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Inductiv~ ●nargy crannfer betwatmn two magnats can
ba acl,lavad with slwbt 10(1: efficiency with a
cransfar cmpacitor. Hovaver, tha bulk and CO!MC will
ba high, ●nd rclf ~billty Lou ~f convancional
cspacicors are umad. A homopolar machina, unod as A
capacitor, will ba Compact ●nd ●conomicml, A
homopolar mmchina wan damlgncd with councar-rotmclns
.oppar dlska compl~taly irnrmad in a llquid metal
(NaK-78) co work ha ● pula@ cspaci:or. Absanca o:
solid-brush cullmccorr ❑lnimizad wnar ●nd fricciocral
lomooo. Uattlng of chm coppar dlska chrou~hout tha
pariphory by tha liquid mmca. ml.nimizh+ tha rmmistivo
loaaaa ●t tho collector Lncarfacm. A liquid-mmcal
collaccor would, howwer, lncroduca hydrodynamic ●nd
masnacohyd=od ynamic 1OOSS- . Tha a-laetad liquid
❑mtd, ●.g. , NmK-78 will product cha lowanc of ●uch
lomoem ●mong chc avallabla liquid ❑atalm. An
alectromachanlcal c~.p~clcor of this dmoign wae tamcad
ac variuw dc mmgi.ecic flalde. Ite meeeured capaci-
c●nca wam ahouc 100 farade ●t ● dc magnmtlc field of
1.15 taela.

Int roducclon.—

Lnduccive ●nergy cranefer betwcon two magnetm cmn
bm ●chlevad with ●lmost 1002 tfflclcncy with a
cransfmr capacitor (Fig. l). However, che VOLUM and
coat will b- high, ●nd raliabll!. cy low if convmnclonal
capacitors mm umed. A homopolar machlnm, ummd ●e t
tranefar ctrpeclcor, will be compacc ●nd ●conomicm~.

A homopolar machine can b- consldmred to b- an
●nargy-ncorag~ devlca, [c would bm spun up by s

curblnm, OF charged ●m ● homopolar ❑ uter Crom a
cha:flrrk mupply, and than ul~chmrflad to a load. An
~ltarrr~ca u#o which W- prupum-, 1s io ●mploy tha
hurrmpnLar macnlnm an m tra,~afer c~pmcitor, i.a., Cha
●laccrornchanlc,Jl capmcltor (13NC), betwaen in
inductlva *narqv scar, ●nd an induct lve load .
Inltlmlly, tha rotor uould ha nt raet with tha dc
maflnatic fiahl ●nor~lzed. Durln~ enar~y tranefar, il
would be mpun up and ●pun down afialn, ●ll in a cleJ
parlod of a few millleeconds. Since rotation pereletm
for only ● very ehort tin, cha bruehee ●nd bwricrmn
could b- more Crlccional than would b- pmmiaalblm in
● conclnuouely r~rcnlng Mchlne.
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Work pe rf urmmd und.r tll, fiumpl,:mm If tlld

11. S, IMpartmeny of l!mar~y,

whmra V = genmratmd volcaga acroas che disk, V,
w - pcrlpharai mpcad of chm disk, m/a,
B = mmgnacic field, T,
u - rotational vmlocity of tha disk, rad/a, and

rl, =.2 = radial dimtancee of cha brush contactm
from che ●xle, m.

The ●ffecclve capmcicancm of che homopolmr ❑achine c~n
bm derivmd by ●quating che kinetic ●nersy of che diek
with the ●lectrical ●nergy etored in chm homopolar

machina. Thue,

c - I(w/v)2 . (L)

Subecicuclng for V from ●q. (i),

41c■ B2(r2 2-r12)
, (:h)

whm ra c = capecit~nc~ of che machine, F, ●nd
I - mmmenc of inmrtla of thm disk, k~ - m2,

