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Abstract: To reveal the underlying mechanism by which pressurant gas temperature affects the
cryogenic outflow performance of device-level screen channel liquid acquisition devices (SCLADs), a
cryogenic fluid visualization experimental system was built using a transparent glass vacuum Dewar.
With liquid nitrogen as the working fluid, anti-gravity outflow experiments under cold and ambient-
temperature nitrogen pressurization were conducted on SCLLAD prototypes equipped with two
types of Dutch twill weave screens (DTW200X 1 400 and DTW325X 2 300). The results show
that under both cold and ambient temperature nitrogen pressurization, the SCLLAD can overcome gravity

constraints to achieve stable single-phase liquid acquisition in a two-phase environment where the
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screen is partially exposed to the gas phase. Under ambient-temperature nitrogen pressurization,
intense heat exchange causes continuous evaporation-wicking-rewetting cycles on the exposed
screen surface, significantly reducing phase separation stability and greatly increasing the failure
liquid level. The failure height under cold nitrogen conditions is dominated by breakthrough
pressure drop and increases with rising pressure. In contrast, ambient-temperature and low-pressure
conditions are dominated by thermal disturbance; the low flow rate prolongs the thermal
exposure time of the pressurant gas on the screen surface, leading to premature failure of the
device. At the same pressurization level, the liquid acquisition rate under ambient-temperature nitrogen
pressurization decreases by 45. 4% to 68. 6% compared to that under cold nitrogen due to interface
fluctuations and heat losses. As the screen weave density increases, the liquid acquisition rate decreases.
The phase separation capacity is enhanced under cold nitrogen pressurization, whereas it is weakened
under ambient temperature nitrogen pressurization due to the prolonged heat exchange time.

Keywords: liquid acquisition device; screen channel; pressurant gas temperature; outflow performance;

phase separation
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Fig. 1 Cryogenic fluid transmission and phase separation test system diagram
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Table 1 Structural information of the tested screens
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Fig. 3 Schematic diagram of the experimental Dewar system
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Fig. 4 Flow rate measurement schematic diagram
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Fig. 5 Separation failure schematic diagram
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