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Preliminary Analyses for HTTR’s Start-up Physics Tests by Monte Carlo Code MVP

Naoki NOJIRI*, Masaaki NAKANO, Hiroei ANDO, Nozomu FUJIMOTO,
Mitsuo TAKEUCH]I, Shingo FUJISAKI and Kiyonobu YAMASHITA
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Oarai Research Establishment
Japan Atomic Energy Research Institute

Oarai-machi, Higashiibaraki-gun, Ibaraki-ken

(Received July 7, 1998)

Analyses of start-up physics tests for High Temperature Engineering Test Reactor (HTTR)
have been carried out by Monte Carlo code MVP based on continuous energy method.
Heterogeneous core structures were modified precisely, such as the fuel compacts, fuel rods,
coolant channels, burnable poisons, control rods, control rod insertion holes, reserved
shutdown pellet insertion holes, gaps between graphite blocks, etc. Such precise
modification of the core structures was difficult with diffusion calculation. From the
analytical results, the followings were confirmed; The first criticality will be achieved around
16 fuel columns loaded. The reactivity at the first criticality can be controlled by only one
control rod located at the center of the core with other fifteen control rods fully withdrawn.
The excess reactivity, reactor shutdown margin and control rod criticality positions have
been evaluated. These results were used for planning of the start-up physics tests. This

report presents analyses of start-up physics tests for HTTR by MVP code.

Keywords : HTTR, Start-up Physics Test, Monte Carlo Method, MVP,
Effective Multiplication Factor, Criticality, Control Rod, Excess Reactivity,
HTGR, Double Heterogeneity
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{7 H O & HI B A3 E A EERRE D 850°C, BiRRABRELRIC 950 COBEMBE)Y LM HE
BT AP THD.,

FEYERRMT A 1T) £ T HTTR OO,

O TR FREE AV TEBY “EREMESBL TDIE,

@ FLET Oy ZROBEHEZ R LT-HEE THY, S AIES AR DL L,

@ RISETEMS (FTREEY) & KEFENITIER AL EIC, 85 mIC RIS

AR QDL
@ HIEEREATL, BEIELEROIIOIFL v MNET I EEREHEOBLER G JM RS . R
BRVOBHMRBREDELNRDY), PHETFAN - BPREVEEZILNDIL,
G FEBFBETAFLL THRESH TOIBERIFOORMEL BIG T 5720 BREHEERILF O
DI EERHHITU S, 245 UDHEROBRER CRIRIF LA BT 528,
LEDHEMNRDH D, D). O, DICHOWT, HEEEFHBICE SR LHAE TS TRERE BEEET V1L
FTAZEBEETHY ELEORURSLETHHH, TF MUICHEIRBRENKRERDEE X
%, 1o @IZ VT, BREHAICELR HEOREIZ 2B 7 my 7 OB G PR EALD, #8
KPR S F 22 ML DSEREHE O Fa e BERRICER S L IR BEIC FE D705, > T, #REHE
OREEHE R ETIBICFOERVOLMELZEE LT TR ENKEARD, SLIT, FHF O
BRI E O RTE THERER K EAR D0 BRI OO L 2 BREHEIROE 238 V& R
R T. FO@AKIC W TEB XIS ERH D, ZZT, BRABO FHEENRLLT Zhb
DIF OO SATIR A N T TF NMCEERVIAL ZLICEDET ARSI EL/NEL, 2P
DB > THERPER T O2SLENQ O ERE T RLF—RICE e TV aEKE
Bo—R MVP 4 BB & 1T~ 1=, 2o, OISHL Tk MVP OE 7 /M BICERY AR TR
Wedh, ENMEEROHERREFMETAILTEOMREEELI,

AWEBL. MVP & RO TITo 7, ERRED T A LD EEE R OLL, BRIRKITE.

