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Cryogenic experimental study on the phase separation performance of

screen channel liquid acquisition device
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Abstract: Gas-free liquid delivery experiments for liquid nitrogen were conducted to evaluate the
performance of the screen channel liquid acquisition devices. The phase separation capability of the screen
channel was investigated in detail under successful separation conditions and critical separation failure
conditions. The influences of the total channel flow resistance and liquid flow rate of the channel under
different screen specifications and the exposed length of the channel to gas phase were obtained, while the
critical breakthrough failure pressure and the maximum achievable flow rate were analyzed. Experimental
results indicated that the total pressure loss in the screen channel increased with the trend of 203 x 1 600
screen, 130 x 1 100 screen, and 325 x 2 300 screen. This trend of the channel flow resistance was similar to

the trend of the screen pressure drop. The bubble point pressure tested for the porous screen can be directly
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applied to the dynamic separation processes of the screen channel. Moreover, experimental results

indicated that there was a best choice of the screen specifications to balance between the flow resistance

and the breakthrough failure threshold. The influence of the gravity on the separation performance was

reflected on the caused static pressure loss and the gas coverage ration on the screen channel. The

cryogenic experimental results may provide a guidance for practical application of the screen channel

liquid acquisition devices.

Keywords: cryogenic propellants; screen channel liquid acquisition device;

phase separation performance; on-orbit liquid management; porous screen
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Fig. 1 Schematic diagram of the visualization system of

vapor-free liquid delivery
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Fig. 2 Photograph of the visualized liquid delivery apparatus
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Fig. 3 Photograph of the screen channel section and the

cryogenic visualization
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Fig. 4 Photograph under the liquid acquisition condition and

the separation failure condition
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Fig. 5 Schematic diagram and SEM image of the

metal wire screens
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Table 1 Geometrical parameters of the screen samples

o 5 A
W H
130x 1100  203x 1600  325x2300
L4 HA%/um 71.0 50.0 32.6
£h4k A% /um 50.0 32.0 25.0
WAL/ um 31.3 20.3 12.9
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Table 2 Physical properties of liquid nitrogen at 100 kPa

TR WEK  p/(kgm®)  u/(mPas)  o/(mN/m)
WA 77 806.59 0.161 8.90
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as a function of mass flow rate evaluated for

various screen samples
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Fig. 8 Comparison between the measured bubble point pressure
in the vapor-free liquid delivery experiments and the predicted

value based on Ref. [11]
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Fig. 10 Total pressure loss of the screen channel and the ratio of

the hydrostatic pressure loss at the critical separation failure point

evaluated for various screen samples and exposed length
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