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Fig.2 Magnetization of spherical HoN at various
temperatures and magnetic fields.
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Fig.3 Magnetic entropy change AS of spherical HoN as
function of temperature at various fields.
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1. INTRODUCTION

Magnetic refrigeration has been regarded as a good
method for hydrogen liquefaction, because high efficiency is
expected. Using a regenerative thermal cycle, magnetic
refrigeration can achieve wide operation temperature span,
this is the reason why it is so extensively studied in these
days.

Magnetocaloric effect, which refers to the thermal
response of material to the variation of the applied magnetic
field, is the basic principle of the magnetic refrigeration. It
depends on both temperature and magnetic field and has a
peak around transition temperature Tc. In order to enlarge
the temperature span of the thermal cycle, it is required to
use several materials with different Tc.

2. LAVES PHASE COMPOUNDS RCo,

With their large magnitude of the magnetocaloric
potential, RCo, (R: rare earth) compound has drawn a lot of
attentions in the effort of searching for refrigerants. Their
entropy change attributes to both 3d itinerant electrons from
Co and 4d localized moments from the rare earth R, and their
transition temperatures cover a range from 20K to 80K, which
is suitable for hydrogen refrigeration.

We have studied two series, (ErHo, )Co, and
(EryDyl,y)Coz, among which there are pure binary compounds
as well as ternary ones. The compounds Dy, Ho and Er—based
RCo, are Laves—phase compounds with a cubic MgCu,
structure and a first order phase transition from paramagnetic
to ferrimagnetic [1].

We focused on the substitution of the three magnetic
lanthanides Dy, Ho, Er for the rare earth metal, for the
purpose of keeping the magnetic transition as first order
transition, since except the above rare earth elements, the
magnetic phase transitions change to second order.

3. EXPERIMENT
The samples were prepared by induction heating and were
flakes about 0.2-0.4 mm thick and 20mm by 20mm large. Some

of them were annealed in vacuum at 900°C for about one week.

Photo of one of the samples was shown in Figure 1.

Fig.1 Photo of Er, ;,Ho, 4,Co, plates

We have used a commercial SQUID magnetometer in
magnetization measurements and relaxation method in specific
heat measurements in the magnetic field from 0 to 5T.

4. RESULTS and DISCUSSION
Figure 2 represents transition temperatures of
(Er,Ho,_)Co, (x=0, 0.52, 1) and (Er,Dy,_)Co,( y=0.47, 0.81,
1) series. It is showed that Tc increases almost linearly against
de Gennes factor. And the Tc of (ErHo, )Co, and
(EryDyl,y)Co2 rise with the decreasing of x and y, respectively.
It is concluded that the temperature range of magnetocaloric
effect can be controlled by substitution of the rare earth
elements proportionally.
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Fig.2 Transition temperature against the de Gennes factor

Figure 3 shows the entropy of Er, 5,Ho, ,,Co, at various
magnetic fields from 0 to 5T. Entropy can be obtained by
integration of the specific heat. However, it is hard to evaluate
entropy jump at first order transition from the specific heat
measurement by relaxation method. Entropy change was
calculated from the magnetization using Maxwell’s relation,
thus entropy temperature diagram was obtained using both
specific heat and entropy change.
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Fig.3 Entropy of Er, ;,Ho, ,;Co, at various magnetic fields
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1. Introduction

Magnetic refrigeration technology needs further development
not just by the improvement of magnetocaloric properties but
also the optimization of the cooling system design. One of the
important problems in the cooling system design is the
regenerator geometry for the efficiency heat transfer between
magnetic material and fluid which is the major loss mechanism
in cooling system. Two kinds of regenerators are widely used.
One is parallel-plate regenerator which can offer the best heat
transfer to pressure drop ratio (Sarlan, 2008) for common
regenerator design; another is porous media regenerator
which can obtain a large temperature span experimented by
lots of groups such as Toshiba. But until now, only a few
research papers actually study on the regenerator geometry.
This paper is focus on the influence of regenerator geometry
to the performance of AMRs. Two kinds of models have been
constructed and compared with velocity field, pressure loss,
heat transfer rate, cooling capacity. The goal of this study is
to provide a suggested geometry for a prototype AMR.