B R EE CORIEHERI B, FELERBIZ OV TORIEZ EEDHTHLOTHS.,



JAERI-Tech 98-032
2. JFIDBER UM EREIRF
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HTTR T, BEFFEH O SAMIRE D &R EERRFIIT 950 CEmVIEnh, FHTF O
RO L LTI B S B O B s 12 AHIM L L THIR THE FERNICREM TR ER~NIY
LEAERL T2, HTTR O FEEFE w4 Table 2-1 (2 K EWmE &k O EEBEA Fig2-1 RO
Fig.2-2 \ZR9" A0, RAERORE T 0y s ThIkeHE, flEERERNT vy, A8
7y 7 OFEOEREFROOEBRL ., ZROLOFEUEREF 2 R ICES B0 Th
5. Ty EfEA LA RO FIE BT LAEFRRL, POITEE 61 AT L0000 BB
EZDSMAE BT ATENRCR (R TR T D, BREHERIT, REHEZ S0 5 530 15
LEHIHERN T 0y b HEIEERNI T LT HT L0075, I a8 R & R, =T
B ENT L 12 0T 0, BRITL I DTLAROEHEERENTTL 9 DT L0065,

BN T L, 2 BDOBENT O /00705 EEATEI R AR, SROBREHER 02 ko> Béa T 1
O30 D TR AT R AT 0722 BREHAL, B & 580mm, il FERE 360mm O Bén7 oy
WCREHEZ SERTL . BREHEO BRI EM OB EERLIE A2 - T ay JRIREHE T
%, BREHEO#E% Table 2-2, Fig.2-3 |39, BEa7 mo 2 ZERT T2 EHBEO A BT, IF .0
LR 12 R T DMERT 9 DR EHEAIZ DU T 33 R F L O EER 18 BREVD T A EETT
P HERBHEIZ OUWTIH 31 A THD., SRR BV —T RUOZICEHATS 14 EOR
Bl ORGSR SN, 3 20 10Wmt%DIRIRIEY T2 OBRENT — RV % B if
REF RO SIC B THBLI- BRI T2 B R LR LB X E DT LD ThH D, BREHEKIC
3MEHDE T TN L DHE 2 HETO FICEZRD 14mm ORISRV R BT A R % 47
LTW5, SFLADOT T REEEL 5 R OB B FRAER OF# 504 Table 2-3 K& U Table 2-4 (77°
1. BREHRRIBEOER OO, FL0 EE R UM Ty 7 B AEE D B REE 2R L C
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HIEEERAN DT LIS, IR ALY 2 7L, BHELERORILIIIFR L v ME T 1AL
&2, HIEEOFHEAILT EBAERE 123mm, TH2 140mm THD, KIGIZIFESLYMETIL
DOEEIT 123mm THS, £, HEEIIIENLT N Fig2-4 [ORTAFRHD. POHEE,
FHLUTHIERE, B2V Vg, B3V 7HlEEE, £hE ., C.R1, R2, R3 LET 5.
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22 BREHEERIER
BREVERTMERF L, (3 ROERBEOFRETNAFOEFEEZ BB I 2252 55RICBOTED
fo. ERBEOSEITRAFE T, —REEEOBEMICIVBESEAECT-HERLNDE
BROBRELRE Y D720, FLPREICERE L E £V BRERALRIITORRP O RE
ENTNEPDY O EZ FICESEF LA OBREEERL ., BRI OO EL 12
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Table 2-1

Specifications of the HTTR

Thermal power
Outlet coolant temperature
Inlet coolant temperature
Primary coolant pressure
Core structure
Equivalent core diameter
Effective core height
Average power density
Fuel
Uranium enrichment
Type of fuel
Burnup period

Coolant material
Flow direction in core
Reflector thickness
Top
Side
Bottom
Number of fuel assemblies
Number of fuel columns
Number of pairs of control rods
In core
In reflector

30 MW
850/950 °C
395 °C

4 MPa
Graphite
23m

29m

2.5 W/icm®
UO,

3to 10 wt%
Pin-in-block
660 days

(equivalent full power days)

