Chinese Physical Society

%fg%"—*ﬁActa Physica Sinica

Institute of Physics, CAS

BRI LR IL AP RS e R
HHiL BE A

Dilution refrigerator and its heat transfer problems

Fu Bai-Shan Liao Yi Zhou Jun

515 &, Citation: Acta Physica Sinica, 70, 230202 (2021)  DOI: 10.7498/aps.70.20211760
TEZE[R]1E View online: https:/doi.org/10.7498/aps.70.20211760
BHAPIZS View table of contents: http://wulixb.iphy.ac.cn

ZETT BRI HA S F

Articles you may be interested in


https://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.70.20211760
http://wulixb.iphy.ac.cn

#) 32 2 3R Acta Phys. Sin. Vol. 70, No. 23 (2021)

230202

L. 43k TIEF0H I

HFRHS IR E ARy 3T R ia] =

RN &

KD

1) (MR E TR S TRATTERE, BRIl 518055)
2) (MRS Ry e SR B, Bz SHEERk L, Bal 210023)

(2021 4E 9 A 21 HIEF); 2021 4F 10 A 9 H BRI

TEAR LY B AN 75 SRR 2 A2 BB T T, R R R AR 9 mK ZAIRIRDE 2 OC 20/ AR il v HILZ
PSR BRATAR AR I 1) 1 ¥ 3 e, MR T I A *He 5 [ 6 3R SHe AR & 8 VR i VGt T 19 AH 20 B AR . AR
SEA A B TR BE R DR E SRR R AR HLIERE A GBI . TR T, &5 & 8 Z ()47 7 B Y S T #A BH
(BI Be A AR ), P 22 ALK Be 235 4 i JURE R it v e T AR, ) LUAT 20 b e ke IR e ) AL R e, F 8 A0 AR 3t
4B AL S WA 1A FASZ e, I LA S g S A0F ] e P BE A BB R 45 e B B A H S B N A L.

KGR FREH L, S AR, Hohdr
PACS: 02.10.Yn, 33.15.Vb, 98.52.Cf, 78.47.dc

1 3

TR Z R IR A58 T AR 7R BAE MR IR A5 1
AT, PR RE ARSI AR A v R A R R R
. TR LR T LLOESERRE T AR —Fhi
RS, RS BB I i e St TRl EE
1S, R TE S AR kR py R (W
TSI e TR & TR DI
WL LR | BRI . RCHFIIR R 5 BEEER.
TEMARIREE T, WA B AR Z Rk, f i
S A AT 3R RS, *He/'He TR G TE
— LM T & KA 4504, London!! MR 51X — L5
P T A ARSI B, 1965 4 Das S5 AR 4 X — PR
Wil T *He/*He #iBEHIVR AL, H AT BEHIRHL
FARATIA B K2 2 mK B P WS LDy
7N Ta] s ) ¥ B i 2l RV 1 SR i A B R
R BRIV AL, 4% I8 Tohilve 7 a] 4k 9B X A
SR 18RRI A SR Z R SR A TS
TR LRSS PR AL RS P,

il

* ER HRFHEIAS T RIE (HEMES: 11890703) B BN

t BfE1E# . E-mail: zhoujunzhou@njnu.edu.cn
©2021 HEHEFS Chinese Physical Society

DOI: 10.7498/aps.70.20211760

2 B A

i B VA HILAY T4E R 2 L 3He /“He V5 W HY
AHECR SRR, Qi 1 R, BT X = ng/(ng+ny)
J& He WUV B, ng B ny 43501 J2: %5 W 1 “He Fi1 ‘He
M FLor T8 UU—E LIRS 19 °He /*He A Z0d
R )5, *He JUAH S fL, FEREMLT 3.19 K /)
(1 atm, 1 atm = 1.01 x 10° Pa) *He thiiifk, ot
— B RRIRE 2.17 K 5 IUE RS WA, SiRER
Tl FIRE T, = 0.87 K i}, 3He/*He HYIR & 10K
WA, RN SHe WA S IFAE B2, T
FER X BRI He W AH S UTR 2. EHAFER
JE, IR BT 0 K B, AR PG X AT LI
I 100%, EFA A X HAR 0, 12 6.4%. H
P —F PR A DR DR S S He JEL T FIAR I *Helh) 25
A REE LAl *He WK ZE 5 REFAR. BRI HLAY
TAEUREERIZEPIAR X (BRI 1 B4R, X5
SE TAEIREE, FRA VR X, VRAHIIR N X,

T RERIAR LA O o R R 78I = | 2
PES R A L B R e At B BB DL TR A E AR

http://wulixb.iphy.ac.cn

230202-1


http://doi.org/10.7498/aps.70.20211760
mailto:zhoujunzhou@njnu.edu.cn
mailto:zhoujunzhou@njnu.edu.cn
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

¥ 1B ¥ Acta Phys. Sin.

Vol. 70, No. 23 (2021)

230202

2.5

! P X '

0.2 0.4 0.6 0.8 1.0
X

Kl 1 SHe-‘He ¥ WAHIZI, X 4 °He W Z
Fig. 1. Phase diagram of *He-‘He solution, where X is the

concentration of *He.
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Fig. 2. Schematic diagram of dilution refrigerator (direction

of arrows represent the flow direction of *He).
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Fig. 3. Ultra-low temperature dilution refrigerator system
and its key components: Continuous heat exchanger and
sintered Ag powder heat exchanger. (Image courtesy of In-
stitute for Quantum Science and Engineering, Southern

University of Science and Technology).
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Fig. 4. Interfacial thermal resistance between metal nano-
particles and liquid *He. The dot is the experimental value,
the dashed line is the calculated value of single metal
particles, and the solid line is the calculated value after con-
sidering the soft phonon mode in the sintered particles,
which is extracted from the Ref. [16].
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SPECIAL TOPIC—Nano engineering and thermophysics

Dilution refrigerator and its heat transfer problems”

Fu Bai-Shan !

Liao Yi V
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( Received 21 September 2021; revised manuscript received 9 October 2021 )

Abstract

In the research of cryogenic physics and quantum information science, it is essential to maintain a steady

low temperature of millikelvin regime continuously. Dilution refrigerator is a widely used refrigeration device to

achieve extremely low temperature. It utilizes the phase separation effect of superfluid ‘He and its isotope *He

mixed solution at ultra-low temperatures. The performance of heat exchanger is the key factor to determine the

performance of continuous cycle refrigerating machine. At extremely low temperatures, there appears a huge

interfacial thermal resistance between helium and metal (Kapitza resistance), and the problem of heat exchange

can be effectively solved by using the porous sintered metal particles to increase the contact area. Therefore, it

is of significance to study the heat exchange between metal particles and liquid helium at extremely low

temperature and to develop the relevant high-performance sintered Ag powder heat exchanger.

Keywords: dilution refrigerator, interfacial thermal resistance, heat exchanger
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