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Abstract: To develop high-performance space thermal management systems with boiling
phenomena, the heat transfer characteristics in nucleate pool boiling of binary mixtures on a
horizontal surface were investigated using three different mixtures 1-Propanol/Water,
2-Propanol/Water and Water/Ethylene glycol at the saturated state under atmospheric
pressure. For 1-Propanol/Water and 2-Propanol/Water, increase in the heat transfer
coefficients was confirmed while the critical heat flux values are decreased at very low
concentration of alcohol. The existence of Marangoni effect on the observed heat transfer
enhancement was emphasized. A definition of Marangoni number was proposed to take
account of the Marangoni effect by using the concentration difference between vapor-liquid

interface underneath bubble and bulk liquid.
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Fig.1 Phase equilibrium diagrams at atmospheric pressure
(a) 1-Propanol/Water, (b) 2-Propanol/Water, (c) Water/Ethylene-glycol
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Table 1 Tested bulk concentration of alcohol mixture
Test fluid

1-Propanol/Water

Alcohol concentration
Owt%-90wt%
Owt%-89wt%
0wt%-90wt%

2-Propanol/Water

Water/Ethylene-glycol
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Fig.4 Effect of alcohol concentration on heat transfer coefficients (1-Propanol/Water mixture: (a-1) Owt%-15wt%,
(a-2) Owt%-100wt%, 2-Propanol/Water mixture: (b-1) Owt%-15wt%, (b-2) Owt%-100wt%, Water/Ethylene glycol
mix%;re: (c-1) OWt%-15wt%, (c-2) Owt%-l(l)o()wt%)
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Fig.5 Effect of alcohol concentration on critical heat fluxes (1-Propanol/Water mixture: (a-1) Owt%-15wt%, (a-2)
0wt%-100wt%, 2-Propanol/Water mixture: (b-1) 0wt%-15wt%, (b-2) 0wt%-100wt%, Water/Ethylene glycol mixture:
(c-1) OwWt%-15wt%, (c-2) Owt%-100wt%)
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