Helium gas
Downward

1.16m
0.99m
116 m
150
30

7
9
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Table 2-2 Specifications of fuel assembly

Number of fuel rods in a fuel block

Graphite block
Material
Widths across flats
Height
Density
Fuel rod
Outer diameter
Length
Number of fuel compacts
Graphite sleeve
Material
Fuel compact
Outer diameter
Inner diameter
Length
Packing fraction of CFPs
Density of matrix
Coated fuel particle(CFP)
Diameter
Fuel kernel
Material

Diameter
Enrichment
Density
Coatings
Buffer
Inner PyC
SiC
Outer PyC

33731

1G-110
36 cm
58 cm
1.77 glem®

3.4cm
57.7cm
14 Irod

1G-110

2.6cm
1.0cm
3.9cm
30 vol%
1.7 glem®

0.929 mm

UO,
0.597 mm
3-10 wt%
10.4 g/cm®
Thickness
0.060 mm
0.030 mm
0.025 mm
0.045 mm

Density

1.10 g/cm
1.85 g/cm
3.20 g/cm
1.85 g/cm

W W W w
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Table 2-3 Fuel assembly in the core

Fuel zone number
Layer Layer
number number
from top Items 1 2 3 4
from top
block fuel
block

Uranium enrichment (wt%) 6.68 7.82 9.36 9.81

3 1 Number of fuel rod of graphite block 33 33 31 31
Type of burnable poisons H-I H-i H-l H-i
Uranium enrichment (wt%) 5.16 6.25 7.19 7.82

4 2 Number of fuel rod of graphite block 33 33 31 31
Type of burnable poisons H-il H-li H-ll H-li
Uranium enrichment (wt%) 429 5.16 591 6.25

5 3 Number of fuel rod of graphite block 33 33 31 31
Type of burnable poisons H-1l H-ll H-II H-lI
Uranium enrichment (wt%) 3.30 3.86 4.29 479

6 4 Number of fuel rod of graphite block 33 33 31 31
Type of burnable poisons H-I H-i H-i H-l
Uranium enrichment (wt%) 3.30 3.86 429 4.79

7 5 Number of fuel rod of graphite block 33 33 31 31
Type of burnable poisons H-I H-I H-I H-I

Note:

Fuel zone number is shown in the below figure.
Type of burnable poisons is shown in Table 2-3.

Foatatoge

N
L7

(N> N : Fuel zone number

- : Burnable

posion
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Table 2-4 Burnable poisons (BP) and graphite disks

Burnable poison pellet

Material B4C-C composite
Boron arrangements shown in Table 2-3
Type H-1 H-II
Density (g/cm®) 1.79 1.82
Natural boron concentration (wt%) 2.22 274
Diameter (mm) 13.9 13.9
'8 abundance ratio (wt%) 18.7 18.7

Graphite disk

Material Graphite

Diameter (mm) 14.0

Density (g/cm?) 1.77

Impurity (ppm)* 0.37 * natural boron equivalent

Burnable poison rod
Number of BP rods in a fuel assembly
Height

2 (shown in Table 2-3)
500 mm

Configuration of BP pellets and graphite disks in a BP rod are shown in the

following figures.

I
10 BP pellets 8 BP pellets
200 mm 200 mm
20 graphite disks 20 graphite disks
500 mm 100 mm 100 mm
10 BP pellets SO%P pellets
200 mm | fvmm
—y
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Replaceable reflector
Parmanent reflector

Irradiation column

Control rod guide column

« : Control rod

o : Reserve shutdown system
Fuel Block

N : Fuel column loading order
. Burnable poison

Fig.2-1 Horizontal view of the core and fuel loading order
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/_,,.Stand pipe