2. Model

(1) Model assumption

Two—dimensional models have been constructed based on
laminar flow assumption. MCE is taken into account by the
inclusion of a source term in the energy equation for the
magnetic material. The adiabatic temperature change of the
used magnetic material is used as a mean field MCE.

flow

Fig.1 Parallel-plate model and porous media model

(2) Governing equations
Fluid zone:
Continuum Equation:

Momentum equation:
ou Ou Ou 1 op [5214 ou ]
+ +y—= +
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u, v, p and T;are basic values for solution, which mean
velocity components, pressure and temperature of the fluid
Solid Zone

Energy equation:
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T, is the temperature in the solid zone, S, is the source term,
in this research, it can be used to demonstrate the magnetic
effect.
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3. Result & Discussion

Fig.2 the x—velocity field in porous media model while the inlet
velocity is 0.01m/s
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Fig.3 Heat transfer from particle to fluid in different inlet velocity

A simplified set of equations has been presented for
calculating and optimizing regenerator geometries. In porous
media model, the fastest x—velocity appears in the gap
between the particles and can be 10 times of the inlet velocity
(Fig.2). Heat transfer between magnetic material and fluid can
be more efficient in low velocity in porous media model (Fig.3).
It is shown that using flat plate produces a significantly better
regenerator than is possible with packed spheres.
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Fig. 3  Effect of packed bed length
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Table 1 Stainless steel mesh size and wire diameter
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No M,CSh diameter No M.CSh diameter
size size
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1 0.05 10 300 0.03
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Fig. 1 Cooling power at 20K of one layer regenerator
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Fig.2 Second law efficiency of two layer regenerator
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FURTHITRLIZ Bi-2223 7 — 7 TIE, 4.2 KIZIHEIT S
ZEITEY | ERT — IO RES S T TR B T SR
W% 28 T HCH 200 A/mm? Z _E[EISE WA —/ S —F— /1D
bk S BB i 45 A1 (Jif L B It 2 AR D 2 W T R C R L 7241 23
BB, 920 MHz-NMR <2 %y hO B PJE Nb,Sn =1 /L
%, FRROERATE Bi-2223 #i6E V2N B Bi-2223 =
AN TEEMWZHIEICEY, & B RBELHM 72T CITR
LE 255 1.03 GHz (24.2 T) D NMR ~7 %y D EH % H
HEL TR RS 28D Td, ZORNIE Bi-2223 2410
BEZITUN, Z41% 920MHz-NMR 2 % D NbySn A /L&
Ry 7 LT, F DR ORR AT 72, T OFER, B
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Do
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Bi—2223 7—7## 1 BAJRZ 50 u m D 2 O BRI T —
T CERATE B A (I 4.45 mm X JEE 0.36 mm) ZH 75
Bi—2223 4t 5 A7 —/L43% VT, Table 1 (TR d AL
BRI, MM AERIT 3,211m THY, B BEREENIC 5 & T
D BB A ST, DA% 920MHZz—NMR <27 % b
@ NbySn A /LDART WIZHEAL, NbySn A /LB SN HEfE
L7z, IV 2% 4.2 KITHHAIL, P CERE —EICHED
7235240 A FTIE 1.8 A/min O E TRHIBEL . 240 AD>D 255
A FETIX 1.0 A/min OHE THIBEL 72, Bi-2223 7— 7 b4
W FNZHEfGe LT 7 AN — &G ieaA L ELZ T EL
A=V FFIZLDIAN PO KREELZRIE LT,
3. EERKER

BUWELIZ R Bi-2223 A /L ~Di@E Z— b AL
W E O R LA Fig. 11277, Eitd 2 bSETW5

flE, IANAL T 72 AZEDEEN 0.14 V £72150.09 V
FREEFR AL TVDAN, 255 A TO 6 min [ OEFH@ B R Oz 1
NOFAEEFIT0.82 mV THLZENHLNNI o, ZDZE
DD, A JVAERRERN O F B E G, RIS L O AN
—2 AOEHOEGFHT 3.2X10°QTHY, BIZD 8X10°Q
AT CHOLTEN MR TET, £z, 255 A BERHIA /LA
T 15.0 T OBHEEZ AL TRY, fEHRY ThHZ Lu

