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Abstract

The feasibility of bulk power transmission by a liquid-hydrogen-cooled cryogenic
resistive cable was studied. The importance of the study lies in the fact that liquid
hydrogen, which has the second lowest boiling temperature, has considerable advantage
with respect to price, amount and distribution of resources, cooling ability, and electrical
properties in comparison to liquid helium and liquid nitrogen. After mentioning the cable
construction now being planned and its various kinds of transmission losses, the temperature
rise (4T) of the flowing coolant liquid along the cable axis and the total transmission loss
were calculated.

The temperature rise (4T) was found to depend essentially on the value of thermal con-
ductivity of the insulating material used between the go- and the return-stream of liquid
hydrogen. The value of the transmission loss of the cable was shown to be almost the
same as that of compressed gas insulated cables. However, if the diameter of a conductor
element 1s chosen as thin as possibb so that the eddy current loss in the conductor can
practically be neglected, the loss of the present cable will become minimized among various
types of cables in the capacity range between 4 GVA and 8 GVA. The results strongly sug-
gest the feasibility and the importance of furthering the study of liquid-hydrogen-cooled

cryogenic cables for high density, minimum loss electric power transmission.

1. & i

frfF KEBTRICE T AENFREEEOBINICAEY, ERkolBsERTEXEH FEREE, |
, BOWERESETIAEOREEED) P, HihEESr — 7 v EESROKKIE OF &7
"7JVT“¢>1000MVA MIRFE D) R -C, HBEREOBBERIC L 8 A vF —FE, KEK%
EBHXOFESTLHONTHEY, BERYy — 7 4rE, SHEOHEP TV = v LHOEFME
EHHAIL, ZOEREFEEKBCHDSE, FEREROBTLEEL AV —HEDHMEHE -7
bDOTHB, BE, ARELTRREREREHOA T EMSFEINTOSEY, UL, BHEE

BRI BRUCH TEE




40 W —A7 « RN - HERIE 2

BITTK T, BREREOBLDEILTLIRES RV, —F, HEEXEHNUL, NbySn
%@ﬁﬁéﬁ%«vWAEE&T@@T%&%@%%&Eﬁ%K@%C&%ﬂﬁb,%%E.ﬁ
BEEEETH>LDTHS, UL, BEELTO~NY Y4, BERS NS, Fl23kE
C higEs, THEINBRANTRIT ﬁﬁcEinfwé@@%}%Lf&%énfmééwf
1990 HERITITHKBEINOLER EBESEHT 2 L0 FiHlb b0, FRTEMICKBIERSN
12BE 0% M, BEMEL VD BTRELDRENEEY,

Pl EoBEBM, S, KRBT, BEEABEAROSEE LT, BRIKKELZID L, Thoff
Ao DO TR T 5, BEKRBEEN) 7 20RICREDBEVEILA 2 (ZE&H 14K,
W 20.4K) T, BEBESCBRNINE (BRNWRBIHERE, FEFIBLS) EHE~Y U A
DBEER LD BN TV 5B, $/o, HRICE > TEME, TERBISESERD, L, &
BEROEEPLEBMEOKERILL O - R et 2N 2, KR TR, Co%el
EEEL DD, BEAKESH Yy — 7 volS8& 2TV, ¥ — 7 VvAO LREBES /i ©XERE
EEHET L, FOMRAES LIC, REBHREMBOAFROFEE, BRMSKC OO THERRET S
%,

2. BEKZEOBRUESHIESMN

2-1 @, BR, EHRY

WAKFZED LB, WE~Y U L0 2 ZEE, REEZEOSBEREREVY, BIKKE, BE
~Y T A, BEEZROBSICET SEREBRE, TNFENG00, 25, 200J/g, HH (REDOER
KEJBIvynE—LibEicBid 2l s 0E) BZNF1 3500, 1540, 234J/g 7D, HIK
KEZEOZNOHBERICKE W, HlL, BAKEDBHEEI IO 2 BiFIC_TEN TN AT
&5 B,

2-2 BRRBWH, FEHEY
ELOBBMOBREEEIREOHRBADFNEBIEETH D, 100V LIFOEE T, kK
FPOEAEROZTNE 107/Q-m, BE~Y Y LATEHI0YQ- m TH b,

FEAE (tand) bEIFKEBREEEBEEICNS O, HE~Y Y 4 TE60Hz T 3x107%, #
KR EMABRTE, FihEny,

