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Proceedings of the Joint Meeting on Plasma Surface Interaction (PSI)
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NBI Heating Laboratory

Department of Fusion Engineering Research
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(Received January 18, 2001)

The joint meeting on Plasma Surface Interaction (PSI) and Plasma Facing Components
(PFC) was held in Naka Fusion Establishment on December 1, 2000. This meeting has been
held to enhance information exchange between PSI and PFC researchers. In the present
meeting, there were 11 presentations which covered current status of PSI and PFC studies for
large fusion devices such as ITER, JT-60 and LHD, and basic studies on Hydrogen isotope
behavior in the fusion material. This report includes abstracts and view graphs of these

presentations.
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Critical Heat flux test on the annular tube

with the twisted fins

° Crmcal heat flux (CHF) test on the annular tube with the twisted
fins were performed in hydrogen ion beam facility(PBEF).

* The end-plug for the hair-pin return was Type-5, that provided

the least pressure drop.

O Experimental conditions:

Heat flux : Gaussian profile,
up 35 MW/m2
Axial velocity at the annular section:
up to 14 m/sec (65 I/min)
Local pressure: 1 MPa
Inlet water temperature : RT (27-33°C)
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Bumper limiter

Material Graphite Graphite VPS-W (0.5mm)
(IG-110U)  (Be28) coated graphite

Plasma e e

exposure 10" shots 10" shots Several 10s shots
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Confirmation of radiation source

Tritium S -ray have a range of about 5 ¢ m in graphite (~1.7 g/cm3)

¢ Signals obtained by IP are

40000 . s
entirely due to tritium

20000

f within 5« m from the surface

Relative activi

Scale/cm

—This technique measures tritium

ALT-II tile (vo. 22) with peeling the deposited layer off

v

deposited
region

beneath the
deposited layer

R T )

W
(=3
[~}

Photograph (No. 22)

200

100

Radioactivity [PSL/mm?]

Scale [mm]

300

Radioactivity [PSL/mm 2]
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Tritium on the backside of ALT-II Limiter Tiles

Plasma “Q

Ves Il
SRS

¢ Tritium was detected
—Due to gyration of energetic tritium (1.01MeV)

st ey e
6150 om sootymey oI Ortatieey Set ow 0T

~—
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Bumper limiter

Top

Bottom

Photograph

07567100 150
Radioactivity [PSL/mm’]

Radioactivity [PSL/mm?]

lﬂ. AN Bl
50 100
Scale [mm] .

Homogeneous T distribution

Tritium in TEXTOR

¢ Generated by D-D reaction in piasma
D+ D —T (1MeV) + p (3Mev)

¢ 1MeV tritium has a large gyro-radius: 11cm at maximum
—Whereas deuterium has gyro-radius: ~severai mm

= Tritium is not likely to lose fuily their energies in the plasma
and impinge into the limiters with rather high energies

¢ Tritium impinges uniformly everywhere on limiter tiles

4 If there is sufficient space, implantation into the backside
is possibie

T generated in TEXTOR (53 MBq)

= 2
Total surface area of torus with 46 cm (49 m?2) 109 Bg/cm

Absoiute amount of T on the ALT-II tile = ~ 100 Bg/cm?
by means of BIXS [Matsuyama et al.]
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CO-DEPOSITS ON THE POLOIDAL LIMITERS

. [Limiter material: VPS tungsten coating (0.5 mm) on graphite.]

TURE OF VPS TUNGSTEN

.

INITIAL S
ooy s

TRUC

Arrays of poloidal limiters.

