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Abstract

Pool boiling experiments were carried out to study the effect of electric field on nucleate boiling
heat transfer. CRC— 11 and its alternative HCFC— 123 were used as working fluids. Boiling on both
single tube and a bundle of five tubes was investigated. Heat flux varied from 5 to 25kW/m* while
the applied voltage changed from 0 to 15kV. The results showed that at low heat flux where boiling
was not present or very weak, electric field-induced forced convection helped increase the heat transfer
coefficients of CFC—11 and HCFC— 123 significantly(4— 15 times increase). However, at higher heat
flux, nucleate boiling of CFC—11 which is a highly dielectric fluid, was not affected significantly
by the application of electric field. In contrast to CFC—11, even at high heat flux, nucleate boiling
of CFC— 11 which has a relatively larger electric conductivity than CFC—11, was vigorously increased
up to 2—4 times. The additional power required to apply the electric field was 1—2% of the total
power consumption by the heater. The increase in overall heat transfer coefficient of evaporators
with HCFC— 123 was about 40%, suggesting a considerable reduction in evaporator size with EHD

technique.
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Table 1 Heat transfer enhancement with electric field in heat exchangers®
S Maximum Test Fluid Heat transfer surf. p
ource est Flui T
Enhancement( %) /Electrode Config. 00ess
Fernandez 2300 Transformer Oil Tube-wire Forced convection
Ohadi et al. 320 Air Tube-wire/rod Forced convection
Levy 140 Silicone Oil Tube-wire Forced convection
_ 9%6% (ww.) R113 . Natural
Yabe & Maki 10000 Plate-ring .
4% (ww.) Ethanol convection
P C 1300 90% (ww.) R114 Tube-wi b Pool boil
. - mes
opper 4% Cww) Oil ube-wire 00 ing
Uemura et al 1400 R113 Plate-wire mesh Film boiling
Diethyl ether, . .
Bologa et al. 2000 i Plate-plate Film condensation
R113, hexane
Vertical .
Sanada et al. 400 & 600 R-113 & R-123 Condensation
wall-plate
Ohadi et al. 480 R-123 Tube-wire Boiling
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Table 2 Relaxation time of electric charges for va-
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+ A F F .
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CFC—11 13
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Table 3 Comparison of bubble generation frequencies of CFC—11 and HCFC—123"
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Fig.9 Heat transfer coefficients of CFC—11 under
electric field(Single tube).
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under electric field(Single tube).
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Table 4 Increase in overall heat transfer coefficient of CFC—11 under electric field.
Heat Flux (W/m2® & Electric Voltage (kV)
10000 (W/m®) 15000 (W/m® 20000 (W/m*
OkV |5kV |[I0kV[15kV]{ 0KV [ 5kV |[10kV |15 kV| 0KV |5kV |10 kV |15 kV
h. 1348.63|1523.96|1372.46 |1531.94 | 1714.01|1896.57 | 1796.86 | 1798.02 | 1922.47 | 2121.32 | 2232.67 | 2170.77
U 637.30 | 673.94 | 642,58 | 675.50 | 708.70 | 738.07 | 72247 | 722.66 | 741.96 | 769.81 | 784.00 | 776.23
U/U, 1 1.06 1.01 1.06 1 104 1.02 1.02 1 1.04 106 105
Table 5 Increase in overall heat transfer coefficient of HCFC—123 under electricfield
Heat Flux (W/m® & Electric Voltage (kV)
15000 (W/m®) 20000 (W/m”) 25000 (W/m®)
0kV |5kVII0KkV|15KkV]| OKkV | 5kV {10 kV[15kV| 0 kV [ 5kV |10 kV[15 kV
h, 1711.09 | 2686.36 |5090.32 |6435.42 | 1907.91 | 3064.85 | 5197.87 | 6497.38 | 2076.79 | 3434.45 | 5016.64 |6505.33
U 70751 | 832.47 | 975.19 |101587| 739.0 | 865.60 | 979.07 |1016.96| 763.96 | 896.73 | 972.46 |1017.60
U/U, 1 118 198 144 1 117 132 138 1 117 1.27 133 |
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