HeiGRE R 1L, AR E SBBERTEIRBEOHEM L EREE, BE~Y 7L TEZThOH
A0 1DEEE 5,

3. F—TILOERK

AT, BLRIGRT LHBWEL S 2EW 3 B4 7O bDERMAT 5, KM OFEM
DWW TiE, IRICIR~N 5,

3-1 HBEHR

SMEOHFHCT VI =9 2 OBIRE, B1RCREIND LI IWERTEXNBCHLTEY,
UL, SERPEHETLDICERTIES T DB S D » HHRIER RN REDH R
DEEPLHT L SEEE R 5, MRIERRSRE G, BESHRICS L3N 5 L EHERIK
WHHEINT 2R 20T 505, L LBERESY - 7V TR IS BRIC K - THAET RIRER
T, TNEREOLDOTEHLNY, Zhitl, EEHREFLIRECEN, ChiEERY
BT EETENRG, BEOES & (em) BRAPOEHE SN S,



3 WARKBBENESRr — T vic & 5 KREERBO A REN: 41
F1x BERICBT32BOHIER
B % AR lem pars K/ o’ K/
pPM | 4,2°K | 20.4°K| 77°K | 105°K | 273°K | Pe-2 K| p20.2’K
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LT, p BEEOEEIEL (Q-cm), JREBHREE (A/cm?), S
AW (cm?), P (REBERELE, W, IRSBHE (Wem),
KREREE, ¢, r3EINRT LI ENTNEEXRDOR S, KRR
P, 0 BEHOES (cm) TH 5,

BRIE—EDSHEG, W ZEFHHREGIREVE 3) X0F1H |
NS B0, E2INSELBICHEKRT LD, b5 SOET 2 r
BMEEED, LL, ZOERIEFICKEL, EHECOT L%
ERT HHEFII, B3N HHAMEHN

4-2 FHEKE

FERE Wo 13, ROLIIKBZ 5N %,

percent carnot ( )

D
a8
e ) g o
SO
U
olol-Jhne
SIS St
N Svnea oYy

2
Wp=27rfC—E3~tan6><10‘5 (W/cm) (5)

T, f BEEY (Hz), EGEEEE &kV), CRBERE (uF/km), tand RFEBEHETH 5.
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distance ( km)

Q =400 {/min, BBHRAT — ¥ 2 VHR
a; 3km b;5km c¢; 8km

B2k AREHTHOIY - 7okl EERERK

oA OB OE|E K KRB~ YA
(77 K) (20.4K) (4.2K)

g 1% FALE=T L 99.99
LYK E (n.-cm) 224 7.66 5.75
#Oos B (mm) 2.0 0.2 0.2
0K W E R (mm?) 3000 2000 1500
K ANE (mm) 80 60 60
P ® AR (mm) 105.7 82.4 77.4

i EEd 1% w B Es B Tyvek
Mz A AR (mm) 165.7 142.4 137.4
& ﬂ(k{}/nfm)" A 12.15 12.89 13. 14
o4 P& (mm) 440 500 500
Hooq FHE  (mm) 542 722 722

W # & A R D R P B
H Ok 18 (W/m) 102.7 11.47 12.01
(EERE (W/m) (22.1) (7.33) (7.86)
4 7B (W/m) 43.8 3.36 2.67
BE 8 (W/m) 1.14 0.39 0.69
#FOE KB (Wm) 0.218 0.18 0.17
2B R A B (W/m) 0.207 1.54 3.00
br—Z VRS (W/m) 148.1 16.96 18.54
BAHXEE  (km) 5 5 5
i gg%é%fjn B\ 12.12/9.31 | 3.62/2.59 | 5.22/2.39
BHIEREES (kW) 7803 4031 19189
¥ B A Kk (Wm) 1560 806. 2 3837
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ARNCRENTWE LI, BEXTF—Ya VHOoOMEEE x KA L TN 20T, Lk
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Ewax (2 10~15kV/mm EFETT 20T, V, 45 500kV D& SDEBYOES L, 30mm FEE
MHEITT B,

BRRFED TR E < OREY (B3R odh i, HEEE, B, 3=
LR, MESTEELCEALER, ARHTE 7V LR TER L 2RIEKESE Tyvek %
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E max™ x 107! (kV/mm)
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F3E HSEREETHERAREESGEEY

