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Introduction
The microfabrication and the nanotechnology are derived a integrated circuit development technology and extended to the field, such as bioengineering, biotechnology, aeronautical & space, small sized heater & heat exchanger, electronic engineering, microelectronic engineering, material process, etc. Also, it is possible to offer the new means about generally physical phenomenon testing and to measure thermal phenomenon that is very hard to measure a general method. Especially, as previously stated among application examples, the analysis of the phenomenon with heat transfer is showed a fresh and characteristic field in the research. For instance, heat transfer technology - that compact heat exchanger type  is consisted of channels from 0.1 (m to several hundreds (m ranges - is developed. The compact heat exchangers with using this microchanels are applied to the reactor inside about bioelectronic cells, selective membrane and transformation & separation of liquid / gas chromatography. The heat transfer and transport phenomenon of micron size are very differently predicted to comparing with the generally condition. And it absolutely needs to understand this phenomenon for being developed the continuously and newly evolvable technologies.
Experimental

Manufacturing of microchanel heat exchanger

 First of all, we made a microchannel heat exchanger. The size of metal piece was 30 mm ( 30 mm and thickness was 1 mm, and we manufactured a total 28 microchannels on a metal piece. The kind of metal was used to the general stainless steel (SUS 304) because we considered the corrosiveness of metals. The width of leaving parts between microchannels was 0.4 mm, so that the ratio of microchannel and leaving part was hold the same proportional value. The total metal pieces were made of 18 pieces and they were stacked that fluid ran down the cross-flow direction. Next, the cell was completely united with pieces. The diffusion bonding process formed the metal pieces that were vacuum-tight. The reactor was successfully operated at temperature near 450 ℃ and at pressure near 5 tons when the time required about 3 hrs. 
Test of microchannel heat exchanger. 

 The fluid was used to the distilled water, so then hot temperature was 80 ℃ and cold temperature was 10 ℃. The maximum flow rate set up a 8 l/min. We measured the degree of heat transfer and pressure drop within heat exchanger. And the overall heat transfer coefficient was calculated to being based on the testing result. The set of equations for this testing work is as follows :
Quantity of heat :
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Logarithmic mean temperature difference :
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Results & Discussions

 The difference temperature between input and output of each side was shown to the tendency of decrease when the flow rate is decreased. If the same quantity of heat would be transferred, the difference temperature is similar, but the testing result was shown to the larger difference temperature in cold side. So we estimated that the effect of heat transfer would be better than conventional devices. Also, when the flow rates were increased, the value of logarithmic mean difference temperature was gradually increased. When the maximum of the flow rate was 8 l/min, that value was 63.9 ℃. The viscosity is alike to much difference, for instance the pressure drop on cold side which compared with that on hot side was relatively shown to the small difference and the low value. We estimated the difference of effect coefficient from the mean Reynolds number. The testing result was shown to highly heat transfer. The fact is estimated that the dimension of flow channel and the thickness of wall (or fin) were miniaturized in connection with structural volume. The maximum of overall heat transfer coefficient in maximum of flow rate 8 l/min was 5.19 kW/m2∙K and 7.27 MW/m3∙K in connection with volume. The improvement of heat transfer in high flow rate is guessed at the local turbulence.
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Figure 1. A schematic diagram of test equipment about microchannel heat exchanger.
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Figure 2. Processed metal plate : SUS 304         Figure 3. Photograph of a diffusion bonded 
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 (Stainless steel).                               micro heat exchanger made of SUS 304. 
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Figure 4. The development of the mean log-            Figure 5. The dependence of the thermal  

arithmic differential temperature calculated             power transfer Q on the water flow rate.

from the measured temperature versus the 
water flow rate.
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Figure 6. The coefficient k of heat transfer from  water to water, calculated from the measured data as a function of the water flow rate. 
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