Reactor pressure

vessel(RPV)
Control rod ) Top shielding
N g N\ block
Slidekshielding 3258 Top replaceable
oc 4250 reflector block
- /e
g
4 L“m Permanent
reflector
i _—"block
Q Q i - = — Fuel assembly
o 4 m
1 e .__Control rod
\ i '— 141 guide block
, T 7 ~ Bottom
i RIS replaceable
wm U U U U reflector block
s | == I -
| [’E [ I |
1
] :“—'
= 1/

(mm)

Fig.2-2 Vertical cutaway view of HTTR



JAERI-Tech 98-032

Fuel kernel

. Plug
High density PyC ﬂ
Si Fuel
low density PyC 1 compact
Graphite
+ sleeve
Coated fuel . L
particle
J b
] 34mm
- 26mm-—
Fuel compact Fuel rod
Fuel handling hole
Dowel pin
\
E
£
=
Burnable
poison rod H
a1l L |
N_RU.Q_\_J[
Dowel socket l{‘

I60m m
Fuel assembly

Fig.2-3 Configuration of the fuel assembly
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Third ring control rod (R3)
First ring control rod (R1)

Center control
rod (C)

Second ring
control rod (R2)

Replaceable reflector

Permanent reflector

Irradiation column
Fuel zone

Fig.2-4 The name of control rod
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WL REHAO BT oy RIGEREM . HlEEENY 0y TEIRRET 0y s 1R
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BREF L 87 MR 13,000 BEOBBRERL 1% BHEL THEY IO E 121 DET LT D
SR THOIEND, BB FAOEMEOEREEZRFET DI TRER Ik
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EEE R &I, REZFTED AT L83 28 INL | B RIS E 2 R EHBINEIC XV RIE T
2O OFEE RIS T D, ZOBRC R #ilEE 25| XK EICL, £ USORKIEEOLE
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(4) BURIF L. 1P LA COIFE LR
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/VO/I
Side replaceable reflector 7 N

Permanent reflector \\

Fuel asSemny
1

T T r T T T
Control rod guide column

Fig.3-1 Horizontal cross-section of analytical model (30 fuel columns
loaded).
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Permanent reflector Control rod

T

§: Fuel rqd |

Burnable p0|son rod

Bottom reflector ™\ |
LA L Coolant channel |

Fig.3-2 Vertical cross-section of analytical model (30 fuel columns
loaded).
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Control rod guide column 'Vo,,/)

Fuel rod

Side replaceable
reflector

()

Reserved shutdown pellet msertlon hole

LA OALE =
trol@ O~
LT

Core center Burnable poison insertion hole

Fig.3-3 Magnification of analytical model.
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Dummy goolant channel

Dummy fuel block '“

Dummy control rod insertion hole /

I i B . """_V—'__""‘

Fig.3-4 Horizontal cross-section of analytical model (18 fuel columns
loaded).
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Dummy coolant channel

Dummy fuel block

\ Dummy control rod insertion hole/

o e ——p —— e

Fig.3-5 Horizontal cross-section of analytical model (24 fuel columns
loaded).
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MVP OfRHr €7 /L Tl BIRERL T2 BT T /L TEHLT, a7 IR ELT:
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20 HEEORKIEEMESL RODERL, BELLT,
0.36% +0.36% = 0.5 %Ak/k

BEETD,

(3) FERFEL T LB LD ENHEROE(L

Bk Fig 2-1 IORLTZEFNERF ICIEWERTLIE & O EEE RO ERE R % Table 4-1,
Figd-1 (\ZRd ., RET, keff ITEDEEEOHERER. ke X _EHRHEHOHRLLT
+1.2%Ak/k ZAHIEL - EEE R THD,

ZNODRERND, REVE DT LABALTERT DB AT, BREMEEL T 16 8RB0 T L2 36
L7-B S CHIRIEE R LD onD, $io, EMBEEORELL TE1%AKKEEE DL,
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VHTRC O EBRFEYT Tid, ENBEROHBEEIIEREICH A KEIVMEILR> THDHIEND,
14 7 L TERICRDILFARNEL T 15 25 17 AT LTHEIERZ2:ZK T 260EE 2D,
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keff * -1
Pex = ke“ﬁ- *

