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Abstract

Micro-channel heat exchanger(MCHX) has been increasingly applied in HVAC&R(Heating, Ventilation, and Air
Conditioning & Refrigeration) field due to its higher efficiently heat transfer rate, more compact structure, lower cost.
The characteristics of micro-channel heat transfer and fluid dynamics are summarized in this paper. The methods
about optimizations (ie, geometry and thermodynamic performance) and the advantages and disadvantages of the
MCHX are analyzed.
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1. Introduction

Heat exchanger with reliable and high performance has been the study focus of the refrigeration and
air conditioning system. In recent years, with increasing demand for lightweight and rising copper prices,
copper substitution is also a widespread concern. Under the premise of meeting the heat exchange remand,
micro-channel heat exchanger can reduce equipment weigh, improve the device compact. The
manufacturing costs can be reduced and the product competitiveness can be improved by using
aluminums. Micro-channel heat exchanger has been extensive researched and applied in cooling of
electronic equipment. Along with the improving of process technology, micro-channel technology is
gradually used in household air conditioning and automotive air conditioning system.

The concept of micro-channel heat exchanger was first proposed and used by Tuckerman and Pease
in 1981.Micro-channel heat exchanger is defined by Mehendale.S.S as if the hydraulic diameter of heat
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exchanger is less than 1mm. Micro-channel heat exchangers for heat exchanging between two different
fluids was first developed out by the Swift in 1985,

To meet the rapid development of modern microelectronic mechanical requirements of heat transfer,
micro-channel heat exchangers began to be used in cooling high-density electronic devices in the 1980s,
then appeared in the MEMS(microelectronic mechanics system) industry in the 1990s. With studies on
properties of micro-channel in depth and application in the promotion of electronic cooling,advantages of
micro-channel heat exchanger which a traditional heat exchanger can not match gradually appear. And
micro-channel heat exchanger began to enter the refrigeration and air conditioning industry. At present,
the micro-channel heat exchanger has been applied in automotive air conditioning system. In household
air conditioner field, technology of micro-channel heat exchanger applied in single-cold air-conditioner
condenser has gradually matured, however, this technology face big challenges, such as complex gas-
liquid two-phase uniform streaming®!

2. Researches and advances in abroad
1.1 Researches in flow dynamics and heat transfer characteristics of micro-channel heat exchanger.

Compared with the conventional heat exchanger, micro-channel heat exchanger is very different in
flow characteristics and heat transfer characteristics due to structural and other differences. Some
phenomena and new laws in the emergence in Micro-channel can be attributed to scale effects. Reduced
scale leads to enhance fluid compressibility effects'”); the increased roughness leads to increase the drag
coefficient’>®; as surface area to volume ratio increasing, the effects of the force associated with the area
(surface forces, viscous forces, etc.) in micro-channel will be strengthenedm, and enhances the impact of
axial heat conduction of micro-channel wall®'”) Many foreign scholars are on the exploratory
investigation of heat transfer characteristics and flow characteristics in micro-channel heat exchanger.

