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®494 -
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|16

e
0

I

L
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34

@310 <92 -
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IF
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=
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16 =
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B2-2 0.5 MINAZAR T 2w b OBrEE.

Nb-Ti
Cu—

Cu-Ni———
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7

~— 43—

(Filament)

X2-3

(Conductor)

-
~

{Strand)

ﬁgis}f ko 7*)1/0
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F£2-1 OS5 MINNANART R FDINTG X —F—

o1 A OVERNEE 2388 mm y— ¥ 952 (28X34)

a4 NERNEE 310 mm ¥ 28

a4 ILVERNE 494 mm BIR S IE A TINYr—%
a4LEREGE 255 mm r—TNLE 1202 m

ERE BT 1976 A R

LR 5T (a2 WrE)  79.7 A/mm?
AFDH R 0.264 H r—"7)L¥r@E) 168 A/mm®

frT 2L ¥ — 215 KJ 2fNVEE 155 kg

Wik BB RETIERIDORT XY MEHOTHhE K D IZFRP N
FCEDMF THUERLEIR>TWS 45,

DS54 FRATY PEAF YL ABET. WIENY T LE, BEERS R
B, BETEHESEM SRS, BREREOMEBCEITLIRE TN I - LEBE
WEBREH V. ZiEHL SO FROBAREKRLU TS, FRBEANYTLE
CEHBEREOMBRUIKRICE. BREREEEMULRERPEILTEY. &
DOEZUED & VEIRIC L VIFEANY I AHORIENECREEREE (77T K
HLDEBEETHINS KSR >TV S,

BHRY— N, L3RR X450 m. BEIBWTETE 55mme D AMIRL 3000 A A%
FHLU. THRIBOT AN~ (BERBERC mn . KX0.86 m) TaA LI
BELUTWS, 729 POBRE. MO L—uT U IVEREY A YAY -2
INR—=H =KD RHENSE,

HEXYY —TNLEE2-3 WRTER. BAOFEFLVERIh S, TR B
DERFERHT 7 (NC) $HIHRNTIZET « I XY (UF) SEETEEHECR
S2TWVW3, UFSEIRIEINDTIZ? v S XY MBS Cu-CuNiR P Y 7 ARZEDAEh R 216
BEOEEZ MY 7 AFETHER T, CNIARTHEIh TV 3. EERUYY—
T, REBRKXEROEZDBRYBEIHATHET . BEXETS—TLONIA—
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£2-2 H—TNONF—H—

r—TN NbTiT X P 30.0um
] 1.91X7.9 mm® NbTiT 45X B 216
EHEY 15 Culm & 50 %
®me v F 95.5 mm CuNim % 27 %

R NbT i E HE 23 %
B 0.995 mm CuNi RZIE X 54 pm
Be -y F 12 mm

- _@ - LT [recover ine
L_.Ni ’G_,N.L HV-16 G.xiz 'LT'3 Y EM
compressor[ V- 1 L| T LT-1 — [
hea LT-2 - <
g ] | lexchanger B wTeL T
L z
purifier N &
\ | 1
gas
ho lde r|
ﬂ!§2
1-5
M tr-e y A
LN X et Vi s
H.x-2] [EXP1 é’
e v Lv2 k:
H.X~4 x'PZ —(><t—---¢::(2 =
‘LV'15 LV coll :
Lx-ll
¥LV-SI L3 N — J
2 cryosta
refrigerator valve box

B2-4 0.5 MJSILART 2o P pHRBER. (WY F&8HF. M FEE. LT &
N EVKIE S . LV KIBERMFESRH)

- 12-



H—ldF2-2 WRTHh TV 3,
2-3 ANYILERFAEVAT A

0.5 MIRLART 2 FOFBYAFLARM2-4 WRT . KR, EHEHE.
BHERR A 7—. BER NLTRy 7 X RURERED MBS, ThHO
NG A= —dR2-3 CRENA TV B, FHYATFLRZREKELL T o6h. 2T
29 b OEENNO KUAETIHRIFERIZ & D BTHEh LH150-80 KDOAY T4
HAWZ KO FHBEITY (PN E—F) U, ZhUTOEEEETILAERD >
BENDH 60-10 KDAYDLH AREAVS ( PR E—F)

PNE—F Cld. RTHEHED SEX XN ZIANY I LT AR BHREERS IT—1
k0% B0 K $TAHT 3. COEEAYILHF R, LT-3. NLTRY A,
LT-1RBTYI4FRAY Y PEBRKREATh S, 24 LRRHU T WY
SRS HARLY —RZREZHDE. LT-20 NATRY 7 A, LT-4% 1% 0 iREEE
KA —HBRS S BTBBRRLOOL AT >N 3, BRBBIZ LY. BE
cEREONYD LT ADBEERTTRAZROHEBAERH I UL TYWSE, 2DE—
FOBRKREE. V944 Y Y FOHRE (F—VYE: RREEDOEE) # 0.3
kg/cm AT &7 B3 &k H1.6 g/s EUTW 5,

PRE—F T, BEREFRE U THEBRLAV S, HEB L VG INSH20
K OANYILRH AL LT-50 NAUTRYy P A, LT-128T. 754 FAYv A
METEXEINBZH. IT 20 DEEBEVIEE. 734429 v F NORE
AR TEBEG R 2R 60 K 7B, PRE—F TOEAEER. BEEOIEMN
E-THEXNY 0.6 ¢/sTHB. AL LDEEN 20 K UTTRRYHNADE
AEAHEBIRT S > TARBOYRLED. BRI ALRI0 K
THHAIT 32K 2. FAE—FUEHR2-4 WEEATL 3,

FHROBERIZAVOhEEEFONEUR2-5 WRLUTH 3. FRP 7350V 0
BERU ) ANVEBAOH ADIBER Pt-ColRHTIBESFICEVMIELV R, $h. ¥
FGAXFXIY PNBOBEAFREET S52DRENYIAMBREIT Y F THD
FRP 752V ORI 6ORBXNEEFR2BRE U2 YTANY r—F 2410
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R2-3 HHB/BONITA—F—

D54 FAAY v}
g 862 mm
mX 1750 mm
NYTLBRAE 646 mm
ANYTLBEREHE 1600 mm

WA FNCY L
B TSAFvI LY V2R
ay v AR RIS
WHERY —LF
ToYY 46 mm(D)X50 mm({TFE)
BEEES T0 W 20 K)

(ke 10L/nAE%)
KERE
LT-1. 2 3745 mm (L)
LT-3. 1 2600 mm (L)
LT-5. 6 4405 mm (L)

ER T

RN 3 BRIESE. wiRdEsl. KisA

WA/ HES 0720 kg/om?
VURLY: -3 150 Nm3/h. 37 kW

WEERRL 55—
"E 460 mm
X 1170 mm
BT R

S 15.88mm(D) X 1mm(t)
ME  9.53mm(D) X 1mm(t)
7Tl 20 Nm®/h
BEKEFRY I X (BARLER
EEAD)
FE%
WAERERA 5 — R4
IT 2y MTE |

T2y bPRY 1
INA N 1
HEBRE

RT3 MTE L
RT3y MRY 1
#ikrg
LN2 EREE R AR
8L 150 Nm?/h
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x2-4 FHERE—F

t—F a4 IR EIE L NY T LR s
PN 300-90 K BHERRL 57— 150-80 K <1.6 g/s
PR 100-10 K L 60-10 K <0.6 g/s

EYRRER A NVOBREN L VRO L. HAFREOWETZIRETITHH. T
o — p AFBEFBHV oI R,

2-4 300 K »>10 KETHD0.5 MINNLARY 2w M OFAEY

2-4-1 TFHEEE A LHEES

BAIE R FAMENE2-6 WRINA TV S, BEHS 250 KF Tl 3 sl
BRAREE L IBBRER L >TH—HOITHHEIN S, Terv Teys The &
TEBRU LFRP 7S5 Y VIBEE ) AN TONY ITLHABETHS, 2O
X, B (i) UIPNE—F TUE1.51g/s « PRE—F TU0.51g/s THohe &
hoOHREIE. BHYAFLAOHBRRLVBERADE—FOREBERBETS S, M-
REOBAID/s HONMS/h AOEHEIIR2-5 WRLUTH%. BHEY—Fwid.
GBI L BBBEARB DRI LFREOANY I LT AEELTEY. 20
EREPABOIAILVHNBOEBESESICETUTORVERERY — FTHOIE

FK2-5 HBg/shHhoNm /hA\DfE

g/s 0.5 1.0 1.5 2.0 3.0

Nm®/h 11.2 22.4 33.7 44.9 67.3
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AFF|
- J— _Al-‘B:LATEE

L L N2

FRP
FLANGE

' L coi
- HINOZZLE

G He =
VACUUM

Cu PLATE FOR
494 RADIATION
SHIELD

«: THERMO METER
B2-5 REEHREER.

87—t 50—}
-\

PN mode - PRmode
x
Ll_‘-200—
5
s TF1TFu
fod
w
o
-5 100
-
THe TR TFu
THe
0 ] 1.1 | o1 1 ] 1
0 2 4 6 g8 25 27 29 31 33
TIME, h

@2"6 %2%%&0 (TF RS TFU ~ THeLiT%&Ut%FRP? “5 yy\ / X)L%Bé}v@aj
AY LT ABE. )
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EOABEIRZED. BERUY—FDOOBARUKREERT 32 L BHR S,
B2-6 WRFT LD, 250 K »S20 KETDOFHRWIE 15.5 BEIEZEUVER, O
ZOORHE—FTOI4LOBEARIISARIRCHE Y L. ZOBRIIE?-
7. BRRINH TV S, PNE—F (F2-7) 3L T, BESE LT (F
HERELGXRE) ER->TVE Y, PRE—F (H2-8) TUMBRMEREFRIRL,
COBRBENMERBEREUT. 794425 v P NBOBHAY I LH R
OEEDRVPEZ >N D, PNE—FILLZAHTE. HADEBEMNEL X
EBDTDAY I AH AOIEDRBAE VDR, Ny TUEUTOY 54+
ATy FRONY LT EEBR—ZEh. TOBRYTAN  r—Raq)L
OEREAE L THBI R EZEL N3, PNE—F TOFEHT. Ny T
AMBEUTOMAFMDANY I LT ADBEEZ2 K UTTH oo ZHWHUL PR
T F TRBHH AOBENEL TLBERKELI RS LD, J XL OMEHR
BPNE—FELRB TRV, 2ORD. 7544 AY Y F HETI 4 LOWAH

=

N

Q

o
]

3

TEMPERATURE, K

1001~

I T N T T T O O O
5678 91011121314 Fu
NUMBER OF A DOUBLE PANCAKE COIL

u
~N
W
sk

K2-7 PNE—F TO A LKEBOBES . (m=1.51 g/s. 24LIITTWEY
EFSSFXHhTVE, ) '



T
:&@
iz:@

30

TEMPERATURE, K

20~

10

| Y D S T T |
8 91011121314Fu
DOUBLE PANCAKE COIL

X2-8 PRE—F TO A LHNEBOEESMH. (m=0.51 g/s)

L
-]
~N -
D o b
I ]
o
[« 2 N
-] e
@ |-

RAYDI LT ADEERFERD2ERT RO, FTAINY r—% 24 VDR
EA%HD ETHHBRICE ST, TEROBHAMBILITONE XS ->TWS,
Finth, JANLBREN Y TIRTEDOANY T LI ABEDOER 12 K KETE
Uhe BELUT. ChoDRRTREIIAARXS Y PAEBBONY I LHADE
VOHREANED ZOIPNE—FTIL 70-110 B (Ty,:100 K~ 80 K) T3
M. PRE—F Tk 460-2680 £ (T, 60 K~11 K) BT %, B2, K2-6 T Tr,
& TruDEBEFULSRBEERE. V54 F ATy PREBLEEDRERA)Y
LHFABEHUEED . FOLDIZ. FRP 735 VOEERTEERIARZIRST
VWi, ZOHRILE 1ZB0S SBOYTAN Y r—% 24 LOBEANRRIBEDH
TRREDR>THMAMSHRIANEERLEIE TV B, ZOHA. KEANYILH R
DOEEL. 1.9 ke/m® ¥ KVHKEL., PNE—F TOE & HEN5-10EDIETH -
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foo

2-4-2 ANYIAHATLYFILE =R & S FAR/FEOFM

BIEi TR, A INOEESHX VSHDRLEFMET 52D ET TN
F—% a4 VOBEUBRIMYZELDhRRAE(Q (J/s) OREELRZOVTHAW
2o H2-9 SE2- 10X ZOETFRRDENTV S, QU (2-1) RLVER
T2, IREI WY TANRYr—2 a4 LERT,

Q= M XC; (T )XUT; 7dt). 2-D

Mt a4 LDEE (2) . G BE T, TOA LD (J/gK) . T, 12
AADEE (K) . t: B () o T, BEECBEETSHEY TANY r—ay
LNOBREHLVEE BAOEEE—-FREALUT. FHOVMOBRKBTRY T
WNIr—%24 LDOLETHOQUENBOILLDQLVDRKEVN. ZOHKO

F2-9 PNE—FTOBBY TN r—3 a4 VOBARRICEOh 23 E, (N
MY TN =24 VDOEEEET, 1=1.51 g/s)
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H2-10 PRE—FTCORY TANI Y —% 24 LOBEGBEIICED h 23S,
(m=0.51 g/s)

ANVHBOBEERFLE L > THARKVEDO L ZHEL U M KV HIES
DD SIKRBANBH T AREBKRE IRV ZORERITERT 3.

