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Abstract

Experiments are performed to investigate subcooled flow boiling 

of DI water and FC-72 in parallel microchannels and try to rise theof DI water and FC-72 in parallel microchannels, and try to rise the 

critical heat flux (CHF) and heat transfer coefficient to enhance the 

cooling efficiency Three major methods were used in this studycooling efficiency. Three major methods were used in this study 

below:

1. To add the cavity angle of     = 60°, 90°, and 120° on the microchannel   

side walls.
θ

side walls.

2. To coat 2 µm diamond film in the Cu heated surface.

3. To add 1 vol. % Multi-walled Carbon Nanotube (MCNT) into the3. To add 1 vol. % Multi walled Carbon Nanotube (MCNT) into the  

working medium (de-ionized water).
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Test Section

Schematic of (a) microchannel surface structure (b) cartridge heater
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Schematic of (a) microchannel surface structure (b) cartridge heater
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Flow Loop

Test flow loop
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Experimental Results 

The cavity angle influence on and ONB"q
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The cavity angle influence on         and ONB
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Experimental Results (continued)

Effect of subcooling on CHF for Water and FC 72
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Effect of subcooling on CHF for Water and FC-72 
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Experimental Results (continued)

Effect of mass flux and subcooling on ONB for different test fluids
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Effect of mass flux and subcooling on ONB for different test fluids
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Experimental Results (continued)

(a) (b)

The boiling curves and average two-phase heat transfer coefficient of
(a) DI water with / without 1 vol. % MCNT (b) FC-72
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Experimental Results (continued)

The contact angle (     ) of different heated surface and working mediumcθ
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Experimental Results (continued)

 t t + 10 ms t + 20 ms t + 30 ms t + 40 ms t + 50 ms 

R = 21.3 μm R = 17.5 μm R = 25 μm R = 28.7 μm R = 32.4 μm 

 
t + 60 ms t + 70 ms t + 80 ms t + 90 ms t + 100 ms t+105 ms 

 

R = 36.1 μm R = 39.8 μm R = 51 μm R = 43.6 μm R = 47.3 μm 

A cycle of bubbles growing near the outlet at       = 105 W/cm2"
effq
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Experimental Results (continued)

Unit: mm

Flow patterns visualization from inlet to outlet at heat flux        = 90 W/cm2,  406 
W/cm2, 500 W/cm2 and 614 W/cm2 of DI water + 1 vol. % MCNT in the cavities 
(    =90°) channel

"
effq

θ
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Experimental Results (continued)

Pressure drop fluctuations of DI water + 1 vol. % MCNT with / without flow reversal
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Experimental Results (continued)

The boiling curve and corresponding flow patterns of DI water + 1 vol % MCNT
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The boiling curve and corresponding flow patterns of DI water + 1 vol. % MCNT
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Experimental Results (continued)
(a) (b)(a) (b)

(c)(c)

(a) bubble departure frequency and (b) the corresponding bubble departure diameter 
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(c) fdb = C0 at an active nucleation site near the outlet
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Experimental Results (continued)

The enhancement performance ratio with different experimental conditions
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Experimental Results (continued)

The comparison with present study and existing data in CHF and enhancement ratio
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1. The effects of test fluids, heating / wall surface conditions, degree of   
subcooling, and mass velocity on ONB,      ,       and          were clearly noted.''

effqtph ''
CHFqg y y

2. DI water with 1 vol. % MCNT particle additive in a Cu + 2 μm diamond film   
coating heating surface microchannel with internally structured surfaces had acoating heating surface microchannel with internally structured surfaces had a 
superior thermal performance. It was found that the heat transfer enhancement 
ratio could be as high as 1.9 for a definite cavity angle.

3. An optimal cavity angle (   ) of 90° with an enhancement performance ratio of 
1.4 was found, as far as both heat transfer and pressure drop were concerned.

θ

4. Following remark 1 and 2, a much higher heat flux was found at 614 W/cm2. 

5 Th l / bi d ff t f t t d/thi fil ti f d5. The complex/combined effect of structured/thin film coating surface and 
nanofluids working medium on heat transfer enhancement in a flow boiling 
microchannel was found to be significant. 
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