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Cooling Characteristics of Liquid Nitrogen as Applied to Transformer Coils
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We investigated several cooling methods as part of our design work for liquid nitrogen
cooled transformers. We finally selected a method in which hollow conductor is used for the
low-voltage winding. Liquid nitrogen is passed through this conductor for cooling. Poly
vinyl formal copper wire is used for the high-voltage windings. The two are molded together

with epoxy resin for insulation.

With such a design, the low-voltage winding is directly cooled by liquid nitrogen and the

high-voltage windings are only indirectly cooled through the epoxy resin (mold material).

Therefore it is necessary to take particular care to see that the temperature rise in the high-

voltage windings doesn’'t become excessive.

In order to verify this, we let direct current flow through the high and low-voltage windings
and investigated temperature rise characteristics. As a result of our tests, we found that the
indirect cooling method described above is effective for cooling the high-voltage windings.
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Tab. 1/Concept design of container taking account of bubble formation
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Tab. 2/Cooling of iron core
% s W2 =, Sl il S 2 75 =
) -~ ol & AR TR A % 2R T 30 . N
; i R g0 it T THEES
# | so. s | gEE, smumECE- .. s&u_fewrém @a_ E&_ﬂ‘i
% b B OB | TIK | =R [ TK~%a -
B % W & | mE | | A
 ewmosmER | x | N BREET 504) | (BRCET 204) )
EnsoA0nEn | x L (BREETZ0H) | BREBETAOH)
RO SME | AN & ER | BERREEL | HUNLOMEENBENTR
i % EEMOBETHA (#0005 OME
: 3 WOREHIZE)
(s 16x 18

3 TRFVRIET—IV N ERAESHE TR

WEL I T a2 I E S S T 23 O, (G s (3
(RIr AT K 2 T, AR E M 5 2 L ATTHE
ThHdH, mIEEGICH L TSRO NS {43
oA R @MY 5 LS A B, £ TR
BAGRD B ZEGR A L, @SR ISRz L D
HARICImHIT 2 FNERAT Ao L E L7,

IR EN A L LA, @SBRI s e Lz
3. T HRFIMIRE—L F 240 L TIESBICEE IR
Hizd, @HAABORIEII T R ¥ g0tz
ECMEEND, o TEERBOEIE LR I2>nwTH+
G T A RENH ), FolHH L ISRTIRE L
IEE— FHEIESR SR BT AR T~ 72,
X 1 DEHOGEITIZKRDM) TH S,

IR 10X 8 X T 2 mm (46 3¢50 v 2238 14)

36

I et ) i
AR SIS RN
R
RRES R RS

$290 X 273 X {5 160mm

#1.6mm (7R~ — L g

105X 3@x 270y 7
() ¢229 X ¢$212 X &5 180mm
(#F) #351 X 334 X 5 180mm

SEE #353 X ¢205 X #210mm

BT ) AT R X oMl (E2 72/ —0
AR R¥ L ; 2 AHMR60wS) &L, TIZHE
ZF 1 — VBB A (UM L, SRR ACKE 2 di R4
ZTwad (F7T0W),

FLER IR R RN Ic iR E R A B R R o~
LD EERAY Lo, @, EIEERICE LE e
Tl LT, &S AAZSBE AN L D) (EE A
E L,

edl, JEm Ik E TR E R D A #400g/ minDE 4T

S B HRN 7



wzx xzae

E BT

(|

|m—
==

S — — — — — G
o LR ]

=

B 1/ TRF BTV NERRESHAE LR

Fig. 1/Internally cooled transformer winding with epoxy resin molded insulation
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Fig. 2/Initial cooling characteristics
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Fig. 3/Liguid mitrogen flow rate and maximum current of low voltage winding
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Fig. 4/Time variation of temperature at each part under current flow through
high-voltage winding
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Fig. 5/Current of high-voltage winding and the temperature
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Fig. 6 Tcmpera[ure of conductor and the reststnnty
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Fig. 7/ Temperature d:strl!]ullﬂn as a function of condition of current flow
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