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Table 1 Specification of
Cryostats and magnet

Liquid Hydrogen Cryostat

Inner diameter 309.5 mm
Height g;c;t;(:)n to top 2218 mm
Volumetric capacity 61 L max
Withstand Pressure 2.0 MPa
Liquid Helium Cryostat
Inner diameter 350 mm
Outer diameter 630 mm
Helgt}(‘fp ﬂ(;’fge‘;m © 1625 mm
Volumetric capacity 175 L max
Superconducting Magnet
; Material NbTi
) Inductance 112.36 H
i ” Rated current 175A
Vi = Max. magnetic field 7T

Fig.1 Photoview of a setup.
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Experimental results of cooling system for high—temperature super conducting cable
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Basic Test for Heat Transfer Property of Superconducting Wire with Cooling Fins in Liquid
Nitrogen
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Void fraction measurement and pressure drop of boiling nitrogen flow in a horizontal square pipe

K B, Tl EBCEE L S

(GRAER FRAIT)

BRCBLBT, B F52 (JAXA)
OHIRA Katsuhide, NAKAYAMA Tadashi, MIYATA Kazushi, TAKAHASHI Koichi (IFS, Tohoku University)
KOBAYASHI Hiroaki, TAGUCHI Hideyuki (JAXA)
E-mail: ohira@luna.ifs.tohoku.ac.jp

1. IZC®HIZ

JAXA TIE, IR FEEREL T DI E T s —h Y
=y VU EIR OB EED TND, =2V U hRENIR, il
BORILE IR THAT- DI AKFITKIR MR BNk REE 72 5,
FTo, BEAATRF D22 KT s ClImii 22 IR K E D
ENAZHAEATH O THRGI RIS BRIk B L7220 | JE 4K
LRBWVERE D BMR AR T A2 LN E B L0 D, AAFZETIE
KETE ST TARENE (—i0 12 mm) 2B+ DR A ZE R b
(ﬁf TV OPRE A — L DR RALELER (B D A7) Lt
12, ELT- R E R BETUARAR KRG CRARREZHIEL ., it
NRE— L[E N ROBREHOLNCT 5, £z, BEROE
B (B 15 mm) EDEWE LN T,
2. REREE B LURBRAE

ERRBIEEAX | R, TANEZ Y a IR S
DOBIFTR MR ERE) 2B BE2\, JE ARG
Bh R BE 200 mm OEFFAS 550 mm DX TEHIL7Z, F
WO AL 2 FEEOFFER BAIRAREE, b, $hE
S 1B SRR 2 A 7 (V) LRI 18 AR B 2 A~ (V) % 4
ZEOAHT, LCR A—ZIZTRIE LTz, sBREEO W 0.08
~2.5 m/s, EEFHE 70~2000 kg/(m’s). B\ 5. 10, 20
kW/m? T 5D,
3. ERHERBLUBR

EBR T, RIAE, 7TV AT AT T BRI,
MRBRARIE . PR O FRE) SF— L NBIER S, RAR A
FELZ (K 2), HEDBE AR AV T4 TIERALELIZAmN
BIEE CTARLCREIRICRDM, EFEE CIEEIRsy
B CHALVAEIMA ST, RARFF THELIZARARE
LFEIFVT %X 3127, Saha—Zuber D FiE% AW TEOE
WA VT 4% FZ A VT LA IEL TS, KT, WE T
TRV T s = DEERIZERESNTNDI YT A LHRAR
KDOEAR L (Winterton, Butterworth, Khalil, Levy D) 7R~
L C%, EriExta (V) | ACER R (H) ORARFEFHTIL, B
1% KA BT 72356 D 05 BNREEORA R REHKEE B <
HELTWDEEZBN, HEDHAIZBWTH KX [ o
BB AV B BLE TEBEDOITRE RN EE ST,

AEAE OJE TR IITNNHR IR R LBEEHR KDY, s =1
DB DOHEFET VL, K 3 DRARRHNGE RS B HHE
L7ZARAR R A BHEILL TV Winterton DG, Butterworth
D3, Khalil DA HWTEIBROFHFEEIT 72, K412

Liquid
Level Meter

High Speed
Vldco Camera
Flow Control
Valve

T R \\\\\\\\.\itl

] © OO OO ——

. Heat Transfer Section Visualization Sectionl

‘ Test Section ‘ ‘ Catch Tank ‘

Fig. 1 Schematic illustration of the test apparatus.