B2-112id. mFHE— PN 5G0HE (a4 VOEHEELT BN
UILHAADIY ZNLE—DORBE 1 E¢ (c,f,i) ) 2L NLOFEE (a,
d,8) BRUNUILHABE (bye,h) EHWRULTWS, FHRERESIL
DBERES L O RD R, B BN (2-2) RKYEET S,

Ere = MXC(T)X(@T/dt)/(mX (Hy -Hz )\ (2-2)
M {224 )VOEE (g) v CT) BE TTO2a4)LOkk#E (J/gk) . T :

EIAANOEEE (K) « m: ANYDILAHAHERE (g/s) « K, D IBE TTOANY
DAHADI I INE— (J/8) M ¢ JANBHATONYSLHADIY FIL
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300 PN mode PR mode
a,b,c (m=0.7549/s) 9g,h,i(m=0.519/s)
d,e f(m=151g/s)
< =
7200 ot
o i—. >
'8
2 =
< W
: 2
a o
L)
. =
S S
o
o]
-—h ©
0 1 ] ] 1 1 L 1 ] 1 0
0 2 4 6 8 10 120 2 4 6
TIME, h

K2-11 wEPE, ( (@,b,c) & m=0.75 g/sicX T BHERT. (d,e,f) m=
1.51 g/sieX3d BEERTH %, PRE— FOFREL0.51 8/5TH B, )

E— (J/8) o BFHE—FOWHIOERKED Ei i id. BENY I LBEROREE
OEDIEWBEER>TVS. Zhid. 250 K T LS FRPISI VY LUTDAF
VIABRBORATBR AL NOBRBEEDIIH IKHYL.. »OBHAY I LK R
WAL NEAF YL ABBOR2ERT S 2D, AT AF YLV ABRRGHT S
R, COLIREVEERZDOTH S, COMBHOBBERIE. XFVL R
BRIANYILAHNZAOBEREEA—EL20N. NUTLTAOEBEEILLY
AF IV ABRBROBLUBE YV ORETEOEILE2HET 5L 2 LOREFEREDE
ILOF 2% UTERZED. AF VL ABHRORHCRETEEIEHRATE S,
FOHR. B2-9 & 2-10 WRT & D0 OEIFEOREIC X DEDT S0,
Erv WHAE—ETH %, PNE—F T, HE 0.75 g/s X 5E; ¢ (60%) L.
1.51 8/sd Err (50%) k0 HEVERRLTV 3. ZOBERE LT a0
DOEHHZEAENWNIVRDAMLVKREOEEIERT ISP, TOBERANUIT LA
HAEAANLKHEOBEENNILSRBRYAY I LT ANOHBHEBFEOHEIM L
FILTURZL ROBPoELOTHS, PNE—F T, HEOENIZILO
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WBHBEEREL T EBEERSD. RFOMBOED o B NRER LR 5.
4 NHEBOREQRBEATIC L VBEBRET S, PRE—-F TR Er WIER
WERWERRU. 80-90 DL > TS, ThIFKENY I LT ADLEH
k3o 2F0. BENYILHAOBREDOETREY . BMEORERANYT L
HABD 54FAY v MERCEFHUBERIORREICA YR T {R->LER. #
CEREREEASE. BREEIREBTHET ALV EHYEO X WiBKOH
BHBZIESVREDTH S, —FHPNE—FTE. NV TLAHT ADEEDIEFL
RELL FR2MNVHDOBEBEVLED. ANYITLTARBRLERLLY. &
FICASZERFRETETH 5. DD ANYITLH AL 21 IVREOREZRE
BERIANLOMUMETITONSHPRE—F EHNPNIREER>EDTH S,

2-5 HEFHEKK S TFHRER

2-5-1 BEIERLIBEXEIT 2y POEF AL
B TR LS, HEXIT 29 P OFARBERFE L LVMS DI,
a4 VHBOEDH RMEABEANY I LT AMOBMAERRF S O T ILE
BH3., TORD. PNE—~FOFHEERERIEHHE (FREFEX) KLV V I
L—yayUFBHD 0.5 M) NAAIT 2y P OBZERE: MRELKEF 1,
ERAmE 148 EAECI6AE. A L1I20RROMBER 2SNV ESE
Ulo BWERIE FRPORE YT, LIGETHIL FRPOTS UV TH %, MZER
By 24 NVOLEEER. NE. MEOLESETEARHT dh, BERH
DB0%IEF2-12 (a) WRT LD, BEF—T (V—A v I A) TAbLHhTW™
3, FORD. EABEL U TOI M LNORMENEL. $EK'Y O LH
WTHE S h 2o ERAMOBMESIERI2-12 (¢) WREHh. ThZEHEENE
Rk -> RBEFOEEIN TS (M2-12 (b) ) . WAHETIE. FRPOAN—
YWY TN —% 24 LRSS D B2-12 (d) RFET LSRERS
MOLOERRBR >TSS, KA N TR, AMOZER (A, ) LEEH
M A, ) K0 MBFREERZVIESRPHE, A, RUA, BROLHI
ROBZEBHEKD. A, = Az/R.*A)v A = Ar/ReADETRB B, R ER,



@ (2-3) . (2-4) WLVFHTES, R,s RBBR NG RUEERT
FMOBEHHS TH %o Az Ar@BAMZ BT SHAOECH S, A, A WH
M BEEREEOHEEZ R .

RnRuRs Ru Ry ReRy
R,z —mm™™8 ™ ¢+ — + — (2-3)
RHRS +RNR3+RN RH RN +RH RF +RH

Rs * (RuRuRs 7 (RyRs +RN Rs +RyRu Y +RN Ry /(R #Ry DD
R, = N (2-8)
Rs+(RnRuRs/ (RyRs+Ry Rs +Ru Ry ) +Ry Ry /(R +Ry D)

7_’.:.7_"\ RN\ RH\ RS\ RFCi%’Q}“x“}ﬁX\ '/\l)rjj—\\ ﬂ%ggW\ FRP @ﬁ!

NOMEX &
HELIUM GAS

NOMEX

WHEHE

(d)

(c)

2-12 HEEXIALOBEHETTIL. (@) . (b)) BEENXEOHERTR
Us (© . () BBERERTHMRUEHGMOMEHET LZRLTH
%0 )
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£R2-6 FERISZ2/LVMETORZER

ATK) hia hea his hoo hip/hia hap/hos

~0.0 11.9 10.3  6.21 5.34 0.52 0.52
20.0 11.1 9.72 5.7 5.06 0.52 0.52
50.0 10.3 9.17 5.5  5.00 0.54 0.55
80.0 8.89 7.50 5.46 4.73 0.61 0.63

100.0 6.11 5.56 3.46  3.17 0.57 0.57

Z 2T hon (10°3W/emP oK) IEVZZELETH S, 1. BB NDOLERET
¥NRRT, Fha bBEAYT LN AHEENL.51 g/s. 0.75 g/sEiRT,

EHRA 2R T B, B 200 KT A, =T7.15X107%W/cemeK. A ,=1.67X
1072 W/emeK o ZOFERITSOR. HEARFORZAEL. HENBOHD
GREBB0KTH S & EHORMZMED NTi R CuNi EHREFRAREW
ELY. HOBZAROERE Uk =XV T A NI LH AL FRP DMz
HRL. BEHID - 13) B3HUk.

2-5-2 MBITER
PNE—FORRERRHBEIC XYY Ial—yvayUk®., FETRTOYS
LOEHIE. MHERESFHRBERAELEOIENBERINTE Y. 20RDEH
EREAE A <A<A OBETELIEINOEEFHRITEL L, HERE
UT. 24 LOREEEE. SAmER (A ./ (A+X2) ) XA k@
£ A/ (Ac4R2)) XA pfik 32 EnR Mok, HIXE. ZOfE 200
K T 9.72X107°%W/cmeK TH 5. BZEICHUTE. 81HOBERAY T4
HANZZ P hEEEIALOMETH Y. Thida 4 AREBERAYILE
BEUTORDOEEL NS, FETHVANE TOMSESRE ATORKY
UTH2-6 WRUTH%. ChoOERLY. LEBTOREERL FTEHOME
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O 1 B5ERD. LEROREEENTERLVBEFREXVOU. ANYIL
HABTHERE EFZZ L&A LOERBEBLUT VI EEL NS, B
FROKBRHUTAY I LT ADOFENIIBRREL 228, BRHEOBRCH
T 2MEFOEUR 2-5) VWL VHMBTEBTES,

h= (AMD)X1.88X(ReXPrX(D/L X o/ 1,)% 2. (2-5)

Ty hBEEE (WamdeK) « A DAY LAHAOBREEE (WemK) . D
THHYMBEZE (em) Re:! LA LT Pri TS A, byt NYTLDKE
HARE (g/cmes) « u, P BTONY I LOMRE (g/cmes) . L [ BORYX
(em) o BIBFHBIZKVRDoh B FEML.51 g/sixU TENX (2-5)

THEX N ZED1.75-2.06F. FEH0.75 &/slaxUTIE1.05-1.28FE 732 L
Bahok, REBKEVHEWL. X (2-5) THHEILIELY DERERR
DROAKEIRIBHEUTE. /JALOMEHRIC LY. ANYITLAHABAL
NEBBOMOHYBERI L > THFEXH ZReBE VDR E LR T ILDE
BErERULRIEBELZON S, HEL.5 g/s WHTAHYBERTRDReET
1000 THA3DWHU . BIEFH I XV RDEMEFRIZL Y. TOROReF B
B J 2 L HIT000-12000124HM T SENBOh ) XALOPRBEL L EBRN B,
BT, HE0.75 g/statd B AMRERIL. 1.51 g/sH T BED50% LY. F4
CHREBHRZEULI R->TWE, ZOKR. FRABORCEZLFEELENEE
RIS ANOMESRIZIIVBEBERE LT 58, 24 L OFEMZERNNE
WaEHANYILATADLYINVE—FHERIET T 5. ZOLDKBHDOESESD
DG A4FATY PANBEIRBZE LBV GHY AFLAL2EOANERET S
PHOREKEHA ADORGEGHBEMU TR CHA LRI hE R RV,

AETE. BAGHRT 29 FBANY I LT ABERFHE N RIGEOEHER
DOWTHHT Eh k. TOEREBLUTIIRY .
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(1) EWEANVILHFAEAVEEER A LOFHREEE. ANV T LOHAE
EERERUILMBERCEKET %,

(2) 24 NBEMNIC K UETR. O/ LORBFEBRIVED. ZOFHRI
WAXIRBHT ARELLEET SN, COLDIYISAFAY Y  NEOH G
ER—¢ Ry a4 VB ETHBHRGHIh S,

(3) 100 K LT AYDLHTABEOETREY. BEOKRERAYIA
HABY G A4FAZy PEBRZEODTL, 75345 Ay P NEBOH ADIRE
BECLYV AL NTHBEVBHEN S, T, COBENYILTAOIY YL
E—FIHEBLIERICEL L80-90 KOFWEE > R,

(1) BEHOEBEZALPHAVWTFHRYIaAL—Yaryda2&i2k0. 24K
BROEPWRBZEREBEGHEEO I/ LOBRBEZEEOMBE LV TEA N,
(5) BMEERIT /) ANRZIOMEI N AREREKELV. a4)LEDS4F
AYy FEOHYERTHEINIAMZER I VDR EREBBE OO R, 2D/
X»@ﬂ%u\kgmfﬂﬁXFEE&Et?%:4w¢gﬁNOKuL®¥m
DEE. EFTREVZ EBRD >R,

(8) AWFEIL. 2/ LHIBOBLES. FHEHE. NV ITLH ALY Y LE—
FIAR. SAMBEEUTOAMILOMZERORTIEUSDOTH Y. KBIO
BEAHEBENA AN UVEEREFRSE oL,

BEYH

1) J. Yamamoto, et.al., “Thermal characteristics of a 0.5 M) pulsed
magnet”, Proc. ICEC9, (1982)313.

2) N. Ohuchi, et.al., "Thermal analysis of superconducting coil pre-
cooled by helium gas”, Advances in Cryogenic Engineering, Vol.31,
(1986)715.

3 Y. Murakami, et.al., "Experiments and analysis of thermal charac-
teristics and stress/strain distributions of a 0.5 M) pulsed coil”,
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Advances in Cryogenic Engineering, Vol.29, (1984)167.

4) T. Satow, et.al., "Development and characteristics of 0.5 MJ
pulsed superconducting magnet”, Proc. ICEC9, (1982)309.

5) Y. Murakami, et.al., 0.5 MJ pulsed magnet with its control and
cooling system”, 1bid., (1982)130.

6) #Ek. #he T0.5M) HEENLAIT 2 }OBMEE ZOHEY A7 L]
BRFEMIEE B. 104105, (1984)669.

7 Takei, et.al., "Metallurgical and electromagnetic properties of
superconducting cable for Osaka Univ.’s 0.5 M) pulsed magnet”, Proc.
ICMC, (1982)485.

8) R. D. McCarty, “Thermodynamic Properties of Helium 4 from 2 to
1500 K at Pressure to 10% Pa”, J. Phys. Chem. Ref. Data 2, (1973)
923.

9) MEETHENY KTy 71 KEIR2BEMAENE. @MUE TEWES
R.ABBTENYF Ty VRERESE. NHEBEFH.
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inax- -EABoRs NNV AR NIV AWKEIRFR. APV SA4FAY Y MAE
B, VIEAY I LARRE. O =VX EHEANY I LBHREHEE) | 0,0, %
1976 A. INNLAIZBEL RIg%

NLAZBEURDOPBLTH S, T T ROEIWCERRBMA TUL &LV,
ANDOWMEREERVE, N (3-1T) X VESIEXORTERI dB/dtTHE&¢%H
Aoh3ho. db/dt BE—OBEFOBEREILHORRBEEIIFAU & LRSS
WRRBIEROREBRICIVREETNZDDE VR, X. EAFY VAEKR
DVTH dB/IBE—DIFR inax WU THEZOHRMEEIRFU TH 2 EIKE
bko%@%%dWﬁﬁ@*@%%\ﬁﬁﬂ#ﬁﬁmmuwﬁmmﬂf%#6%
33t (3-23) kU EABNE, '

0.2 = (Ql /n)(1976/|max) (3"23)
ZZTn BHEDVTONLVAKTH S, L,OEWEXQ=1460 J TH B, X
XHBOhRHEQ=158] JEXFEBEUEREOhE, 2O, FiHBXD

IR X B HEEMEEEEBD TR~ HU TSV AT FENRYTHS
EVr 3,
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2000

1500}

1000 ;F H W“
500

Current (A)

o o

y
[¢)] Q
T T T

helium surface (mm)

Change of
(=]

.,v
&)
T

-

/\

I 1 ] 1
0 12 24 36 O 12 24 36
Time (s)

Pressure (kPa)
QO ~NWLHAr OO

X3-8 BOBEBUNLARZ K AN I LBERBE T F4F ATV b
WE L7

0.5 MINILARY 2 b OWHEAY 7 AT REFOE TR R U N L RSO
MEBARUZHRBAOEBFENTINUTOABHE S MR- L.

(1) 0.5 MJNILRATY 2w P FBEEOZED SHEEANY I LANOREAZERY
3.0 W C. 4.2 L/h OBEAYY LERBIHLET S, X COIBHPNHKET
BRI =)= Fho>OBMERIC L IBIBATS BT EBHH - 2.

(2) 0.5 MINNARYT 2y b BEMREEIB/dt=5 T/s . BARER inax=1976 A
TEHU2BAORFEEXE INLAYY1460 JTH S I & PBEANY I LDHE
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REPWPETZZLRIVBEODON. COBERIIBEEIC X 2 HIRHRNTE
EEAL—HUREERS>TVS,
THEEXBHFORZDRIIUTOL S REENRAENEON TV S,

(3) NAZAEECBY SRR 2 ERESRFOENICK > THEBU 2.

(1) BET I MRBREEL AT « 5 X2 P HEE (UF) EEHG
DEB (NC) RABIU R, BZdB/dt=10 T/sPAT Cld. BAUNCERIIOALSD
DELEk. ZOFEFEORLAHR - >OHBOEABROBEHRELETEL THD
5% N

(5) NCHEEOMBHRIOMRIKNYDEL . HEXT + XV P OEREREED
BAKEML2EBENU. EAREABRARUVERAF U Y ABXOHERNRTHE
INY VB ,

(6) FTHEMICHTIAHAOBEMACEL > T HEABERUELZAFY VAL
BEEUR, BB, 72y P ORFERXIE 24 LEHBOFTE L /M8
U. M/MMERIZ DL TERBAORROEERD 2RO TRERBEXEHEL. 2
h2EETZZL2&->THE,.

(1) FEOBFIELY. BERANY I LAFBROBEEI T 29 PAOREMS
OHBAEBLEHI MU, FLZTHBXOEBHFME T 52 ENHHELCR -
o COERIE. HERIT 2 FOBRTRBOMANRERITTIHZELBVT,
BROTEELRNEBTH S,

BER

D Y. Murakami, et al., “Experiments and analyses of thermal charac-
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Advances in Cryogenic Engineering, Vol.29, (1984)167.

2) J. P. Holman, “Heat Transfer”, McGraw-Hill Book Company (1976).

3) MERLIFENYF T 71 KELFHBASEEIR. @GR TYHRS

KELFENY F Ty I REZEERE. NHEBRFH.