VPS-W
melted region

o 010 20 30 40 50
1 Radioactivity [PSL/mmz]

Photograph

ioactivity [PSL/mm?]
_— [\*] Ls H W

150
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POLOIDAL LIMITER: SUMMARY OF RESULTS FOR
D, B and C ON TUNGSTEN COATING
[ANALYSIS PERFORMED EVERY 1 or 2 mm]

................ >
electron
drift side
SPECIES CONCENTRATION

Area1 Area 2 Area 3
DEUTERIUM 24 - 38 8-16 0.4 -4
(10" cm?)
CARBON 5.2-8.3 0.6-1.4 14-34
(10" cm?)
BORON 14-28 0.9-1.7 0.05-21
(1018 cm-Z)

o DEUTERIUM IS DETECTED OVER THE WHOLE LIMITER
SURFACE - EVEN IN AREAS WHICH WERE VERY HOT.

o INTERMIXING OF C, B, W IN THE SURFACE REGION
(DEEP DIFFUSION or COMPOUND FORMATION)

« VERY SMALL QUANTITIES OF D, B,C ARE OBSERVED ON
THE BACK SIDE OF THE DETACHED W COATING.

Si collector probe

— p—
= W
(=} (=)

W
(=]

Radioactivity [PSL/mm 2]

(=]

O

Scale [mm]
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HHEOREBITHESNATWSMNFOLEOEMIBREZEZRARTLH-OIC, BEHLEIAE
TM)F I LAAVEBEU-RAMEZELLTHVTREL, HILWLWVRIERBIZES<CHEELA
EEEL TR EFEXIREHALE (BIXS)BHIL -, RAEZE, REN)FILOFEMDAED
THHEARICEET I FILOMREOEHIRATICLERATES, ARETIE, SHE
FHHEELTERBIATWBREV T RATUITMIF O LAA VU ERBEL TR BRFEOXBARIMNL
FHAEL, FOENSMFILERUVSHIREORIFEILEZEBIL, 4> XTFoBTCORF
DLEEICHNTIEONIDHMRER .

BIEICERLEAVS ATFURBORESIZI0X 10 X0.02mm* THY, M) FH LA BEHEE
[CANTIACCTMRABELRLI=DOBIZERETHHAL, keVOAFLIRILF—TI150HESL
tzo COBRIFH LADBIREERFTH-0HIZ, CRETIZTF—EAEBINTOAEHBHM I
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3. HERUER

BORIIAAVBEE17BEZBL-BATHA -
ENFXBARIILVERT  ArOBEXKRE—S i Sample: W (as received)
(297 keVITIN X, 2R DHEEXREBBXRE—IA o35t Messutng fme: Gt
FAShT-, 2RO B EXBE—S X8V T AT I W(Ma)=2.05 cpm |

o
@
=3

Ar(Ko)=1.75 cpm |
W(La)=0.061 cpm ]
0.25 Brems.=5.61 cpm
Total=9.474 cpm

0.20 .

DM R ULARIZ—HL, ThEN#1.8RU8.4keVIZ
HIEL . 48, MEIXIEFIZTFL VAN 10keVITIEIZL,
FLERSN -, BEXBRRUHBXBRE—IDBE
ZEHBIZRLE=ESYTH D,
ZhETOWEMOROONT- BB OEHRFEKE
BWT, ArOBMEXIBE—VBEXYAIV T ATUR
HEOR)FILEFHMI DL, 97 kBaklio1=. & i
DRIFILEFAVT AT ERBICEBH LB 0.05-
(32 kBQ)IZEER1/4.6 THo1=, B, AV T AFUT B
BESIZEA, NFY AT OBEREANS O T T e e
MRIZEZHERPICERBLECEERLTINS, Energy, E /keV
B, ShoDEEXBE— R USIEBIXERE—HD
MBI EKITHOLES, TR EAOBELVEISEELE STV, T, #IBXBE—I DRI
AR E R ICEMNIEILLE=. ChbDIELY . BETHLIVT ATFURNTRFH LADILEAE
COTWBIENRRERE SN, RVT XBARIMNLDLI2L—a VBT &Y, MF I LDOHEE
[ZHSERBTORFILDFESDHORBELLNEESNIZ,

e
-t
o
T
I

Counting rate, N / counts min” (AE)
o
o
T
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Range of -rays in W, R/ um

Counting rate, N / counts min" (AE)"
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0'4 L T T T T T T T T
ple: W(as
g
03 § 4
2
|
0.2 1 -

Eragy, EflaV

e
e
T

2 4 6 8 10 12 14

Energy, E / keV

Change in the X-ray spectra with time.