LTIz, T NbySn A /LC 11.2 T, fNJE Bi-2223 = /L
T38TEFAELIZEEXDLND, 5 EIOREBRIL, £aA/LDFE
AEREF D 15.0 T THY, 1.03 GHz-NMR <=7 R ko> 24.2
TIZHADE 9.2 T KV MECIEH D73, 1.03 GHz-NMR ~ 27" %
YINDEKER CTHD 245 A UL EOERELZEL TR ZEN
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[1] T. Hase, et al.: Abstracts of CSJ Conference, Vol. 78
(2008) p.74.
Table 1 Parameters of the inner—most Bi-2223 coil.
Winding Production results
Winding inner diameter 78.4 mm
Winding outer diameter 124.0 mm
Winding height 840 mm
Number of total layers 54
Number of total turns 10,094
Total conductor length 3,211 m
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Fig. 1 Operation pattern and voltage behavior of

the inner-most Bi-2223 coil.
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Development of the next—generation NMR technology using HTS materials;
For achievement of HTS coil with high operating current density (1)
— Fabrication of REBCO #1 and #2 coils for tests under electro—magnetic forces —
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1. [FLoHIC
b B PR S HEPE 1 ) o S DI S TR WA TABLE1 PARAMETERS OF LAYER WINDING
A )Ry At R R T —~ DBE Y %7 Al REBCO COILS #1, #2
Kot 2N F — 2L I = AEZEORIH 1B T,
Tay s M E IR R BRI H L 72 A AN MR E A D REBCO#1
BA%E | 2 ZITLCVD, 7 ey =/ Tk, BinE~7 2y b Design Result
J:{i7 n—7 (*ﬁ Hj# ) {mﬁfﬁ%*ﬁ‘ﬁ#’%l@ﬂ? j_é‘&f N Conductor/Supplier REBCO/SuperPower Inc.
‘l\% Hb&*i{ﬁlri%j(rp% I iéﬁf:&fltNli/Il;;/XTA@ i Conductor WidthxThickness 4.00 mm x 0.11 mm
FEEHEFLTND (1), E*’?VC&JZ’ N m{mﬁ{ﬁ%ﬁﬁﬁ*ﬁb)%iﬁé Insulated Conductor WidthxThickness 4.10 mm x 0.21 mm
600MHZ(14T)-NMR~ 2 %o PR 5700, ZOMMEE oo Lyer Lo
fOEE)RE,T—ﬁ;"fyﬁﬁ'@ﬂ/f}l/ﬂj&ﬁ\'f@i‘%%%ﬁ'foTb 2 RE:\IF\\;FV% Coil Inner Diameter 80.0 mm 79.1 mm
ZIES Mj‘@%{ﬁ%;fﬁ*ﬁkttﬁﬁbf\ B EL ORI Coil Outer Diameter 83 '3:6 mm 82'5 mm
DI L L O B RIS Ty R A RO, Ko T NMR~ 2 Ry e ' ,
]\0)21‘//\"7]\“:7}\%%3?“(%5 77;‘?\/]‘@3\//\071\ﬂ25i\ - Coil Height 100.0 mm 98.44 mm
7oA T HEMORMICERY, E b Tl e " s "l
TG, Total Turns 184 turns 179 turns
