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Pressure drop of vapor-liquid nitrogen flow in a corrugated pipe
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1. #8 Table 1 Test conditions.
THATETEB e JAXA) 2P ZED TN D Parameter Unheated Heated

KATH L~ > N 5 OfBEEERE# L, =2 Y NIk Heat flux [kW/m’] _ 10, 20

KB LI LT 2 B gs 2 58 L. 1000 K LA_E O Run tank pressure [MPa] ~ 0.11 — 0.20 0.11 — 0.14

ANZER 2 HT H[1], BASHAZRN THRIAKFIZES T Vapor quality [-] - -0.015 - 0.088

i L. WENO R EZREIR ARG & 72 DA%, MR Mass flux [kg/m?®  s] 563 —-3017 337 -1760

DK _FAGE - BT BIT ARSI TRV 2], = Mean velocity [m/s] 0.70 —3.82 0.42-2.21

I — TR R O FLAE INUE O U W B D 23,
MR R Fs L OVKUHE AR O BBV FFPELZ B3 2 PRI
Digun, ABFFETIE, AT — MENEZREIT D RIKE
PR ARG D IE SRR BT 2 BB R 2 M ET 5,

= P d H Inner diameter (d) : 15 [mm]
2. ﬁ%ﬁa&zﬁ _ B » “I“ ST Corrugation height (t) : 2.2 [mm]
FThRIEE 1L, T2 TR, ik ch s an m Corrugation pitch (s) : 3.0 [mm]

= Mg, BB, dx o FH b D, TR
TRIKABRDO 7 AV T 4 L, =247 — MEICE
WTHENBERZFH L7z, ATHEE T, @dED £ 7 Fig. 1 Details of the corrugated pipe.
I X D IREER OB LU EARELLICE DAL K !
FNELAToT, EREMGEEL 118, EHLEEaVT—
NMEOFEMZ X 1R,

3. BRLEEE

2 ICHEIENGA T 35 T 2 iR BAE I O & BRI B &
LA VAE DR &g, SEERRE 13 Daniels o 325k il
FRBIE B —8 (120 %fEE) 357, BEEREITL
A VA D B\ BT AEIA A R ST, 31z,
IMEE DRI —FARAFIC BT DR O —fFl & LT, T
EEGR R 10 kW/m?, 5 > % > 7 [£77 0.11 MPa D& D%
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Friction Factor /-]
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FAWTEREZITOD, HERRRKETREECOWTEELY Fig. 2 Friction factor vs. Reynolds number in unheated
179, liquid flows.
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Pressure Drop Characteristics of Slush Nitrogen in Horizontal Triangular Pipes
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Fig. 1 IZT7 AN v ar OFEiERd . TAME v a i
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FEREATIE, J?i’m i 0.3-4.2 m/s, B R=EHR
7-20 wt.% T 5.

3. %%ﬁ‘f*%?ﬁéﬂf%ﬁ
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Fig. 1 Details of the test section.
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Fig. 2 Pressure drop vs. mean velocity of slush N,.
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Fig. 3 Slush Reynolds number vs. friction factor of slush N, in
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based on the visualization results of bubble shrinking under microgravity condition
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V235 & Fig2 DX 512725, Fig2 id, KJaiEEOBH
0 e LT, KR E ORI & SR 7y b
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DO PTUHRERRIZ BT, &7 — ALK & IR
OBRRITIEFITITVVEEZ TS,

ZH LTROHIERIET A RO L A2 Ay LT E
SNTHEEADT R CEEOMIETH D &L OIREE T
(2, BHE SRR AR BIEIE N - BGR R AS Fig3 o X
Il oTe, T IZC, FEBRMEICHER L TR Lzl d s
RSy 1EERE Diim 2 70 L7 RIE S 2 B < FEE 2
figs RISl & i L 7= Frt o K& L=,
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(1)
BT expansion rate j I% mass flux, o 3R E RS D ITKILHE
B, RIIANY U LAOKER, T 13RS OWRE 2R~
) LEptEERE L NET — ¥ Zonlc L2 RS 0 &
B R (Fig.3 W& S0 BIERIZITWVEE ~7, K (1) I
X DHERR L OERITRERN NS DI ENEL
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W, RIENEOMEE S FIZEKIEIRE LD SRV 72DIc
FHEICHEDNIZEENEREL Y /SN & RIaIHE
INHADBIGEIC L > THRZIDZ LD 2 DOHERKIZ L
Lb0LEZHND,

a) b) c)