0.4

0.3

0.2

16 18

Intensity of X-rays, { / counts min™

10’

-
=3
G

-
S,

—e—Ar(Ka)
[~-0-=W(Ma)

F—a—Wi(La)
v—W(La)W(Ma)

Sample: W{as receivad) k

10

10°

N '
0 30 ] 90 120

Elapsed time, t/ day

150

Changes in X-ray peak intensities and
the ratio of W(La) to W(Ma) with time.

0.1

W

0.0

7
e

2 4 6 8
Energy of p-rays, E / keV

Range of $-rays in tungsten.

10

Aftenuation of characteristic X-rays, R/ -

Intensity ratio of W(Lot) to W(Mx), R/ -

1

1.0 Material: W [

L—1

/
:

o
k'S

\ M_{}1.77 keV)

o
[X]
b |

N

0.0 D

\\

P —]

0 2 4 6

8

10

Thickness of tungsten layers, d / pm

Attenuation of X-ray intensity in tungsten.
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Relative tritium concentration, C / -

| ] 0.14 || Sample: Tungsten !
1.0 9
ct3 / ___——'"
/ Pt ] 0.12 =
o1 L1
0.8 c10 X . P
© / Pyt i = o010
© 1 x /|
cs [ =
0.6 4 E., 0.08 /
| = y
§ "‘Lﬁﬂ % [
oal e ] g‘ ol 2 0.06 -1/
o i o &
) g / E 0.04
0.2 c4 § I .’-‘f.\l_A;c3
.2 | c3 -1 E
je2 gw. "L.N.~L c2 0.02
00 A ; L e - C1 0.00
o 1 2 3 4 5§ 8 7 8 9 10 T e TR TR 7Y 0 2 4 6 8 101214 16 18 20 22 24 26 28 30
Depth, d/ pm Energy, E /keV Depth, d"f gm
Depth profiles of tritium in tungsten.  Simulation X-ray spectra calculated basing on Intensity ratio of L to Ma, obtained from
the depth profiles. the simulation specira.
Main results:

(1) Two characteristic x-ray peaks and a bremsstrahiung x-ray peak are observed. (2) Intensity and shape of the x-ray
spectrum change with depth profile. (3) Intensity ratio of W(La) to W(Mc) increases with depth profile.

T T T T 0.4 T T T T T T T T T
. Sample: W(as received) ,,, -4 12
10k Sample: W(as received) |
: 14
After 17 days N 1
3 2410
a3t T o uE
0.8 4 8.3 E u’% ]
o Wil
! §
0.6 . ™ w
0.2} o

Enamy, 1 keV.

o
»

o
o

Relative tritium concentration, C, / -
Relative intensity of X-rays, | / -

o
N
Counting rate, N / counts min” (AE)"

\ . ; 0.0 L& s dizemded
0 2 " 5 8 10 0 2 4 & 8 10 12 14 16 18

Depth, d / um Energy, E / keV

0.0

Simulation spectrum based

Depth profile of tritium on the tritium depth profile
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33 AR Cb/L—H%—) 1L B M) T 7 LERE

AREF DR BRETER U F Y A TEMER
O#l  E. KEMA. BHFZA. KF K, A& 75, PHEL SHRAL B E#

1. #E ITEROEEIZEV, M TF U LATEBEISHERLIRA REEYEEET 5,
TG RATHK RO R MEREBE R ILCEINSL N F YV LAEEZENIIBNTEEN-
XU THRETAEARDPREFT SN TV LD, BEEEOEV M) F 7 AKOER: ED
MEDRR SN TS, 720 MIFTLATTS U bRk y b VEORBISEED -
JFILIBINTHELRETLDT, TOMBHLREFEORBEIFILEIN TS, KT
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KV) THT R LR U, TOKE, MEEE0S5 KVIUT TR (0.15KkVET) . M
FEE TP THHTROBAIRESNT, # 3x 10° H/m’ ORFHRAE SNk,
E—AFORSIMICOVNTIL. HREFL (M/e) 230X TORMTI, KRBED 1 4>
(H', Hy' Hy) OBPEHEN, RESHRITERT 5 FAMIRERAL T THo 7