%
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HBAE BERANVILARIZBEGHIT 2y MY AT 4

AETE. BRBHRT 2y FOREHRITRUBERAY 7L (SHE) O
KRN (385 - 6E) LAV ERRREB IOV TIENS. ST,
SEREERIAH R —%E 2 )L (SHETEMD) . SREERSHSHVR O —# k4
JU (SHETEM2a.b) RUBEBHGHIBE TH 5. HEHME UL TEWTFHHSHE BAEL
SRTHY. CCTREOBRY AFLRFVTHENS,

4-2 sEHEEHIa L

WMEAHAEILIE BOLCT 240D > B, Westinghouse(USA) . Swiss.Euratom
DKV 2D THRZEAXA TS, TOMKOHEERL-1Y KREN TV,
BEAHT T 2y PBLON TV SEEIKA TS . HABREOCRY IE
BEENEIPNTLEIRA—-a Y 2 ¥ —5 4T (B4-10 Swiss) & nHHE
ORI BERENTFEET BCable-in-Conduitar¥y 75 —547 (Hi-1 ©
Westinghouse) W24F dh B, Cable-in-Conduitay¥ v ¥—% 4 7. %%
MAMETE L 2. SHE LOBMEEREHEEK X &N B D ARFBEARKES
BZZEPTERBZRIEFTERETHS. ULHURDPS. BIEKEPH TOSHE D/E
HBETHAZL 25, Conduit HCOFRROBERISNCHT ZABHESNT
VWRWEDFEZEOH XL IFERBOREND BEREDRERIFD. THIHL.
RO—aY¥ 25 —48 47 OEKIIRBICIISHE ORBRAENCR Y 2B RFEH
U Tld Cable-in-Conduit ¥ £ 7K 0 HSHE NORZIZERHFIIENL SH. HU
AU LGBBETEE R D DB TS nidCable-in-Conduity 4 7 & Y HSHE D
THEEDPNEI S KERFBEVENZ DL ILABOEE 2 L LRHSBLEY
HEZEWEKXS, X, BEEENGHERE LU T3 RDERILNCK
ZEBROBXREELHTABEOT T 2y P& UTHVLREBE. BUOEX
FEABERREBIBEVEELZONE, 2hasOMIZ. Cable-in-Conduitaz>¥ o %
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/—-SUPERCONDUCTING STRAND

WESTINGHOUSE CONDUCTOR

¢ Nb,Sn transposed compacted cable
in a JBK-75 stainless steel sheath.

® 176 KA @ 8T
e 20.8 X 20.8 mm

The compaction ratio provides mech-
anical support for internal radiai loads
while still permitting axial slippage
during winding, minimizing strain.

_l STAINLESS
HELIUM FLOW CHANNEL STEEL SHEATH

SWISS CONDUCTOR
e NbTi compact high strength solder

COPPER filled around a central cooling tube.
WIRE
* 13kA @ 8T
by A . Cdznag * 185X 18.5mm
9 A

)

Low mechanical hysteresis could be
demonstrated in low temperature test.

ey < .,//,,,'/

Dt

D >
90%%0° 50"

SN

Key factors in choice:
* Low leak risk

* Quench pressure

Y

STEEL CONDUIT :
EURATOM CONDUCTOR

e Conductor is roebel cabled around

o

COOLING CHANNELS a kapton insulated stainiess steel
core then enclosed in a stainless
STEEL CORE WITH steel sheath.
KAPTON INSULATION
AT MEDIAN PLANE * 11 kA @8T
ROEBEL TRANSPOSED e 40 X 10 mm
SUPEACONDUCTING
@ . STRANDS The strands are fixed mechanically by

soft soldering onto the CrNi core with
high resistance solder.

M4-1 LCTEHEICAE W & 1 l2Westinghouse. Swiss. Euratom®igd]iaH¥MA,
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—&Ra—a2r¥ Y 5 —OiEr R #EE
ERDOHLDHFET S,

AHRFTHY o h T S38H) R HEE
HWREORO—-F I YL TDD

1
Heater .‘ Superconductor

Copper Wire

OT. BMEREOSHE OEEEIE Nk . Copper Tubing
OHENLEMNICGASEEERNRT 3
CERMEOEEMNELTVWS, X, K

R CRBBABHONL AT 29 bA =
DOIEHE2EZTBY. ZOBERER ( 8

ZHFEX) HERKOLRERS DN Xl4-2 SHETEMIE AN

OEALITEFEOMAMBEE LY . K
REHRIHU TR RO—22 77 ¥ —THEEGHERIHLIEREBII LN
GEETSH %,

4-2-1 HEREEHGHARO -k AL

ROy ¥ 7 ¥ —ORAHZBELHET S0, FFER (36.5 m
DEER A NIZEVTRRLITo R, UK. K270 % SHETEM1 (SHE TEST
MAGNET) & BE3, SHETEMI OBTERMM4E-2 WRIATWB, BHF U 2L E
UTEHN A THAVONRTED. TORYREEER 1K, =Y -8 K. ¥
I—HBIOAEBBRE Y FOMTEIN TV S, HEEREHERE. ENITRE
BERANOGIATOEARE—Y BRI T P F—T X VBEREZGEIN T S,
WEIF v 2LOBERITL B . R4 PR (SHE OBENER/ Eiko2WE
) W28%TH %, BEEHITEEN 1.0 m 9. ZOEMIIEEHMN3.T un
D NTi DT 4 SAD 2163 KLV AHERBHESEEBERR TREIMEL
THEALTWS, BEL.2 K TOERERIE. 2 T OB T TS0 AL 5 TTH
480 A ER STV B, ¥ I—SHEE UTIER mOBREHEENERILATS
v, TREEHIH (RRR) 3214 TH B, 2OROD—aAVY I ¥ —LBERHES X
THEBEBEPEIITZ DO - —HIE. EELRCH RV BEEGIE
TR IS h TS, E—% —OEWECu-10.5N1-0.24n BEL SR TH Y.
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Helium____ 1]  SHE

Gas
llL ]-. FRP Flange
_lL o o
S ||
N
g _Jl gtoinless
[~~~ teel
| —~}Radiation
Shield
| _L AU
-ﬁ _*-G- o o
= (Y] (Yo
3 @
A | Electric
— | Insulation
PowerlLead i
| Liquid
Vacuum Camdtt” 223?3531
: Shield
Coil \L | = =
~— 204
L‘ 220
l— 310 —]

4-3 SHETEMIZA NV D 544 AF b
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#A4-1 SHETEMIRU Y

FGAFAY Y DiEEE

24N
A 220 mm
AR 204 nm
R 85 mm
y—¥ 9.75
WA (AP R O — )
EL BT 33 6500 mm CEAIR)
fne 8.2 mm (K
A2 4.0 nm
W AR 44.7 mm?
b N 2 28 %
2 357

BEE 1 (61.0 mm)
¥ 33— 19 ($1.0 mm)
E—%—8% 1 (4$0.84 mm)
Nt AR 6.0 mm
A 4.0 mm
PRy F 80 mm
TR (Cu/NbTi)
T49AME 183
T+ A2 ME 53T um
BESRE R 950 A (4.2K.2T)
480 A (4.2K.5T)

¥ -39 (EHER)
WEIESL (RRR) 214
E—%— (Cu-10.5Ni-0.2Mn)

HoE 0.23 Q/m
A.2 K0T
D5 A4FAY v}
mE 1660 mm
HEE 350 mm

WrEEFERE 260 mm

CNT——F (300 A ZRHIHHED

2K 1340 mm

BENTEE 25 mm?
(k&8 600 mm)
15 mm®

(FEB 740 mm)

B% 0.1 mm
P (RRR) 83
A 3200 (EER
1900 (IR
RAFE 84 % (L&D

90 % (TP
MEA 1 KHY) 0.15 W
(SHE 7 Z#0.013 g/s)




FTOEHUEILO T, 4.2 KT 0.23 Q/mTH %5, SHETEM I BEER /6500 mw TH
—~VEMITEDIL AP 2N THS, X 24 INERII22 mo Ty 240D
EmXEBS mm THS. X4-3 WIISHETEM] 2 EZEFRFJ[IEE L REHAXHNERIN
TWd, AP 5437y P OEFXE1660mm. H2H 350 mm €. HNERIZE 41
WEBOBRKERELS S, NI~ WUERIILVBRIEELEDLOTHY.
ARP1340 om T. L& 600 mm LB BWEAN25 . TR 15 m® O3
BANTH 5. BEBAIAT VL 2N TORIREIALERC. ] mdEE
(RRR=83) MAHEMEINTHY . FOARIE LT 3200 X GR 1 FERI%)
TERT 1900 & (90%) THB, NI—U—F IKHYDEASE. SHE ORE
2 0.013 g/s&URIES 0.10 W Tdhohe 24N ERHROBREBHBELTE
FIvIHEFEPHVOA LY., BIKIE. SEDSHE 2L EEE THEZEY
THEEERFATS > DLEBNXESHETEM U 7S5 44 A% v P OHRRE
-1 KEEDHTH S,

4-2-2 HRER/HAIWARD—FKa 0

SHETEM] »EARGE.5 m OBROBWBHBH 2 AN TH > =0T . SHETEM2
WERE I S AOBRERB O >R ¥ 0 4 —REBERZZ T RIEHIED
BRESVETIOMRENT 2R« BEXh k. SHETEM . B3 E
SHE DFENOBFMRUFHREBLFITT 2 DS h RSHETEM2as . 0.5 M)
NAZZT 29 P eHCLEENAEROLDCEEI N LSHETEM2D Z 205
B, Zhold. EERMEROR
BREUTH 2. ERELEEK
DERBBEADERIEUS NS
SWLKRPEINTVS, UT
. ZTho@aLILORERITS,
SHETEM2alt. hod—ay ¥ 7 ¥ —
WETSH ST & IASHETEN SR
TH 5. SHE OFENOBMELT
@93 ETHEAREY 5 20K

Superconductor




B 87T m) 2HO2aA4 LTS5,
SHETEM2aD M MIER & 24 LD ' 10

BB R B0, SIRL TS5, of ot
R O HERR W 25 AT L2 L SHETEM] ,
SEUTH S, SNEBmEIRO , 1\ 12 turns
—WETHN A TORD L HEE  stea >
] support
B2k, b=y —® 2k, ¥i—
SR EDLNTH S, HEH o
By I —HgREn 4 TweEm Ol
Fr&h. b—F —LIZSHETEM]
FENAEALRICO R VIEBEESE |
WHHTREDPNTH %S, TOKD vT S
BRI, NLART 2y P OX FRPflange -
WBEARUIS4F Ay POE M4-5 SHETEM2a:z2 4 JLERERE
TP RER I VREET 2HES
EANOBEFEEREL TS, BEEGINMNTIESHVOLTHE Y. ERERE
480 A (2T, 4.2K) TH3.

SHETEM2ald. BX125 mm. SME207 mDdVL /4 FALNTH B, K24
B — ¥ 215 CERFMIUE. $AHIsY—2. BNBOARITY—Y) . B2
AT B X2.36 mH THY. BEERICKT S 2 1 I)LFHER TORROR
BUERRILL.55X1072 TAATH S, k. ALV RRBBBIEEY v T HRE
INTHEYMEBFOFEEEB G AHIET 5 I MR- TH 5, Bt
OHEM AL BEBEIZ0.5 mmDFRP Y~ BHAIA TV A & & EHEBRCE
R[EBEHEUVUTHT I Y F=TREBOTLAEZIEREN S, BEADY —VHDE
FEEUEFTNE L. COMOBMNBBUREERT Z N TE S,

SHETEM2ali. SHETEM! ¢ EROEREBURBEIAERBRRITOAR, NT—Y
— N, SHETEM22FWCHEL R OEBW T VB ERIEII800 A TS5, £
E1X1400 mm » Y. BEWEELE LER700 onC42 mm?. TERT00 mwCll28 mme ¢
B%. K4 FEGEBTIEH. FRTUKTS S, SHETEM@BDEHERI-2 R

25

18 turns

Ta

=
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£4-2

SHETEM2a D 11 £

o 3 09V
neE
M
[h]

y—2¥

205 mm
o0 mm
125 mm

215

A5 A 2.36 nH

RIS ELX

1.55%10°% T/A

Wik (AERRERAR O — 85D

Hikk
HiE
R
oL
RLFFE
HEAK

B E R
¥ X —8RER
E—5—#
WA T

My v F

87 m
6.2 mm
3.0 mm

22.8 mm?

31 %

2 (¢$0.81 mm)
14 (¢0.81 mm)
2 (¢$0.7 mm)
AE A mm
MR 3 mm

80 mm

BEEE (NDTi ST
R Cu/CuNi/NbTi=2/0.4/1
BEREH 430 A (4.2K.2T)

¥ 3 kR (ERREHR
3983 784 188

t—%—# (Cu-10Ni)

HehiiE 0.23 Q/m
N7 —1]—F (800A58HAHIAY)
2k 1400 mm
EEN 42 mm?
(_LEERT00 mm)
28 mm?
(TER700 mm)

it
=R 0.1 mm
BEEyiE 383
¥ 5380 (EER)

3580 (TR

A P 76 % (LER)
84 % (TEB)
#HFA A £HB) 1 ¥ ’
(SHE XE 0.04 g/s)
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ThTw3,
SHETEM2bHSSHETEM2a & 272 % &l
0.5 MINIL AR 2w FRERICREX
NTHEBRIHMLBHERESLER TS
. HEUWFERHIBAOEEY Y TH
ALNIHERBINIBLOEELZ Y
BROKSEFLIHBUTINAT 745
—BILR>TVWEIETH%b. TODR
., BEOY I —HERAKENMVEBE R
ZOWACERRBHOY - FREH
B U, COBTURNL-6 WREHhT

Superconductor

- Electrical Tap

—— Copper Wire

[—~Copper Tubing
~SHE Channel

5.62

X4-6 SHETEM2bE (AT X

F4-3  SHETEM2bo>tH#%
a4 N AN T HE 4 mm
AR 220 mm MEE 3 mm
AR 187 mm My v F 80 mm
mE 165 mm t— % —% (CuNi)
y— % 79.5 JIS. C-25328EX IG5
AV HUA 1.1 mh LR R() 0.3 Q/m
BISER  0.48X10°% T/A NP——F (‘300 A SEEBHIRYD
WK (ORI RLR O — 1K) LR 1400 mm
BHRE 43.5 m BEMEE 14 mm?
HERK HERRR
HEYE 2 ($0.81 mm) . ; S 1800
&3 —§A8% 9~13 (¢0.81 mn) N 85 %
k- —i 2 ($0.45 mm)
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W5, BHEHESRESHEOLDEKITHIN nEGlZ SEHPS Y — FEDBE
YHIN TV S, SHETEM2bOMFREILA3.5 nC. ¥ —UHKT79.50I L J 4 F&ET
HB CERFN3 B. #i7m26.55—>2) . BEEERUY I —HEILSHETEM2a
ERAUVBHOEHOTOL SN, £ —¥ —RIEIABENHBHOCUNI(JI1S.C-2532)%
VWTW3, X, =Y —REBREOMBMERLITIEZELDRZ7EIIN OF
J—ABEBEN TV S, SHETEMOEE 4 V¥ 2 ¥ ¥ A1.1 nHT. Riigian
TEEL0.48X1073T/A TH B, ¥ — U HARUBREOE RMEEILSHETIM . FRET
BB, NT7—Y—FI300 A BOLOMBEL S0z, SHETEM2bD HHELISHETEM2a
FERRBZERXOVTELS LRINTV S,

