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A new subkclvin rcfrigeralor, the superfluid Stirling cycle refrigerator, uses a

working fluid of 311c-4He mixture in a Stirling cycle, The thermodynamically active

components oft hc mixture arc the 31le. which behaves like n 1301tzman gas, and the

phonon-roton gas in the 41Ic, The supcriluid component oft he liq~id is inert, Two

refrigerators have be.w built and tcmpcraturcs of 340 mK have been achieved.
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The superfluid Stirling refrigerator, a new method for cooling below 0.5 K

J.G. Brisson, V. KoLsubo* , md G.W. Swifl

Condcnsd Mahcr and llrcrmal Physics Group, Los Alanws IWionrd Ltibortimry, Los Aliumrs, Ncw
Mexico 87545

A ncw subkclvin rcfrigcm[or,Lhcsupcrfluirj S[irling cycle rcfrigcrirmr, U.WSa working fluid of 3Hc-4Hc

mixlure in a Stirling cycle. The hcnnodyrmmically ttc[ivc comp4mcnLs of the mixhrrc arc IJW 3}!c, which

trchavcs like a Bohzmmr gas, and tic phonon-rrxon gas in lhc 4Hc. The su@luirl compmcnl of btc liquid
is inert. Two refrigcrahxs have Ixcn buill and icmpcraturcs of 340 mK have hccn achicvcd.

1.INrRODUCrlON

The superfluid Slirling rcfrigcrirtor (SSR)

uses a 3Hc-4Hc working fluid in n Stirling CYCIC1
to cool below 0,5 K. The lhl’rlll(dylltill~ictillv
nclivc Colllp)nCllLS of lhc mixlurc arc hc 3 I [c,

which bchiIvcs Iikc Wl idurl ~il$, id the phonon -
rou)n girs of excitations in [hc 41 [c, The
sr.qwrfluid componcrrl of Ihc mixnrrc acts us irn
inert background. action of the rcirigeriuor.

The SSR is cquippcrl with pislons Ihm urc
bypas.scd wi[h supcrlcaks, Sire-c the :;rqwrfluid
conqx)ncrrl of lhc mix[urr freely flows lhrough
these supcrlcuks, M compressions irnd
cxpirnsions rlrc pcrlt)rmcd t)llly [)11(Iw Ilorlllill

UOIIIIMMICIILS ()( Ihc “’t b4t h! Inixlurc,

This rclrigcrillor 11:1S.WVc~J1 illlVillllil~l’S over

olhcr mclhtds of conlinuody” c(xding bch)w ().S

K. ‘1’hc Slirlill~ rcl’ri~crnlor dtIc$ II(II hnvc

cxpvnsivc .SCillCd pllll)ps rcqllircd hy dilulllm illlll

‘] I Ic rt’lrigwrlors, 1[ Arcs II()[ ~:rncrirlt. llIt” !IIgh

m:lgm”tic i’11’l(ls 01 il (ll’lll:lgllt’li zilli[)ll Slilj{lm. “I”IIC

SSR is clt’i(icllt: Ihr rci”rig(’rillor (IL’I ivrrs

micrownlts ()[ txn)lin~ I)r)wcl h)r !rlls (d’ WilllS ()[

lii ivc I)owcr. I“hc SSK (h)cs II()[ rquilc

mo(lii’icutioil” [() work il) :1 /.uItI gr:~vlty

clIt ironlucnl; Ibis, cIIul Ilwl will) i[s II)W l~ow(’r

t’l~llsllllll)[it~ll, Il)ilk(ts IIIC rcfri~r:;~h)r i~lc;~l I“r)r
sldl-Kt”lvin ill)l)li~:liloils III slMtT

