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Heat Transfer Characteristics of Spray Cooling Up to Critical Heat Flux on
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Abstract Spray cooling is a technology of increasing interest for electronic cooling and other high heat flux applications.
In this study, heat transfer coefficients (HTCs) and critical heat fluxes (CHFs) are measured on a smooth square flat copper
heater of 9.53%x9.53 mm at 36°C in a pool, a smooth flat surface and Thermoexcel-E surfaces are used to see the change
in HTCs and CHFs according to the surface characteristics and FC-72 is used as the working fluid. FC-72 fluid has a significant
influence on heat transfer characteristics of the spray over the cooling surface. HTCs are taken from 10 kW/m’ to critical
heat flux for all surfaces. Test results with Thermoexcel-E showed that CHFs of all enhanced surface is greatly improved.
It can be said that surface form affects heat transfer coefficient and critical heat flux.
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Fig. 1 Schematic of spray cooling test facility.
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Fig. 2 Spray cone angle of various fluid flow density.
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Table 1 Specification of surfaces

Surface Plain Thermoexcel-E
Thickness(mm) 4 4
Fins/in - 49
Fin height(mm) - 0.49
Gap(or pore) size(mm) - 0.121

Fig. 3 Side and top views of Thermoexcel-E surface.
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Fig. 4 Flat heater specifications.
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Fig. 6 Spray cooling data up to CHF for various
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Table 2 Comparison of CHF(kW/m2) of tested refrigerant on Thermoexcel-E surface against plain surface

Tsub = 2.5C Tsub = 10.0C
3D ) Plainz Thermoexgel—E Diff. Plain2 Thermoexgel-E Diff.
(m'/m’s) (kW/m") (kW/m") (%) (kW/m") (kW/m") (%)
0.0137 570 1,050 84 600 1,090 82
0.0167 610 1,200 97 670 1,250 87
0.0183 670 1,310 96 730 1,360 86
0.0212 720 1,470 104 770 1,580 105
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Fig. 10 Spray cooling data up to HTCs for various Fig. 12 Spray cooling data up to HTCs for various
flow velocities on a plain surface. flow velocities on a Thermoexcel-E surface.
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