(0.1%F2ELAT) . £z, 305 OBEREREITITD T &N R,

—110—



JAERI—Conf 2001-—001

EESNTFRE—AREBEDRRE SV BEEER

AbrRZ LtHRX. SHEAME, #&)IHLA
RRIEEAMAR HERAB

FHI2EEE2EP S | XS
TR12F12B818  RIEHBRAH KR
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AREYSRER D B /Y

1RSSR FUR
B (RE. U (EHE)
HIEFIRR

2. BRI FRENE
a9k FHEE (Dynamic Retention)
REHSHOILERNRNvS ) V0, BEHEESEOR FRIKEN

3.57I =T RAGR
&EHHOBHIBEOER L kFERESYE
KETRORE M

4. FDMDOTNR
S hIb, BFRE

@saka University] Q

TR FZADOEFEICDNT

Samples : RG-Ti (1.7 % Ti included)
Beam: 5 keV Ar
Temperature : 1780 K

, onooos BETITSI I = .o cooo JETPTN
Flux : 8.0 x 10” Ar/m’s Flux : 1.6 x 10° Ar/m’s
(Fluence :4.2 x 10® Ar/m’s) (Fluence :1.9 x 10® Ar/m’s)

SHTFRUR  REMORBREEFFEL. MFROBMEKITHI TS,
> ERNFRELTICONPRAICHLTL 3.
TIV—IT VAR TiICOHE, BIN-—IVAOBRHTTHRECHEL D BH.

[Osaka University} Q
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ERDEBEDHELHEEDEHIR

BIFH : ~ 1.0 x 10° H/m’s (BkeV H,")

-—> A% (HEE)
TRIVF—5RIE : keV FAIE

——> 100 eViEEE T IS 3 (FiEE)
INIVAE 4 sec (low duty : ~ 1/50)

—> EE (FEE)

/ P 50 cm o
, < & =T R 104~ 10" m?s”
Spherical Electrode
-=>>10"m’s" (FiERE)
GERDEE . AEEY) - ~ 2% O (typ.)
INTy BRI F VR
R E BB E SR -—> HEBRUIELS (FHESE)

[Osaka University] @

SR FRE—LARBEDRHH

1. B R
BFPHUT SHIOBERDIEN (F5XIL I aL—FITHART),
AS O FIE A AT EE,
EENTRERENRETES Bl 1A E—-L+FHES P HIL)
2. FE
Ry F R FEOBEIRERE A ATHE
3. IRIF—, HFROFIE
IRNF—PHFRE, A FVBETSAIDNSA—SELEZTIC. &
LB EHED (REBEOHA) .
—> SHFREFRBERELLT. EHAEED—DOTH S,

@saka University} Q
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High Flux Irradiation Test Device (HiFIT)

to Pump
Spherical Electrode

Infrared Heater
Gas Inlet ‘% é

Microwave =i

2.45 GHz IU ;
(5 kW) ;

lon Mass Analyser

Magnetic Coils Nd permanent
(Max 2.2 kG) Magnet

Load Lock Chamber

Details of Spherical Electrodes

a Radius of Curvature : 600 mm w
Thickness of Electrode : 2.0 mm

Number of Apertures : 638

Diameter of Apertures : 4.2 mm . _ | Positive (1s0) Electrods
Effective Radius of Electrode : 140 mm ' Mo)

Negative (2nd) Electrode
(Cu)

Transparency : 50 %

Distance Between Electrodes : i
Positive (1st) - Negative (2nd) : 2.0 mm ,,‘E’ro““d (%?g)ﬁlccuc’ﬂ
Negative (2nd) - Ground (3rd) : 1.3 mm '

Maximum Voltage : 6 kV (Positive)

