICHT BT ETo /=,

(1) Fr 2Ry 7 AEBZIRVERICIIFN THRENRET S,

2) ETOBBESERICF v oI Ry 7 ZAEFRITEHEE, T2y MESESEKICD
HF v IRy VR ERTFZHEORLHORE 8 L2, BAMT 1ICREDE
REAUR. HECHOBAMBEOH—LEWVWS HTIE, 2TOEARKIIF YR
Ry I A ERTTEHABROD, BRI EENIBENSIZ L — RRBHEAKRTF v
ARNIRY 7 ADBEHIIENEBEbNS,

SEXR

D i, B8 BRRGER) : "KGEFICBIAPURIHOEELCBET RS WEE Ek 11
3 H 2 A, ®xBAfE”, JAERI-Conf 99-014 (1999)

2)ER NG, il TEREGEASIMUFE O, JAERI-Research 99-058 (1999)

NFA U, M TIFEBERAF OBESRFT (16) — EEsHUE LORABGER OB —7, B AR 7
7111999 FOF L], F39 (1999)

4 KB R, #i: ”A Feasibility Study on Core Cooling of Pressurized Heavy Water Moderated
Reactor with Tight Lattice Core”, Proc. ICONE-7, ICONE-7026 (1999)

5) Wheeler, C. L., et al: “COBRA-IV-I: An interim version of COBRAS for thermal-hydraulic
analysis of rod bundle nuclear fuel elements and cores”, BNWL-1962 (1976)

6) M. Dalle Donne and W. Hame, “Critical Heat Flux Correlation for Triangular Arrays of Rod
Bundles with Tight Lattices, including the Spiral Spacer Effect”, Nuclear Technology, 71,111,
(1985)

DCEAFENT 2 “RE B AIF OBUK ) TH#OHFE”, JAERI'M 91-055 (1991)
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f18% 1 COBRA V-1 23/ a iR OEE S5y

1. COMMON 3 INCLUDE {t,

Je& D COBRA-IV-T IZF v FNDT —HHERTL, ZHITESNT, T ar I M IR KDY
— AR REEET DI/ o T, UNIX SRTCIRZDR 7275 AR SN TV, T kD
TR EEET DL RIRNEIN A>T, ZORBEAEIET 5728, COMMON XOHTF
— RN IVEE SN % INCLUDE UL TR EDICIEIE LT, IEED—HlE LA FITR T,

AREA

[eNeNeNeNe!

=COBRA4I.SI92===================s==s==========s=======s=cz===========
SUBROUTINE AREA (J X )
IMPLICIT INTEGER*4 (I-N) P“:J EIEH 7
[ INCLUDE 'COBRA_PC.INC'
C*CD SPEC2
COMMON IK(MYG), JK(MYG),X(MYX), ANGLE(MYG),FACTOR(MYG) , LENGTH(MYG),
AXIAL(MYP),Y(MYP), TMH(MYC),SURFH(MYC) , WIDTH(MYW) , IKW(MYW) ,
JKW(MYW) , UWCP (2,MYW) ,UWALL(2,MYW) ,RWALL(2,MYW) , RHOLCP (MYW) ,
NHTC,KIJ,AFLUX, Z, THETA,PI,NAX,I3,12,IERROR,J1,J2,J3,J4,
J7,ATOTAL, QAX,ELEV, FERROR, ITERAT, SLDX, DTGC, DXGC, IDTGC, GC,

INCLUDE 7 7 - JL (COBRA_PC.INC)D—FILA FIZRT .