NMR=~ 2 %~ ORE GEk O a4 AL ik g 7= Conductor Length 4722 m 4545 m (*1)
DITIE, S DX MR R TS 5 2 B, 2 mpregnation Wax
<. u¥{ﬂi)ﬂREBCOZ4’/V%§<1’FL 172 T @Eﬂj][]ﬁﬁz\%tpf Central Magnetic Field (*2) 0.7163 T 0.7064 T (*4)
WERBRAITH - L O ERE S fé%pﬂﬂﬂbto Maximum Magnetic Field (*3) 18.026 T 18.015 T (*4)
Maximum BJR (*3) 661.8 MPa 646.9 MPa (*4)
2. B AFHERADAILEE Current Density/Coil (*2) 438.1 A/mm>  415.61 A/mm?
%Bﬁgﬁ 4’%“‘@@\ IE?% 139 mm :[_ﬁ/l/];d{Tq;‘(:\ 17.2T ;E Current Density/Conductor (*2) 909.1 A/mm?
FAESE LB~ Ry M AW T To7, BIEAF 6 REBCO#2
7sREBCOM DO | FERGEED HASTELLOY ™ Fshbit A5 Design Result
LOEFHL . EREEL FAREBCO=Z AL (#1,#2) ZH/EL Conductor/Supplier GdBCO/Fujikura Ltd.
770 KA NDiEtE TABLE 112”7, 2101 1%, &I E Conductor Width x Thickness 5.00 mm x 0.22 mm
(%8E) @Jéﬁ EF' ’CE‘EH#KEUEK&D N %ﬁ*ﬁ%@i/\/ﬁl%f‘ﬁﬁb Insulated Conductor Width x Thickness 5.10 mm x 0.32 mm
LR LTe, aANOBBITIEL, NMR~7 2y b~k % Winding Type Layer Layer
B x| WS —EICEN, RV Wfﬁ*ﬁﬁiﬁg@%ﬁ]‘é:&%gﬁéj‘ Coil Inner Diameter 80.0 mm 79.0 mm
TEDLLAT—BEEA L7z, T—T MO A —8&IZLD Coil Outer Diameter 86.40 mm 85.30 mm
A AKIE, ZETD Bi Zfb TORIEERE DL AEET Coil Height 100.0 mm 100.54 mm
HDEHWIL Tz, FHHREBCO=A /L OFRERFE R IOV T Total Layers 10 layers 10 layers
=N /j_\’ﬂ%{%[zzl By \T%$&¢¢7 73) A1 i‘i%qj L"f% Total Turns 180 turns 186 turns
1%-73 {’ﬁ'l—;ﬁ‘l—/f&-o ;@FU? (= f%*jd)*fﬁ #BTI ITAECTE 5j-\ Conductor Length 47.05m 48.02 m
AR CRAEL TN, — 5, A /LH2 1, 400 A T Impregnation Wax
@@E%ﬁ%ﬁﬂlﬁiy}bf:o Central Magnetic Field (*2) 0.6955 T 0.7200 T (*4)
. Maximum Magnetic Field (*3) 18.004 T 18.027 T (*4)
Eg?jﬁw s S R T .. Maximum BJR (*3) 274.3 MPa 262.0 MPa (*4)
o "‘Jij FESAA ) ’\:/ a7 ﬂ)ﬂﬁ%% &[ﬂ%ﬁ’gg’/ :\%‘/ Current Density/Coil (*2) 2250 Almm®  234.9 A/mm’
a/_/EIJ Hj*E@J &LT‘ $+%§£WTT&EEE%%*§ZP%@§ REICLY % Current Density/Conductor (*2) 363.6 A/mm?
ML%C?BU)VCZ%%O (*1) joint in the 8th layer
. (*2) operating current of 400 A.
%%IW (*3) operating current of 400 A; backup field of 17.2 T
1. H. Suematsu: Abstracts of CSJ Conference, Vol. 82 (2010) o
p.185 (*4) estimation

