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Introduction Theoretical Analysis and Numerical Modeling

Superconducting quantum computing demand: » According to the conservation of energy, the coupled heat » According to the enthalpy balance in the mixing chamber, the
» Ultra-low temperature: 10~100 mK > Low vibration » Low electromagnetic interference I;Oa transfer governing equation of the heat exchangers below 1K cooling capacity of the DR is: i
% Dilution refrigerator (DR) has become an indispensable technology = ”_di” Concentrated be summarized as: - QO =n(H,(x,T )-H,(T))) ch*+TH Chamber
to provide cryogenic environment for the quantum chips. )| :, "y o “/ phase P (dTij |y12807 | | (T -T4) = AC, dT] 1
“ Two types of heat exchangers (HEXSs) plays crucial role in the DR, = ) O =Y i f\*\ Inner tube wall dx\ dx * dx N B b E;tlzza;: 11 -
including the continous heat exchanger (CHEX) and the discrete o . E(rgll;aélgr N \v/ 1 Outer tube wall axial heat viscous lateral interfuce e TR /T R ST g ¢ Tin
heat exchanger (DHEX). - = | Dilute phase conduction heating heat transfer B O ot LI S ot fluid
*+ The flow and heat transfer characteristics is related to working ] — NI S o Contﬁzcﬁng — The coefficients of the equation for the concentrated and dilute } T, 4L, . T_ -
conditions and dimensional parameters of heat exchangers - | Heat | » g sinered g~ phase 1n both heat exchangers are given in the table below. ~x, . |
» Numerical model of two types of heat exchangers are established. E S e?ﬁ‘i?é’ii‘f = I ' 7Sheu CHEX > The numerical model is established to calculate the thermal
> Effects of dimensions, Kapitza resistance and viscous heating are investigated.mei‘ | -y _ cOnceme 21 / . c-phase performance based on the finite volume method. .
> Both heat exchangers are optimized. e F 1 prase || S wd: | w(D; DY), [¢ LS j . [(DA_ A )k » The heat exchangers are regarded as a one-dimensional model,
Chamber AR 4 " 4 -4 S Y and divided into N segments along the length.

p. D, v Y e 7 Vs » The boundary working conditions are given by:
Physical Models — ADS‘ . -
Two types of heat exchangers in the DR below 1 K E o e e Lo =1,=0.7K d1 ~ “me I, =1 n =200 ymol/s

Z 4R, . 4R, , AR, 4R, BRI = in
/ Dilute phase \ / } — Concentrated phase \
& Dilute phase P
= AN I Discussion and Optimization Conclusions
P— |
\‘:,_L} i |a, |, d, t —— Dilutc phase " Y SN s ————— S S 1 V57 (Y 1T optimal dimensions, taking the CHEX and DHEXSs as a € The numerical model of heat exchangers in
:;__> Stainless steel shelds 2 g e [ v&lflhole, lt)hT effects of Kapitza resistance and viscous heating are Fhe ii.IUtiOI}t refri%erator ES established to
—— Cu-Ni plate 5o 52 g oo {1505 5 oo 2% shown below. investigate its cooling performance.
-5 e Conconru \ g;m_ 12§ gmi = _1002 %)-04 — _zgé » When the concentrated side is cooled below 0.1 K, the Kapitza @ The optimal dimensions of the continuous
Dﬂut!phase Concentrated phase Sintered-Ag block - ) al . E - oosh 15, = 5 0.02 \\‘\Iip QME thermal resistapce becomes extremely large. heat exchanger should achieve a trade-off
k / k (with a porosity of 40-50%)  d-phase / | | N N e == » Therefore, the impendence of HEXs should be confined below between  cooling  performance  and
(1) Outlook and internal design of a CHEX (2) Outlook and inner components of DHEXSs b o e oot he ot e . (my " onerdiameter of e diute e Dy (my 2% I(E‘Lm‘ ‘o avoidd the degradation of heat transfer characteristics irreversible loss.
> The concentrated phase flows into the inner > Each DHEX consists of a thin CuNi plate, two - TT 17T T 1 e T T T T Ciu:x, | },]pre.ssz rxe | P | o @ For the discrete heat exchanger, the heat
tube while the dilute phase flows into the sintered Ag blocks and stainless steel shelds. %20 %m s E§ § | é” i z | | . transfer and flow characteristics are
annular space. » The concentrated phase flows in the upper . = E ol 2" L 5 strongly influenced by the Kapitza thermal
» The spiral inner tube is used to increase the channel while the dilute phase in the lager : ‘| L ol °‘ E: _ e resistance and impedance below 1 K.
heat exchange area and suppress heat transfer channel which 1s 4 times the cross-sectional £° I | g “’“ e : € With the optimized heat exchangers, the
deterioration due to evaporation. area of the upper one. bo s 0s 12 e 20 24 2% a2 B0 o, B B B BE B - I oz cooling capacity ot the dilution refrigerator
» The material of both inner and outer tube 1s » The Ag block can increase the heat transfer arca e poner dimeter of he concentrated he d (mm) frner diameter ofthe diluite tube Do (mm) e S P 0 can be im}gmved by 30.% n this Study. o
CuNi in order to reduce axial heat transfer and by several orders of magnitude to compensate Relationship between thermal and flow parameters and dimensions in the CHEX @ ~ ~ .~ =~ =~ ® o T accommodate more qubits for the booming
enhance radial heat conduction simultaneously. for Kapitza resistance below 100mK. » The optimal dimensions: L=2.6m d;=0.6mm D ;=4mm. The effects of Kapitza resistance and viscous heating superconducting quantum computers.
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