W N e

PARAMETER (MYP=  151,MYC= 241,MYG= 251,MYS= 251,MYL= 6,

1 MYA=  251,MYX= 100,MYN= 6 ,MYT= 3,MYR= 100,

2 MYE= 121 ,MYZ= 8 ,MYK= 3, MYW= 3, MYY= 6,

3 MYO=  353,MYI-= 10,MY1= 6000,MY2=726000,MY3= 252,
4 MY4=  503,MY5= 754 ,MY6= 1005,MY7= 1256,MY8= 1507,
5 MY9= 1764,MYB= 1864 ,MYD= 1964, ,MYF= 2064,MYH= 2164,
6 MYQ= 2264,MYU= 2864 ,NYP= 3105,NYC= 3346,NYG= 3587,
7 NYS= 3828,NYL= 4069 ,NYA= 4310,NYX= 4551,NYN= 4792,
8 NYT= 5033,NYR= 5274 ,NYE= 5515,NYZ= 5756,NYK= 6001,
9 NYW= 12001,NYY= 1758,NYO= 1761,NYI= 354,NYl= 12,
A NY2= 91977,NY¥3= 2,NY4= 1000,NY5= 12000,NY6= 88854,
B NY7= 88603,NY8= 2892)

ZOMEIEIZLY, INCLUDE Z7ANVEE ETHUE, Y —Aa—REEET A T — A T2 5T
EBRHERDIIT AT, 72720, BEFIDIHLDWK 97T, HAEICEHL TWARD, [EFICEbsE T
BWLO T W, £2C, 520N F—F4TIC FERD L7 INCLUDE 77 A5 AR A7 ars
L(SPECSET_PC.R)ZAERL LTz, fERRLTZY —Aa—R & LLTFITRT,

PROGRAM SPECSET (INPUT,OUTPUT,NEWPU, TAPE5=INPUT, TAPE6=OUTPUT, TAPE1
+0, PUNCH=NEWPU)

THIS PROCEDURE CONTAINS THE DIMENSION PARAMETERS FOR COBRA-IVC.
THE PARAMETERS ARE DEFINED AS - -
MP - MAXIMUM NUMBER OF CARDS IN PROPERTY TABLE.

MC - MAXIMUM NUMBER OF SUBCHANNELS,

MG - MAXIMUM NUMBER OF SUBCHANNEL GAP CONNECTIONS,

ML - MAXIMUM NUMBER OF AXIAL LOCATIONS FOR GAP AND AREA VARIATION
MX - MAXIMUM NUMBER OF AXIAL NODES PLUS ONE.

MN - NUMBER OF FUEL COLLOCATION POINTS PLUS THREE.

MT - MAXIMUM NUMBER OF FUEL TYPES.

MR - MAXIMUM NUMBER OF FUEL RODS.

ME= MX IF NO STORAGE ON PERIPHERALS
ME= 3 FOR STORAGE ON PERIPHERALS
MZ - MAXIMUM NUMBER OF AXIAL LOCATIONS FOR GRID SPACERS

Qoo
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MK - MAXTMUM NUMBER OF GRID SPACER TYPES

MA - MAXIMUM NUMBER OF SUBCHANNELS THAT CAN HAVE AREA VARIATIONS.
MW = MAXIMUM NUMBER OF WALL CONECTIONS

MY= MAXTMUM NUMBER OF AXIAL FUEL TYPE DIVISIONS

MO - MAXIMUM WIDTH OF AAA ARRAY

MI - MAXIMUM NUMBER OF CONNECTIONS TO A CHANNEL(THERMAL+ FLOW)

MS - MAXIMUM NUMBER OF GAPS THAT CAN HAVE GAP SPACING VARIATIONS,

DIMENSION BUFFR(80),V(64),VAL(5,64), BUFFW(144),IVAL(64),VALUE(10),
+ NS(64),V0(64),ISAVED(4),VLCM(3),VD(64),AMD(64),ACOT(15),ACT(6)
CHARACTER*10 ACOP(2)

REAL*4 VO/'P ','C ','G ','sS ','L ','A ','X ',

1 IN ',|T I'IR I'IE ','Z ',IK I'lw l'

2 IY I'lo ',.I l'47*l l/

REAL*4 V/17%*' S'Loo','2 YL, L, '3 T L'e
1 l7 I'l8 I.I9 I'IB I'ID I,IF l'lH l'
2 IQ ','U l’32*l l/