In 2003, Qu et al'""! from Purdue University developed an annular flow model, made a measurement of
the saturated flow boiling heat transfer coefficient in water-cooled micro-channel heat sinks, and captured
the trend by the experimental data that heat transfer coefficient decreasing with increasing vapor quality
in the low vapor quality region of micro-channels. In 2004, Re'mi Revellin et al'? from Ljubljana
University made researches on two-phase flow characteristics of R-134a as refrigerant in 0.5mm channel,
and summed up the relationship between mass flow and vapor quality in four different flow patterns. In
the same year, G. Hetsroni''*! from Israel respectively compared some different laboratory condition, such
as compressible fluid and single-phase gas, smooth wall and rough wall, laminar and turbulent conditions
to analyze the flow characteristics of liquid and gas flow in micro-channels under conditions of a small
Knudsen and Mach numbers. Gian Luca Morini!'* from the University of Bologna, Italy, found that in the
previous literatures, a good agreement was achieved between the experimental data of friction coefficient
f and Nusaier number Nu of Single-phase flow experimental and traditional theory calculations, but there
were inconsistencies between the f and Nu. In 2005, MJ Kohl et al'"®! from Georgia Institute of
Technology conducted experiments about straight channel test sections under conditions of channel
hydraulic diameters ranging from 25 to 100 gm , and obtained the pressure drop experimental data that
6.8 <Re <18814 of compressible fluid, 4.9 <Re <2068 of incompressible fluid. In 2009, Harirchian et al'®
from Purdue University conducted experiments with a perfluorinated dielectric fluid (Fluorinert FC-77)
as working medium, and parallel micro-channels whose widths ranging from 100 to 5850 m , all with a
depth of 400 um , and the experiment results shown that the width over 400 xm, the heat transfer
coefficient was almost invariant with channel size. In the same year, Licheng Sun'” from Kyoto
University in Japan analyzed 13 kinds predicted correlation of saturated flow boiling heat transfer in
micro-channel, and made a comparison with the latest 2009 data in the database, found that the Lazarek—
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Black correlation and the Kew—Cornwell correlation were of best two methods. By introducing Webber
number, he modified the Lazarek—Black correlation, made its applicability extended and the error domain
reduced. In 2010, Cristiano Bigonha Tibiri¢a!"®! from University of Sao Paulo, Philippines, choose
standard stainless steel pipe with 2.3mm diameter, and R134a and R245fa as working fluid, conducted
experiments at high-speed film flow pattern. The experimental results shown that heat transfer coefficient
increasing with increased the heat flux, mass velocity, and saturation temperature.

1.2 Micro-channel heat exchanger optimization

The traditional heat transfer performance can be improved by using the micro-channel structure. The
micro-channel geometry and size have significant impact on the performance of heat exchanger.
Therefore, there will be great significance to explore the optimal structure of micro-channel during the
micro-channel heat exchanger design.

In1991 and 1992, RW Knight"**" optimized the structure of micro-channel heat exchanger by
reducing the maximum thermal resistance under conditions of given pressure drop. Then 1998 Haim H.
Bau'*! from Pennsylvania University, in 2004 Professor Sung Jin Kim”* from institute of Science and
Technology of Korea, also developed the thermal resistance minimizing method to optimize the thermal
resistance, and to minimize micro-channel heat exchangers. In 2005, Kandlikar et al'®® from United States
Rochester Institute of Technology optimized micro-channels by minimizing the pressure drop index
analysis, Jang et al** optimized micro-channels by developing a new software to calculate the parameters,
Kwasi Folid*” from Honda Research Institute optimized micro-channels by CFD(computational fluid
dynamics) and analytic solutions. In 2006, Waqar Ahmed Khan et al® from University of Waterloo in
Canada, optimized micro-channel heat exchanger by entropy production reducing method. Before 2006,
most majority studies were focus on the isolation of heat exchanger equipment optimization, from 2006
Madhusudan Iyengara et al*”! from Purdue University explored to optimize the entire system including
the micro-channel heat exchangers, pumps, air flow baftles, fins, fans or blowers etc. In 2007, T.Bello-
Ochende® from University of Pretoria obtained the optimal geometry (the aspect ratio and the optimal
channel shape) by using the Finite Element Modeling (FEM) method. In the same year, K. Hooman'*
referred to Darcy-Brinkman flow model, and optimized heat transfer, pressure drop, entropy production
problem in saturated porous rectangular tube. In 2009, Afzal Husain"” from Inha University applied
response surface approximation to optimize the micro-channel heat exchanger, and obtained the optimal
aspect ratio and channel geometry. In the same year, Laxmidhar Biswal®'"! from Indian proposed a
systems analysis method (mathematical analytic method) to design and optimize laminar single-phase
liquid cooled micro-channel heat exchanger.

2 Research and development in China

Foreign scholars have conducted many experiments on micro-channel heat exchanger, and obtained
numerous experiment data of different conditions. Theoretical studies about micro-scale heat transfer and
flow mechanism also have been developed. Researches in China about micro-channel heat exchangers are
less and later, however, researchers from Tsinghua University have some more in-depth researches on
micro-scale heat transfer theory.

