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Abstract 

 

With the rapid growth of the miniaturizations of electronic 

device, the heat dissipation from these miniaturized electronic 

devices becomes the major challenge in current scenario. If 

this heat dissipation is not done effectively, than this will 

affect the life of device and other electronic devices adversely 

which will results in decrease efficiency. Micro-channel is the 

one of the best option for removing heat from the electronic 

devices, due to its compact size and higher thermal efficiency. 

Numerous researchers have been investigated behavior of 

micro-channel heat transfer rate, fluid flow visualizations in 

the micro-channel and their application by theoretically in 

nature as well as experimentally.  This paper deals with the 

review of rigorous behavior of micro-channel heat transfer 

rate, fluid flow visualizations in the micro-channel and their 

application in industries. 

 

Keywords: Micro-channel, Heat Dissipation, Electronic 

Device, fluid flow visualizations. 

 

Introduction 

 

Some experimental and theoretical work on flow boiling heat 

transfer in microchannel had done in the last decades. Both 

academic and the industrial people have taken interest in this 

area. The review of following research has been completed on 

flow boiling heat transfer in microchannel. The literature 

review has arranged according to similarity to the work done 

in this thesis. In this literature review emphasis is directed on: 

- Numerical study of fluid flow and heat 

transfer in micro-channels 

- Study of Fabrication of the micro-channel. 

- Experimental study of fluid flow and heat 

transfer in micro-channels. 

 

With the development of micro fabrication technology, micro-

fluidic systems have been increasingly used in different 

scientific disciplines such as biotechnology, physical and 

chemical sciences, electronic technologies, sensing 

technologies etc. Microchannels are one of the essential 

geometry for micro-fluidic systems; therefore, the 

importances of convective transport phenomena in 

microchannels and microchannel structures have increased 

drastically. In recent years, a number of researchers have 

reported the heat transfer and pressure drop data for laminar 

and turbulent liquid or gas flow in microchannels. 

 

Flow  boiling  heat  transfer  in microchannels  is  now  the  

most popular topic  in  heat  transfer,  as  the  need  has  arisen  

for  very  high  heat  flux  cooling  for  the  new  generation  

of computer chips. Understandings of macroscopic flow and 
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heat transfer have reached a mature stage, but when it comes 

to microchannel flow, flow becomes notably different and 

complex. The universal use of MEMS devices, micro-heat 

exchangers, micro-fluidics, other biomedical applications like 

micro drug delivery, have opened a new field for research. 

This paper deals with the review of rigorous behavior of 

micro-channel heat transfer rate, fluid flow visualizations in 

the micro-channel and their application in industries. 
 

 
Figure 1: Schematic diagram of micro-channel 

 

 

Characteristic of micro-channel 

 

Tuckerman et. al. [1] investigated the problem of achieving 

compact and he had also done some work on high-

performance forced liquid cooling of planar integrated 

circuits. It was found that the use of high-aspect ratio channels 

for increasing the surface area will further reduce thermal 

resistance. A new, very compact, water-cooled integral heat 

sink for silicon integrated circuits has been designed and 

tested based on these considerations.  At a power density of 

790 W/cm2, a maximum substrate temperature rise of 71°C 

above the input water temperature had measured, in good 

agreement with theory. By allowing such high power 

densities, the heat sink may greatly enhance the feasibility of 

ultrahigh-speed VLSI circuits. 

 

Kandlikar et. al. [2] studied the effects of the channel size on 

the flow patterns, and heat transfer and pressure drop 

performance in micro-channel and mini-channel. Three types 

of flow where observed namely plug, slug and annular flow. 

They said that the role of surface tension was very important 

which caused the formation of uniformly spaced slugs and 

sometimes liquid rings. 

 

Thome, John R. et. al. [3] studied flow boiling heat transfer 

results for micro-channels, macroscale versus microscale heat 

transfer, heat transfer mechanisms in micro-channels and flow 

boiling models for micro-channels, two-phase flow regimes. It 

concluded that evapouration is controlled by nucleate boiling 

in micro channel. In a new elongated bubble flow heat transfer 

model, Jacobi and Thome (2002) have shown that transient 

evaporation of the thin liquid films surrounding elongated 

bubbles is the dominant heat transfer mechanism. 

 

Hassan et. al. [4] advised that effect of coolant types should 

be investigated more in detail. Because of low thermal 

resistance liquids show better cooling properties as compared 

to gases. Surface roughness within the micro channel appears 

to have a major effect on flow behaviour at the micro-scale. 

Flow transition from laminar flow to turbulent flow at the 

microscopic level must be analysed in greater details so that 

one may accurately envisage at which value of Reynolds 

number this transition take place for all wall roughnesses. 