4-3 HERANUYITLEHADVIAT A

4-3-1 BBGBEHY AT A

Ha-7 CERRY AFLOTO—BBREN TV S, BEGEREFIX. KX 0.5
MINILARY 2w F OFACEBEETh RS (K2-0) CEEHREEUTS 3.
VAT LD EHEE D EE MEEER AT~ NLTRY I X -
SHE RARE « A4 NI 54T AV Y P TH B, BRAH 2L ILOFHRERICS
WTE. EHRELVEXRIN 55920 kg/am® (LLTkg/am® TERRLU TOLSEEY
—VEN. BIBRRER0 ke/cm & U EXOERETET) OANY I LT ARE
REFERAT—B30VLGHRBECR. HAEER 80 K & 20 K €T, 2D
BNV DL AR K VSHE HAERE CBEIEHI M L B GHIT %5, SHE RAR
BEMERAHI O A N OFHRTHR. SHE FERBRHENY I L2 EAUBERE
P OHBE TN BHI0 KOAY T LK ARSHE FABEBHREROMZRB LAY
VLWL VA5 K F TXWUSHE REEC T 3, TR, JEMBE T2 ke/om® CH
DN LETNLEEEORARL VY 2 THILS ke/en® - NILTHRY 7R
DEEFIC LY 10 kg/em TR TFo6h 3, SHE 33EH1A ﬂafwmmet
BARECT ZD. —BBRNAT—Y—FRBEI L. ZORIH S DR
#HEARKEBEL TV S, ﬁ%(ﬂ34%(ﬂ&®%Eﬁ\%E%i§@L%$n
J-T RREBEIILE—BRICE 0 ~BEBILVIBREAY Y L0 2R



‘ Purifier ] % Lead {
G - = t
\
Compressor N\~ ¥ 1 1k
LN2 Boiler |4 [é‘)‘(']ﬁ ﬂ
Gas - ®
Holder —
| 3
H.X. T vave—~—"1 f ]
H.X. P,
HX | oeloald LHe
A B e W || XTI
b SHE Generator
i > Mmﬂmw‘—wW{:}——J
Refrigerator . Valve Box Coi

H4-7 @BRAD AFLH AT O—H

TY%, H4-8 WEANYTLAOHES D BWRENWL TS, ARRTUEIBERERDO
SHE BHWVWSh k2,

4-3-2 HERNUILRLEEE
SHE EEEEIL. GHEBELIVEOINTLIBENYTLHARISAFT ATV A
BOMITHMBILIVEREAN) VAN AL HLZWESY, BETHOT + Y Fa—T
RBOTHEBENI DL EEERTMIEZILICKSHE 2RESTIRETS
%, X4-9 ZOWMBEMRL TH S, SHE OFREBFAHL. BZHBFIOMKE
NLTE)T HREVIThh 3, Tk, ERBHaLLFABE U THLHSRE
BN AN ARBRTITHEY. SRV FHBIC2MLDPOR->TRIBED
RONY I LT IADEERDIRLUTVS, T4 F 2 —TUROEEL. FY
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T ¢ RGBS RBREINTCEE

!
]

U, BEHBC IV IS4 F AT Y -
M PITOSHE NOBEFHOLER BN i 7
Pl UTW3, Liquid Phase

/
AREBRATORENL. 240D Wg 4
KERER Y 54428 v b HOBH : /' Gas Prase

TR/ I BT E WX VHIEINFI2L/h
OYETHIRILTESZZEPBHEL T ! Critical Point

/

€ [Her P:2.275x10°Pa,
WB, . WEAEIO A LBEET S (T'5.102K
1 g/SOSHE BRECRETE, B o OF  |Hel
B CRBEOEESTETSH 3. £ g :
1-4 2. SHE SEREBRUZ 944 & L
A P OHEBREIh TV S, -
01 E—
4-3-3 HEBEErHERLMHER
- . _ ;
ERitE In A Point l(I;;g:???gSXIO Pa)
R RS A NS HREE OB o G 0
BENSEI-10RU TS %. 7944 Temperature, K
25w bt SHE RAEEBLHV LA FA-8 AU LR

ELORERALTYS, X, AEBWR

SHE ORERURBRP—2OEECITA S LD BEXh 2, RE-11121
ZFOIO—EHBRUTH . AEEDPSESNTL B0 KDAY T LT A%H
BREBNO Y Y ARBTHRBL L VERAY D LT AL BT 5 KET
%, COBETAYILH AT CREBERANY I LRETH 3. Bk
T 5LDWEANY T LEBRBEEERE 4.5 K. £/ 0.5~1.0 MPa ODSHE 27
%, TOSHE 3. M—ZEMIROAT A TV ERBES (EEEH) MUE
Eh. EREEEEEO%-T AR L VERIEEh 3. REFGIARESON
BRUEHOFFehR)-T FREVITD. X, BXBBLBBER. FHBEU T
WISHE BIPEBRIZIEA Y I AR L UT)-T $#RBT TH 5. REEIL. SHE »
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SHEREFRERU V7 544 XY v MMt

D54 FAI v}

md 1496 mm
A% 300 mm
AN e 146 mm
AT LB MRS
X Tube- i n-Tube
kX 5000 mm
H&E  12.8mm (0D) XO0.8mm (t)
& 6.4mm (0D) X0.8mm (1)

T4V Fa—=T

B

5600 mm

S84 S5.1mm (OD)

T4 rEmX
T4 VE
7 ¢ R

J-TH
RERAL KRS

X0.25mm (t)
1.0 mm
0.1 mm
0.8 mm

1

2

IR B

Heat
Insulating

T

Material

/L,Valve

| Heat

1" Exchanger
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FZRMHERO I EMB5 L/h OFILGENEH T EBEII LTV S,
B4-122 AR ABNBOBTEBREN TV S, ABRERL. 4.5~10 K A
U LH AFHRPREEBIAD OGEERRFT 5207 57V VBMNILTH
V2= LRV Y= LERTVS, X, EFHRHMELE 0V 2T Ba—-F
V7 SUSBD) P RV A IR XV GHENERE. BEBOSHE BENTD
BEEY—J70EVEBEE R > TS, BIKEEETOY — FERUEEEDOIY
HUSME. THERORE (Stycast 1266. 28506T) @ W& v EIH S EZE
HUINhTW3, COHER. ERAW2RIZI07° Torr OEIMERNTH S,
Y= FHUELTER ISV RV TR 2HOET Oy 2LV Y=L - 7
JH—Ih, BEPOIORBARERULTHWS, DEOZE L. ¥ TS
ANOBBARRZRICEZHOHT.2 mi. JILHFRLEZDOMI0 2WUTTH 3
EEZoh. BIEEERURBBOANY D LT A0S OMIERIITALED, BE
BN RL mmPR0.5 D SUSEE L ESY—ERBL AN THY . EBHEET
FEHHEBTOO TV S, X ThZXZ3ENRSRUBIESIIBA X hzh -
o

RA-12WREN TV B Y Y T, SHETEM2aDSHE SABIFICHVW A kDD
THB, ZTOYTI (Sample 2) WEEEM20 nd V. HER3 mm. PIR2.7 mm
DAFYLAEEER 110 m TOY -4 LR LEDHOTH B, VT
MZiEA m BREEBE L —RYEHBEHHL2B T sBANMY I oh T3,
mELL. SUS BREBHRA2RUVAHEHADOY 2 - LRI VITSHRABESh
TWw3, 2Ok, BFEULTEREBRINTEY. XY —VHLAESRT
BRUBRUBINCEEBH SN T3, SHE OF B . AHENCEER—
RUBPTBEHREAT R LI L VIERIT> TV 3, SHETEM! DFRAREATIC
. ThEVHBEBREOEVY YT (Sample 1) BAVS AL, Sample 1. 2
DNF A —F—WEFEI-5 TREA TV S,
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Circulation }
System l
1 H. X,
Y ~
Refrigerator S Test Case
— A A LHe
Ba-11 ST HARERAHEAREE T —H
FA-5 Sample 1.2 DNIA—H—
Sample 1 FSampEe 2
e SUS 304 SUS 304
EHER 3Im 20m
SR 3.18 mm 3.0 mm
IEES 2.88 mm 2.7 mm
InEhX e 2.7Tm 20 m
HER 100 mm 110 mm
y— ¥ 9.6 60
B EBIE ST 10 (30 cm PSR 6 (400 cm FEIBR)
TE ST AR 2 (AO. #) 6 (400 cm FEIER)




400

——Thermal Anchor

Vacuum

— Test Case
~—Carbon Resistance Thermometer

|_Pressure Tap

r——Electric Iinsulator

~_Power Lead and
Electric Tap

—_—
— e

Copper Block for -

Carbon Resistance Thermometer
and Pressure Tap

| 17

Bla-12 SABFBRESIEHREE ST Z P KRIOFMEE



4-4 0.5 MINALART 2y PEDZFEMBERY A7 A

SHETEM2a B U B HHLAHIE R E 1T & 2 mEGER TUISHE OFASEOm» &
BWEAHT Y 29 PONLAGARMET ZMEERRFT ULk, EEBRVAFALT
BIhoOERBREREUVT. NUVART 2 v MEHOES S & 0 HRART
FIEERT LI EDICHERINL. 220, 0.5 M;m)w(t?ﬁ‘?‘ v FENALTR
IT 3w P EUTRO. BHAHTY 2y b RESR TR U S AT
BERREXT S, 0.5 MINLATY 29 P 2 BEEER L. BB RET S
TR T 2MBIBHR T 29 PORTERRBITT %, 0.5 MINILATT 2w
FUISIETHBANTL & D WEKIB/AE=10 T/s. i,..=1000 A OFIREHERE CiE# T
BT EBTEET S S0 0.5 MIOLATY 2 F ORERUTE X 53310 m& 255 mm
TH5DWIHU. SHETEM2bO 2 4 L OABRE B XL R A 18T mm. 165 mTH BT
Ed. 0.5 MNLZARY 2w M Tk USHETEM2b AT & A EH— LR S

Puritier :};on'pressor

- I e
=T l fm——=========—-—x  DC Power
o :E-FRP Fryostqt g' Supply
Refrigerator D T_‘ i
- = \
_} 130 F—Vacuum ! _(:l
— l Vatve Box SCR Power
— Supply
LNz Boiler Power Lead
| [| Liquid Helium
Stirling Refrigerator Vessel
D Pulsed Coil
Force-cooled
U| Superconducting
>4 ) Coit (SHETEM2b)
Purifier Pump




ABZEBTES, FA-13CWBBLAI 2 4 LBFXMBRER Y 7 7 L OB H
RUTSH B, SHETEM2b1Z0.5 MINIL ARV 2y MU a2 4 L O#EH AR U ER
HaBE—OFLERFOL S IREIN TV S, SHETEMZEHO0.5 MINL AT
2 b ORI GE T HIE. SHETEM2bIZPEEY 3 a2 4 L A0 ER ILITTH
3, BROAANOFLPTNEIFEE. SHETEM2b R RO IZBEH S LS4 3 N
WY T %, TOBRAE. SHETEM2b AW 284 (1.4 cm) ThiiEE69
kgEiZ R %, BU. TOEI0.5 MINALATY 2y } RUSHETEM2bDRIREWS B &
5T.02U T DIFETHB. A4 LITER mD AT YL AE3 ATREIHT
WEMN., ZORAFY L AEIZEHL H130.46 kg B/m2 & Y BH RS RIEOTERHE
NTH %3,

R HI 2 4 LT H BSHETEM2bIT . RIESRH D05 MINL AR T 2 F D
BENY LB INBMINZLENS S ROETEERNCER U2, o N
WART 29 OB L ABEFESEEFRLCRET 0RO 7
SGAFAZXAIY MITIAF VI (FRP) HWOBOBHELVSh T,

300

K

200F

. TEMPERATURE ,

100

0
0 15 30 45

TIME  h
Ha-14 A¥—Y 2 TH 4N NRLSEBIZ K Z0.5 MINIL AT 29 P OFH
AR (Tei tX AV EERFRP TS5 Y VBE. Tey i 4 IILTERFRP 7350

BEE. Tuo i FOREHOEIANY T LH RE)
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BEHIAHIY A F LAULSHETEM2aDIRA L 2K — T3 %45, SHETEMLTIXHBEER
AT LREEFEBED SERIGHTT 2y HOKEREORIMB IHZEL RS (
430 cm) X, COXETOBMBEADBEIU 2. SHETEM2bDEH S SHE OFE |
g/s WX USHE FEREBTOH ZBEMNLS K o 24N ALIEBS TOEEN 5.3
K THohIedb. FETOBBEANNI.23 WEFHEIh %, SHETEM2aDIEE.
ZO@EIZ1.9A WTH 7. UL UM S, SHETEMOBE TN —) —ViBE
W E I DSSHETEM22aDIBA L U . 8 1/3~1/2 RIWAO ATV B DY AT LW
RBEEFOMEIITAEE LR - 1

0.5 MINNLART 29 FOFBY AT AL BHEGAREIEEZPEIN.
A=) 78 4 NG HEEED BAVShE, KB EBOFESNIL20 KT40
W OWEEEN RS> TEY. ZhBIEKOGEBOMEIIOH 60 %BIHEYT 3,
Ha-18120 . DEAHB R BV RISA00.5 MINIL AT 2v P OFHEEHIR
ENTW3B, BRAUYDILHAFEESE.3 ¢/s T BB S35 KETOFHRITS
DICHI35. SRR EL TV 5. SHETEMZbOEFIL A HAEFIBES00 A DEFHEE.
0.5 MINLART 2w VYAV AYERESBL O R,

4-5 %

alll

AETE. BERAYILAREBBHAHIRY 29 b Y AFLRUBERAY
WA B RAHERREBU 2L CHENE, CASOEEBE. VThD
BAESVOHFFELTBEY. UTREAR L ED S,

(1) BRAHYAFLE. | g/s OBEFRAY I LERFICI4LRRMET
ZZEMTE. BRHIST A LBIER S A BIHATHhIERIEFOERIH A
33HDTH 5.

(2) N—Uy—FlX. BEEEEEOETEICKERCable-in-Conduity 1 7H
Bushik,. 20k, BELSOZEER L ZEABRYELLHBRTE. a4
RBERHEL 2—HER>TV 5,

(3) AANEAHROBREBEUTEII VI REFEBHV O Y. fBRIK
B, BECBERAYYLRRULBATLEZLNT 2 EEREIALS B2
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Boah-ok.

1) BRIAHRT 29 PV ATFLARBISBERANY T LANOBRAFOKX XK
HDELT. NI—=Y—FOIZEKERENS V. ARRERE TlIZ OHHOE
BEBBEATH>k. EHEOYVAFALARBVTRRIES#OEEREBSAV
BIEBEL OGN HHYATF LT 3HMEEKET 3 2O BREAODR
WIKIBREDRABRLETH %,

(5) BERNYILREEERUBRGAEHAREESRMATIE. 42 Uh &
5 L/h @AY LBALEEN R D EBHPDONTHE Y. AERY AFLES
WTRASOENEF > EBHAL L.

BEMR

D C. J. Heyne, et. al., "Westinghouse design of a forced flow Nbs;Sn
test coil for the large coil program”, Proc. 8th Symp. on Engr.
Problems of Fusion Research, IEEE 79ch 1441-5 NPS (1979).

2) G. Vecsey, “Status of the Swiss LCT coil™, 1EEE Trans. on
Magnetics, MAG-17, (1981)1739.

3) H. Krauth, et. al., ”Status of the LCT coil”, IEEE Trans. on
Magnetics, MAG-17, (1981)1726.

4) J. L. Young, et. al., “The forced flow cooled coil for the inter-
national energy agency large coil task™, Advances in Cryogenic
Engineering, Vo!.27, (1982)11.

5) K. Agatsuma, et.al., "Forced cooled NbsSn Superconducting
Magnet”, Proc. MT-9, (1985)379. _

6) MEBETRENY P77 1 KRBT RESMEESER. KR LEmRzEaR
KBITENF TV REZERE. NHESBRBFH. (1982) 31,

7) R. D. McCarty, "Thermodynamic Properties of Helium 4 from 2 to
1500 K at Pressure to 10% Pa”, [. Phys. Chem. Ref. Data 2, (1973)
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999.

