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Motivation

Est. low-temperature refrigerators

Cooling capacity @ 40 K / 80 K (W)
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Technology gap to reach cryogenic

temperatures at medium cooling capacities
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Cryogenic mixed refrigerant cycles

Physical property measurements are scarce
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Cryogenic Phase Equilibria Test Stand ﬂ(".
CryoPHAEQTS
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Cryogenic Phase Equilibria Test Stand ﬂ(".

CryoPHAEQTS

0-15 MPa

High vacuum ?

Sampling DXDXD%

>

Karlsruhe Institute of Technology

fffffffffff Pressure measurement

0-7 MPa 0-1 MPa

17

[
\
[
[

‘ I
[
[

Pulse tube I —
cryocooler }
!
[
[
\
\
[
|
\
[
[
|

@T Vacuum
[1.Stage 70K i

= )

[ %

I Equilibrium I

ell

2. Stage 10K —— I
§ A

Gas circulator

=
A

4 18 November 2022

B

Q—@

Filling

1 ]
0% I
&
)| Gy N
& g =
o
) = | §
Attt LA,
a— 1]/
=/

s

Circulation

Institute for Technical Thermodynamics and Refrigeration

Refrigeration and Cryogenics



5

Measurement uncertainties w.r.t. GUM [2] AT
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Temperature sensors  Pressure sensor capillary
Gas chromatography
Uaps(T) < 20 mK Urel(p) < 0.1% (above 1 bar) * T-range: -30°C to 300°C
* Molecular sieve column
& GS Gaspro column
18-point gravimetric
calibration

r

Sampling " i

capillaries
Ure1(Z;) < 1%
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Results for vapor pressure of pure neon
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Temperature / K
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80 ® Measurements from 25 K to 44 K [15]
® u(T) =13 mK..19 mK
® u(p) = 1 mbar...8 mbar

® Reference Eo0S: Thol et al. [3]
accessed through REFPROP 10.0 [4]

60
40

® Good agreement close to triple point
and critical point

® Lower curvature than reference EoS
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Absolute deviation to reference EoS / mbar
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Validation results of argon-nitrogen VLE T
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T=100.0K
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Thermodynamic consistency

® ‘Experimental’ activity coefficents
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® Check for thermodynamic consistency
® Redlich-Kister test [12]: fall

® Fredenslund test [13]:
® Van Ness test [14]: fail
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Comparison with literature and reference EoS

Narinskii (1966)
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Conclusion & Outlook ﬂ(".

® Successful validation of
CryoPHAEQTS with the Ar-N,-VLE

® Remaining inaccuracies due to GC-
analysis requiring daily calibration

@ Currently measuring He-Ne-VLE

@ Test stand upgrade with a gas phase
C,-Sensor
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Outlook: Gas phase c, sensor ﬂ(".

Combination of cryogenic thermal mass flow sensor and Coriolis flow meter at ambient temperature

_ Quw
Cp = —
MCorATth

Design based on

WEKASENSE®

Bronkhorst'
@ =
Source: Bronkhorst

uaim(cp) < 1%

® First results unsatisfying due to axial heat conduction
® Re-design with additional piping length
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Please ask your questions!
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