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Abstract The heat transfer characteristics of the spray cooling with ammonia are experimentally investigated on a
smooth surface and two porous surfaces with different sintered grain sizes. It is found that porous surfaces
significantly enhance the heat transfer as a result of wicking action of porous structure and potential active nucleation
sites. In nucleate boiling region, with the decrease of sintered grain size, heat transfer of porous surfaces performs
better; the maximum heat transfer coefficients of 100612 W/(m?+K) and 96464 W/(m*+K) are achieved with the
heat flux of 367 W/cm?® at the flow rate of 0.0133 m*®/(m* « s) for the porous surfaces with sintered grain sizes of
28 pm and 49 pm. When the flow rate increases from 0.0133 m*/(m’+s) to 0.0181 m’/(m’+s), the appearance of critical
heat flux (CHF) density is delayed and the heat transfer coefficient is increased by 47% to reach 147503 W/(m?*+K) at the
heat flux of 367 W/cm?.
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1: liquid ammonia; 2: QF-11 valve;

3: throttle valve; 4: pressure gauge;

5: gas-liquid seperator;

6: processing system;

7: subcooler; 8: needle valve;

9: mass flow-meter; 10: filter;

11: thermocouple;

12: pressure sensor;

13: data acquisition;

14: visual spray chamber;

15: nozzle; 16: back pressure valve;
Foa— 17: analogue heat source;

18: ammeter; 19: voltmeter;

.—Do— 20: voltage regulator
1
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Fig. 1 Experimental setup of spray cooling system
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Table 1 Parameters of different surface structures

Material Size d /pm Thickness ¢ /pm Total superficial area S /cm® Area ratio S/ S,
Smooth Copper 3.0 1.0
Porous 1 Copper 28 255 26.1 8.7
Porous 2 Copper 49 358 41.0 13.7
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Fig. 3 Heat flux as a function of surface over-heat

for different surfaces
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