-6 KV (Negative)

Maximum Acceleration Current : 1.3 A

Aspect ratio = 1,05

e
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HOREBESEICEIT DERRE (1)

= <
Vi Ve V3=0 E L
4 13 t3 L F
9 F o
zr 2
& E T w
T = o]
3 -1 —10Z
oo - - <
i S RPN SN z E ]
SOURCE BEAM AXIS o 1o
PLASMA =T 18
z 1
e o
r1=2.5mm,d1=3mm 01 Ll gyl [ 1
. ’ 1 10 100
Aspect ratio r,/d, = 0.83 ACCEL-DECEL RATIO €

MRREE (Vgecl/Vaee) 10 R THRERA S8/
T ARG RS 0O5D\BEE EE LB,

ML S LTl £, TOEGFTRABENSRICLRT 5.

A. Sagara et al., Production of High-Flux Beams of Hydrogen lons below 1 keV,

Jpn. J. Appl. Phys. 25 (1586) 506.
(Osaka University] ?

HOREBESELICET HEREER (2)

30 T T T
@ _ -8
“& 60| S s
i P
-9 P 4
= S A
d1 % 401 Ve 7
15 mm| e
15 15 10 15 % V4 —@= V=30V

E oL /r _ - Vo.=80V| |

© Y

r=
1.9 mm

IAspect ratio r,/d, = 1.27 | § V%] J
BET 0L HBERRS Y H e
DUFELL (IVgecl/Vaoo) 20 11 TRERB HHE/N : --7F .
ER R 35 : ) s
£, ZORETERBESRRICLERT 3. 0 0 ecetemn gy 0
T. Yoshikawa et al., Production of very low energy and high brightness ion beam,
Rev. Sci. Instrum. 67 (1996) 1393. (Osaka Universita Q
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IKEE—LDHRIFROEEIZCDNT

100 T r T T 100 T T T
80f---e 90 ]
® : Vac; =3kV
. 80 ST 0 Ry H_ ’_\ 80 H? .5 r:.n-l-on, o]
§70 V3 &% 5 70 > & x
g 60 T 2 60 Bt 1.0 KV H
S acc = o) °
& 50 IH; - 10 mTorr & 50 .
L 40 : £ 40
& 30 € 20 1.5 keV H
12 20 3.0keV H ) 20 o ° :
MRS - ] ° °
o e o} ° e % o e ¢ ¢ 3.0keVH
10 ® t 10 ; A ,
0 ° 1.5 IkeV H 0 ; : ;
400 600 800 1000 1200 400 600 800 1000 1200

Accel. Current | (mA)

Accel. Current | (mA)

KFEE— L. —#(C Hg", Hy', and H' 2 BT,

Hz" (1.0 keV H) DEI&RE A F VERARELHCEML, MEEFR (FF

AAVERTSITEECHIE) E£ITHD TS,

S IRNF-ERTFREZCSET. TORFEHERI L EE. HRESM
REREERLTEIEDBEETLL,

[Osaka University] Q

E—ANT 45 (ERZEET)

Power Density (W/cm?2)
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H, 10 mTorr

® V,,c=3.0kV

® V,.=20kV

e V,=15kV
Vool / Vago = 0.2

BA/NT—BEE, 65W/ecm’ (IEBE 3
Y, kV) T. kFEISVHZRICHBETIE B

/° 28 x 107 H/MsTH B,

\\Q
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o
'

e

400 600 800

1000

Accel. Current l;co(mMA)

1200

@saka University] Q
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E—AND -84 (SFERET)

Power Density (W/cm2)

RA/ND —BER. AEEEOEMELCE
AICIEINY B, COFERE. BEREESEL
DERRBERERHILT B,

I S B B
0.9y Vacc = 3oo v, 1o mTorr H2
08Te vdec_ soov ®
0.7kt ® Vieo=-600V /

© Vo =-900 V ¢
0.6F1@ Vyo =-1500 V Z’ °

© Voo =-2100V
0.5 7

[ﬁ @
0.4 e
% A

0.3 B

200

IREE TIC HIFIT &E

BANT—~BEL. 0.75W/ecm® (INEBIE
03kV) T, kEISYIRCHETS L.
#9133 x 10° H/m’sTH 3.