DATA VALUE(1) /1HO /
DATA AM,AN,AY/1HM, 1HN, 1HY/
DATA EQUAL/1H=/

DATA BLANK /1H /
DATA PLEFT,PRIGHT,COMMA,AL /1H(,1H),1H,,1HL /
OPEN(15,FILE="'SPEC.DAT')
READ(15,410) (VLCM(I),I=1,3)
NPC=17
DO 100 I=1,NPC
READ(15,420) V(I),(VAL(J,I),J=1,4)
100 CONTINUE
DO 130 I=1,NPC
IF (VO(I).EQ.V(I)) GO TO 130
DO 120 J=1,NPC
IF (VO(I).NE.V(J)) GO TO 120
SAVE=V(I)
V(I)=V(J)
V(J)=SAVE
DO 110 K=1,4
SAVE=VAL(K,I)
VAL(K,I)=VAL(K,J)
110 VAL(K,J)=SAVE
120 CONTINUE
130 CONTINUE
DO 140 I=2,10
VALUE(I)=V(I+NPC-1)
140 CONTINUE
DO 170 I=1,NPC
N=0
DO 160 J=1,4
IF (VAL(J,I).EQ.BLANK) GO TO 160
DO 150 K=1,10
IF (VAL(J,I).NE.VALUE(K)) GO TO 150
L=K-1
M=N*10.+L
N=M
IVAL(I)=N
GO TO 160
150 CONTINUE
160 CONTINUE
170 CONTINUE
NMC=13
NMG=7
NMR=5
NMW=2
IVAL(2)=MAXO(IVAL(10),IVAL(2))
IF (IVAL(10).GT.IVAL(2)) IVAL(2)=IVAL(10)
ICHECK=IVAL(16)*IVAL(3)-MAX0(5,IVAL(17))*IVAL(2)-3*IVAL(14)
IF (ICHECK.LT.0) IVAL(3)=IVAL(3)+1-ICHECK/IVAL(16)
ISAVED(3)=IVAL(16)+1
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ISAVED(4)=IVAL(17)+2
NPCP1=NPC+1
IVAL(NPCP1)=NMC*IVAL(2)+NMG*IVAL(3)+(IVAL(8)+NMR)*IVAL(10)+NMW*IVA
+L(14)
DO 180 I=1,1000
IF (FLOAT(IVAL(NPCP1))/FLOAT(IVAL(8)).LE.IVAL(NPCP1)/IVAL(8)) GO T
+0 190
180 IVAL(NPCP1)=MAXO(IVAL(NPCP1)+1,2*IVAL(1)+38)
190 CONTINUE
NPCP2=NPC+2
IVAL(NPCP2)=IVAL{NPCP1)*IVAL(11)
IVAL(NPC+3)=IVAL(3)+1
IS=NPC+4
IE=IS+NMG-3

DO 200 J=IS,IE

200 IVAL(J)=IVAL(J-1)+IVAL(3)
IS=1IE+1
ISAVED(1)=IVAL(IE)+IVAL(3)
ISAVED(2)=ISAVED(1)+IVAL(14)
IVAL(IS)=ISAVED(2)+IVAL(14)
IE=1E+1
IS=1IE+1
IE=IE+NMR
DO 210 J=IS,1E

