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Study on flowing characteristics of cryogenic helium control
valve based on CFD method

Zhang Yanzhao' Sun Daming'? Cong Li’ Shen Qie'

(Institute of Refrigeration and Cryogenic, Zhejiang University, Hangzhou 310027, China)
( Shanxi-Zheda Institute of Advanced Materials and Chemical Engineering, Taiyuan 030001, China)
(Jiangsu Cryote Cryogenic Technology Co. , Ltd., Changzhou 213000, China)

Abstract ; Numerical simulation techniques were used to simulate flow parameters ( velocity,
pressure, temperature) in the valve under operating conditions in the 20 K temperature region.
The flow line and vortex distribution were obtained for different openings and differential pres-
sures, and laws of large gradient changes of physical parameters in the valve were determined.
The pressure, velocity, Mach number, and temperature variation characteristics in the transition
from subsonic to supersonic speed for the tiny gap between the spool and the valve seat were also
studied. The results show that the helium gas reaches a critical state at a pressure ratio of 0.495,
which is only 4. 2% different from the critical pressure ratio calculated based on the ideal gas
throttling expansion theory. This research provides a reference for understanding the change of the
nature and flow pattern of the cryogenic fluid in the regulating valve and predicting the conditions

of chocked flow occurrence.
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Fig.4 Total streamline and symmetrical streamline at 10 % opening
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Fig.5 Pressure,velocity,and temperature distribution at 100 % opening
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Fig. 6 Pressure,velocity,,and temperature distribution at 50 % opening
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Fig.7 Pressure,velocity,and temperature distribution at 10 % opening
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Fig.11 Mach number distribution under different pressure ratios at gap exit
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Experiment research on low temperature thermal conductivity of solid
ethylene glycol-water based on steady state method
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Abstract: Ethylene glycol (EG) solution is a common antifreeze coolant for vaporizers,
yet the thermal conductivity data of its frozen solid phase have not been reported. To obtain
the solid thermal conductivity of EG-water, a testing device based on the one-dimensional
cylindrical steady-state heat conduction assumption was developed. The thermal conductivity
of solidified EG-water solutions with concentrations ranging from 10 % to 99 % was
experimentally investigated within the temperature range of 81~164 K, and the fitting
correlations were given. The results show that the thermal conductivity decreases first and

then increases with the increase of glycol concentration. The thermal conductivity drops
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rapidly within the range of 10 % to 40 % of the concentration, and significantly rebounds

when the concentration exceeds 80 %. At low concentrations (10 % ~ 30 %) and high

concentrations (90 % ~ 99 %), the thermal conductivity is negatively correlated with

temperature, while at medium concentrations (40 % ~ 80 %), it is positively correlated. The

experiment found that the leakage heat of the device and the radial difference of ice layer

freezing rate may affect the uniformity of thermal conductivity distribution. The research

provides data support for the low temperature thermal conductivity characteristics of EG-

water solids and engineering design.

Key words: Low temperature thermal conductivity; EG-water solids; Steady state

method; Thermophysical properties
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Table 3 Summary of fitting equations

R % REEE K ASEEE W/(mK) AEAK R
10 95~164 2.25~4.93 k =550.05. 19 0.79
20 85~132 1.59~2.29 k =2.033(t — 85.12)~0-061 0.77
30 85~133 1.18~1.40 k=2.78-0.0236-1+8.78 X 1075 . {2 0.89
40 90~150 0.87~1.06 k =0.62+0.00275 - ¢ 0.61
50 92~149 0.76~0.92 k = 0.66+0.00142 - ¢ 0.32
60 89~145 0.35~0.44 k =0.2340.00149 - ¢ 0.54
70 93~150 0.27~0.43 k =0.201+0.0013-¢ 0.28
80 96~163 0.22~0.51 k = —0.154+0.0039 - ¢ 0.72
90 81~132 0.81~1.17 k = 1.629 — 0.00671 - t 0.69
99 82~135 0.65~0.97 k=841-0.196-1+0.00169-1> —4.87x 107°-£*  0.76
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