8) | Cajon Company, VCR vacuum joint and 316 SUS gasi<et,.

9) Emerson and Cuming, Inc., technical note No. 7-2-7 (Stycast 2850-
GT), No. 7-2-26c (Stycast 1266).

10)  Hoh. b, TO.5 MINALARYT 29 PORAI— Y VNI HEBELLLSF
W1 E36EMEKIE TERERS. B3-10 (1968),
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B5EFE BREAHGHAD—EERME (SHETEMD) N TOBERANY VLD
BHEy

HBERAY DL (SHE) 2BV REHEGHT T 2w P& U TR, CERNOA AH
RTZvMY . RAPHTFHEESROI 24V F &+ V3L SEERISERLT
WEBIBBL. BEAFHIOAY LA ADF A (LCT). 2 BV Td 3HE
DA —NLEIL AVBESRTVS, COBRRBERTY 29 MU T, ®E4
HAROEBHEB O ROBIINTEL, /. BHORERCIOREETS
BRI RFERIHT ZLEMERITIHERY I 2L —v a Y RUEREKROER
RKOFEHCHANONTER S, BHBSHIILNDORDOAT v TELUT. N
LNART 2 PRICAINAZEBEZONTVWS, UMLRBES. BEMOD
BARPBBEHORERLEDSEFB IV 29 PERRY NAZARYT 2y MK
FRARHE I RD. BEETT 29 N IEAZBMNTLEEMERIIA XIS,
B2, 9729 FRBBUFRIWIBERNY I LOFRHALENT 010,
FRHEFTL2EANOSHE ORI >TREBURGNEIRSLRVLEHIRELSES
ZEDPS. BWRIGBHRT IV INBNALAIT 29 PEUVTERTERMEXESLD
WO OMDEBEEFEVIRARTNIERIRV. KETE. NLABERITS
BENGHIT Y 2y } ORFORDOEBMAO-RE L T, BERAY D LHEH
AHETERERPBAFTRRG L XORE) - MAENREHLH S ML TV S,

DEOMEFAHODEL. BERLAKICHETN S 3156 ORISR
T3RHI. 2R6.5mORO—a ¥ 7 ¥ —2 4 (SHETEML) & A5 v TRE
TRV ERENIL AL, FOEXOBERANY Y LORKBFENEBERED
HEMICEZZRELER LR, BlZ. FAMIALTREL TV ZEHEKIZIB-
RIEESHERESHMIZT S LD, SHE THHEX L R ERGHEROmSARE
ITHoTW%,

5-2 ERFE
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BEFRAYILREEE L OB I A BSHE WK Y. SHETEM RIERIAET 3,
HERAY Y LRAEERE S SHETEM] HO8X S ¢ 2 CSHE 132.9 ¥ ofaFEE2
FB . SHE DIREEILEE0.6 g/s T4.5K »65.3 K FTLERT 3, &7,
NF—=1)—EHEDITLLADBEADRYD. 2 (L RO TOSHE DR

5.5 K &¥R->TW%, SHETEML
PEEEEHB LU TVAEIEAHE
%, BREFLD300 A OF
WA NEET S, ML
BEERICFETIEDPNI2CuNI
DE—F—HIZEVIThh 3,
E—¥—8h o OBEFEILLY

HENEKIEEERH T 5.

FOHEDIANANDBEE & L
85T > HSHE OIIEES Ok
BRI S I DR M
BRI 5. HEONELEE
RAY D LFEERBNBOL Y
7 ¢ ARBIT L DITHAL.
AL« SRR - HOTERS O KE
BERU AT « tHITER 42 OSHE @
B — R VPR ST &
YREL . WHEREBOE .
FUT + ARBHOMEE -1
FEH TOIEAEZENTEIL 0.02
MPa AT THoRDTAY T ¢
AFETOEARAVTY 3,
TR EY -V ENHI &
0iFhhk,

COIL VOLTAGE
{mv)
o -

1
>=

(K)

PRESSURE TEMPERATURE
(105Pa)

o
N
1

(g/s)

MASS FLOW
o©
2
1

©
o
T

;. h
(10~ 'wiem2k)
[=]

[o1]

1

o
=~
b

On
{w/m)
T

) 1
0 50 100 TiME,s

b :temperature of conductor at outlet
¢ : temperature of helium at outlet
d : temperature of conductor at inlet
e : temperature of helium at inlet

X5-1 HBEEHCEERSOMRI RS
(24 LER=300 A, Qu=2.3 W/m)

(=]
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5-3 2y TIREFMBHT AIBERAY I LOES

5-3-1 MBROEERANY Y LORRM

SHETEM! AT v TREBRAFTBS A oh kGBS . —EEBEMADHENTDHE
ROYCETERIBEALL ., SERMHCIBESRBIRS Z EPEBlEhE, 2
O HE L TEMEL 2 & 2SHE OFRARBHEORMNLTILRIRAZ %
TBTEHOTHY. UTOLHCRRMHCZ OBRMRMEB LR UL, B 5
SN2 A NERE - BHIEE - SHE OFRHOIREE « AOGITOSHE OBUSEERD
BFAZEBTRENTV S, BEBRETEERLEDTL300 A HFIH. nEE
B Qw) W2.3W/m Thoh. MBEERIBLGRIOERLZSFX SN LBETR
UTW3, Mz EROERI AGiarratano®! I k3 (5-1) Wk,

h = 0.0259XRe?-# XPr?-4X (T, /T,) 2-7'6, (G-1)

ZZT. h:BEEE (WemK) . Re: LA /ILAH. Pri 752 LB T,
BKEE (K . T, D SHERE, X (5-1) XVEBHBEREEBEEELDOE (AT =T,-
To) BREVIFEBEFEE NINE RS, £, X ((G-1) BEFBFE TS
HOTHEN, ~MCBEREEXPTEORDOLIVDIGIUMEETHSE
DEPRRLRE'P DT COEROBFAER (5-1) THRRERRERTIZL
WTES, AMMBICIBEEILS/IEL (5.3 K<T,<5.8 K. 5.6 K<T,<6.0 K) .
X (5-1) WBLTL A AL Re BHEE (¢/s) OBKTHEI M. FHP
70.8 MPa<P<] MPa TWIEZEFEN (5-2) THRI &DWLH %5,

h=0.12 X m8, (5-2)

BI5-1 & O, MEEAFEEIEEL 25 S UMIHEOSS%IRRE 2 % 5.
EABIF—EER-oREEMSEE L. WBMBEOHTIRTREE RS, 0K
BELOBRTR G-2) RRIHEHRL VRN SSHE ~OREENBOL IR
HERIC L VSHE ZOHOMEELRT 32D, $KEENS LE L BEEHE



A
3 quench (x) 3
x x
E
=
. 2
I
-Q
self recovery(a)
l_.
fully safety (e)
I 1 |
0 10 15 20
M, Jis

’

B5-2 J@BLAHERSHETEMIO 7 .0 F. B AOERU R 2R E HiK

BEZ 2, Uh LRSS, MBEBIRE T 2 BEMRED S BEFHREEA O
B KVRZ ZHEEEORSE. BEESEABEERBIEELVLEEX SR
%, H, WRHOMBS TRFEMERAEBORESEEEEEFOBELY
HIES . EETREVLSEARD PEERMOBR. THRAKSAERLEE

Exohd, ZOBR. MBERCRET ZHBEOBEMRETIE. SHoRE
AEFED S THRA—BRERT 20T R <. EREEOEA & 25 KB I
DEBLELY EFEPOTHEABBTEEEX 503,

5-3-2 HBEREAYYLOESSEE BEXEFORTNE

AT TREENHEIT > 256, MBBEROSHE OFRKHESETERED
REMCEUCHERE A3 ERRUE. M5-2 RIIEKOEEEE CEEH
BMERUTH S, BHHOM (J/s) W33, (5-3) WXV TELRT S,
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M = mﬂ x (Hc-Ho) > (5-3)

Mo - MIERTDIHEE (g/s) « H, : MEBTDOSHE (T, = 5.3~5.5 K. P = 0.8 MPa)
QLI NE— (J/g) « H. BET (300 A) TOa4LVOEREE (9.0 K
WS BSHE DI NLE— (J/® « DT V. M IIWEPAREDSHE Bk %E &
BT ABCERohRBEFICEY. SIE OBRENEEEBROERIEEIET S
IBAOBANHEYST S, KETW. DEM L VEBHAHT T 2y t OoREH
=Y YERFT AN, HERANUYLORBENEKOBEBOHIN FE&R
2R0LERAORTRIERTE S, NPORRERIT. EFREDH300 A . 4D
SBTOSHE DESI0.79~0.83 MPa. {BREE5.3~5.7 KXt 2R TRROEA B
EWHCOHEES TS S, ZOFEREL Y LUDOAR X VENTIIBESLERUR
Mok,

SHE RIEEMPURAEIREL LIGA. SHE BEFLE AT 2T 288
M BEULSRBECAPERA LLOTRETHh TS, ERERE KT 5201
M 135.3 K. 0.8 MPaDSHE O¥ItEER V2. MBROFEOEHHET 1L,
EEA LA VEFEIBEEEREIETHRBLIT oN S 5. REIIEEEE
CHEEEEBEET 3. H5-2 Ck5 &, EHAHERER2EMEA L LIBE. &
HICEEYFEEDBNED 500 (HCEEFEKOTR) ERA CBNTHEL,
MBERICRE T ZSHE OFREUPRECEL S EOHERITRTMBEESR
PELUTVRZEBD DS, 2T, ZOHCHEEEBO TR TS 2o n 21
REBRORLEHO LRE T3 &, HOOEEBESO FROMWIIERA THRES
NBWDTI~B0%DIEE 725 Z &M o . SRR HIHIASHETEMl 2 REIEHRT S
RHOHEEMAZEIEIM O0.74FER S,

B5-3 WOnic Xy 2 EEREBRFREROBEESENY OBKE (h,.) E&/ME
(hein) OBIEERUTY 20 H5-1 TW. h @AM LBESBAE Mok E
EOMZEROBNMITHY . hho  lHECEHEROBKRKETS 5. XPOHRER
Al BN KT SHBBEHCACHEL EMOBHERLTWVLS, H5-3 &3
ENni QOB INC X VEDT 220, TEERAURLERUIEAL O T LIREER
2B, UNURBS. hyax QML U THM O/MEWX U TEF—FEDEE
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Fokd. FEEHESRERLY
HAEEFIHMUEEEOHD
BERSEBERIZDTH S,

5-4 NILABEFHT SE
BERANY T LDOBE

SHETEM1 232 V3E U /NI 2 g
URIGE&DSHE OtEH KU RIE
IR DB ENRS-4 WREh
TW3, TORBTERTH SN
BEORUBE (1) 2BULT
W5, BETIIINEERE (4) »

5 BT =20 sTHEHB. R¥ET 1.0 2.0 3.0
W te=l0s TH 3. ZOED. (u Qy , Wim

= 6.27T W/mTHBH. BRETHL [5-3 AQTOEK - B/ EziERoxit
g (0,..) WEET 1.57

WnTHBIDWIU. HRETIE3.14 W/nTdh 3.

5-4 WRT XD, BOEREUNLIAMBEITS 2 &K - TSHE OB
FBUTWBRZEBRDS, $h. COBEOMBMEE (6.27 W/n) LEFNRE
BROBIVDHRIXLAQR-2TVSERD. BiRLU2SHE BHEHhO® 2 EHRITL. %
DHEBEFXADBMER IS, UL, MBEEILT S &L FHEIDOHEYT
2, COREEMBEVEVERORVEEC A RR> T35, RUEUE
WBKEL R EESN - BEPER VRN ENTL %5, ¥R THREDERD
BAEM.6~0.7 g/s&ROIIAE (0.4¢/s) BREXIBU TV ADIL. sk
THIGERSBY TOMB L 2HHOEHOZMAREBRORR. HRLLTAD
WIRUBKZ >TWBEEELIONS,

BOBUNLAMBROBEORERIEOEEMB L LK U 2. §3ERT
i M=110 00,5157 N/mTH 5 Z & s BHROREIKS-1 TRy BERECH
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BHEBRICRY. ZOER
MEaR T & Mk IE
ENTHYBENERS
UTWa R, RETUETE
2V LFHBRIEVSR
HEEMEARBUEEL T
VWi, O, Qave
Wty 2 MARDHEENR
RRILEFEE & ST G
BT EMHEEBMB. Qave
BREUIEA. TEmE L
D HEVIEUNIL gk
OFBBKEL RS
». MBEROREOR
DERELRYETEK
BRI hPTIRS
EEZOSNS,

5-5 HEESRHECX
BEERAVY
LDEE)

5-5-1 EFEMEE
BAHIEIRES I &
% Gk

SHETEM1 DEEREERIC
U EEFOME DR
ERHMeHANBLOAT
DL AR X DHERER

TEMPERATURE COIL VOLTAGE

h MASS FLOW PRESSURE

. (16 Wrem?K)
o

Qn
(W/im)

{mv)

(K)

(10° Pa)

(g/s)

~N
)

NoA

1

14

10

|

e 1 1 1 |
081
"N /\MW
or 'V' V l — B
-0.4-
DA
) lv V 1 1 v |
08k
. . f
4
- .
o | : L !
0 50 100 150
TIME, s
H5-4 £ iR LN AHEEOSHER U

SHETEM1 D#E,
=300 A. Qu=6.27 W/m)
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Pin Pout
Powevr ‘Lead

D=
:,—J—b

Valve

Stainless
—Steel
Can

EF__ Electrical

Insulator

=—-Heating Section ——=

— Vacuum

¢ : CarbonResistance Thermometer

X5-5 A72 L ARBGHERREEOHEX

BiT- k'Y, BS-5IIBERHEORERMBRUTH 5. MBXEL2.7n &
V. 229 £HU. 1MEOH—RYVEPUEEFIC L VEROBEIERITo L,
MEIN 4 TWWEREBHRUVY 2 — LRI K VIT> 2. SHE OREBIEROAO
(T: &£ 040cm EFM) - B0 (NETH& 0 0em FHERED TN A THIIEBALH
- REPBES EREBETHEU TV 3B Y —VENFREVEELR. ©
5-6 WX MEAGTOSHE ORAEW T BNe=0.52 g/s. [EJIP=0.69 MPa, MIZFABQ.-
5 W/m TOSHE OREBERUVEOENOHRZEILERL TS, k. SERH
ERBUREL TV SR, ChidRn—$F0BaEEAUTH%. . MHE
HSHE WA T —BRIHEEREE - TV S, 20ORD. BENBTUF =
—DRREE R OSHE OFRNBEILEU TV IMBEET 5. Z OS5 TISHE O
BIIERSEEC K AR EFIBTCE RV, B5-7 K. COROAD-HOT
DSHE DIRE (Tins Tour) EEDIRE (EHEMEOT, ~T) ORMZE{LER
UTHEY. MBAERORBORDBCEREEIIHCERL. BT, TUHES
19 KEZELRZEBADD, ZOLEOEWVIBERBMSIE OFENE LRFEX &R
B BERESHEREIE TV, UhU. MBREFIELVEHEEE
UGB L O AEL . HBI/NIRETEELRY. WX S>hLABBETH
SHE W k> THY ES O TV AREERBICRD, Bll. BFEREBOEEEE
LIRS BRIV E (ToTUE10.7 K) TEEF—-BERITE LY. MEERE
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PRESSURE

(MPq)
© 00 0 oo 0 o ©
— N W F o3 [5,] F o3 o N ~3
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MASS FLOW RATE

F5-6 FEFMBBFOBRELGHEL

o)
(Wirn)