EREH 5, 10, 20 kW/m* THELALIE KL Butterworth
DX THEOLNH A R E R, £ TORBEEMAIZBNT
FIRAEZ+30%~-30% CREM TE 5, BEIRET L TITaM
ZEHEMI LR E LD K&, Fﬁ#;a%wtéw\ii%\(z
kPa/m LL_E)TI3+30%Lh_E&725, Winterton, Khalil D%
NI A EBRAE A +30% ~—30% T AL T & [F BE 22 o &2
L TR, BT T LN B a B<GHTL T)a,
HiEE

ARBFIEIL, FEARTFIC KD 2 4L R 22 3 X OV IR A —
JAXADIL[EFZEIZ LD T L 7=,

i 'f“*“"r"***“ﬂ“wwmm

J ~
|
o a=100% |
g —=========-=-=-------—-= -
0 2 4 6 K 10
Time [s]

Fig. 2 Plug flow image and void fraction measurement.

100 F Homogeneousw
[ —
il ’& [ wWinterton’s slip PG
80 g S Butierworth’s model
; AQAAA \4 i Whalil's lip ratio
b A — LA Levy’s model
s W o Y
I A
s 60 F & TA\ Zamind v V-
g E A \V4
a0 Ll z
< [
R rA_— v v
= 40 1L %
S [
- 30 :,,, AA Flowpattern{ V | gH
[ A Bubbly @ O
E Plug o o
20 | Slug o o [T VI
H Slug - Annular A A
10 Wavy - Annular ¢ ¢
V'S Wavy * O H
0
0 0.02 0.04 0.06 0.08 0.1

Actual quality x,. [-]
Fig. 3 Actual quality versus void fraction.

Liquid 38  Slug-Annular A $30%.,7
Bubbly @  Wavy - Annular ¢ L
= Plug @ Wavy & .,’.
£ 4 |Sug @ Aa
B 4
Z *

’ -
== A z k4
EE v’ A A3,
§& V.” A -
== A4 .-
= < % - -
= S /4 -
=N 2 ,,’, ,,,,,, 4
5 z
= P
= % - i
5 A L+
£ A 4 Dral Butterworth’s model
Z a i 071)-1
g a=(1+028x,"")

A~ T
0 q=>5,10,20 kW/m?
0 1 5

2 3 4
Pressure drop per unit length (Experiment) AP/L,,,, [kPa/m]

Fig. 4 Measured versus calculated pressure drops.

H86M1  20124F FEAK TR T2 - i EA



1D-a08

KEEAHE

BURE / KRFFH (1)

MNDRAZRFEROBMEERHE

Heat transfer characteristics of boiling nitrogen flow in a horizontal square pipe
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Table 1. RHQ conditions in the present study.

L electrode (mm) 100 I 300 I 470
V wire (mfs) T {S)

0.33 - 0.90 -
0.40 0.25 0.75 1.17
0.50 - 0.60 -
0.60 - - 0.78
0.67 0.15 0.45 -
0.80 - - 0.59
1.00 0.10 0.30 -

AR TR 0.54 mm F TR T (kw28 98.8%) L=,
ZEREBLER T E 22 1T 800°C—10 IR DB INEVILFRAfiE L
7 R BRBE [T L2V —a— LEO Mg TRz
B EZ LTz, SRR 22 A Wit 2 A S L, BR S
LA LB SR E VT T o7,
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FHAE D AR OBIS AN 2, i@ EFEIEROEIS 1T,
43%, 59%, 79%L720 . ZOEfRFAEE RO mEELLIX 16T TO
JACIEF I,

Fig. 10JHIC T, BLV J AHZET) (RHQ i EED
&) 2B AR EEE TR L TR I BN R S0 ) o %
LT a5k, & 1 &M CRai b Lz T, 8800, i
FIZEBIL TR T 9%, Lo T, /hSRE TP oL E
B 2 Hh OB D & | B AR S RFE O S i L0 5 <7
HZENHD, J T T, L CEAEICEN, T —2DIE5
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THIE L T 7D R 7 1 O R AT — SRR D B G
CADEM DR T HFNZER > TOIUER W T G552
LIZHL, ], OEEITEM 2RO R E NS D T80
LEZOND, SHICHAESHYOE N 2 HRIUXE 2
DB R PR D ATREME N B D, F7-, BB IR B
EEPEAOEET, 100 mm 25 300 mm ~ELTHIET
RHQ MERDOMAE =X —E& NS, |, OIELDX
(B R OR T moOZES) A0 Ll FlodEshiz,