In 2000, Professor Guo™ from Tsinghua University proposed matters needing attention when
exploring scale effect, and documented the mechanism of micro-scale heat conduction, micro-scale flow
and micro-scale convection. Dongxing Du'* from Tsinghua University analyzed the impacts of
compressibility on gas flow and heat transfer characteristics in micro-channel and documented the
resistance characteristics in micro-roughness incompressible pipe flow. In 2002, Luo™" from Tsinghua
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University obtained the numerical results of natural convection in a rectangular structure under the
conditions of considering the radiation heat transfer at room temperature. In 2003, Wang Wei et al'®
obtained results of the numerical calculation by simulation laminar flow between rough surface micro-
scale plate, explored the impacts of the density and the layout of roughness elements on fluid flow.
Tsinghua University, Li and Guo®* expounded the physical mechanism of micro-scale flow and heat
transfer on the scale effects during 2003 micro-nano manufacturing technology symposium. In 2009
Huiyong Zhang et al®*! from Tsinghua University analyzed the prediction accuracy about the existing
heat transfer and pressure drop correlation, summed up the various factors impacted on performances of
louver fin micro-channel heat exchanger.

In 2004, Fugin Ma"® from The Zhongyuan Institute of Technology, combined with theory of trans-
critical cycle and the heat transfer characteristics inside the heat exchanger, estimated design load of
micro-channel heat exchanger used in CO2 vehicle air conditioner. Then she®®” combined with micro-
channel characteristics and CO2 characteristics, proposed design philosophy about heat exchanger size,
material selection, dehumidifier etc. huanling Liu®* from Xidian University to established three-
dimensional micro-channel heat transfer model, analyzed the micro-channel flow field and temperature
field, then proposed a correction method based on macro-theory by comparing simulation results with
existing experimental data. In 2007, Shangmei Su®®” from Shandong University, in 2008 Haiming Yang et
al™ from China Electronics Technology Group Corporation, in 2009 Xiaoguang Xu'*'!' from Nanjing
University conducted experiments on heat transfer characteristics of fluid flow characteristics of micro-
channel heat exchangers. In 2009, Rao"** from Guangzhou U.S. Air Wing Water Company, conducted
experimental studies by ETL Enthalpy Room, explored how the Air flow and flow path design effect on
the micro-channel heat exchanger heat transfer quantity of air conditioning system, and verified the
impacts of the whole design of the ventilation on micro-channel heat exchanger.

The analysis mentioned above shows that technologies of micro-channel heat exchanger developed
rapidly in China and international. However, many studies are concentrated on the differences of heat
transfer mechanism between micro-channel and macro channel(size> lmm) and the analysis of flow and
heat transfer characteristics. Although exploratory development of influencing factor (channel shape, wall
roughness, fluid quality, the surface over heat, the mean free path and the channel size ratio””’, etc.) of the
micro-channel heat exchanger have gradually increased, but the comprehensive study of micro-channel
flow and heat transfer is still in early stages, the theoretical system has not yet formed completely and
maturely. The analysis of experimental results about similar issues and similar phenomena has not been
uniform. Meanwhile, the application conditions of acquired predicted correlation has been restricted, and
the amendment problems have not yet resolved, while universal and extensive-use predicted- correlation
has not appeared yet.

3 Conclusions

In recent years, micro-channel heat exchanger has been more widely applied in the refrigeration and
air conditioning industry and researches related to such theory and problem has attracted the world-wide
attention. Before designing the micro-channel, the pressure loss and heat transfer characteristics must be
accurately predicted, while the theoretical basis which can accurately guide the design is not yet mature
and there is no uniform industry standard in manufacturing. However, it is believed that with the study of
micro-channel heat exchanger performances in-depth, optimization of heat transfer structure and existing
problems in manufacturing and applications will be resolved, micro-channel heat exchanger will be more
widely used.
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