Fig.1 A typical series of pictures of single bubble shrinking in He II
under microgravity at 1.9 K (a) 0.104 s (b) 0.208 s (¢) 0.312 s
after the heater turning off
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Fig.2 Time variation of bubble
volume at 1.9 K

Fig.3 Estimation of heat flux at
He II-vapor interface at 1.9K
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DNB Heat Flux on a Vertical Wire in Liquid Hydrogen Flowing in Annulus
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(el 0.32/¢,°* +0.0017 = 0.038(L / D) ** ()
BNF Yo 7 OFREE NI I T DB R 2 E DN BEE 31 We=G'D/(po), D LHENREES., GEEFE,
OEFIL WK R S HE SR D7 = F R DL 22 22T, (D, D ZIMFAEAREEE D, = (D} -D;)/ D,

HromEHIBETHD, AWM TIL, B 8 mm DIRARKE T, We X D% D, CEEH#x =L ET] 0.4, 0.7, 1.1 MPa

B AT FF LT 1.2 mm £& PtCo FEEVAIZ R85 DNB it DOFIFNPPHE DNB B R L2 LS L Fig.4 1R §, RBAE RIX
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BARE 21T o7, F, =0.29%e™" +0.001 (5)
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MBS LZ[1] o T Adiaba‘“"“{ . [1] Y. Shirai et al.:Abstracts of CSJ Conference, Vol.81
BT 5, HMEBRFEERIL, B I o (2009) p.64.
#D,=1.2 mm, X120 mm R _.1 [2] H.Tatsumoto et al.: Adv. in Cryo. Eng., 59A (2014)
D PtCo (0.5 wt. %) B4 ¢, ! p.403.
Fig.1 |2k T &5IC FRP 7y I I
sEBETHNED =80 °"““‘"““Q . l _
mm DY L RS C >/ L e~
WD, ZOT s i BN - Ot T s
]‘5‘/ X77"_‘5&1‘_‘7*ﬁ%‘: Non-heated channel (75 mm) = ? g
AT LR IR R - o
EICINEL 7=, BRI s o
OISR IR E AR E LT, Fig.1 Test heater block. S
3. ERBERLER “ i
FEEMIIT /0.4, 0.7, 1.1 MPa, ¥ 7 27— LEE 08K, Fig.2 Typical heat transfer processes for various flow velocities.
HE 0.3 m/s 225 10 m/s FTEZX THTo70, REEREFE 1074 ‘
BEECIR( @ = @e¥7) 127 =10.0 s TO-oLVEGEANZ E5F P07MPa o .
SRS REI ) SBENL T2 OB (DNB i 30 %2k <3 o ° °
W=, Fig 20HA#H BUSERRE LT, fEIEER St e 8
q SENIFRBVRER IR E DAY ORIE LD LR 4y AT, T b °,
%, AB DB R BC TSI, C 13 DNB /A T & ER R A
WAL 15U I\ V., JEUB o0 M it 3 } S A CIRRT .
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R&XL7z Dittus Boelter sUODfEEFAY —EL T 5, Kb ” CH AN
BURFEIITENE b THIREE DR, 5 [0 i3 20
Fig. 3 1%, 0.7MPa ¢ DNB i R EGiE O RERE Y77 — Flow Velocity (m’s)

o _ N . e Fig. 3. DNBheat flux versus flow velocity with liquid subcooling as a
NEZNTA—=ZELUTURT, FREDOT —Z 1%, ik 2 m/s

FREELLT ORAE O 27235 5y EE L EOAEL O 72T
NSRS TEY, FLEeY 77—V ENKEVNEE DNB #4
HRITRED, BEOESK D, WAER(D, =6.8) L3
FHELOAR 6 mm OFFEREE(ES 100 mm) 28175

parameter. Comparison with the results for a round tube.

_.
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L Saturated Condition ]
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DNB Bt % Fig. 3 EICHA D7 AEBRE LB L TLO T, . pr20mm
BV T I —VEDT —ZIRFERO ST NIREN, 1 oM
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LEZOND, EFHEZQT, IV B [ N O AT

. 8 LIMPa

---5=0.32%x"""Y+0.0017
y=0.29l*xl('”-"”l+oi001 .

