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of Dilute Emulsion in Micro-Channel
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Abstract: The flow boiling heat transfer and pressure drop characteristics in a micro-channel heat
sink were studied through experimental tests at three hydraulic diameters, on two different fluids
(pure deionized water and 1% FC-72/water emulsion) , at three mass flow rates and a range of ef-
fective wall heat flux. The normalized flow and heat transfer performance factors of the micro-
channel heat sink with different fluids were obtained under various conditions. The flow patterns
on the heated wall of the micro-channel under typical flow boiling conditions were visualized. The
results show that the introduction of FC-72/water emulsion dispersive phase into the micro-chan-
nel makes the bubbles more easily escape from the wall due to the disturbance of dispersive phase
boiling, which makes nuclear boiling occur in advance and enhances heat transfer on the heated
wall. However, the heat transfer enhancement on the targeted wall decreased as wall temperature
increases. For micro-channels with 217 pm and 433 pm in heights, compared with the cases of
pure deionized water, the heat transfer coefficient increased by 63. 8% and 103.5% respectively if

1% FC-72/water emulsion was adopted. But the pressure drop in the micro-channel increased
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slightly. As the wall temperature increased, the pressure drop in the micro-channel decreased at

first and then increased, while the normalized flow-heat transfer factor increased at first and then

decreased. If the continuous phase of FC-72/water emulsion achieves the nuclear boiling, the nor-

malized flow and heat transfer performance factor would reach the maximum value. In this study,

the measured maximum values of the normalized flow-heat transfer factor equal to 1. 41 and 1. 91

for the 217 pm and 433 pm micro-channel, respectively.

Keywords: micro-channel; heat transfer; flow boiling; dilute emulsion; flow visualization
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Fig. 1 Schematic diagram of the experimental system for

microchannel flow boiling heat transfer
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Fig. 2 Test section structure diagram
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Fig. 3 Microscope image and particle size distribution of

the emulsion
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Table 1 Measurement accuracy

A% )14
K 7 $h e +0.2%
e mmt +5%
JE & 1 s +0.14%
FLIAC H P 2 o 2% +0.1%
H, R +2%
P, U T +3%
Rt +5 ym

A2 RBAK R AL

Table 2 Experimental uncertainty

S8 AT 2 B
o +3.605%
i3 K 7 +0.24%
e R AL +3.639%~+11.744%
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Fig. 11 The comparison of HTC curves between deionized water and FC-72/water emulsion in micro-channels with different

hydraulic diameters and varying mass flow rate
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Fig. 13 Flow pattern transition for FC-72/water emulsion in 217 pm micro-channel at different wall temperatures at

G=300 kg/(m* * s)
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