D& HBT 2 SHEORE

25 50 75 100 RUEAZEL.
TIME, s
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"
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S 10—
i
Tn 5 \\\\\\\\\\\\\\
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TIME, s
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(MPa)

v © 00O 990 o
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(g/s)
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SHE DRHEENHEU CHILLRZ ERAID B,
PLE AR & 312, WHSHBETREBMAE W RSE . IAE KA
BWEU ETT 320, MRANOEERETTFEE A3 HEEEHOMAEE X
Y LEVETHEENRES NS, ZORDES-2 TRURAD—SEOELHE
O ERRBESA & 0 SEVCEBI R ->RDTS 3. B2, GEHEEH ERN S
FHA—BC ERT 20 TR . BAE R 3 HESMAEEORRBIRS
Z X RARO—HEORR & 0 U R BEABOBMELE BTV,

5-5-2 N ANMBMEERHERES I & B RERNT
BEEBRCRAENRNBEBC R RER. BEHOBHLEPESHITEIL
BTER, MERAEE (Qw=4.5 W/m. ty=4.4 s. tp=13.2 s) OFEH - EEOXIL
WE5-8 WREh. MBS U R REILNA SN D, TOROIRERIL.
B5-9 WRENTWVS, MEL X VIEE LR U RSHE BT 2 o Q2WRIIROM
MEIT>TVS D, T RO TR TENBDRVWIZEEE.2~6.3 KER->TWEHR,
BERHZEORBACH TR EEELBEA S hz, AEL N Q=
4.5W/m. t4=3.3 s, te=6.6 8) $5&. F5-10WCRTE QBB ELU NS
B U RS ORES OB K Y U EEFPENEHINZ LDKRELHE
L5, COHER. RBEOB/NDERZGEIHMEEENSILURS-1IORHD K
HSHEHKEBEIBAPRENS, COBKILEEMBOBSEMU & S, Nk
Wk BFEBRUEAOERESBHEAMNIZ RSP EEL RAIEHERL . BEOE
EXELLRAMER LS RS, HEE U T, MEE v ELRBMELL RS
EIEREFOEEE R USHE OREAREESTEMMEIE S ZENELON S,
ZORI. BOEBUAANPSIBEETY 2y PIBLTIE. BAFOBRAY
hZ RN HARTEEILZEREGRLECT 3 ERER S,

SHE 12 &k Z38HIAHESEM L REBICHET 22D, 6.5 n R —EK LR
Us E—¥—mEiZ & VBT EWHIEICE S F TOSHE OFEL R U HHBTEL
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(1) BWHIAHEELER ATy TRGESNAL RI5E. MBAEROTEOE
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263 REERMHSHRO—-BENNE L (SHETEM2) OBKHT&EE
WL EM

ESETL. MBRBCBUIBERAY YL (SHE) OFhORILSERER
BHEEORENERIFIHEZOVTHE L 2. AETE. 2O L 5RBHS
HAXMBOBBLAR DLW TERREORERR IR R8BI
UTBITRITo ke COBFELT. EXRHRZLAY—MBERIToRIBEE. FE
BERREE SR IMBAEENRZTVEE T LHEEN NS VFEEBERAYILOD
RhOLFEMERY, BEREEESHIEINAZIOUPEET 3L 2L —8BIT,
FEHERANY I LORBEREL L > THREIN B EHHBELURY

SREGHMEBNL AR T 29 PRIGHTNB156. REBKR L IRBOR
». HEHEIY 2y POEHZLT—FRL > TEERSKIIHRATIZ N ORI
BEEFEZIBZIENELIONS, COBRRBERFIIXU TWE. SAEIIHN
RAhPFERINWEBERORTTHURETEELREVEZ L 6N S, KETIU.
COBMEERZOVWTRFTUBENBRHR 29 PEALZAR T 29 P EULTHL
ZIEHDOSHE ORFEOLER., RUBRNFEFRL DV TENRS?,

E, WHANRO —ME2 4L E0.5 MINLART 2y PRSBIZEEL. B
RENOBE 2.5 T. BEARMBEE 3.75 T/s ON L 7 ARIS T CE&H L. EHI
TEHEEALPREIEREAORER R DV THBTEIT>THE Y. £—% —hn#
REDEIhEERERORIEBRUBHBEHARN BN AT 29 NSHT S
TENDREDSBATEHRRU TV EY , YEBR LM, EHEROBHIGH7
Y329 POBRREEEE RS> TR FREODVTHERTN S,

6-2 SHETEM2aFiRBFDBN T X — 5 — O

BUEBHR T 2y PRBEHOBFEREE TTHRT 3586, ZOTFHEERR
ET3HORFARPEOREE. EARE. HROEBE - HE. #izEEOMRK
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JEFES) W RS Me-1 |E/EANY LI ADE,
Mo h WRREEOR

BUENBRRCIVREEN S, 22 C. FHEFEOISLVOEEREL. RUANY
DAHADFECHRES A TV 3K S TOEIBXAEER L,

|
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{1t 1111l
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Lol 1 111}

] LB ERRAI

11 11111

L] U 1rTrrIr

)

6-2-1 22— F7ny|BHEE

H6-2 . ZEM S0 KEFTOBRBGBH A LOFHERERREINTN S,
D alIANY I LH A2 NWAOBMTOEE. b cldAD - HOTOEN%
RUTWS, ZOBE. ANUTLH A0V AOEE 0.59~0.62 MPa 2R
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h. JEERI00~80 K TH 5. "NUYILAHAOFEEIT. PIHIOERKE T 0.12
g/s THAH. BAEOEBEERTRELR> THEAOEEMNEDLUL 0.25 ¢/s £ T
iU TwW3, 2OBO. ANYITAHZOHEEL0.12 g/s. 100 K T59.3 cm/s.

o
~

°o
[+2]
1
O

o
N
L)
S 3

PRESSURE , MPa

o
w o
1

o
N

o1

FLOW RATE , O/s

300

N
(8]
o
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o

100
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0.25 g/s. 80 K T 99.0 cm/s THok. ZOHFEAOBRBIGEI 2 1L DOFIHIAEE
it A4 LRBOBRENOE L RT3 LR X VAN AL, F6-2 &
2. BERGFIFHEPOEEBTHELZRL TVS, ZhiIBRGI RO —FE
WMAT b F—TCERBEGIH. XEBREIZ FRPY—FBREATA TS DI,
H—VHEOBIRPIMEFT LRI LRY. BOEREDERXAY I LT K VITH
WTWVWEZEREELTWS, 250 K~100 KTDO2—)LF 701V b BEIEREL.
BEAANY P LH ADO.2X107 ~0.27X10°% & R->TW3, ZOMITEERTO
ML AN)ILT AOBEEOL.22XI0 P IEFEL W I EMS,. 2L T
OV FBHEEIRMSORERLANYILT AOEFRLIORTEIN S, HA
I a— I Ry P BEEESLUT. 200K Oa—ALF IOy b RE 1B
B ABABHTSEEILNS m/s GREAZERTFHRIHORE) . XEBEUEHMSE
12BA324.3 m/s (FRRREPS) TH-h.

6-2-2 ENEX
BEORERNAEIHLU CEEAHNRLRVESOMEDELBEII ORI
DIREN S,

-dP = fe( pud/2h,)-dL. 6-1)
fo(R/r)E-5 = 1376/(1.56 + log,a(Re«(r/RDP-F))5-73,
(Re<Re.) (6-2)
fo(R/r)2-° = 0.029 + 0.304(Re+(r/R)Z)"®. 2%
(Re>Re,) (6-3)
Re = peusl,/7. 6-1
Re. = 2.0X{(r/R)%-*2X10. (6-5)
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ZZT. P BROEKES (Pa) . p I FHROEE (hg/cr®) . vl BEHNOF
VI (m/s) « Dyt AHMER (m) . L EEAEESR (1)  Re: LA AR
¥. R: HEOMBER (n) . r i NS TORBRERZE (m) « f ! EEEIHEX
B, Lo KBRS (SOHED) () o 7 ¢ MR (kg/mes) o Re. [ iE
BLALI¥.

X6-3 ICKRERIZ K VFSNRESEX (APress) & (B-1) ~ (6-5) &Y
HHELUTRDOINEENEBRX (AP.,)) QUMW REHATVWS, FETUE. Hik:
1 m FRRC8TARIL. BEXRMIIEE-ETH S ERELV L. AP, IBTRBODE
TBEDAEHTH S, H6-3 WhdE. FHROWHERZBEMIIBOTA s
EAPLIIEE-HBUREEBBONTEY. BRALEESTARVWIGAUHE
WEOENBREFHTZIEBEKRS. X BH6-2 RT LS. BEHHENL
ABZIEB K ERIEEDREF ODBEEIIAP 1 /APreas d1.3~1.0DEE 72 -
TV3, ZhUIIHEKOFHBI TNV I LH AOBBEEBEET E2DSTH 5.

20
8 1.5F %,
G o®ee®®
%E . 0,0e0%°® .
\—6 1.0F - LT R4 .." > *%e%%%ee,,
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ol—t o 1 1 1
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' TIME, m

6"‘3 %?%EPO)APCE‘ i /APmeas(DE“:o APca s g_{'%:s:ck ;5 a ’f )ngﬁ}TC{)E
ﬁ;ﬁ%\ APmeas . %Eﬁ(:c}: %Eﬁ;ﬁ%o }\DEjJ : 0-59'\’0'G2 Mpao
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PULtoBERLY ., EBEECBSLTHEBRVIZERERN (6-1) ~ (6-5) L&Y
RACENBEXETFUTZZENETETH V. & R FEPRBS THRESEBIK
RERIBAUBVTUZOBREIRKTIORE RSB I EHHBHLU L.

6-3 EFLEK—BNECHT BERGEa AL OBEFLEMN

6-3-1 HEBRAX

R6-4 WRRY AF LAOBBRIMNREN TS, SHETEM2212400 A OEFHE &
BLU. =Y —MBRLVFEEFEELREIY S, Z2OROBTHEFHEL 2L
F-RUEBEEROEEEZMTEST 2, MPURTLHOC,. BESHFLLSE
EREWRVL /AL 2BBCRBShEEEY Y TRLVAES N2, 400 A &
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B6-4 HERANY T LEHGHY X7 LOBBH.

-89_



F6-1 WEXFOBEH. NERUERRE

BES KXY AO»ooiE# SAEREE BREE

(m) (m) (T K
X 1. 2 6.95 0-6.9 0.62 7.93
X2 3. 4 10.1 6.95 - 17.1 0.52 8.16
X3 5. 6 13.1 17.1 - 30.1 0.41 8.39
X4 7. 8 16.0 30.1 - 46.1 0.31 8.62
Xs 9. 10 19.0 46.1 - 65.1 0.21 8.85
Xe 11, 12 21.9 65.1 - 87.0 0.10 3.08

BEROFMWEXMOBR A UVERIBEELERS-1 WRUTH S, SHE BE&HNE» >
RENTHEY. EARUVREI2ANVOALD - HOBATHMEESH 2. Avoh
¥ —@h—RIUEGUREEET—-VRENFHTH 5. HEBEIBERAYY
LEEREATAHY T « AHRBEFRZLVBETh 2,

6-3-2 TEENEHBIZHOMBEERFT

HRSEARE - — R LI MBI W RIFEOEE Y B 2 83
WOWTHRHTU ko B6-5. 6IWEMBATI0. 167 W/m XY BSHE DIRRREAL.
RUZEAHEBEROBTIRL TH %, SHE OFPARRIE. FHE0.50 g/s. A
B RE5.85 Kv AESI0.82 MPa. JEJ1HEZK0.03 MPa. 2 1 )L ER /T DER K
PO OBMBARIE2.0 W TdHo ko

H6-5 WRT LD, HEBRBAELCLARNOEENOLDI0.2 ¢/s 1
BOUTVS, MBS ERTS TEESMEESREL TV 5. 2(LRCE—Y
—BREaINAKBCEEEERSRETZ I TEBEL TV A RD. FENE
BTOY 2 —ILREEBI242 W IELTWV S, FOREEUT. SHE OBRICL 2
SEBRENLERC KO AORTSHE GG REE 2. ABEIR KETLER
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LTWw3, B6-6 IZiX
CORBROBREOFES
ERBOBFIRINT
W3, HEEHEIX, 1.5~
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1 6.6 CRB IR
LTW3., COBEA. 0.7
HEEREEIEHROH 13.0~
IER4S (A& 930.1
~46.1 m) kVFEEL
TWa K. o0&
MBERE KT T 3 2
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A5 % 50 B6-5 WIHE 0.5 /s, AMELO. 167

xS EETI - R W T 3R ENEBIED SHED

BB QISR REEEi, (@) . () WERAAD

ERLUTV S, R RUMOTOREETRY .

DALERSDY TD SHED
MEREEE . NP

_91_



0.8 MPa. (REIIFEO.8 g/s T
5.45 K. 0.5 g/sC5.85 KT®H -

foo XZA4ILEBHRIZAETIOA TH
%, iM0.8 g/s DIBA. BEX
BIEOFE BT I INBEE 0.205
Wm ZXUXs THE D, ZOhE
BAEEOHE ML OAENS
HEABE T 2, BRI
R 0.465 W/miZXd U T, 20
B HEREIOX ETRB, FHEN
0.5 g/s DIFAWXD2VTHEED
HERBEoONE,

6-3-3 FENEBHEHOE

BERANU Y LGBKEY

REBEORRBIFEORBHERY
B6-7 WREN TS, ThiTK
BEmUICHBENEEBRET S
HEBEUTHEHhIT. BEXWE
WRAEE T 5 MBMEEIL0.8 g/s
DHFBEIIHT B{EDTTIN0.5 g/s
DHREBEDFZAELIVDBRELIRS,

F6-2 WILNE 0.8 g/s RU
0.5 g/s WX B3RMWEXM T
I E G FEE U R E
Qo.s~ Qo.5) « &EZDLP, (=
Qe.3/Q0.5) ZIRULTWVWS, TH
kB &, PAFREFIELEL.6 &
—HUTW5,

(V)
200
0 A
200 - -
0 = —]
200(
0 : e
200
xm 100+
ol _/V\VAU
2001
xN' 100}
0 /—\ Oy
200 B
s 100}
0 /\/\V
l;‘- I - | . I
0 70 © 75 80 Time (s)

X6-6 #HEEEE 0.5 g/s. fNEhagRgs
0.167 W/m 39 % FEHME
BORERTIEEO#T. 81
% % TL00 A QBRI
iR,
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#6-2 BUERFMTRINCEEEESELZ T ORLERMBEE

Qe.s 0.205 0.242 0.277 0.316 0.352 0.405 0.426 0.465
Qo.5 0.132 0.167 0.204 0.254 0.292
Py 1.55 1.45 1.66 1.5 1.73 1.5 1.58 1.59

(o s - VEEE0.8 g/s WHT AIBEE (W/m) « Qoo « FREO0.5 g/s WXT B hnkh
R (W/m) « Py Qo.s/Qo.50

0.103 '
150 — .———_.5\5““-‘\\\\‘\\\\0
100—
O
o
o
50—
. I S R B

F6-7 EFRMBRIT ZFEEEBOBMML. @ [ FE0.5 g/s. O HE
0.8 g/so FIHOBRFIMBEELRT
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Temperature (K)

'
5.0 —
! D1str1but1on of T or
X 7.0~ .o :l S .
S :
@ . | .
é ©o 15 s.
6.0} — §§
© f 2.5 s (b)
[¢] A
[N _— 1
5 -
~ 5.0 l 1
0 5 15 (m)

K6-8 £K15 nOBEKOEFMBRBEELFOFERR. FTHEOWIRMEL.
ACBEE (5.3 KJEA: 0.8 MPaiE : (a) 0.25 g/s. (b) 0.5 g/s.
MEEERE ©0.25 W, TEFERORMEMR2.5 s TH S, (n#baks%
B 0& 9%, )