2. S. Matsumoto et al.: Abstracts of CSJ Conference, Vol. 83
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Development of the next—generation NMR technology using HTS materials;
For achievement of HTS coil with high operating current density (2)
— Experimental results of REBCO #1 and #2 coils under electro—magnetic forces —
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1. [ZCHIZ

T2 1 4 L G PE 27/~ S o o 3 TN F ' ' ' i
A A HEE ) B TR 57—~ (B ARE S 25 AT (2) REBCO#1;B,=17.2T
FRE T RN — L = s RFEEOAI 1BV T,
a7 NIRRT R AR L= U AN MR EHF O
B 2 ATL TG, 7aY= kT, A~ 2y
LU a—7 (B 58 I B R S B 4 Fl T 52T,
b B L 2 KB ] b &S 72 IR AN MR S A7 A0 B
HEHEL WD [1], AlERE[2] TRLEZ, 2FEHOREBCO L ) |
A URUEL 7= BRI IREBCO= A Ll R 6F (b) REBCO#1;B,=10T :

=)}

B RSOV THE T2, E - ]
Zoub Quench:353A ]
2. A LHEBREER  f ;
AL DR—RTA L% Fig.1 17T, REBCO M Dl =
WAL, FVIRES OMIE L K TF S B, aA VOl = ]
FUERX, A VINERZ BT DRGSR E L0 7T — 7 I S E
] OEINAEEE BT DM ENDD, B—RTA0L, B g : —
ERUTLDAA N T A= SR BEEIE 400 A ICRIE (c) REBCO#2:B,=17.2T
LRDIZHDTHDH, Wl T mE, 77— b 2.7° (REB i ]
COaA 4] BL02.5° (REBCOZA/LH2) Th-oi=, FIN 4F 3
4 B,, LBEEN 1, DF&ME. B[], [AD=(0;400)— i E
(10;100)—(17.2;400)— (10;400) & JIE Yk 25 3 Ao IE, A VL 2l E
BLOTA L8 OWEERBREIT 72, 400 A 1ZEALET 1 : ;
— T OHFRERTHD, 0 I
A1 IE, B 217.2 T ORI T co@ERBRIC 0 100 200 300 400
VT, 200 A H‘ﬁ“(:m’/l/ E@Lﬂfﬁﬁﬁ)ﬁ%ﬂtﬁ Operating Current [ A |
SPED 400 A ECOIBRITI TR T2, 2O, B,=10 T Fig2 Coil voltage of REBCO coil (a) #1 at By=17.2
1200 . . i i T, (b) #1 at B.,=10 T, and (c) #2 B,=17.2 .T. REBCO
coil #1 quenched at 1,,=353 A and the conductor was
fused.
1000 REBCO#2
REBCO#1 DOHNEES RCcodmEREEFIZ, 363 A TI/=UFL, D
200 BaANVERRELTZEZ A B D EWTL TV AT Aoz,
— AN EBRERLUTBIRLIEIAS, I OUGENIHR T DM
< BB RSN, aAOVEERRICBWTRM I ATk 5
£ 600 AT FO—RKERoTZA RN HD, A VHE2 1T,
g B,=17.2 T OFIINEESH T 400 A FTHETDIENTET,
=
= 400 e
KPR, PEFA /R — a2 TS R A ) —3
200 > Al ) LU, BPE BRI O BRI R0 %
HiL72H D THD,
: ' ' ' SEHK
15 16 17 18 19 20 1. H. Suematsu: Abstracts of CSJ Conference, Vol. 82 (2010)
Magnetic Field [ T ] p.185

2. S. Matsumoto et al.: Abstracts of CSJ Conference, Vol. 83

Fig.1 Load lines of REBCO coils #1 and #2. (2010) 1C—p02
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Study on characteristics of the trapped magnetic field of stacked HTS bulk magnets
for compact NMR device
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1. [FC®IC

VTR, BRI (NMR) 134 o 37 ok
fENTICE Y — b L TRBRER S CHEH SN T
BV, KL, B3R I OW Y REEERM 2 v
BB E~ 7 %y MZX % GHz O NUR 3EENBRR Sh
TW3A., LOLZARNRS, BEEO NMR B 1L, E73ERIC
Bl « K CTH D72 DIC K EVIRBECHZERT, K%E73 L
THREINTIEND HOOE AN H B % 53 E L I1X
SAVONRBIRTHS. b L, Zfii - T, IHIZ
72 LTl XA NMR BN S, FRETL,
FIFFEANEHRICHEZ S L D128 5 &, EIEHE NMR
WL E THIE T % BT 0 MR ol 22 AN ETRE & 7
570, EFSEBORMER L SIRINWSEIZS TR
HWARAERMEOND EEZOND. ZE TOMEICE
N, B AN IREREB ANV BT EIChD,
R CEMY - EOBN -G E R AR TH D Z L
DM o TG, TNV ITICE Yy y TH2RITAHZ L
ko ~7r%y MR L, EMBSSE—ENm ET 5.
Z T, AR, JEAREN (5 mm) EE OIS
B LT R ERCT, REHIEZE R COMEY —Ex
M kS50 ofBEHEDRELE XS 20D Vs
KO X v v SEFHEICHOWTEREIT, F77, il
AT & OHERIC L D2 MEH 2T 272D T, ZOFERIT DN
THET 5,

2. IMNEINMR BT RV OBEE

AWFFETHHIE T 5 NMR 2@ L, BB EER O )
RIRESEZFIAT SO THY . HIRBELE LK
FoF, mIREESEEREEFEEEE L vy b &
INEEIRREICIRA L, (KIRZR8E 2 AN SRS EL N & ¢
B D RABEE~ 7 %> hOERZEMICEE L TR
IS (FC {5 Field cooling Method) Z ¢ L CEili
BELAREFHM ST D, BEBEERNER S NHIT,
IRASR Z LA~ 27 %> b2 B H LT NMR A
~ 7%y hELTHERATD I ENFREL R DZDIERIC
aLNY NpHEE LT D, ARSI, B 20mm OERR
HIEZERIC 4.7T (200MHz fAX)O¥ G2 A I D
EEYUHOBELLTRY, ZTOREEERIEDHT
DI, FEEE O R L) e G H T EORER £
NUEZ25 L Bbhb,