Loo Ahmoa Deelan of Clactrorncl snlcal Capaclcnr

Mscriptlon of the Devlc&

~m cnncaptual dailin of tha wlmctrommchflnlc,ll

capacitor (MC) 1s rnhown 1P FIII. 2. It conaleto oi
two coumtor-rotdt lnfl coppar dltko •LGCLtLCU~tY
cunneccmd in ❑ailer. Tha tllmks ● rm 21) CM in radt,is,
1).~Fl cm thick, ●nd tumpletoly lmmergwl in thm llq IIll
mat~l NaK (an alloy of sudium ●nd pocaaaium). :Ilu
current parhm aro mb~wn bv .trroue in rl~, ?. $hmur~
uf lnaulatlou are . aerted batwaen tha tWII dlskti ,Ircd
between thg dlnkt tnd the mcatora to prmv~nt mhorl
circuit ins o t th~ currmt by th~ llIIu LJ mat.11.
Conlacc lo wde to Lhe outclde of the dlmka ● nd f r,)m
diek co rotator ●nd dlnk co diik bv the liquid mat~l,
Complate f Lnodlnk with liquid ●etal prevantn
interference with brush rnnttct hv hydrodynamic ●IILI
me~netlc forceti.

Ll,[uid-!tecal Brush.m11:

no important ,.rlt~ria qro that the rotor/otdt,)r
ellp-rtnn ●urfavmm mhuuld ha wattd by L1.d ltquld
matal, mtd tl}at -My chamlcrnl reacclon hetummm Il,m
■urferc dmd ihe llquitl thIMIIII bo nesll~tbl- Jurll,g the

llfa of the meuhlne. Ilwevar, ths ●bllliy t,, wot My
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‘El!tED
Ft<. 1. Clrculc for crancferring magnectc energy by

:ransfer capuclcor. Enetay cranefer is
iniciar. ed by opening switch S1 ● nd clonlng
9wicch S2. Switch S3 Is cloeed ac tha ●nd of
snergy trenafer.
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Fl#m J. l:nmcaI\l LIINl JrawlnH of ●lactromachanlcnl
,:.tp41citor (ti MC),
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The cleanliness and compatibility of tha filling
9y9cem are also imporcanc . Scainleea eteel wafi used
for the filling eys:em because YaK vets acalrcless steel
Husily and thus flows baccer. The whole system i.e. ,

:he 5!4c ,mnd che filling syttem, muac be leak cighc;
ocher~iae air will diffuse chroubh and form uxldes or

?la and K which are eolid. Welded joinc9 and
compres sion-fitclng joints were used An the tiyscem.

9ellows-sealed valves ~ere uead for definite closure oi
the valves. The etainlee.e steel piping and fittings
wmre also chemically cleaned.

A echematic IJE che filling oymcem ia shown in
Fig. 3, and lta phocogr.!ph in Fig. 4. The filllnp,
●yetem ●nd the EPfC were ●vacua ted for 24 houre bafmre
cha cover Bar llna vae preoou:izerl with argon gas and
the valvea 1 ●nd 2 of che NaK concsiner were opened.

Once the E14C waa completely filled and che SaK
reservoir half-filled with NaK, the EMC and che %IK
reoervolr were dlsconnecccd from the filling $yscem and
inecalled lneide the uator-cooled dc ❑agnet (Fig. 5).

Teste on che E)IC

The circuit for te~clng the EMC 1S shown Ln
Fig. 6. A benk of 280+F ●loccrolyclc capacitors was
dlscharamd into tha EMC chrouflh an lgrtltron mnd d 1,1:1

ecep-down transformer. Teece were p-rformed nc vnrt,ms
levels of dc magnetic field and puleu currunc c o tllu

EMC . Tha followlnS ware mmasured:

1. Current through che dc ❑aRnat,
2. MC rotor pulse current,
3. Volc~ge ● croac chm EMC, and
4. EtfC rotnr ❑p~md.

ThO dC m~~n~tlc fleltl wan calcul,ltvi! (, ,m :!,,.
mennurmd value uf tha maflnet c:lrreut . The call. IL, IL I.. I
Va lua unm provlouo Ly chackmd hy nc’tunl rnu;lwurer!,.nt II:
cl. a maunmtic field by a ~eunsmecur. The pulse r,,rr,.,.,t
wan meeoured with n Rogr)uski flux cnil, .IIId ,111
inreurator, and dlIJpl:Iyed on J d~ml-hcnm caclII,,,I. ra,:
,Jllcl llumcl)p~. The EMU vIIIL.Iqm wan mv,l~,lr-d M1:!I I
dl(f~renti~l praampliftar. Thr roco]r qpl, o.(1 U,I.<