- #OE & B8
] i tand (X1075 :
w @ m wigty | wamms | 0 OO i L, (W/m)
(kV/mm) € 275KV | 500KV | 275 KV | 500 KV
® oy oz o5 Loy 1&2 2.25 1.5 0.0796 | 0.263
s A 109
# Y HFH Ly = o in LN, 2.6 12 0.736 2.43
o= P TEF— b ? 2.82 4.5 2.99 9.89
. 127
- 1 o v in LN, 2.4 3 0.169 0. 561
W& ok FE (75 psig) 20 1.231 3.5 20 0.102 1.92
?&ztvkiéffﬁs% 2 -
# 7 b 5 ’
(77/777 £ 7ﬁ> 53.2 3.4 69 64 5.53 16.96
75 psig
ﬁ&ﬁvk%é@?% o "
piis = i
(7“3-7777—a“{‘/i—7°ﬁ> 53.2 3.4 40 40 3.21 10.60
75 psig
i&i&k?ﬁ%iﬁx -
(77/777 +/ ﬁ) 53.2 2.4 79 85 4.47 15.91
75 psig
i&ﬁkﬂ@’é‘%&é L
yve
(7,5 , 777_#:"/%_70@) 53.2 2.95 95 100 5. 04 17.54
75 psig
?{&%m?éé‘,ﬁ .
yve
(7,}[/ S L »p«u\ﬁ) 35.4 2.25 <1 <1 0.0531 0.175
75 psig
7-2 kKERL

LOSI AT (FCC) A8 EL Al ® Cu i3, —IBICHCSI BT (BCC) & ik 54
i, AkEEfbicsRe, (KEAEEM O SUS 304 (FCC) 1, KEMELicx L Tl 7w — 7
Bd 5. £OP TR, KARKEEE (ZOBERKZERILOE 9T —100°C~+100°CHiH®
DA D B) TKREDIHBABEL 102m AERTF D EELNBD TAS O, (T, 24 7
MEHT SUS304 ZFuvhid, KEMEIC X A 0KEHRNISTT 2.0EEBFEE RV EDIC
FHLWVWEEALOND,
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KEFHTRERASNIREIKERERR, — T v e, WBEODIEY FT ik~ v Lk
DEERIGEIE Y — T VORI HEAE 2 BIORT . BIEORERII=H & 12 400/min ThH %,
%8 L 500KV FEICH3 AR EIRKL (W, ; 8kiE, W.; BFEO S b ORMERE, W,; /¥
4 718, Wi AAEMEAZ, W, BRI, W, SFEME) oML XERROMKE LTRLIE
bOTH S, KE W BLBEEDOT0BEEE LD B, TNO60BMAREHRE W, KHY

T B ¥4 TH W, DR2BIKDIFD KRENEEE LD S, FEAROBINCEN W & W, D
GR35 W, W, Wo DEEREDL, ZOEELAETHLLIBED 0BT~ &
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0 5 10 LHe 1540
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HOH BBARICHYT EEABIRKOEE - B&rh(2)

We; BKIR, We; BEHE, Wo; 4 78,  E /

Wy BEER, Wi SMRIBABMC K B IRK, 221 Y,

Wa; FEHIE - (2

@ A AHy #it
. 0 e 2
/]B&‘d- 50 9 (We=O )
FBIOREEI0RIC, ZhEh V,=275kV, g
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KV (5 9 D OBE, KRR E r — T D% B -
BIRARERGTREO T EFARE, T, ‘“o , ,

BAERENTNS OF & — 7w iRk E R 0 5 10
Hr—7vORELID/NSOTEDBDLE, & =10 tg%inﬂsff;;i;;ng )E)OOKV
10R (V,=500kV OBA) iTid, HITHE~
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— 7T, BEEER ORI VT4 9P PIEFIRS D, ZOERE L THRE bMDH
BAHRLOEREICKE D, #-T, COHRREHAUTHEOEEALL S, RIKKEAN —7
NOBFGMOFEFXE LB L TR INEBREEOMBEICH B, RETHEICIIEFMROBER %
FE2RIGRLILERBD 0.2mm¢ & LS, SuEORBBLEMEHOMEERIEENTIE 7ome BE
DEDSEETHEL 75 > T B, sk, Al B S—ZOMbATIEEI LY, EADEF
BREARTCEHTACERBLVCETERBVWEEZ OGNS, SHETRINBBEHRKESINT
— 7 OBEEIIRE, WERE W, 2B L LIIEAOHTH 5, EERDMLEIRORZICHE,
BEMBUERD B SHORBIGES D EEL LN, TOKR, £BAE 3~8GVATH
BEBHMOEBELFX LD d/hE 5,
BARKEGHIEESRL, Phicl~oly, BEERAETHNORERXEL, BE,1od
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