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Thermodynamic Design of HTS Current Leads
Conduction-Cooled by 2-Stage Cryocooler
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Abstract An optimal cooling method for
HTS(high Tc¢ superconductor) current leads
has been analytically sought to minimize the
required refrigerator power. The binary current
lead is a series combination of a normal metal
conductor at the warmer part and an HTS at
the colder part. The lead 1s cooled by direct
contacts with a two-stage cryocooler at the
joint and at the cold end. It is clearly proven
that there exists unique optimal values for the
joint temperature and the current density to

minimize the refrigerator power per unit
current. The actual power input to the
cryocooler in  the optimal conditions s

compared with its thermodynamic limit, and
some significant issues in practical design are
presented with a useful graphical method.
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Fig. 1 Binary HTS current lead cooled at cold
and at joint by a two-stage cryocooler
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(a) 50% & 20% of critical current density
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Fig. 3 Contours of refrigerator power per unit
current and critical current density of HTS on
Ji-Ty diagrams (Li =20 cm, Jo= 10,000 A/em®)

A o8 F22AJw= 10,000 A/emd)
Fig.39] J-T/AEAd Axoz Jeygr o =
A8 wHESHEA 22FHo HAavl Hie o]&F
HHe Fd3tA #A35 Fig3d @= Ut
LH%M Z 2AEAY AFLZY HIAR 2%

E A 548 FHFES 24 HE Aold.

HEE 257 HH HIR xRt o %A
He ARt ZvtE o g2 WEUo 48
Hr, o 2AHE H2E3e FoA=y HER
AN WERI/L AAHA o & PsUol &
28} o] A olFAFEYPMY Pzt 28
He oY /59 ds5de o 2.66 WAeIH
o] & TLzAsNAM AE 29 APz
Aol A4 (4] o Wlas] B2y oF 29v] o @&
FAoly, 28 WEde 98y HLIdgS
AASE ASEE YA (4] 3 wjashd o
478 © Bl o) E44e HA HERLES A

FEEY %k——ﬁ zZvzy 97,7 K9+ 610 A/cm® o)
C’r.

jﬁ

o242 HHZgEL 4 Fig. 3% 2ol &
¥ ERAEAAGHAN EAEA dcoh 2F w
o] Mool FAH7 Hate] o] 2HA HA G

o HENe 2=u HRYUEE 47 @A 2
Aol Fo & AFoAE dekzhe] kA B¢
skl dAle HAFS AAse WS
7 2 FEE
AR BYPL D2xA=AY JAAF
ool 2 ?U}F’ ot HAAHgE e W
Fig. 3(@)ol #Hdeg gAd A", ¢
dxo] 50 %Y 20 %2 N2 kx

A~ =
F e WRYEE

FAG 5 ko

—{n il

E,

é)&
2
w F g

2ol 2%, dAH

4o g :imL;‘}Lo;mlmm%#m;l_—%

o}
de ool ARARAA QALE
= Ax A dAss 2ol Fig. 5
e zH% gAesudg 77 5 KU
10K 27 A 298 Ytk ogi
S, AA HA=4err 249,

20 WEde Hayk
A7 2.94 WA
10 K ‘;%741 *pi?ﬂ AS+= 3.21 WAt 1g
¥ A PEgreve AEULZ Aund zhzt
93.3 K2} 551 A/em?ol™, 5 K @A AAS A
£+ 88.9 K 490 A/cm?olth.

N

N
>{|

Felaflad W MAXE ’
:2%@_91 dE Li=20 cm 2 Jw=10,000 A/cm’
 ASE AWstn Ao A AdE 49
el 2R Aol AdAAFEE s A
AS BEESEL7) o] kA, s xFd a4 (dimen-
sional analysis)& 3 4 ok AG)e +%
=1 H6)S 'l%z AEA e dALE} UdAZ
Lol Mo AEel MelHFE olfste FAUstst
W I Az oo 2o
(W D) i L kg
Pl Do 1L 1\/ ek ] D
, AFEYAM e iES?Jr AE7F FoH
|20 Es A% e nxAxAY ZH
olef 0 Kol n2xd=Ae dAXAFLULZ
= ( lefco)-o—i FyE 5 Qi
Fig. 4v AR EYde Wzt 285HE &9
ARG HAr Yede WHasE Lix]pe 5=
YEMH AT LixJeed ghol F7hshe) wel w9
ARE H4x dsde Hzx #ZA2ge ®HALh
Joo T ZAEAEY dAEAHT L& HFHE
AdHe Zol l”i Yz 28¥E FHE &
o} 7] HMAM T 5% UAEHNY ZAZAE
Wt Ay o)zt Zl AFEYHM oz A zpstolot

=
=

o

- 200 -



—e— theoretical optima
—+—50% of J.
—=—20% of J_
—o—  § K below critical

—e— 10 K below critical

Minimum W, / | (W/A)

L,"J., (k&/cm)
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Fig. 5 Optimal joint temperature vs. Li X Jeo
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