TN TAC X DA B R, Al OJEE% 600nm LJELL
T, WEMNBERIZ 0.75sIR<LThIA LT,

18.0 . —
-
178 | - |
-
< 176 | '/l\"--.__ _
a Electrode distance
174 | —@— 470mm i
—alk— 300mm
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10° | 4
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Power per unit length of RHQ (W/mm)

Fig. 1 T, and J. versus RHQ power per unit length of
wire.
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Neutron diffraction measurements for RHQ—-Nb,Al wire in A15 phase heat treatment
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1. [FLHIZ

AAAHTE (RHQ) TERIE 72 Nb, AL BB, SEBIEX
D E W R BIRDNELN THALIENNSHN TS, RHQ AL
BUC IS TR NERD Nb & AL IZEVRR NbAL 2T, %
DB EIR TR 3528 T ALS FARELATWA[ L], &
BFZEI%. RHQ ALER DN RIZHOWCELR 5B fif A 1552 L%
HARYEL, RHQ ALER T O F A i CTINELL 7273 D fgE i
WA BRI E AT, ALS FHORRE | R O 4k
WZDWTH~=[2],

2. SLEHAIE
AEHE Ta & Nb OEE~N) w7 AT, BARR7aEkE
% Table 1 {Z7"7,
Table 1 Specification of sample

Wire diameter (mm) 1
Matrix materials Ta, Nb
Cu/non-Cu 1
Filaments number 294

HPE - RIHTELE T R BOEERFIHL Tnd J-PARC
[ OEPTEE T, FRRSAREF A THM O KT J5 17 (B 7
[A]) &85 1R (R 7 1)) CRIFFIZ2-D DR H AR/ 37—
Z-[2], IRE T a7 7 AT, £ 800 CICHIR T DL
1 1R AR TR R CEBEICHEZ TV, HER iR T
1% 100°CRIFE T 30 /o MHIEEFT -7,

PR EHDOFFICHWDIEELIRIEDORE T EEL a, 23K
WDHI- | FERD Cux/ﬂe%rﬁ%fb FIPEAS 20w m LU R D8
RICU T R 7 [ E RS R AR A L7231,

3. 55!'1;%%%%&03%*&

Fig. 1 (2, #BOMTT [ TOFRLEERIC
PrE NG — s g, NI = ATENEINE 5
STy LTS,

BUILPMETE]
®ﬁn+7

735-800 °C|

f \ 671-735 °C

L Il L Il L Il L Il L Il
19 2 21 22 23 24
TOF (10* 1s)

Nb3Al-321
Nb3AI-320
Nb;Al-222

Intensity (a.u.)

‘ g ‘ ‘ C‘u-220‘ 2 ‘ ‘
—

NbAL-211
Nb&Ta-211

Fig. 1. Neutron diffraction patterns at temperature increasing
process in transverse direction.

05 T T T T T T T T T T
04 800 °C
2
® B Nb;Al-321/Cu-220
=03 ®  Nb;Al-320/Cu-220
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Fig. 2. Peak intensity ratios of Nb,Al-321/Cu-220,
Nb,AlI-320/Cu-220 and Nb,Al-222/Cu-220 with duration in
the holding process at 800 °C in transverse directions. They
are obtained by single—peak fitting to the Gaussian function.
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A RHQT Nb,Al wire with a Nb/Ag/Nb three—layer filament—barrier structure
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1. IZC®HIZ

IR R AN BV R T AT201C Ta XU THERED Nb/Al
BITBRAARR DB FE A D SN TS, LA, Nb EEA_T Ta d
RN THEN LD ETH LT Ta ANUT RS & LT
BB TDEVORENAEC TWD, TD72D | KRR A
L2 TEME DM ZFALEL D D RTBRAHR O MERIN T ot 4
DLW THEE MR RSN T, B84 R TRLM
Cu J@EHATE Ta NUTHEIETH D, Cu @ TaUT TR
DG TIOT BRaARFNL . BB X BE TR TN .o
BDIDTe T, Fie, BEAAGRIMEREIG L T v DI %
P42 72 S T OF 2 S T DRI RS F
FENTz, Ll (RO TalZltF O T &5 LY
TEHAAERDOE LN KELARY non-Cu Je ME T 2K A18H
572, K 1950°CETIMET HEVARLL 72 Cu IZ Ta A3—HRFEhi T
30T, Za L TRV Ta NUT BB S7=/8 5T
BD, — 5 Nb #eFE Ag 747 AL N Wil PIZELE 2PN ED
L TEAVRIA e BRI LB L 7= 2B, VEEEL 72 Ag 13 ND
ERIIG LI NI ERMBITND, REFFE T, NUTH
DOEEE/NSSTHIEH BIEIC, Cu BEHRAT Ta NUTHE
IR ZCL Ag Jg a7 Nb N T iS4 E A9 5,
2. NUTHEEDLLLE