2. ‘1’ IIIJ,s’rIltl.l N(i (’Yf ’1.lfl

l;l~. I Sht)ws ;1 I! I; IL’III;II S(IIllIIg 11’tli}!rl;llol ,

‘1’1)1’ lll;l~’hilw (I)llsisls III :1 111)1:IIId cIII(I I)isloll

C(llllll’([(’il I)y II rl’R<’lwl:ll[lr, ;111 Illlily 01

llilrloWI’llillllll’l S 1111(111}:11 Jl IIIIIICI 1:11 wi!h il l;ll~:.
IIC:U llq,mily. Ini!i:illy IIW wotkill~ Iluitl, II low

pIcwlIIc if.h’xl MS, IS III IIIC ht)l t’ylimlt’r, mI(l IINA

cOIII Ilisl(m IS ill II!. lIIlly IIIWIIIXI IMNIIIIIII, ‘1”111.

}::1’4 is l’llllli)l(. sslm(l 1S0111(’1111;111)” 11) IIW II(II

(’ylllllbl , 1(’p’(’1111~ 11’411!’:1{ Ill :1 111(’I III; II I(”w’lvllll

Bo[h pismns arc ihcn movcrl in t.m.lcm so lhtit
Ihc gwsrcvcrsihly (and k(xh~rki~lly) dumps heat
to [hc rcgcncrirlor as it mrvch from high u) low
lcmperulurc. The low Lcrnpcralurc gos is now
allowed 10 isothermally cxpun(.1 in the cold
cylinder, nl)sorhing hcul from ir low lcmpmurrc
reservoir. ‘I hc pisions now move to isochoricidly
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Figure 2. A schcmm.ic of dw first SSR.The
doutdc arrows inrlimc lhc motion 0( lhc llw
piwnns.

This rcfrigcrirlor was upcriucd IU typicul
qmulri of 0.25 r-pm ( 4 mimes pcr cycle) widl
piston vulumc dispkwcmcnls of (),9 cn+ rmd

Iypkml 3 I k cnnccnlm.ions of I 2%.
Thc uhinurtc ~in~.mtum rcJIdrvd hy Ibis

rcfrigcrumr is 590 nlK. IIIC IWI rmlin~ powrr or
this rclrigcril[or w 7(X) mK IS rqqwoxinl,dcly 5
)Iw,

4. ‘l’Ill SK( ‘ONI) lllIWKl(;ltKATOK

DRIVE
ROD

WCOR
SLJPERLEAK

I IREGENERATOR -1.

t,,
DRJVE ~ 3He4He \
ROD

w

BELLOW

F@rc 3, A schcnuuic or IJIC.+cmnd MR. The
dorrhlc urrowx imlictilc lhc mt)lion or ihc drivl”
rods, ‘llw w-rows in Ihc rcgcnmrtot idlt-il[t- Ihr
cmmkmrllow in r~h hiill”of IIICn!~:swrirl(w.

~. (X)N(”I,[ISIONS ANI) lIIITtlIlit WollK

“l”hrrc arc t’11(’cls ill h~~lh high and low
Ic:npmril[urt’s ll)i~t nl:lkt- 1111. wtwkin~ I’luid
Iwlu.rvior dcviutv I“uml [hill (d’ w idmrl NW AI
high lmllp~mmurs lhr t’XL’ililll(MIS in Iht’ 4 I h“

comrihulr, Ulld 111lIW 11.lllplV’illUIL’!i 1111.‘ I h’
Ix’t’imws u i ‘rrmi ~.ls. Wt. IUIIX 1{}t’h;ll_ilCIL’l1/1

:IIMI llll(klSlillld IMNII l)htVlollllVlil Ill IIN9 SSlt.
WC htiVL’ d(VIKlllSlrilld 111(’ Vlilllllily Ill 1111’

supcrllmd Sliding rl’lrq:t’lilltlr, ‘1’11(’S$I( 1111s

rtmllrd rlmlimllmsly I() IUllllx’rillllnms (JI W IIIK
mid slmws mut”h pr(mllsc td ;It’hwvih;! Iowcr
INlllWrilllln’S.
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