WLORDDE, ROIDT/D,

REN S 13K BRIFICE poe (%Ak/K)
30 134+1.0
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(4) FEIEER T C HliEHER R E

FEICED 16 BEVI T LEERTUTIREE TRANEE R L RIAATWDLIEND ZOFLIZDW
THE RUTHEREAAEHEL . R1, R2, R3 #iliHHE4 25| &k &L, CHlEEBOA THRMZTIHE
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F7- . C SO KIS EMEIL. 2.410.5%Ak/K THY, 14 BREVI T LA ERILIZE L0 17
BREVIS LIFLET | BTLTOBREEEFTLIBEORCER S, £hEi 05105, 0.6
+0.5. 1.0+0.5%Ak/k T2, $7ebb, PIEIERRIET, 1| AT7LTOBREHEEMTDHEEIC
ZORISERS L. C #EEO RIS EMELY/ NS> TS, - T, C HlEELS DKl
e 25| X EL CHIBEOAZ 2B ALIRETHREREHER T HILATE, Chliligx
Blath& > OB REEN T DILN AR THD,

(5) R3 #liHEL < &5 L R — L BIEA LB E OB AMIE
18. 21, 24, 27, 30 #hEb I T LA SERUIREE T, R3 #2251 Xtk&, C. R1. R2 #il#HE
PRI BICEALESSOEDNRERELFEL. BREL KD, Table 4-3, Fig4-3 (Zf%
B AN B OREMER CEDEBROMITIEZELL TE1.0%Akk ¥ ZELHEE0OR AU E
O TRE, EREIXROBIERD,

& RN E
BREN S L8 Eg SR EEALE (mm)

TrRIE R fE L RRAE
18 2740 2810 2880
21 2310 2420 2520
24 2000 2080 2160
27 1740 1820 1900
30 1640 1720 1800

E: O TFRRME : EEERICTZ IAMOEE 1.0%Akk * ZE LB E
FRRAE  EBERIC AT ARYOEE 1.0%AkK ZZEL-BE

(6) BRHRIF L, 47 LR COIIE I R
18, 24, 30 KT AR LI IF DI DU T, 25l % RIEALIZREOEMEERO

HEHE RS Table 4-4 (279 FFRD,
N —keff *
ps - ke/f *

ZIT. keffiX " EIE DN REWEE HOEMER/SE
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IZEOIPIEIERT p 2RDDE ROLDITARD, 12, #lHEE T2 AV TRIE TP LE
ST EHBEAFEALIRIETHAT-O 22T, VonyRAX 7 ZEL Qe

BELIT L8 IFRIERE p (%AkK)

18 632%+1.0
24 52110
30 428*1.0

(7) BARIF LT R2, R3 HlHEORR RO E
18, 24 KEV N T D EERT LI BARIF L2 DUV T CL R Hil{ELY €51 &k &, R2, R3 iYL
B — (LB ALTZHE O EMEFROHER R % Table 4-5, Fig 4-4 ITRT,
B LB ORFEE R CEMEFREOBITRELL TE1.0%AkKk ZEELIHEOERUE
OTRE, EREXRO@YERD,

R2. R3 DR FHIHHEILE (mm)

BB Z 28
TIR{E B HEfE L RRfE
18 2560 2680 2800
24 940 1260 1510

E: TIRME: BTSRRI IRAMUDOERZE 1 0%AK * ZE LB E
FIRE : EREERICAFT R DORERZE 1.0%Akk #*ZE LI5S
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Table 4-1 Calculation results of effective multiplication factor (keff) for fuel
additions. All control rods are fully withdrawn.