4onaG 't (o0 (WD)
e
T

gt - ] - 1073 sl
DNB #uiit R R R L TR AA AR L TN, 100107 10° 10T 107 10°
_ 0.43 -0.35 We
9pns _thg(p_34/5p1) (L/D)""F, (1) Fig. 4. Comparison of the DNB heat flux for the wire inserted
F,=032We™" +0.0017 for We=We, 2 . . . , .
045 into the pipe with the authors’ equations.
F, =0.038(L/D) for We <We, (3
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Transient heat transfer from a wire inserted into a vertically mounted pipe

to forced—flow subcooled liquid hydrogen.
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Fig.1 Steady-state critical heat fluxes, g, at P=0.4 and 0.7 MPa
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Fig.2 Transient critical heat flux versus exponential period at 0.4 MPa.
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Fig.3 Transient critical heat flux versus exponential period at 0.7 MPa.
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Fig4 Effect of exponential period on increment of transient CHF from
steady-state CHF.
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Forced flow heat transfer from a cylinder set in vertically-mounted pipe to supercritical hydrogen
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Fig.1 Schematic of test heaters.
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1. Y. Shirai, et al.: Abstracts of CS] Conference, Vol.81
(2009) p.64.

2. Van Sciver S., Helium Cryogenics, (1986) p231-238.
3. Shiotsu, et al.: Proc.ICEC24-ICMC2012(2012) p165—168.
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Fig.2 Typical heat transfer curve in forced flow of liquid
hydrogen.
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Fig.3 Heat transfer coefficient of supercritical hydrogen at the
pressure of 1.5 MPa and the bulk temperature of 21 K with
velocity as a parameter.

H90m  20144F BERKFRIR T2 - BHE AR



3D-a07

A15 bt

ITER Nb;Sn R # ICH T HBEET 1+ T AL MIERT HB/ATE
Local Strain Exerted on Superconducting Filaments in the ITER Nb3Sn Strand

EA tE GERBME) ; B2 ERR (KFEIKRT) ;
Najib Cheggour (Z=rJ RKZE) ;

AT 77 XA »~\)b=a (J-PARC)
; Arend Nijhuis (b= 7 K%F)

s AR & (KEK) ;

KOZO Osamura (RIAS); MACHIYA Shutaro (Daido Univ); HARJO Stefanus (J-PARC); NAKAMOTO Tatsushi (KEK);
CHEGGOUR Najib (Colorado Univ); NIJHUIS Arend (Twente Univ)
E-mail: kozo_osamura@rias.or.jp

1. [ZC®HIZ
BT ITER 7P =7 MO &5 NbySn #j64 O
FETROBIRIFIEICE T 2 EER S T~ — 7 il Ehi
ST, %ﬁ%iﬁﬁ@m:@éEﬂﬂuéMﬁlibﬁ%%&B@
DAV HR VT —OREEIC I Y Bl 2 LA 679
iz, ZORNE —EEETFEEERT D720 iﬁa
Nb3Sn T4 T AV NMIERETARIEEZ LR if;%tﬁ
o ABME TITHFMETEIPTIETROZ NbsSn 7 1 7 A
(AL 3 B RETE OFINER RS K OV O R
(Lob\—(ﬂifbf;b\o
2. EEAE
ARFZETRVZ T 1 2 Xk NbsSn B X [EH AR F~
— 7 #HBRICHW STz &6 U Twente K2 CTEVLEE X7z
HDThoTo, RPTEREIZFETREITIC i@%%ﬁ?i&
AL A B ICHIET 5 J71E T J-PARC TAKUMI (& 3 &
TV B RIE B IREEE 2 T3 L7 [2], AZEE CTIX
BT sl G & RES M OB AR RD S Z LN TE S,
F 72 RIRFICHEEL O BIHT#R & I E T & 5 DT, NbySn DA
1Z1%(210), 211), G2DEHFT#EN B EEZ R DT,
3. ERMHERBLUEBR
IR 5 | R4S & C 3
D Nb,Sn 74 TA MR THEE (47

Nb3Sn

*j‘ EDBDT%’%’:Z_ %@H#@%%T(Alanme)