FUHERRIELZ Ag BATRATE Nb ST HERE#E) L0t
D Cu @A/ Ta )T HERE #4) D FIERAKR O W 2 <Z
A—HEWIEUCORT, Ag AT Nb /U7 R 23
R TIAE T DO E B IR0 T, Nb SU T ES IR
FETHIL T2, Ag JEZFRAT Nb NUTHEE DA
TATA NI TH LD I—T 4T AN TARE D7
W\, EDTZDT 4T AL NI T HT 47 A NSO RFE
1.93 T Cu J@zeA s Ta NUTREEDB A D 2.32 L/h&
WIZH) 53, Nb ST DOEX (6.9 pm) i Ta U7 DJE
(6.0 p m) T LAE, Ag DBl AN ZEL, #5 Tl
HhBit N ([ZZE L, MR ARD @ Ta 222 & E /2 Wik
HERRE72 > TND DK THD,
3. ARBOMEREET

BNV T A R BCE CALEE S AT REAR S S 2 L — 2 A
MLz, 372bt, BZEREAH T 1.09 O, EREitt—
NIZEIBEL T2, iKIR Ga ImICEBHEZZASE T
STz, Fig. 112, bee fHBARRIEAIA AL L 7= 1B EE
RAEAN 184 A DEX DA DM FH 479, $£7-. Fig. 2
WCAB LT EOIRBETHIE UG FURE 7, 2@ E B
I PEEELELTRT, Nb ST Ag I Nb 412
DONRITIEELWICER > TNDD T, IR Ag JE A @l
FTBE, KT 4T A MNIMBETONRL B BN (5 T 8
T5, CulBEHRATS Ta VT HEEDLAIZIX, bee FHIEALFN
B4R T BB BT Ta AR Cu I 720,
BmEIZIE Ta BT U RIARELTHITH T2, 2SR T,
Ag JBEH/TZ Nb SUTHERETIL, Nb SUT AVERL Ag S
JSLTDRBNI O S SWGED HIVTUVR Y, oy 23 189 AR
%& bee FHIEADFIEFR AR VARIL T ALIZE TS bee &
Al 3R ZE LT bee FIZ BT 5, Cu JEAHATE Ta N
THEE DL AL, TR E U AR E FTINEVT 5L Ta
ANUT DRIV T Cu D37 47 A MERICHER L, AL5 HHZ

AERLEETHES /2D, ZAUSH LT Ag JEZERATZ Nb /U T HE
T, # RN E U CH R LTSRN EPEZ PR L C
l/ \60

Table 1 Specifications of precursors with Ta/Cu/Ta and
Nb/Ag/Nb filament—barrier structures.

Sample ID #4 (ME550) #5
Wire diameter, D,, (mm) 1.35 1.35
Skin species Ta Nb
Thickness of skin 50 46
JR filamentdiameter, Dyr (um) 58 83
No. of filaments 222 114
Filamentcore Nb Nb
Filamentbarrier JR/Ma/Cu/TalJR JR/Nb/Ag/Nb/JR
Thickness of filament barrier (um) 6.0/6.4/6.0 6.9/8.7/6.9

. Ta jacketed with Cu  Nb jacketed with Ag
Central dummy filament (as-worked) (as-worked)
No. of dummy filament 19 7

filamentbarrier
dummy filament

filamentbarrier

Location of Cu (Ag) stabilizer dummy filament

Ratio of Cu (Ag) to non-Cu (Ag) 0.14 0.13
Ratio of Nb&Ta to JR 1.89 1.59
Ratio of non-JR to /JR 232 1.93
Extrusion machine (ton) 400 100
Number of wire breakages 0 0

Fig. 1 Cross—sectional images of as—quenched wire with a
Nb/Ag/Nb three-layer barrier.