3. EBRAERBIUHEER

ARWFFETIX, GABCO MLMEBEL NV 7 K% vz
NMR A= 7% v MZOWTHRFEIT> TV 5. R BHTIE,
A& 60mm, PNEE 20mm, /&7 Smm DNV 7 (K% 4 {5 (Bulk
AB,CD)H =, EERIC AW - R i 3 =R AR TR N L
EOMERZK 1 1T7-T, 7SIV Z KOS /AR F &

OGS D AR OV T, @ RIE rTRE 72 A — L
RT NV L VIR 3 AT —UF WD
Z & TERBEDORISG IEE T o7, K’ 2 13 v 74K
i S HF S AR ORERRERT. £, K 2 2Tk
B D 72 8 JE F 20mm D Hi— 3L 7 {K(Bulk E)D & & J7 [T
Yotz HbEORL TS, K 2 HoRGmEIZREW
THEHX vy v TR LOFERX Y v TH Y OHAITIERT
FENHOD, E S JFIE~OREETRE 53 O i BT X v
v T EBRTTEIFRRLEINTWS., ZholKE LTiE
NAVTERBOX v v T HRITDHZETY IRy FOFE
DFTICER Lz 2 & & 3ic v 7 (R A3 i CRLE &
N5 LIk o THESGHIED RV ERICI TN T
HHrEEZLND. LnLERNG, BEENLVIIROK~
DORIGIREN ZEET D L, 4HEE LA, H
IS Cd D 2 T FEE ORSIRE Z it 21397 Th D
2. EEOBSEREITN 1.60 T LVELN TR, Z0
FR & LTE, AT IROERBENTZOFX R e
=2 TN <, BB E OB DR T2
ThHdEEZLID. EORKE, WA OFIRE S Bulk
EIZlERTELI 5T,

kﬁ Z[lmlg

60mm ¢
20mm ¢ {

i @ 60mm
(a) (b)

Fig. 1 (a)To-scaled schematic drawing of a four

stacked HTS bulk magnet(a) and various axial gap

length between the bulks(b).
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Fig.2 Measured magnetic field distributions along
the axial direction in the single and stacked HTS bulk
annuli at 77 K.
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Transient heat transfer from a horizontal flat plate in a pool of liquid hydrogen

W R R RN B OB, Bt B2 2 — Ok
A MR (T JIBERE) /bR BABH, Bk D5, fEe 05 SCJAXA)
SHIOTSU Masahiro, KOBAYASHI Hiroto, TAKEGAMI Taiki, SHIRAI Yasuyuki, HATA Koichi (Kyoto Univ.);
TATSUMOTO Hideki (JAEA). KOBAYASHI Hiroaki, NARUO Yoshihiro, INATANI Hirohumi(JAXA)
E-mail: shiotsu@pe.energy.kyoto—u.ac.jp
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FEF L, WK FRHBEE AT AR FHI N E 2T —
HR— ARSI 2D S LT, RIARKEBYRE O LRI IE 21T
S TVD, ATl IRIAK R RIED AR IESVRE, FrCiR
REFRHH OIS 72 B EEES DA A LT 5
EEHMEL T, AR A E AR BRI SRRSOk 5%
h G2 -8 OBRELR INWNE DB TY 77—V EE
BASETHIE LT,

2. RERFEEMAK

WARKFE T —1 891, 1 5 mm. £& 60 mm @ SUS316 Y
MO A% R S5 102 KA T 7 1) % T SR S LT, R
FORFHEIECIRITR D IHITHIFEL TEFANEL | EXIEHT
ZEALDN B R B SIR A E LTz, B SR = R V¥ —
NG ARG BT R 1T, JE L7 3R B L8,
TRRNEEES T M OB E XA RN CRO 7=, BRI EO
I FMERE RBOTIEIIBRIC A LT[0 THARE T 5,

3. ERERLER

FEBRIIREGIEDD 700 kPa FTOESN T, f3fa . 727
— /VIRBECTIT o7, FEVRICHE R & I e BB Hoik i L&
T HIEFE Q=Q,exp(t/t) 5z, EHEM % 0.008s
M 8 s £ OM 4 LS CRIERMa B AT~z