Nb3Sn

ST Nb,Sn 74T A MR T RFTEIE

IR BE T AL TR A& THRAL
) ERER . B

p+(/E\IJ l—/f:o T}:E

A]l\(/)bLng'n (A) ANb3Sn + A]l\‘;btt;;n (A) (1)
THADLND,

04l NbSnat85K

0.2}

S
Ar
3
_Z
g 0 Ha%‘ﬂ.k
<
-0.2
—O—210axial —@—210transv
—{-211axial —H-211transv
—<—321axial —+—321transv

-0.4

0 01 02 03 04 05 06 07
A (%)

Fig. 1 Local strain exerted on NbsSn filaments at 8.5 K as a
function of applied strain
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Fig. 2 Lattice strain exerted on the Cu and Cu-Sn components
along the strand axis as a function of applied strain
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Influence of coil diameter on critical current
for CuNb/Nb3Sn superconducting wires
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Fig.1 Critical current as a function of magnetic field
for CuNb/NbsSn coil with a 80 mm diameter.
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Study on current distribution and strand deformation taking into account strand paths in CICC
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Table.1 Specifications of CIC conductor

Material of strand Nb;Sn
Strand diameter [mm] 0.823
Length of cable [mm] 4500
Cabling layout 3X3X5X5X6
Twist pitch [mm] (4590 135 225 450)
Operational current [kA] 68
Maximum magnetic flux density [T] 11.8
Young’s modulus of strand [GPa] 130
0.2% proof strength of strand [MPa] 160
Tangent modulus of strand [GPa] 29.92
aEES HH R EAEBEN
(FRHT &) FRFET

Fig.1 Schematic view of circulation current and
electromagnetic force in a loop
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Fig. 2 Circulation current distribution in a CIC Conductor

Fig.3 Bending displacement in real conductor and in analysis
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Obana, “Comparison of Analytical Estimation and 3-D
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Trans. Appl. Supercond. 23 8400904.
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Practical Development of Distributed Tin processed Nb3Sn wire
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Fig. 1. Cross-sectional SEM image of non-reacted wire.
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Fig. 2. Overall Jc versus magnetic field.
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Drawability and superconducting characteristics of Ag—barrier Nb,Al wires
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the as—quenched wire, when
the RHQ current is 315 A. Ag did not react with Nb.

Table 1 Specifications of fabricated Ag—barrier Nb,Al strand

ME595
Diameter (mm) 1.35
Filament No. 222
Filament dia. (um) 66
Barrier thickness (um) 14. 2
Outer sheath Nb
Matrix/SC ratio (overall SC fraction %) 1.43

3 HEREER

Nb & Ag DA IEF I | R S D Ag D
BTSN THL o TLEST2, F LIS IR L,
Wik CHTE OB E TR T D2 LB W RE Th -7, Zhbd
BRI KT LB BN B LA BB RW IR T o7z, BEARAN
WERCIE, FEFAE 315 A LL ET BCC ML, Fig. 112
SR 315 AFFD Ag/Nb > SEM B2 R4, fif
WZBWTT U RIAMARRIIMETRSILY, Ag i Nb LG
TWRWZER DD, SHITIEG A L, B 327 AL
L7zL&dD Ag/Nb R DRk T4 Fig. 2 1277, LOE IR TEL
SN T4 T AN 2 A5 BEORRR DS O D03,
ZOII72mEIR TS Ag/Nb FUEINZIF SIS ORI T 57870
o, BEDTH, Ta/Cu/Ta =BV THEERMIZIIT D2 2 i B
R O TRLRRO SEM % Fig. 3 127”7, Cu #4701 Fig. 3. Microstructure of Ta/Cu/Ta barrier after the RHQ
B USHIEBDONDT VR TAMARD ERE TE D, S treatment. Cu obviously reacts with Ta, making dendrite
PEDBURINDS, Ag BANVTHELTHBEIZANTHLENZ  gructure.
2o

images for the as—quenched wire, when
the RHQ current is 327 A. Ag did not react with Nb
even at a higher temperature condition.
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3D structural analysis for crystal defects formed in Nb,Al phase by HAADF-STEM
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Fig. 1.

illustrations of “normal” A15 Nb,Al lattice.
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HAADF image regarding (100) plane and schematic
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Uiz, B XDo—l% Fig. 3 1 RT, Bk K ez s A
D ks TN 700 T BE 2 L TD,
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Fig. 2.  HADDF image regarding (100) and schematic
illustration of A15 Nb,Al phase including a plane defect.
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Fig. 3. 3D model of Al5 Nb,Al phase including a plane
defect.
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