210 IVAL(J)=IVAL(J-1)+IVAL(10)
IS=IE+1
IVAL(IS)=IVAL(IE)+IVAL(10)*IVAL(8)
IS=IS+1
IE=IS+NMC-2
DO 220 J=IS,IE

220 IVAL(J)=IVAL(J-1)+IVAL(2)
IS=IE+1
IVAL(IS)=IVAL(NPCP1)+1
IE=IS+1
IVAL(IE)=IVAL(IS)+IVAL(NPCP1)
DO 230 I=1,4

IE=JE+1
230 IVAL(IE)=ISAVED(I)
IS=IE+1
IVAL(IS)=14*IVAL(2)+IVAL(3)*IVAL(16)
I1S=IS+1
IVAL(IS)=IVAL(2)/IVAL(16)+2
IS=1S+1
IVAL(IS)=IVAL(NPCP1)/IVAL(8)
IS=IS+1
IVAL(IS)=2*%IVAL(NPCP1)
I1S=IS+1
IVAL(IS)=ISAVED(3)*IVAL(3)
IS=1S+1
IVAL(IS)=IVAL(16)*IVAL(3)
IS=IS+1
IVAL(IS)=ISAVED(4)*IVAL(2)
NIVAL=IS
-- ESTIMATION IS FINISHED --
-- QUTPUT SECTION --

IP=0

I1C0=17

ICB=15
DO 300 I=1,ICO

AMD(I)=AM

VD (I)=V0 (1)
300 CONTINUE
DO 310 I=1,ICB
AMD(I+ICO)=AM
VD (I+ICO)=V  (I+ICO)
310 CONTINUE
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DO 320 I=1,ICO
AMD(I+ICO+ICB)=AN
VD (I+ICO+ICB)=VO (I)
320 CONTINUE
DO 330 I=1,MINO(NIVAL-(ICO*2+ICB),ICB)
AMD(I+ICO*2+ICB)=AN
VD (I+ICO*2+4ICB)=V (I+ICO)
330 CONTINUE

C
ACOP(1)="'PARAMETER('
ACOP(2)=" '
ACC="',"’
ACB="' "'
ACRP="')"
II=0

ACOT(1)=ACB

DO 345 I=1,9

ACOT(I+1)=V(I+ICO)

345 CONTINUE

ACOT(11)="A"'
ACOT(12)='B'
ACOT(13)='C"
ACOT(14)='D'
ACOT(15)="E'

DO 347 I=1,6
ACT(I)=ACC
347 CONTINUE
Cc
OPEN(25,FILE="'COBRA_PC.INC"')
ICF=5
DO 350 I=1,NIVAL,ICF
II=II+1
IE=MINO(ICF-1,NIVAL-(II-1)*ICF-1)+I
ICOP=MINO(II,2)
IF(NIVAL-(II-1)*ICF-1.LE.ICF-1) ACT(IE-I+1)=ACRP
WRITE(25,430) ACOT(II),ACOP(ICOP), (AMD(J),AY,VD(J),IVAL(J)
& ,ACT(J-I+1),J=I,1E)
350 CONTINUE
Cc
STOP
410 FORMAT (3Al)
420 FORMAT (1X,1Al,1X,4Al)
430 FORMAT (5X,Al,A10,6(3Al1,'=',I6,Al))
END

TSI MNITFERO LT —F 7 7AW (SPEC.DAT) & &t 1A #, INCLUDE 77 ANVE24ARKT DY
DTHD,

test JALLOUK'S SPECSET INPUT DATA CASE 0 (WHEELER)
MC=241
MG=251
MX=100
MN=6
MR=100
ME=121
MP=151
ML=6
MZ=8
MW=3
MY=6
MI=10
MO=353
MK=3
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MA=251

MT=3

MS=251
T7AND—ATRIITAMTTHD, 29T B LARD/RTA—2|Z OV TIZI COBRA V-1 D~ =27 V%
MBOZE, REICEIT77ANVEERIT D FIRIILL T O L1275,

(10 SPEC.DAT £ 1E,

(2) SPECSET_PC Z#31TL, COBRA _PC.INC ZA{£RK

(3) COBRA V-1 DY —R% =2 /3L

2. HARFEISFT O OEE
Tl T AR, WO ARG T A o7, BTSSR L —F 02, 2000 £E
BIREIZH G L TR s o T e OB E2 1T o7,

c A2 2 R 2 R S T A 2 2 A R 2 R 2 R R RS- - -t 1
C

[ PUTDAT

Cc

C =COBRA4] .SI92===c==z==x==ss=cscoc=-==-=-=-=-===-=-SSS=S=SS==S=S=o=======S=S======
C