15 T T u T u T T T T T T T
L -
14l o As-quench
b
13F g
Optimum Partial melting
12A15 25%Al Nb(Al),, Al-rich & Al-poor Nb(Al),,
3
o M- 4
Heating period: 1.09 s
10+ i
oL e © © o o o © o o o o o |
d dd ddd dddddd
1 1 1

8 " 1 1 1 1 " " " 1 "

182 184 186 188 190 192 194 196
Heating Current, Iryq (A)

Fig. 2 Variation of 7, of as—quenched wire as a function of

heating current fy,o. The letters ‘d’ and ‘b’ next to the

as—quenched 7, symbols indicate that the as—quenched wire is

ductile and brittle at room temperature, respectively.
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Development of Nb,Al Superconductor with Mixed-Barrier Configuration
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Fig. 1. Longitudinal and transverse fracture
cross—sections for Ta matrix Nb—Al multifilamentary
precursor wire.
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Fig. 2.
Nb barrier filaments, white Ta barrier filaments and

Conceptual designs. Dark gray parts indicate

light gray Nb dummy, respectively.
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Fig. 4. Cross—section of design B’ and an example of
hysteresis curve.
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Development of new high tin content bronze alloy — Mechanical properties at elevated temperatures —
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Fig. 1 Vickers hardness at elevated temperatures of
Cu—14%Sn and Cu—-20%Sn bronze alloys.
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Fig. 2 Elongation at elevated temperatures of Cu—
13.5%Sn and Cu—16%Sn bronze alloys.
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Studies on a novel bronze for new Nb,Sn wires
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BSE image and EPMA composition on the
cross—section of 10Sn—10Zn—-0.3Ti specimen.
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Fig.2 BSE image and EPMA composition on the
cross—section of 13Sn-7Zn-0.3Ti specimen.
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Fig.1 Normalized critical current as a function of applied

tensile strain for CuNb/Nb,Sn wires.
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Fig.2 Normalized critical current as a function of applied
tensile stress for CuNb/Nb,Sn wires.

B

AHFFE I IRSLA TE A N B2 B A IR B (ST 28 Al 2
JE BH - HEA-STEPARRE W FEBH IE AV R 7 Bk & A 7 0D 3 8%
BT UThbnELT,

SE Xk

1. K. Watanabe et al.: IEEE Trans. Appl. Supercond., Vol.
22 (2012) 4300804

2. H. Sakamoto et al.: IEEE Trans. Appl. Supercond., Vol.
12 (2002) p. 1067

3. M. Filgueira et al.:
(2001) p. 127

4. M. Liang et al.:
(2010) p. 1619

5. G. Nishijima et al.: IEEE Trans. Appl. Supercond., vol.
20, No. 3 (2010) p. 1391

Materials Research, vol. 4., No. 2

IEEE Trans. Appl. Supercond., vol. 20

86/ 201 24F FERKFI T4

Y

s
-~



1D-p08 Nb,Sn

KB CIC ERIZHITHRRERIRR DEREMN
Theoretical analysis of the strand compression buckling phenomenon
in a large—sized CIC conductor
i 2, S H
Hamano Kei(Sophia University), Yoshida Kazuki (Sophia University),
E-mail: ike_no_ha@sophia.ac.jp

—&, &H Wl(EEX)
Yagai Tsuyoshi (Sophia University)

1. IZL®IZ

ITER 0)EP‘I}Yl///ﬂ\“:?%/l/(CS)&UI\D4§7°/V(TF)ﬁH@
Cable-In—Conduit (CIC)¥E(KCIL, #E IS B
TIER ATy AT RN %ﬁﬂbo FHZEICEo T, F
DRARHANT RERRZERNAEL D, — 7, BRIITZ L Dobe
OB EFR L OEN N XD | Bl W ERE 28 TS,
ARG OZENATLD, FREa Py MBI T T B
T 20 | BUNHEIS I E > THEBITHLOIET 5,
SULTAN (2 1) DEARDOKED I L8 B K Oy 7t Bl AT &
(Tes)E R IATON T2 BRI C, BRI LTRE T
MNZ TN K ELH N, 770 7N ECHBR SNBSS T
(1], BRSBTS DS E2RIR IR EE 2 5N TVD AN,

FBRAEIIIT bR TR, F2TANIZE T, i/
T VICHET T BERAEAT 21T 2 &8 ko T B IS )
WX DB OTEEARNTT 5,

2. BIRMBTETIL
B 1%, FRROPEIRIER KO D72 DEF Ak D

SLAK T D,
(a) Real traces of strand
{[m]
(b) [
mass points
ke o — —
~ J\m[ el ‘Q dxg
g springs

(spring constant &)

M, \ A= 0,0,
G

Fig.1 (a) is picture of real traces, (b) is schematic of
simulation mode for compressive force, and (c) is the
force balance around n™ mass point.
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Fig.2 Simulation results. (a) is time evolution of the
trace with 3% initial curvature. (b) represents the trace
in 3-D view with local curvature indicator.
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