CORCA—SHAMTRVCEFESESERET SORMLES T 2 NEEE XN
MEOHIHAU., ZORRR—MBAZEETHINIRNICEERER T 25
REBOEMZK > TTHRABET 5,

COBPEFER I 2L —ya P RE-THOARKRBZLAVHET S
EHHEXK S, F6-8 1315 nOSHETEM2a D MWik% 2EH—MB L LB A OFRREE
TH5. THEXMWLEE 0.5 g/s (a) .« 0.8 g/s (b) . SHE JBEE 5.3 K. A
FE7] 0.8 MPa. MIENVEEEC.25 W/nTH %, SFETIIZEH > DEARIERE N
TV3%, H6-8 WRENTWS &SI, BEFHTOHKDIRED il IREEE IR
ﬁtﬁ?@ﬁ®mw%ﬁkﬁﬁon%oum%A¥W®é%eiuwt&mﬁ
VLI > TREINZDOT. HAOEEIDITIISHE OIEEI%EL L, BRI
Ko TEEKLZB - LEREBESALEET S LD, g%wﬂﬁzﬁdwEth
MOFFHEI RS, CORD. FESHERIILERBYOE LFHB > F Y X6-8
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RRTIERHOBHLOEETEEEZON S,

B 0.25 g/sOFRBWHUTERETRULUEICHN THREL.. XEK
Wik - REFIBENME-8 WRTHMIRBEIRET S & . BEHEBIEHR (&
BT 5 mOE) TOBKIEEIIE.2 K THB. UDURBS. WE0.5 g/s W
U TIEER. B—SM TOEMKEBEEN5.9 K ERVEFRIEERELTORL
0.5 g/s WXT BRENTRENRBHTCOEFIEENL0.25 ¢/siZHT3HDLY
LEL RS LD, FEUFEIRI0.5 ¢/s OBAXIRELRVWI LRSS, UL
BRTERL DR, FEEEBSNILEESFOEERERORE LRUNOMNE S
ALV DEREESFAILIVREINS, ZORD. VXK ERFEXRIIXL /N
TRMmBZECH LT, FEEER L/ L AP 2MILOABIORELVRD
T %,

6-3-4 HEUWErILY—

BEGHEROEESTEN2AND LD, BHGNEFEPE TR TS &
TOI2LYX—BRHEIhE. X6-9 12it. FE0.5 g/s &£0.8 g/s KT 3
BEEEBTI0XLERI LY -8B, (=QuXtg) SMBAZTEQ Wm) O
BRPRIN( TV S, AOBTOMBAROSHE OREIIRE0.8 g/s XU T
5.45 K. 0.5 8/s WL TI5.85 KERVERS>TVWADT. 0.8 g/s XT3
5.45 KOEELPITREOREE T30, 0.5 ¢/s WHT 50, DB (6-
6) RIVHEELR,. BIEULRKEREEE-9 WRT,

Gy = Qug.s + V[&: 380 payedTs (6-6)

ZZT. V! BURIHUODERMNIBTOSHE DK (n*/m) . Co : SHE DEE
Le#h (J7kgK) « powe P SHEDEE (kg/m®) L Qyp.c D HREO0.5 g/s X9 518
EEWIET ALK — (J/m) o H6-9 Lk BE. BH—MBAEETIR0.8 g/s 12
T50,130.5 g/s KT ELEVBHRELRS, FIZWE. Qu=0.25 W/m TlL 0.5
g/s 0.8 g/s WHTB0,0EWEL.4 J/nm WiFET B, R6-7 WRENEES.
KO KERQREEOSHE WSV EEEEB I 2MEEREECOSVEKXOTHE
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B6-9 Iy FRREETIQRALERT LY —BO, & MEMEEQ DR,

ABURUE. CO&IRIEHS. BEREEAFERLREI Y 2 LDRIE.
REOPMEVEEIOEWVEESE THAL RThERs . ZOREREEOEM
WL, EENERZCLWR-EDTH 5. AUBREDGD S, O BLOEIC &
VERLULOBENOEENEBEFRPABISHBIEILVEZ LWL S,

ChETORFT TRERGL > REFRIBEI B2 LVOREHICKELILE
UTWBZ ERRUEY., COEFRBEAMMOEELEL TRLOWEA (6-7) 1
KOWLDEERFMU 2. PIBNRE XYY OHEPIZE T h SSHE OEEL YL
BEISHENPHEEIM LS TOBERBEEITLRE I 3QRAERTILE
—B|EQ, & DLEERLTL 3,

Po = Q/V]+7Coe psuedT. (6-7)

ZZT T P TIHHARRCOSHE iR (K . T.. : FEHEBIGMICE TS a4
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1.0 }—
‘.. [ J o [o) ° o ° °
o % o ° .
- 1 o
° 9.9 o
[=s
n
0.5
oL | | | | | |
0 0.1 0.2 0.3 0.4 0.5 0.6
G W
QH (W/m)

X6-10 HEE0.2 a/s. 0.5 g/s. 0.8 g/siZd 3P & QuD %,
B:0.2 g/s. @:0.5 g/ss O:0.8 g/se

NOBEREE (K . 2BOFELIBVLT. G&ose BHHHENODLOBAL
dht. F6-10k Y. Prld0.8~1.008H%E & . 0, EWSHE OYEREED &
AANOBERBEEI TORFERIOREESN S, BFRERML. MAEENE
MUSERFEBHSNEMN L ORET ZBE. Pll0.8 WS B ZOFERELT
. BEREESZSBOENBOVNBLLIFTEINSZHRENERORDI.
PTHENTEDREBEIVBNELREIDOTHS. FIZAW. TK TOGpsu:e D
f#130.8 MPa &1.0 MPa TIE& 40.83 J/Keem® &£0.73 J/Keemd & 72 5,
DEBANTERZELD. BHGBHTIT 29 F ORLEEDLEDOLERTE
VTR (6-8) REBRURGhERIRL,

Oy < V[T CoeponedTs (6-8)

CZCL QL SHE WIERIRHIER R ERTICERZE X oh 388 (J/m) .

-97-



6-4 RBRYUEBURAFEHTIHEMSA2ALVOBEAREN

B T EF AR OSHETEM22OREMRITIC X VBHGBH T T 2 v ORE
BEOLDOVPEZUREREU L. NLAYT 2v | OBE. BiEWREENE
BESHANRTERD. CORBAPLERBFLUTHAD 2100 E 5 MR
HIBLEBS S, 2T UTRERT &S ERMWICZ OWREM R AN,

6-4-1 EBRAE
WBE (400 A) RUE
BB OSHETEM2a% b — ¥
—8RIC & MRS BT
%. ZOFFIX. H6-1112
RENTVLS, E—¥—IZ
K B InEEERIL10 sT. M
AR LB VIR U B EA
(tp) BELIY. ZOB
DRI OEILPEEROR
BRI SRR
%o sHill3ATER DE F InEk
KX B5DERUTH S,
X. BYEUMELY
%4 SHE OR#ERNT DG
FEEREOMT B D,
20 mOBHERMBL. Z
DOROEEDIRERE{LEHA
Rfze CORBREBOES
BUER6-12I R EN TV B,
ML AT L RSO
BILEBRBERERLU. Vo

Heat Load
(w)

L

500~

1
| S

0.5

Current
(A)

Voltage

)

Mass Flow Rate
(g/s)

Pressure

¢

2 10.0}- b

9 .

é- 5 7.5 /o

(] VA

= 5.0 t | —
0 50 100 150

Time ,s

®6-11 SHETEM2alci V& UBMERT A 54 h1Bs
OHAEFRSHE OREEALRUEEFE
BO%F,
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Electrical
Insulation
lF:‘owcfr
ea
SHE Tout SHE
—»N /n 1 | 1 M ~E M-—>
] Tin|T T2 T [ |5 |[T6
Electrical <4, m =4 m={<4 M4 m—14'm=
Insutation
ZOIlI
Heating Section
Vacuum

H6-12 BEUAHMEXREEORER.

—ILEBIZ L VT R,

6-4-2 BOEUMECKZEERAY Y LOEEN & BEEHE
EEMEBIN T IEEEERLREIEZIERE LT, BERANY TLORR
BrROUKB->REROEENTBEETHEIERBRUE. ThIHU. Bk
R VR UM B TRHEROEVIEIBEET 3 2D NLABEH
OBEMRERURBRFEER & > THRES h 2 BEOIRES 1 1 BB S OIIES
FEPRETZEBIONE, FZT. —EOMAEE ((u=0.57 W/m) THZAE
Mt 2RI B RBEEORVEUNMABOEEDREELS L ERCANEL, K
6-1312L. ZOERMBRIATO S, FPOLABRIIREE (X;~Xe) TDAL00 A
BEROEFIEELRT, CORREROMIATE0.8 ¢/s T. T OHBFSHE »
BAREBRTZOWET ZIERIEIHNI00 s TH S, E-13ITRT LD . HEKO
BEZFEhAMEHU TRBROEBEARE RS, 20D, RIICEERFEE
MEET ZEFIBGHROEE LRBYPEXEOERIEBE (88 SRkl
OXMERS, DE D20 s DA FEEEBORERX.ER B, Zhil.
400 A BEBROERER o LEOD O MR, CORRIE. K6-3 WRLTHS,
AR L 0RO —FEmMEE (0.34 W/m) THREPELEILITLIBFOTEEY
REBFHRU TV S, MBAER. 0.57 Wadig&. H6-13TH U & MEE—

-99_



o
I

w0
1

@
)
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Temperature, K

[<)]
T

o
T-

0 50 87
Position from the inlet , m

E6-13 48 038 LTSS OSHETEM2a DB DIEEA T, SHEDMMIRE © 0.8 g/s.
IR © 0.57 Wn. 20U MERERt =20~50 s,

C%6-3 BURULMBIEHT S SHETEM2aDF B WHEE B U E EXHE
L2 NAE— Q)

mEE (W/m) mmEERRt, (s) RN IZTT O

>50 TRYRLEEL

40 Xe 1492

0.57 30 Xoo Xo 1454

20 X3 1359

TEFE N X1 1057
>30 FRMELEL

0.34 20 Xs 1407

E X5 1227
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FhoHEIh ZHEEHE

BEEIZFEBERFORR 10 AP :--—--—-—--—--. —————— ;-—
FREWBELL-HLTVE, _

Rtp>50 s DA SHE @ [

WOREBISRI100 s TH  0SE 1 l \

ZTEem . WHEIBIIAL A L T B
W% SEHOMACEES X6-14 YR UMBEBEOP, & &FEs

FAE 2RV, DR, BT, O 0.34 Wn. @

SHE DIBE LRSS TY 2 0.57 Wme

8.2 K &7y MiEDEFE
EARARVEDEBEEREIFREL TV L, MEES0.32 W/mix T 3R
HLEEDOZ EWE X 5,

F6-3 TRENLGIDVLTR (6-7) kAP, TiFEiL 2. ZOHRIE.
- 1ARENTWVWS, RFOENIIMEEC.F7 Wn. HAL0.34 WnDERER
UTV 3. M ESHENEEE TS 3. COBERBVTHP, O/ 1.0
~0.8 OIZH Y. BEEWEL 2L X —ISHE OFEREE D & BIEOEFIRE
ITORBBLIOVREINZZEDA NS, 2F0RK (6-8) WEVEUNE
RHUTHHEASEYTHY . BEBHNL AT 29 } BRERLEHET Z2D0
RERHEUTHVSZ OBk,

6-4-3 HBEERAU Y LAOFEKEBL B 5 B ELIR U B E BRI

ZINFTRULERERL. SIE ORAhORESEEWHRIHAN THEZ L
REAELLTEE, UDUASS. BEETRULALESK. BUERLNBIHhL
HAMBERCEAOPEEBUE B TEEOESEABRN . 2 hIImER
BAETZHENOTRERREZDDTHSZ I RN N, BWHISHIN LAY
29 F ORLEEER LTI (6-8) BRBYEUNLAMBEIHU TRE+S
ZHEUTHEWERDRE. ZORhOTREESEN ZEREH S M URG
RIERSRV, ZORDIZIE. REMOGIEICET 2MEBOREN I » g
HOBELELRANZLESS 5. EBOYT 29 P EBL TR EREEORE
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MWH B LD, BREIIBES
FOLYH—-RMOFF S 10.0

x (@

LUTTETHS. HoTe ¢

F4-1ITRURRRERC L § S ., s

0. COBRIONTER | | WSSO
U,

B16- 152 142 0 B UmgE < 100 (b)
B (te=15s) MEAUT. M 5
HEEEILECLIGAONE |

id o RIEEEIERLTY 8

3. BB OB
BHERFEUTED. H6-12
DTy ~TelZ X453 %, SHE D
HRRELX. FHAGIEO0.6 g/s.

J£730.75MPa. & INIL AD :
HESRLS s THolo Hrh ,
OEBUET ORBTOMME 125 ‘ (@
2B BEEOBABEREA |
BELOTH 3N, MBS
107 mW/cm® (AN LK
X BMBMEE) (F b
UFTHAE. & 2EE LI
DM &k 2IBETALIIEST
CHAEL WD, HIFEE 615 B 08U MBMEESE U5 aoBEs

10.0

Temperature, K

Temperature, K

ER>TVS, UhURMS, BB L, SHERIHAGGE © 0.6 g/s.
hghaEr L3¢ (| (o) JE73:0.75 MPa. fU#EMREIHE @ 15 s o
(d) ) CoFHAEREHLN. BERE 61 mW/em® (@) . 107 mW/cm®
IEAREEA20 m/em 23U T (b) . 265 mW/cm® (c) . 420 mW/cm®
3T TOE 2EHOMEBED (d) »
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BREE ZHLDRIAN SR 10.0

x7
MY REEEOBABED ¢ I “
22.0k wETELVCVE, 5 ] MWW/
HI6-161C i, EEE (260 & co .
m/em®) BE—Tte BELX
ERBEORRERITE R <0 (b)
TV 3. SHE OREEWR. HE 2
0.6 g/s \ JE/0.75 WaTH &

R

. COBBRBLTH, to
=25 s XU TRIEFIHAY

IEUL"{mx/zg{t%TL Tw3

*10.0
B L WTHEONELRD S
L BHOBEELLEVTT  § 15
RIS B, ZORRE 550

NOTEEHICLZEEDR

FBREERRET SRS, HE
AEWET ZOLLEE XN 12.5

(d)

BI3LE B, WHOE A U v
anrsie onsztsg 500 AW
MM THsLRELRERL & .5l K
Y LIEHNE 12 B, E

CORRBEE LR REY 5.0, p” 50 %
ZFEEE VT MEEOSHE ~ Time, s
OHRBTEOEILBEZSNS, Fl6-16 HuEAEEBE U5 O OBREG
B6-172id. BI6-16 (he o) SR EE L. SHE WIERRE
Rt BC X poue (50.) D 10.6 g/s. £/1:0.75 MPa.
EWREN TV S, H6-16 AEAEERE 265 mé/cm® . A
(h) WHRIN TSI, FIEE 125 s (a) . 20 s (b) .
to=20 s . MEE265 wW/cm® 15s (). 10 s (d) ,
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WxiU CIRERLRLBHHIN TS 58, ZOBSRMWEXHE DL (F6-17 (
a) ) WHHHEX VHARELIB-THBVBAFCH U TREOIMRELERE
VRSVREBIEH B, 2F Y. BHOIRKELRRETSHEZ & » 5. UhLR
oL B6-17 (b)) DOV TWTs. Te TUL DEBWIHEL D D BERBALUTH
. ZOEIIMEHED3S~0% ER>TWVS, 2D EMS. BINITERIE

1.0 ]

1
=

0 30 60 0 30 60
Time , s Time , s

(a) (b

H6-17 mEMBFERIBIDA (X peue) OFEfL. () : IEFEIRA20 s. hnshg
BE 265 mW/cm®.  (b) © AnZAJEIEAL0 s. INENVEEEE265 mW/cm’,
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EOEEREZIRT VAR am@‘xu®ﬁﬁﬁﬁu&m1mﬁmﬁﬁﬁhﬁﬁ
BHillxnh T3,

Db Z Emd . SHE BEEERERT 3BT 3REND 5 HIFRERL K
ZARBAR. COBRFENOTEEHICLZIEEELBENLBZ EEL 5N, X6-
1B XV ZDMEFEEHES MU, K6- 18O IISHE QBRI D ITHNA S
NimBEERRL. AN (6-9) RIVERINS.

e = Qhe X (toa/te) X tus (6-9)
ZZC. Up o SHE SEEMEIRE RS MU RHE (J/en®) o Q.. 1SHE AN

OMBEE (Wem) o tee @ BB UMAETOGREI & O REX N B SHE OInEk
FAEEBEERE (s) v to (EBRVEBEBUMBREY (s) . ty 1 INLVADOMEERE (s) .