HERBEZZE(LSEDHET. MEEE (E—
AZRINF—) PIERER WFRESLE L
&) —EDRHEHETTISvIREE{TES,

400 600 800 1000

Accel. Current I, (MA)

[Osaka Universit)a @

TEHELONERFR

Flux [l ~ 900 mA] (H/m3s)

T T T
R Max. Flux=>o 1 keVEL FTld. WIFRTIFIEMEEED
H, 10 mT
4 [Hplomlor o/ 3/ 2RICHHIT B,
V4 o (HEBENSSELBEEN)
10%' o
e //
e ZWW%MW a 1keVEIFTlE. REBESELOME
§ R s T, MFREEE-ETH D,
/
/N
20 \\ e -
107 | 3¢ Child's Law [ ~Voohd ]
Al /.
ey
2 3 4 56789
100 1000

Accel. Voltage Vace (V)

(Osaka Universitﬂ Q
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E—A:}:@?{i,ﬂ% Ezﬂ?flaaﬁ BERICDWNT

30 — . 1200 ) 1 l
s vacc Z50kV
g 25 : =770 mA j....] 1000 _Vacc / Vdec = 300 V72100V -
> H2 .2.5mTorr
£ 20 R e s
= g acc
;.; 15 = H," £ 600
% 10 £ 400
m
§ s 200
i : ]dec
0 i 1 0 g
0 5 10 15 20 25 30 0 500 1000 1500 2000
Mass Number [M/e] Time (s)
Mass Spectrum of Hydrogen Beam Evolution of Accel. and Decel. Currents
BR. REEZSOTHYE BORDENNABEERERF. |
R RFLTTH S,

[Osaka Universitﬂ @

XL

LECRAFVIREELHEEBEZED., TESHTRE - LABHFER (HFIT,
High Flux Irradiation Test Device) Z&4EL 7=,
2. MREEV,.. =3 kVOE., 2.8 x 10" H/m’s, IHEEE V,. =0.3kVD
BF, 3.3x10°H/M’s DRIFEEZRIRL =,
JLRREESEEOFRAEZEROREBIRILF—AFVIRTRIEL -,
- INBREES00 VLI FOIBSIC. MFRAKIBCEMEEZEMNTES,
CIERER (FSATEE) 2E82FI0. HFREBLTES,
4. BRRUVRBRAHYMOSHEEL, BERRLUTTHS.
5.300DR/NIVAEEZRI L., FREE. BHEBIS D CE4H
TAIETEHRBIRNINAENRIITESZ EEZ5NB,

[Osaka Universitﬂ Q
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EIBREAR (SI) LB E %