C---~- SET DATA AND TIME.

cc* update.d for conversion to ap3000 cal 98/04/01

c CALL DATE(DATECH)

[o] CALL TIME(TIMEPA)

[o] READ(DATECH, '(I2,1X,12,1X,I2)"') YEAR,MONTH, DAY

c DATEPA = YEAR * 10000 + MONTH * 100 + DAY

c integer mdy(3)

c call idate(mdy)

c datepa = mdy(3) *10000 + mdy(2)*100 +mdy(1) EIEE
cc* npdatre.n for canversion to ap3000 cal 98/04/01

cc* update.d for visual fortran
integer mdy(8)
CALL DATE_AND_TIME(values=mdy) .
datepa = mdy(1)*10000+mdy(2)*100+mdy(3)
cc* update.d for wvisual fortran

3. ARFESR4DEM
AORESHEZBINT 518, 7L —F > CARDIL IZLA FOEH 448 MU-,

if(ig.eq.2) then
DO 155 I=1,NCHANL
00155 FINLET(I)=GIN*ATOTAL*FINLET(I)/0.0036 .
endif ) (17 BN

if(ig.eq.3) then
DO 156 I=1,NCHANL

00156 FINLET(I)=GIN*AN(I) *FINLET(I)/0.0036
endif
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HMTBEBDODANT 74N D—Hl &L FITRT,

H—RZ7IV—=7 11 @
N2 2% 3 #3BM
11 1 3>=0 0 0 o0

2233.1 554.0 2.6461 0.09123

0.4000.4001.2801.2801.2800.4001.2801.2801.2801.2800.4000.400
0.4001.2801.2801.2801.2801.2800.4001.2801.2801.2801.2800.400
1.2800.4000.4001.2801.2800.4001.2801.2801.2801.2801.2801.280
1.2801.2801.2801.2801.2801.2801.2801.2801.2801.2801.280

