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Subcooling of cryogenic liquid by diffusion—driven evaporation
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Namkyung Cho', Sangkwon Jeong”

Abstract: This paper relates to reducing the
temperature of a cryogenic liquid by contacting it
with gas bubbles, which can be characterized by
diffusion-driven  evaporative cooling. The
characteristic of diffusion-driven evaporative cooling
is thoroughly examined by theoretical, analytical and
experimental methods specifically for the case of
helium injection into liquid oxygen. The results
reveal that if the gaseous oxygen partial pressure in
helium bubbles is lower than the liquid oxygen
vapor pressure, cooling occurs autonomously due to
diffusion mass transfer. The method of lowering the
injected helium temperature turns out to be very
effective for cooling purpose.

Key Words: cryogenic liquid, evaporative cooling,
diffusion, evaporation, partial pressure, vapor pressure.
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Fig. 1. Schematic diagram of diffusion driven

evaporative cooling system.
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Fig. 2. Schematic diagram of principle on diffusion

driven evaporation.
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Table 1. Sensitivities of main parameters.
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of (D,) |of (k)| of (hy)

Ref.

Parameter
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0.92 | - 0.3 0.01
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Fig. 12. Comparison between 288 K helium
injection and 90 K helium injection.
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Fig. 13. Temperature profile of LOX with
varying helium injection flow rates (atmospheric
condition).
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Fig. 14. Cooling characteristics with varying
injected helium temperature (atmospheric condition).
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Fig. 17. Comparison of sub-cooled and pressurized
conditions with helium temperature variation.
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