Cumbers ke “ VO Y
3 0.790870 0.1918% 0.798 -
6 0.902125 0.1646% 0.912 -
9 0.947619 0.1620% 0.959 -
12 0.969017 0.0949% 0.980 -
14 0.980776 0.1458% 0.992 -
15 0.985778 0.1483% 0.998 —
16 0.991415 0.1216% 1.003 0.3
17 1.001440 0.1275% 1.014 1.3
18 1.011820 0.1385% 1.024 24
21 1.063380 0.1407% 1.077 7.2
24 1.103210 0.1331% 1.118 10.6
27 1.132500 0.1083% 1.148 12.9
30 1.139480 0.1010% 1.155 13.4

o : Standard deviation from Monte Cario method.
keff" : Double heterogeneous effect of coated fuel particles in the compact is considered
(+1.2%Ak/k).

Table 4-2 Calculation results of effective muiltiplication factor (keff) in various
positions of the center control rod for the 16 fuel column-loaded core.
R1, R2, R3 control rods are fully withdrawn.

Control rod positions (mm) keff o keff*
C: 0, R1:4060, . R2:3335, R3:4060 0.968189 0.1718% 0.980
C: 580, R1:4060, R2:3335, R3:4060 0.971208 0.1427% 0.983
C:1160, R1:4060, R2:3335, R3:4060 0.972935 0.1444% 0.984
C:1740, R1:4060, R2:3335, R3:4060 0.979869 0.1674% 0.992
C:2320, R1:4060, R2:3335, R3:4060 0.986789 0.1306% 0.999
C:2900, R1:4060, R2:3335, R3:4060 0.990425 0.1378% 1.002
C:4060, R1:4060, R2:3335, R3:4060 0.991415 0.1216% 1.003

o : Standard deviation from Monte Carlo method.
keff* : Double heterogeneous effect of coated fuel particles in the compact is considered
(+1.2%Ak/k).
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Table 4-3 Calculation results of effective muitiplication factor (keff) after the first
criticality.  All control rods except R3 are inserted in the same position.
R3 control rods are fully withdrawn.

Fuel column

numbers Control rod positions (mm) keff o keff

18 C:2320, R1:2320, R2:2320, R3:4060 0.930969 0.1763% 0.941
C:2610, R1:2610, R2:2610, R3:4060 0.962116 0.1395% 0.973
C:2900, R1:2900, R2:2900, R3:4060 1.001670 0.1442% 1.014

21 C:2320, R1:2320, R2:2320, R3:4060 0.978579 0.1184% 0.990
C:2610, R1:2610, R2:2610, R3:4060 1.008480 0.1245% 1.021
C:2900, R1:2900, R2:2900, R3:4060 1.047810 0.0970% 1.061

24 C:1740, R1:1740, R2:1740, R3:4060 0.942364 0.1634% 0.953
C:2030, R1:2030, R2:2030, R3:4060 0.981973 0.1368% 0.994
C:2320, R1:2320, R2:2320, R3:4060 1.017540 0.1301% 1.030

27 C:1740, R1:1740, R2:1740, R3:4060 0.977553 0.2247% 0.989
C:2030, R1:2030, R2:2030, R3:4060 1.015500 0.1308% 1.028
C:2320, R1:2320, R2:2320, R3:4060 1.049220 0.1271% 1.063

30 C:1450, R1:1450, R2:1450, R3:4060 0.949275 0.1792% 0.960
C:1740, R1:1740, R2:1740, R3:4060 0.990801 0.1428% 1.003
C:2030, R1:2030, R2:2030, R3:4060 1.023240 0.1167% 1.036

o . Standard deviation from Monte Carlo method.
keff* . Double heterogeneous effect of coated fuel particles in the compact is considered
(+1.2%Ak/K).

Table 4-4 Calculation results of effective multiplication factor (keff) with all control
rods fully inserted.