Fig. LIZARZ 72 B IS BB Z dh kA 7R 37, femhi IR,
FREH IR BVAR H O FIRE NSO EF S ThD, IHO
FIN LR £ = 0.016 sOFH TH D, B R ALk
FEAIRES EFL, ffiRE A 8K R X 1L Z AT
BT 5D, UG BMR O RV S fEIRE: EA L, B
G R(CHPIZ T DL BUR RN A LR EIRE N LA
T 5, ISR O BUR TR T e E LT E R E D
&

h=(kpc,,/7) (1)

LIL—HL TS, h ITBMEEREL D=0, o<l
7 LR THD =4 sOBUREZ R PIZARTRT, FEUEE
BVREREL, UBIEEA AR ENVE | CHF JL r=0.016 sDIH LY
RV, R O BVE L McAdams @ B k%t BV 22
LIFIE—HLTWB,

Fig.2(%. 104kPa, 400kPa, 700kPa (Z3(7% CHF &7 DR
fR%&, FJENTEITSH CHF 1%, ¢ DD EEBICHFIC
FHURIRERHHO LS 78IS B LA R
WARHE RN, F—c IZBTDEORE L,
104KPa 738 400kPa yT 5 E TIi3JT ) EF- LRI TR &L
AN VNS AN QAN

Fig.31%, J£747 700kPa, 77—/ V£ 0K, 5K, 8K (285
CHF &7 OBfRERT, KV 77—V EIZKITH CHF L, ¢
OWHEEBICHIZ ER L TREBEEBEER I AL
RN, A — 128D CHF I, T —FDIE6-HxI2ky
7=0.008 sD S THEDZHIRL TWAZEERITIZY 77—
JVEERSREVEL RKE W,

SEXM [115)115:2009 FEKFRIR TPl EE T2 T
Fa4E 1D-a09

[2] A. Sakurai, et al.: Cryogenics, Vol.32 (1992) p.421.

HEE ZOHFZEDO—ERIL. JSPS BHFE (20360127) . MEXT F}
T (20760141) DB Z 1T 72,

Sl P=104kPa
__10°  Saturated

B
E - Non-boiling
S

. Period
& ° 0.016s

L 4 40s
3] LAY - Conduction
10 3 A A’,A-’ ’ | --—-—INatural Convelction 3
05 1 5 10 50 100
AT, [K]
Fig.1 Typical boiling curves under saturated condition.
3_||||| T T TTTTTIT T T TTTTTIT T T TTTTT0]
N’g f ° Saturated Condition]
= f 8 ° 104kPa i
g 2F . a 400 kPa
-S - ° , = 700 kPa
< F
=1k L] ° : s a A a4
" om L] = 8 [ | :
O:IIIII L4t L4t L1 IIIIIE
107 107 10° 10!
Exponential Period (s)

Fig.2 CHF under saturated condition vs. exponential period
with pressure as a parameter.

[TTTTT T T TTTTTmIT T T TTTTTmIT T T TTTTIT]

r Pressure 700kPa

‘g 2F g Subcooling

\B r ) SK ]
~ [ = A 5K
m'o i 2 B 0K

‘;b I i 2 2 2 R 8 13 g‘-

< 88 4 oa = E ]

O:IIIII | | L1 IIIIII:

107 10T 10° 10!

Exponential Period (s)
Fig.3 . CHF vs. exponential period at pressure of 700 kPa with
subcooling as a parameter.
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Forced flow boiling heat transfer of supercritical hydrogen
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1. [FC®HIZ

HBEESE (1.5MPa) DO CREFIRELL F OIRIEAKEDS BT
B PN & B X (RN D A O FE NI D i)
TENMREA TR, WRA % CIIE L, ASEB CIIADRANE
FEDSRSIEELIT & En L EOS A OB A ST 5,

2. SAERFEEMA

FEEOTTEO M TP SHEL THDOTAIET2[1], 3R
BRFEENMAITE, SMAlE FRP 7' » 7 TV 7-PNEE 6 mm, JEX 02
mm, = 100 mm ¢ SUS316 By#EPY A 7 43 80EN k727
7 —F 2—T7 O L, BEEICE L, Z ORIk E v
TERHNZEFCETAEAL C, BRI b S REATAIRE %
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