4
™
'y
3_.
L] [ ]
£ I’
kY] °
= ° ¢ .
- ® °
a 2 'y
o ¢ ° .. L *
LI ‘® 'y
® . . ° ° L]
L] ° ® °
1 O.. ° 0D o
e o - Gy — —-o- ————————————— o ————————
o -b—g- 0%°0 *® o ©
o °O§0 ooo
g ° 885’ o0 °
0 ] i | | N
0 0.1 0.2 . 03 0.4 05
Q , Wicm3
he

(6-18 ML BHRNOTLEHL & > THRAVHEEREALOB N S HEK.
Up : SHESIIEAE A2 BB T MR LBAE. Qv - SHE OBGATEY
DA SHRMBAEE. O A EEE Lo, @ @ FHRAR
BET(LDOERN R,
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0p IASHE DBEIAIAX O MR >h ZMAEERL TV B, RO RAIRA
BROFBHOTEEMR L VRN LBEEORSRIES ThREROMMII L VRN SE
EOBARIEL V0.2 K LLEOEER>LRBRIERTH 5. AIIEZ DREEN
0.2 K TORRTH %, B6-182&k 5 &. COHRNDTEEMIZ L SHENE
USBh B30I 0>1.0 J/em® OFHTH I B DB, 2F 0. NLARY
v POXRD CERIVCAEE (XFRAK) BHRET S156. SHE BHEREE
THRICRG SHBEHFL.0 J/em® LITTHD. »2oX (6-8) KLYV EHRINLE
BT HZROTERBHNLART 29 PERARRETH B EBRD S,

6-5 0.5 MINALART 2w MLk I3FEMEGAER

ChETCRUTERERANTT 2y P ORLEGEFEIBZOBIZMHE. £—¥
—BR L IMBABRBUIEBRAHBCLIZARTEONRBRTH S, 22T,
ZhoDBMRMLE L VIHENREF AL VRIET 3 2D ICSHETEM2LIZ ZEEIRE
eSS, RBECHANBTRRGALREITBEGHTT 2y P ORENLR
TR

6-5-1 EBRAHZE

FFS 0.5 MINLART 2y PRAAFEMBEROFHERE UT. EFH
72N 4 7 AREIB T T DSHETEM2L
DEEH R USHE O#EEL W
T AR BTARNGh. TOE
B2 Tl SHETEM2a DISE & [
SHETEM2b2 K IZEDL N TH B L
— & =R &k VAR EE S
S5x6h. X0.5 MINALATY
2w PZKVEIENREFEY  6-19 SHETEM2bD & Y H—RUEE
BRINA 7 ARIEREIZ0~3.5 T ¥ TDfEk. SHE 211
Thoh, TEEEBORER OEMBIOVRIN TV 3,

" Electrical Taps
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B6- 19K LTS B Current of SHETEMZ2b

11 mRRRICREL R BE  200A)------

FuTRLLVBEENE, / \

SHE gk « £, 2

1 AATTRUHOEHA T time , s

He S HR S & T s ‘_. Change of B (bias magnet)
FovEREkOME |

Uk, BEMTEZa L

AOBRTHY T ¢ iR

BENCADITH R, .I IA time, s

0.5 MINIL AR 2w X6-20 FEMBRERFEFOSHETEM2b R U0.5

FIZ K B FHEMBABRE MINLZAZ T 29 } OE#E—F,
DSHETEM2b U 0.5 MIN
WARY 2y P DEEE— FIERE-20CRUTH B, 0.5 MINALART 2w Mk
1.25~3.75 T/sOEALETHBRUBHEIh. EARTE2.5 T T1 BREEESHh
o FEIRIEL (s) & E—T—F THRBRCERBE BB VEI N SHETEM2hIZ
200 A O—FEBHRMBE I, FEAEBRUSHE ORBE/LOHINL. t—
Y —MBADHFEERUTH 3,

6-5-2 SHETEM2bOEMIIEM
FEMBAROTHEREL T, N4 7 AWIED (0~3.5 T) TDSHETEM2bD
BESRET 2 L8 — (U J/m) RUMBEBORBEILSFARS DL, O
DO IISHETEM2a & 4%, X (6-7) WX VERLEPEAVTEERIT> 2. B
WSHE OFIEARERIE. BRES5.3 K o [£/10.83 MPa. 1.0 8/s THoh. &
BREEFRIIEGE-2112. SHETEM2aD#RE—RWR AL TH S, HHD me. 1. BII®
KRG E. BHAN2LILOBRE. N4 7ABRRERLTVL S, H6-2112 &
2y, Prl0.8~1.02 ORENCSH VSHETEN CHRLBRAPEFERORRS 4L
SHETEM2bIC M TW T 3 T & BHER T X fo

;N (6-8) WiRUE KD, SHE OFEK@EBRE (1) BRIy 2y b
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1oF"""""T A--p--=-- ATTTTTgT T T

& SHETEM2a SHETEM2b

o It mo I B
m:02g/s 400A A:10g/s 200A 25T
05k ®:05g/s 400A A:10g/s 200A 35T

0:08g/s 400A p:1.0g/s 300A 0T

0 ] 1 1 1 1 1
0 0.1 02 03 04 05 06

OH , Wim

H6-21 N4 7 ARBE T TOSHETEM2bDP, & 0D BE{%. mp : SHEQFRAIEER.
I+ : SHETEM2 D4 LEHE. B N4 7 A,

DREWCH U TEERNATA— Y —E72 5TV 3, t. WASHE OEBIZ & - Tt
FEh 3. NERBELIME ShREE. FREWSHE ORIREEHBITO
FAOEHORAL X VELT 3. BUEUMAShEIES. ZOHEAORLAR
BEOCRETZZED . MBKOL, 2HET 3 DI IIINEERE & nEEL
3T BSHE ORBOTALE R TIEEL THEHRE RS R,

X6-221C ik X"f“‘/7°4ﬁ®§&/\7] (a) MSHETEM2bO H KL 2EIZME s 215
LEOEROLEL (b)) BREIATVE, HhORFEERES TS 5. Mg,
FENTFEROTHEOUTOVE, U URNS. MEE TR 10 LI FE
VERERCEEL TWAZ BN » %, B6-2312id. MBARE X T 3 HREOEY
EEPTENTEY . MAEEE REOH OER I FIERE R>TVW5, D&
V., F6-22. 235 0 EEFLIXTS BSHETEM2b R 18103 B SHE ORI BT LA Tl
BIENTE, ZORBBEUTL OERH 32 ENHEKS.
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6
5
£ .
,0.0.5?-
3
2
1
0 |
0 0 5 0O 5 10 1B
Time, s
(a) (b)

X6-22 SHETEM2LICBBERHMA s hRIFEOHEEEL. () | A
7. (b) 1 REEL. BPOBFARRESERT,

6-5-3 IFEEL (FEmME) T 3BANTT 2y P OREN

0.5 MJSLARY 29 MLk VREX N ZEHH R RSHETEbILEZ 32 &2
k0. BRAHBENCEBCRRBARZELUI T 29 F OREREREIRU 2,
CORBHERZLVBREGHNNL AL NOREEREHOLEREN (6-8)

BRI HL. ERTCHVRMBERE WU, SHETEM2b CHE T 2 RHEBRENSR
6-4 WRINTVS, THhHORRBEOEE. NALIATT 2w P 2 EEHEL
P50 SHETEM2b iBBHOSHE OILY ¥ LY —Zib & DK F ., SHETEMZbOEER
R, EEEEE200 A . EIREE2.5 T TT.2 K TH B, SHETEM2bIZ & B 6
SRR IL0~0.095 TTH 3 k. T ORRSHIC &S 1 1 L OEFSEN
NOEEUIEHU 2o SHE ORIILIERES.3 K. J[£710.83 MPaTH > D TR (
6-8) DOHETDDIHELS.83 J/MTH B, —fl& LT, dB/di=2.5 T/s. t,=1 s DI
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. R (6-8) K ETEHHEERL
% SEONIL AR RETHP Il RAE
T5&Ex6N S, 6-24 (a. c.
e) & (b.d. ) k. BANS
7 AMROTALEX:; TOEENE
BLESBEORERABREN
TW%, HPoBFINL A0
ERUTWES, ZOIF. SHE O
Blt1.0 g/s TH-ROT. ¥
RETOL UM TH 5. dB/di=
2.5 T/s W9 SERIEE6-24 (
c. d) WREHh TV, 8 3N
AETRHENEBRIGN I LR
Mot ¥ ANNALHT. g

FRHTHIEEEMEEPEL LY. JOFRREREB—E B=2.5T)

0 05

Q , Wm

X6-23 #HMEFINHT BHEBO

OB o

-

RS THEEERICAEELUTVLS, 8 SHAOFEHRAI L AT HEELC LT,
EENEBINLATIT 2y FIBETHUIN 2, BERS TOY 2 =L

%£6-1 SHETEM2bDZZiEIE%

dB/dt Zoiak INILAY Y QOEER tac
T/s W/m J/m (J/cm®) s
1.25 0.23 0.91 (0.13) 4.00
2.50 0.91 1.82 (0.26) 2.00
3.75 1.82 2.43 (0.3%) 1.33

T ZTs tac D NN ADKZHBRRLERR.

TARMEFERTY,
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X ZHBFIIHS J/m T, THIZKSSHE OIEEERIIH2.0 K KHYETHEE
ZA6hb, SO, FEEHERBOY 2 - BN &k DSHE RUBAOEET L
B30, NAART 2 MREBT A LI VEFOBEFEESLEAL. ¥
OHFRFEEEBUEEERBICOAEL TV S, B 6L AT SHE RURK
BENOT WBVLTHEREELERZ S LOEEERED o BEFREOHRE
BEAShb ok, ZOKC. BHAHEBEREAOBRHULRBAEEE
HETOYV 2 - VREBLLABAFEEPUFTHS>SEREEORILOBRI L
DEFEILRTINERS BV, UL URBS., BIIZEEEERR I 5/\L 2%
W3 (6-8) WWXRUFHET LI EVTEETDH S,
dB/dt=3.75 T/siZX$ 3" 3K (6-8) THMINBEBERHBDLDHONILAME
¥iid TH AP, FENHHBIE HOMBPREEL TS, Thid. WEE

6-

(a);~3- 9 10
2-

) 1}

6
.—

(c) 0;3F\\\ 5 6 7
0 SN SN
2..

>

@ f
=0 ~ T T~
6-
—

(e) -3 3 4
N A N4 N A N
>2[

(1) o
[ YT SNY W R 1 2 1 [ i
0 5 10

Time,s

H6-24 BRIMBEETOGRRTZETEEBOET, 0.5 MINLATT 2
v b ORYBEERELL.25 /s (a) « 2.5 T/s (¢) « 3.75 T/s (e) TH %,
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SHE FOEEZEWR & 3, EHIBHOBIZELWL Dittus-Boelter OEVZEN® 2H
l«“tic (6'10) ~ (6'11) C:J: @ﬁén%o

hX AT, (6-10)

<~
"

0.023(A2-5Co2-4/9%-4)(m®-2/D%-2), (6-1D

=
H

22Ty q MBED S HENOHE (Wemd) . hiBEEE (WenK) . AT
TBEEREEDBEE K) . A I HAOBZESE (WemeK) - D @ HME
B (em) « 7 D HEMERE (g/cemes) o 3.75 T/s OBIBELIL LY 1.82 Wn &
REIBRIISHE NOEEL U T 19.3 mé/cm®  WHYMT %, 2 HONILARY
2 P ORIBER & BTG & USHE OIEREE6.35 KET LR T 3, BB
RBXILLV0.76 ¢/sEFTHA VR, 2ZOBE. X (6-10) « (8-11) KVh &
21.0 mW/cm? K EHEEh. ZOERAT W0.92 KTH-> L EHHlXND, 20
EHEKEESEFREELEL. SERFEEPHANLOTHS, UbLRBBS.
COFAEDB YT Iz FREBRI > TR,

£R6-5 W, BS54 CHTAERBRPRU TS 5, BEGHERIEEE
BRI ZORDLBEETINLARYT 2y F ORBEE (N) . X (6-8) TF
BMEhRIBEXLS—HUR, NLARY 2w b ORREFFIRESEM T 2 F -
T BEEEHARERTISIE OTHRME RS, ZhUENBEHRBEECL->T
EREhRFENHMOSHE OBES (B6-13&EUOEES M) BEELU T
Z, 2Ok, dB/dt=3.75T/s. t,;=10 sKUdB/dt=2.5 T/s. t,=12 sOIBE. ¥
BYHEBRBAMIICREI L, X£6-5 ORULERBR & v R VIEHEEE
RHUTWE. FBEMERERELURD >R B2, dB/dt = 3.75 T/s. t; = 10
s RUdB/dt = 2.5 T/s. t; = 12 slZ*id 5. SHE MEMKEBFIIZ 0 S EET
fAR 1.23 J/cm®. 0.98 J/em® ERVBEISHIEOERR CHELFRIAL J/oem® &
FEEWEER>TWS, METEE. EHGHNLARY 2 v } OEERREIR
SHE O A VBB & R FHBAOMAZEIL X > TREShRTHIIRORL,
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#6-5 Fix3WEHRICH T SSHETEM2bOFEEERB RN

t, .8 X; Xz Xa X4 Ne
dB/dt=3.75 T/s 2 N N N N 4
me=1.0 g/s 4 S S N N 4
(ts0=41 8) 8 S S S N 4
10 S S S N 4
1 N N N N 5
dB/dt=2.50 /s 2 N N N N 5
fe=0.8 g/s 1 N N N N 5
(tsg=51 s) 6 S N N N 5
10 S S N N 5
12 S S S N 5

ZT. S: HEMRAE. N BNEHRE. ‘1%%§ﬁﬁ&%éi%®mﬁﬁx
?%mﬁ@ﬁ\m MEPREEOSHE D&, too - XX T BSHE OiEIBIFR,

PEBXRTEREDI. RN (6-8) WHBGHINILATT 29 F BWE2WEE
TE3LDOLBEZHTHY. HOR (6-8) R+HRBELTHOZRDIRUE
BERANY I LPEREBBRIIZTEREN J/om® DT TRINE RS0,
CORRICSHE QX VK ERGFE (FiF) PRBHEXCUTHEEREI/LE LY
REWLT S, 2. NLATY 29 ) OE&ET— F RURREROMEEE
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