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e Evaporation refrigerators are cryogenic equipment that can reach temperatures down
to 1K and are used in nuclear physics experiments.
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Predict the cooling power of the UNH cryogenic refrigerator.

ldentify opportunities for improvements in the design.

Simulate the whole bulk flow of Helium in the UNH refrigerator.

Validate COMSOL Multiphysics as a design tool for this type of equipment.
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.,°:o et * How does the fridge work??
Answer: Evaporation Cooling Technique
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Main free path Helium
d
Mean Free Path Caleulator —_—
S~—— Iy
e —
radius of molecule, r = 130  pm (It is assumed that all particles are spherical Ill) %
diameter of molecule, d =Y 0,260 nm
Temperature, T = 42 K ey v
Pressure, P = 0,03 Kpa
mean free path, » =| 6,44E-06 m 6437,39 nm
_ Continuous flow Knudsen flow Molecular flow
— kgT l Kn < 0.01 0.01 <Kn< 0.5 Kn > 0.5
\/iﬂ'dzp ’ Kn = — Low vacuum Medium vacuum High/Ultra-high vacuum

For 6 [mm] channel Kn =0,001073

Continuous Flow
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Viscous Flow Modeling
a viscous flow can
0.01647 x2.21 x0.0762
be characterized with the Reynolds number Re = ”"”L“" Re = =24,542 > 2000 (3)

-7
To evaluate the flow regime in the refrigerator the charduenslu 1.45x 10

length d used is the nose diameter 0.0762 m. The properties of

4He gas are evaluated at experimental conditions of 1.1 K and As the value of 2000 corresponds to the upper limit to lami-

286 mTorr. The value for the density pye is 0.01647 kg/m® and nar flow regime, this result shows that a turbulent flow is devel-
for the molecular viscosity gy, is 1.45 % 107 Pa - 5. The ve- oped in the nose of the refrigerator. Therefore, to simulate this
locity Vy. can be calculated with the measured mass flow rate flow the turbulence phenomena must be considered.
My,
Mige
— V" = ( 1 )
¢ PHeA

The 4-He gas is considered as a ideal gas
1.67 x 107

Vi : = =90 1m)s 2) and an isotropic Newtonian fluid.
0.01647 x =052 Turbulence effects are considered in the
And calculating the Reynolds number: modeling.
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* Domain, Meshing
Target Stick
B Target Stick
|| Baffles
__I Baffles
Shpaniliot * A 2D Computer-Aided Design (CAD)
:|__ Separator model was build in COMSOL based in the
geometry and measures of the
evaporation refrigerator

Heat Exchangers
Heat Exchangers

The meshing is done in the COMSOL
i interface. Three meshes are tested.

|
e

Fluid Domain

Fluid Domain

W8 COMSOL -

Liquid Helium bath

—— Liquid Helium bath
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Wall (Outer Shell)  Radiation Heat Flux
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* Boundary Conditions
I ¢ Pressure : P
|:g Eerc?psratuhre tTﬂ6 Boundary Element Variable Value [unit]
sl — Temperature: 7, Inlet Mass Flow: 71 1.67E-04 [kg/s]
IE . Outlet Static Pressure: P 0 [Pa]
> Temperature : T,
5 | Inlet Temperature: T 1.11 [K]
E | Temperature : T, Wall (Separator) Temperature : 77 3.32 [K]
& I Temperature : T, Wall (Separator) Temperature :773 4.16 [K]
| Wall (Baflle) Temperature : T4 3.39 [K]
|%ﬂ Wall (Balfile) Temperature : 7’5 82.05 [K]
I Wall (Inner Shell) Temperature : T 103.60 [K]
5 Wall No slip S
| Wall Adiabatic
I
|
|

J: Temperature : T,
|i- Mass Flow : m Table 1: Boundary conditions.

Geometry and boundary conditions for the cryogenic refrigerator.
(T,,with n = 1, ..6 corresponds to temperature node boundary condition)

W8 COMSOL
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compressible turbulent flow solver coupled with heat transfer
* Solver Setup ” i
Initial values 1
uvw=0 Constont helium density @ 1.1 [K]
p = 37.85 [Pa] Solver 1: Time-Dependent |Constant helium properties @ 4.2[K]
k = spf. Kinit
om = spf.ominit
T=a.2(K) Time range: 0[s}- 30[s]
| Time step: 0.01(s]
Initial values 2
uv,w=ulviwl Ideal gas density
p=p1 Solver 2: Time-Dependent |yariable helium properties
k=Kl
om = oml
T=T1 | Time ronge: O[s}- 30[s)
| Time step: 0.01fs]
Initial values 3
wv,w e u2 vl w2 Ideal gos density
p=p2 Solver 3: Time-Dependent |Variable helium properties
k=k2
om = om2 |
T=T2 ;ﬁme range 1: 0fs]- 600(s]
Time step 1: 1]s]
Time range 2: 600(s]- 3600{s]
| Time step 2: 5[s]
Initial values 4
uv,w=u3v3w3 Ideal gas density
p=p3 Solver &: Time-Dependent |Variable helium properties
k= k3
om = om3
T=13 Time range 1: 0fs]- 3600s]

| Time step 1: 1[s]
Time range 2: 3600(s]- 3600°12(s]
{Time step 2: 10[s]

W8 COMSOL [ Ststonarysotuion ]
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* We successfully develop a CFD simulation using COMSOL® Multiphysics for an 4-He evaporation refrigerator
which predicts a cooling power of 2.68W for the superfluid helium bath at 1.11K. The difference between
predicted and empirical cooling power was less than 7.5%.

 The parameters extracted from the UNH experiments allowed us to perform a characterization of the main

4He flow.

* From this point, extensive studies can be done to optimize this individual components of the refrigerator. This
will improve the cooling capacity of the refrigerator.
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Thank You!
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1
l,, = f pu - TdA,
pmAch A
QL‘UW - Ah(Tw - Tm) QT = f (puE - va) - HdAf
A,
L‘r pu - dA,
Uy =