N2=3 D5 D Optional Input. FlAIETF v > FI)b LIIZEH D 40%DiR@EN, F+ > %) 31T
X128 EDHRENEZ 5ND. ZHICED, EHM OMBICKBORGNTREE D, AN
SADHEEDNEL D,
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F 1 SIEARNIE L UM 2 Slipian sl %5 SIS
fit e i 8 A U Y% | HBIRE | & 5
K XA — b m %, #, 0| min, h, d 0% = 7 % E
it |~ S =R A AN kg g, 92, ¥ LT 10°% |~ k4 P
B ] 2% s y o b~ il L 102 7 3 T
[t w7 v 7 A b vt 10° | ¥ H G
MAOVEE |y v v v K BE AL | eV 10° 2 # M
¥ g &|=x W mol [g;\{_gﬂa{\i u 10° * o k
x Elh v F 3 cd 100 ] ~ 7 % h
V@ A5 Y7 v rad 1eV=1.60218x107"*J |7 #») da
ok M| RFIUTY st 1 u=1.66054x 107" kg w7 d
1072 € v F 4
107 ] ¢ U] m
®3 BEHOZHE 6O SIHMTB w0 | w47 ;
R4 SIEHICHENIC Y
] 10 + n
b owo |an | ROSIEE YT 0l e ol .
4] [ B~ »~ V| Hz s & 173 ik 5 107 7= 4b f
H =a2—-F Y| N m-kg/s’ Avrzbo— L A (U s k a
fth W n|y 2 A | Pa N/m’ P _ > b ‘
Tk (EF BB |Y 2 - A J | Nm - w|  bar GE)
L, W& K7 - +F| W| Jd/s # W Gal 1. &1 —5(3 TEHEBERR] Bo K EE
E AR, /|7 - v v C A-s * L. - Ci ER&RE 1985 FE Ttk b, 12150, 1eV
Hl, BT, £EH | F v+ V| WA v v by v R HLU 1 uDftiiza CODATA D 1986 FE #E%2
B ® A~ ®|7 7 7 F|F c/v 5 K rad Bk -1
® oW K A - 4 0 VA v 4| rem '
EED2V AV R RV SN IS S S A/V 2. KAWBHWE, /b, T, ~N2H
i R|9 = — ¥ Wb Vs 1A=0.1nm=10""m S LBENTL A HEORILOTT
@ & ® E|F oz 7| T | Wo/m'’ b 100 fm= 10-2% m? CTRHEBLL,
. N . - _ - N a8
1 v 5 7 5 ; o~ Y ) H Wb/A | bar=0.1 MPa<10°Pa 3. barid, JISTRREDOENERDTIS
vy ARKE ezl C | Galel cm/s? = 10-m/a? ACID £ 2D F T —IC RS AT
* gl — #x i Im cd-sr a ¢ 2
7 2 1 Ci=3.7x10'°Bq °
" Eiv 70 A x| im/m B 4 ECHMRFEE2I55Tid bar, barnkdk
P 4 l~ 2 L onl|B - 1 R=2.58x107*C/kg ) A .
’ ! A q s U [MED#ET ] mmHg %2 X200 7 7Y
wo o ‘B ®|7 v 4| Gy | Jke Irad=1cGy=10 *Gy —KARTVS
s ' M &8Iy ~wib| S J/kg 1 rem=1¢cSv=10"8Sv °
i =) P
51| N(=10°dyn) kgf 1bf it [MPa(=10 bar) kgf/cm?® atm mmHg(Torr)} Ibf/in*(psi)
1 0.101972 0.224809 1 10.1972 9.86923 7.50062 x 10° 145.038
9.80665 1 2.20462 h|  0.0980665 | 0.967841 735.559 14.2233
4.44822 0.453592 1 0.101325 1.03323 1 760 14.6959
1 Pa-s(N.s/m»)=10P(#7 %) (g/(cm-s)) 133322 x 107* | 1.35951 x 107° | 1.31579 % 10°° 1 1.93368 x 10”2
#¥EE 1 m¥/s=10'St( 2 b — 2 2) (cm?/s) 6.89476 x 107 | 7.03070 x 107% | 6.80460 x 1072 51.7149 1
T J(=10"erg) kgfsm kWeh cal GtB#) Btu ft « Ibf eV 1 cal = 4.18605 J (st& )
a
n 1 0.101972 | 2.77778 x 10”7 0.238889 | 9.47813 x 107* 0.737562 6.24150 x 10'* = 4.184J (3MLE)
s
| 9.80665 1 2.72407 x 107 2.34270 9.29487 x 107 7.23301 6.12082x 10" =4.1855J (15°C)
% 3.6x10° | 3.67098 x 10° 1 859999 x 10° 3412.13 2.65522 x 10° | 2.24694 x 10%* =4.1868 J (HBEE L)
- 4.18605 0.426858 | 1.16279 x 10°° 1 3.96759 x 10 3.08747 261272x 10" (g | PS (LK)
[ 1055.06 107.586 2.93072 x 107* 252.042 i 778.172 6.58515 x 102 =75 kgf-m/s
1.35582 0.138255 | 3.76616 x 10 7 0.323890 1.28506 x 107 1 8.46233x 10'® = 735.499 W
1.60218 x 107" | 1.63377 x 10 2| 4.45050 x 10" 2%| 3.82743 x 10°%°| 1.51857 x 1072¢| 1.18171 x 107** 1
hind Bq Ci 4 Gy rad m C/kg R B Sv rem
1 270270 x 107" ) 1 100 & 1 3876 b 1 100
fit At S &
3.7 x 10% 1 0.01 1 2,58 x 10°* 1 0.01 1

(86 % 12 A 26 HIRE)
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