Fuel column

numbers Control rod positions (mm) keff o keff*
18 C:0, R1:0, R2:0, R3:0 0.608202 0.2264% 0.613
24 C:0, R1:0, R2:0, R3:0 0.652513 0.1979% 0.658
30 C:0, R1:0, R2:0, R3:0 0.694646 0.1454% 0.700

o : Standard deviation from Monte Carlo method.
keff* . Double heterogeneous effect of coated fuel particles in the compact is considered
(+1.2%AK/k).
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Table 4-5 Calculation results of effective multiplication factor (keff) for the annular
core. C, R1 control rods are fully withdrawn and R2, R3 control rods
are inserted in the same control rod positions.

Fuel column

numbers Control rod positions (mm) keff o keff*

18 C:4060, R1:4060, R2: 0, R3: 0 0819926 0.1479% 0.828
C:4060, R1:4060, R2: 580, R3: 580 0.821280 0.1721% 0.829
C:4060, R1:4060, R2: 1160, R3:1160 0.851294 0.1655% 0.860
C:4060, R1:4060, R2: 1740, R3:1740 0.905663 0.1290% 0.916
C:4060, R1:4060, R2: 2320, R3:2320 0.957061 0.1481% 0.968
C:4060, R1:4060, R2: 2900, R3:2900 1.006410 0.1145% 1.019
C:4060, R1:4060, R2: 3480, R3:3480 1.012430 0.1188% 1.025

24 C:4060, R1:4060, R2: 0, R3: 0 0967277 0.1110% 0.979
C:4060,'R1:4060, R2: 580, R3: 580 0.969370 0.1506% 0.981
C:4060, R1:4060, R2: 1160, R3:1160 0984679 0.1494% 0.996
C:4060, R1:4060, R2: 1740, R3:1740 1.019060 0.1465% 1.032
C:4060, R1:4060, R2: 2320, R3:2320 1.058700 0.1125% 1.072
C:4060, R1:4060, R2: 2900, R3:2900 1.096780 0.0987% 1.111

o : Standard deviation from Monte Carlo method.
keff : Double heterogeneous effect of coated fuel particles in the compact is considered
(+1.2%Ak/K).
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Fig.4-2 C control rod position at the first criticality. The other control
rods are fully withdrawn.
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Fig.4-3 Effective multiplication factor for the same control rod
positions of C, R1 and R2. The values in the plot area
mean the criticality positions with analytical error.
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Fig.4-4 Effective multiplication factor of the core where control rod of
R2 and R3 are positioned in the same level. C and R1 are
fully withdrawn. The values in the plot area mean the
criticality positions with analytical error.
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EERBEAR S tmEx

