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Heat Transfer Enhancement for Laminar Natural Convection due
to Micro-bubble Injection
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A micro-bubble injection is one of the most promising techniques of enhancing the heat transfer
for laminar natural convections of liquid. However, flow and heat transfer structures for laminar
natural convections of water with micro-bubbles have not yet been fully understood. The purpose
of this study is to clarify the effects of the micro-bubble injection on the laminar natural convection
of water along a vertical heated plate using thermocouples and a Particle Tracking Velocimetry
(PTV) technique. The experimental results show that the heat transfer coefficients with micro-
bubble injection are higher compared with those without micro-bubble injection as the bubble flow
rate increases or the wall heat flux decreases. It is concluded from the velocity measurements that
the heat transfer enhancement for the laminar natural convection results from the significant
increases in the liquid mean rise velocities and the liquid RMS velocities due to micro-bubble
injection.
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Fig.1 Schematic diagram of the apparatus tor
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Fig.3 Temperature control of the micro-bubble gener-
ator
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Table 1 Experimental conditions

Ambient liquid temp.  20.0x0.1 °C
Bubble flow rate 0 = 34,45, 57 mm’/s
Wall heat flux gw= 533, 947, 1480 W/m?

Measurement position  x = 70, 170 mm

Reference junction

Data acquisition unit

Fig.4 Schematic diagram of the temperature measure-
ment system
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Fig._ 5 Schematic diagram of the velocity measurement
system
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Fig. 10 Profile of liquid mean velocities
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Fig. 11 Profile of liquid rms velocities
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