:mel,wlred with .1 rot,lry Pnca)dpr lItIVl IIM 111[311 I I, Il. :1,I; : :
.lnd o lW-kNz frelltla llt::/- tl)-v T)lt,\k,1 ,:,~llvori,,r. Fl*ll r,,
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TABLE I

PERTINENT PROPERTIES OF Hg, Gain and NaK

Elcccrical reuistivity, uim
Density. .gicc
Viscoaicy, kg/ro-s
Melting point, ‘C
Surface tenaton, dyn/cm

76$. G
Hg 24% In

1.04 (3m~9

13.55 6.10
1.2 x 111-’ l,k? x 10-3

-3e.9 15.7
400-500

rl~. 3. Schemmtlc of the NaK-filling system.
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0.15 - 0.5C
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Conclu.elons

1 , # 1 # I

Fig. 7. Oncillmgrams from EMC test.
Upper curva: applied current pulse,

10 L+/dIv; 10 ma/div.
!ildd Le curve: ror Or tpeed

450 rpa/dlv; 10 ❑a/div,
Lower curvu: valta~m acrxs EHC

1 V/dlv; 10 mo/div.

The wffecllve uerien reuiatarrce repreeence ohmic
Loutica in tllc rocoru, ohraic Lessen at the
stircnr/NaK/rotor iolcrfaces, frictional loeess at the
bcurlngg , fluld-dynurnic (viscoum) losses in the NaK,
.dy~l 10S,C, arising frmm tha maanetic fiald in the

If the ohmic losmee ware predominant, the voltage
drop it turrent peak would have been in tha ran$a of
1.H VOICM, ThLs LB not tha caae accnrdln~ to Fig, 7.
[t ,lppcnr9 Lhen tl~ut most of clm LOsaaM mra friction,
Iluld-dynnm[c and HHD. Friction lonsas ac the hdarinu
.Ire propnrtll~nal to the sqwmra of the rotational Ypead.

~]lll,l-tlVl)ilM[c ~UHNMH and WD 10 SL4ES bru proportional t

thu third power of the rotor uurf~lce v@locl,Y,71~
Tlwrc,i, >re , LhI141! 10 NSMS! ~ru the hluIImMt JC the maximum

+p,!,.,1 ,)1” th,. rot,>? wk!ft the tllrrorrt lti zaro.

nil! Kw” lM ,:l)lrlplur. vly t looded with NmK, IIIIIJ fltl)r

:;.11” 111!4lJV r. Ilil w 1s {llul~r hydr,]nt;ltlc pren~ur,,
1.1,,,,111!10!)1 flI,I lIi MII*r vlevat ion 1)( lhe NmK ru~Mrvolr
,F l&. “]). rllurl!r .grl!, the Vlllcl)ll* :Illd Lllm !!1(1) ll)s~eri

.\ r,, ml[llml :t. d, lL iIIIIICn rs ttlfll I rl,. Llllll .lL tll F

!~,,,irlllg.1 I,N tll II .n41111 44>lltrcn t]l l.ln 4** .

ThII ,,,tpm,.lt,lucv III lIIW pr~~~ut modal 01 thu KM(: 14
,111, !1 Iilgllor lIUIII (,]r priictlcnl ;Ippllt!llt loll. T:lv
,,,lpll$. [t .111,,,. 1.;111 h= rmtlu,:m(l hv inrr~nmll)u tlim rnagnmr lIh
I Ipld, d~,.rollmlll~ .lIO IINIIOIIy t)f thti rot,)r mat Ori~l, nm

+II,IWI1 In ,1,1. [Jh), .ill,l ALAI) hV ,:t)ll 11,1,!L [IIH -l+ VP1’dl

,1!111!11!1,1 I 11 .I,lri,gfi, ,1,,~ flltlir,, work will fr)rtln

,11 1,. !11 im)ll -Ill I 11,84,1Ilr, )1)1,*mN,

,U~hough the colicept of the homopolar ❑achine is
noc new (Faraday, ld31), our proposed appllcaclon which
19 directed to energy tran9fer, is new. This

application requiree simpler deeign than those when the
homopnla? machine 1s used for energy scora~e or i,~r
power Aeneracion.
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