%\ SIEABAE L OMBNERA %2 SIEHAEnBH *5 SIZEE
& EA ic 5 & 153 i 5 i34 FRORGE i 5
k A - b m 5, B, B | min, h, d 10%) = 7 4 E
®" ®|(+075 . kg B, %, B 100 ~ ¥ P
153 fal W k) Y w bt il L 10| # 5 T
= w7 v =7 A b it 10° | # # G
MHEBE |7y v v v K BFAEALL | eV 10° | » # M
¥ EH R v mol BE7ERE | o 10° * a k
#x gl v 53 cd 100 | ~ 2+ h
F @ M| Y7 7| rad 1eV=1.60218x 10°J 0 7 #| da
V& B\ RTFS5ST Y sr 1 u=1.66054x 10-"" kg 107" 5 o d
1072 + v F c
1070 | 3 ) m
%3 RBEHOEHAL &SI 10°¢| =440 u
x4 SIEHEREEMIC N
R N SI 10 + J n
& g | |BoSRd s =0 e N A
3 4 i~ » V| He| s & W i = 07 7xab f
vl =a2—bt¥| N m-kg/s’ AVIZba—o A 107" 7 kb a
F 7, & Hl 2 # | Pa N/m? I~ _ > b .
TiF- ftH Mm@ 2 - 4] J | Nm N - vl bar @)
L®R, BRHER7 - | W[ Js # W Gal L o&k1—-53 [EREGR] H5 KR EHR
[ . BM@M|2 - o v C A-s ¥ a2 0y - Ci ER&R 1985 FHiTick 3, 12471, 1eV
&/t & BEH (¥ v M|V W/A I N R BLU 1 uDfiiiz CODATA D 1986 5 #12
# & % ®|7 7 5 F| F C/v 5 ¥ rad B & 12
g S & MWl - 4| V/A v IS rem e
av s s sy R|v—2vzl| s A/V 2. RAIWCIIHBE, /o b, T—n, ~2 %
B ®|9 = — +x| Wb | V.s 1 A= 0.1 nm=10""m —AGBENTOENEFOBELDOTL
6& Eﬁ ,&: ‘g b A 7 T Wb/m2 1 b=100 fmzzlo—n m? C’Eliﬁ'&bko
1 y75 ; A~ v Y- H Wb/A  bar=0.1 MPa=10'Pa 3. barid, JISTRAKOENSREDOTIB
v RBRE oo 2E| C 1 Gal=1cm/s? =10~ m/s® BRMBOR2DHF Y —RFEhTL
¥* Flw — 24 v Im cd.sr al=lcm/s m/s 3
2 1Ci=3.7x10"°Bq °
M Elv 7 2 k| Im/m . 4. ECHREFLISSTIE bar, barnkk
" " glx 2 L al B o 1 R=2.58x10"*C/kg ) i
€ q B U MMECEL | mmHg #&20H 5 3
B X K ®|7 v 4| Gy | Jike lrad=1cGy=10"Gy CRARTLS
# B M R®B|lv-~ub| Sy J/kg l rem=1¢cSv=10"2Sv °
# g E.
11| N(=10°dyn) kgf 1bf £ {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 A 0.0980665 1 0.967841 735.559 14.2233
4.44822 0.453592 1 0.101325 1.03323 1 760 14.6959
¥ 1Pa-s(N-s/m*)=10P(#7 %) (g/(cm-s)) 1.33322 x 107* | 1.35951 x 1072 | 1.31579 x 10~* 1 1.93368 x 102
#HE 1mY/s=10'St(X b — 7 2 ) (em¥/s) 6.89476 x 107* | 7.03070 x 1072 | 6.80460 x 1072 51.7149 1
| J(=10"erg) kgfm kW-+h cal GtR#) Btu ft « 1bf eV 1 cal = 4.18605 J (GtR&#E)
2
"W 1 0.101972 | 277778 x 1077 0.238889 [ 9.47813x10°* 0.737562 | 6.24150 x 10'® =4.184J (M{L¥)
FS
| 980665 1 2.72407 x 10 2.34270 9.29487x 107° 7.23301 6.12082x 10" =4.1855J (15°C)
% 3.6x10¢ 3.67098 x 10° 1 8.59999 x 10° 3412.13 2.65522 x 10° | 2.24694 x 10 =4.1868 J (HB AT E)
- 4.18605 0.426858 | 1.16279 x 10¢ 1 3.96759 x 10°? 3.08747 261272x 10" (tg¢ | pS (fLE /)
® 1055.06 107.586 2.93072 x 1074 252.042 1 778.172 6.58515 x 102! =75 kgf-m/s
1.35582 0.138255 | 3.76616 x 10" 0.323890 1.28506 x 10°* 1 8.46233x 10'* = 735.499 W
1.60218 x 107" | 1.63377 x 10°%°| 4.45050 x 1072%| 3.82743 x 10"%° | 151857 x 10°2?| 1.18171 x 10™"° 1
e Bq Ci 1%% Gy rad ;Ef C/kg R g Sv rem
l 1 270270 x 10711 @ 1 100 ] 1 3876 g 1 100
i3 & g &
3.7 x 10V 1 0.01 1 2.58 x 107 1 0.01 1

(86 % 12 H 26 HBE)
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