R OSTEFBAT G LU RHBIEE F2 SIEHFHEN BB F5 SIEGE
2 % i 5 2z 7 7 5 =T HEAREE i 5
& ol RO m %, ¥, B min, h, d 10 * 7 % E
2] B 4054 kg B, %, ¥ LR I S 4 P
by fifl ® s Yy ow bl L 102 & 5 T
& ml7 v ~ 7 A k Vit 100 ¥ # G
ANERE |5 r v v K BFE LA | eV 10: A H M
Y1 g B|=e W mol BERFEREL | u 10 + =] k
X CElr v ¥ 35 cd 10} ~ 2 b h
FEE B|5 v 7 Y] rad 1eV=1.60218x 10-'*J 0|7 #) da
Mok B|RFSvTY st 1 u=1.66054x 1077 kg w7 v d
10| & v ¥+ c
10| ] m
£3 BEEOBHE b SIAT M 0° | <420 .
x4 SlEftrYEmic i
== | 1D SIBif 10 + / n
& % W iLs (¥ 3] %E%‘é‘néﬁﬁi 1012 e ) P
=] P4 ¥~ v vl Hz s7! & r i = 107 7z 4t f
7 =a=Fv| N m-kg/s? AVHR O —L A 0" 7 r a
E ., & A~ x4 n| Pa| N/m? ”~ - v b
IFAMF—-HH BB Y o — ]| g N-m - - v bar Gi¥)
I®, mew|lv » M| W | s 5 W Gal L R1-—-513 EBBRR] $5 K, =K
EXB, BH| /7 -~ o v C| As + 2y = Ci EBEHE 1985FHTICL 3, 72750, 16V
B, BE, EFH |# v b V| WA VYo oy R BT 1 uDfEi CODATA o 1986 #e12
i3 E = B{v » 5 F F Cc/vV 3 s rad
. it d -1z,
q K& Wl|l# - 4| 0 V/A v 2 rem ;
2y 55 vR|v-sval s ANV 2. RUCHBE, /9t, 7—n, ~2 4
H Blv = — ~ Wb| Vs 1A=0.10m=10""m —ALEENTVEHNEEOB LTS
fﬂ ﬁi’ % E s xl 7 I’I_; gb;:z 1 b=100 fmz_:lo—za m? C—C‘i%%bf:o
~ ~ - — = b 8
17578 %%~ vy I b 1 bar=0.1 MPa=10°Pa 3. barid, JISTHKEKDEHEZEHTIE
Yy RABE sy RE] T 1 Gal=1 cm/s? =10~ m/s? BIBOE2DH 7Y — K HES AT
Eie Blw = £ ¥| Im | cdosr al=lom/s =10 m/s 3
B 2 1Ci=3.7x10'°Bq °
" Eiv 7 2] x| im/m 2 . 4 ECHWMEHLIESTH bar, barndk
" o e~ 2 vl Bg| s 1 R=2.58x10"*C/kg ) o
Z U TMEDOHA | mmHg %2045 71
B O & B|sv 4| Gy | ke trad=1cGy=10"Gy BT
moBE % Biv—up| Sy Jd/kg 1 rem=1cSv=10"2Sv °
2 ) *
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 #1| 00980665 1 0.967841 735.559 14.2233
4.44822 0.453592 1 0.101325 1.03323 1 760 14.6959
¥ B 1Pa-s(N-s/m*)=10P(#7 X) (g/(cm-s)) 1.33322 x 107 | 1.35951 x 10~® | 1.31579 x 10-2 1 1.93368 x 10-2
BIE 1m¥Ys=10'St(X b — 2 2) (cm?/s) 6.89476 x 1073 | 7.03070 x 10? | 6.80460 x 10-* 51.7149 1
1 J(=10"erg) kgf-m kW-+ h cal GtR#) Btu ft « Ibf eV 1cal = 4.18605 J (3H&#&ik)
3
W 1 0.101972 | 277778 x 1077 0.238889 | 9.47813 x 10~ 0.737562 | 6.24150 x 10'® =4.184J (#fL3)
e .
I 9.80665 1 2.72407 x 10-¢ 2.34270 9.29487 x 1073 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 1025 =4.1868 J (EERSH)
- 4.18605 0.426858 | 1.16279 x 10~¢ 1 3.96759 x 103 3.08747 261272x10"  jpmsm | pg (ILEH)
B 1055.06 107.586 2.93072 x 10~ 252.042 1 778.172 6.58515 x 10%! =75 kgf-m/s
1.35582 0.138255 | 3.76616 x 107 0.323800 | 1.28506 x 10~2 1 846233 10'® = 735.499 W
1.60218 x 107"* | 1.63377 x 107™| 4.45050 x 10°2¢| 382743 x 10~*° | 151857 x 10-7?| 118171 x 10-** 1
)4 Bq Ci %zk Gy rad gﬁ C/kg R g Sv rem
5t 1 2.70270 x 10-1" @ 1 100 @ 1 3876 % 1 100
fE ks &g 8
3.7 x 10% ! 0.01 1 2.58 x 10~ 1 0.01 1

(864E 12 A 26 BER%E)
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