 

Morgan et. al. [5] provides a summary of several approaches 

to micro-machining by mechanical and electro-discharge 

means of material removal. The study indicates the potential 

of mechanical and electro-discharge micro-machining by 

showing how tools made-up with the Wire Electro-Discharge 

Grinding process are used to micro-machine conductive and 

non-conductive materials.  

Ashman et. al. [6] studied various types of manufacturing 

processes currently being used in the fabrication of micro heat 

exchangers and main focus was on passages with hydraulic 

diameter of less than 200 micrometers. LIGA, Chemical 

Etching, Stereo lithography, and micro-machining were 

reviewed. A comparison of different techniques related to 

tolerances, material compatibility, and ease of manufacturing 

is given. 

 

Mohammad Yeakub Ali et. al. [7] used micro Electric 

Discharge (ED) Machining for manufacturing of micro-

channel and found capacitance and voltage major influencing 

parameters. Feed rate, capacitance and voltage greatly affect 

the MRR. In their studies they found that by combining micro 

ED milling and molding mass replication of miniaturized 

functional components can be done at a lower cost. 

 

Harvinder lal et. al. [8] studied and compared three type of 

micro machining processes namely wire-cut EDM, micro-

slotting and micro-milling. The surface finish of fabricated 

microchannel in case of wire-cut EDM was observed to be of 

better-quality as compared to micro end mill cutter, followed 

by those from slotting saw and the time taken to finish the job 

using wire-cut EDM was highest. The slotting takes least time 

to finish the job. The micro machining operation using end 

mill cutter has intermediate surface finish but at lesser time. 

The cost of operating the wire-cut EDM was highest, followed 
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by end mill cutter and slotting saw. 

 

 
Figure 2: Wire-cut EDM 

Sobierska, Ewelina et. al. [9] presented experimental results 

on flow boiling in a vertical rectangular channel including 

pressure drop, heat transfer and flow patterns. Comparisons 

with existing correlations for pressure drop and heat transfer 

coefficient are carried out and boundaries between flow 

patterns are determined. Increase in the heat transfer 

coefficient for two phase flow with increasing heat flux was 

seen, and decreases with increasing thermodynamic vapour 

quality. By means of flow visualization three basic vapour 

flow patterns are distinguished: bubbly, slug and annular flow. 

 

Yu-Tang Chen et. al. [10] studied the characteristics on both 

fluid flow and heat transfer of methanol in the (100) silicon 

micro channel heat sink experimentally. In micro channels 

they used methanol as working fluid in the hydraulic diameter 

of 57−267 μm for inspecting the friction characters of the 

fluid flow, the mechanism of bubble nucleation, and the heat 

convection capabilities in the phase change as well as in a 

single-phase flow. On the aspect of fluid characteristics, the 

friction factor with respect to the Reynolds number was 

investigated experimentally in this paper. It is shown that the 

effects of the friction and viscosity coefficient for the fluid in 

the micro-channels are much significant than the macros. 

 

 

 

 

 

 
Figure 3: Different type of flow and flow regime 

Kandlikar et. al. [11] developed a simple correlation to 

envisage saturated flow boiling heat transfer coefficients 

inside horizontal and vertical tubes. A total 24 experimental 

examinations were performed on saturated flow boiling inside 

vertical and horizontal tubes. From these data sets a 

correlation is developed using an additive model and a fluid-

dependent parameter, and continuous variation of heat transfer 

coefficient along an evaporator tube was obtained. 

 

Zhizhao Che et. al. [12] the heat transfer of plugs moving in 

microchannels subjected to a constant surface-temperature 

boundary condition is examined systematically. By 

incorporating the analytical flow field, the heat transfer 

process in plugs moving in 2D microchannels are simulated. 

The effects of the Peclet number and the plug length are 

studied. The heat transfer process is evaluated through the 

Nusselt number, the heat transfer index, and the maximum 

fluid temperature. From this study, we can conclude that At a 
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high Peclet number, the Nusselt number experience oscillation 

when the heated/fresh fluid in the central region of the plug is 

being transported to the heated wall by the recirculating flow. 

As the Peclet number decreases, the oscillation of Nusselt 

number becomes insignificant. A high Peclet number results 

in a higher Nusselt number and a lower heat transfer index. 

Short plugs are favourable for heat transfer in microchannels 

as compared to long plugs. In the constant-surface-

temperature condition, shorter plugs can achieve higher heat 

transfer indices due to the higher transverse velocity. 

 

Sarangi, R. K, et. al. [17] studied two-phase forced 

convection modelling on microchannels, in which they used 

water as fluid medium. The study includes the effects of fluid 

flow rate, power input and channel geometry on the flow 

resistance and heat transfer from these micro-channels. Two 

numerical models were developed assuming homogeneous 

and annular flow boiling. The effects of non-uniform heat 

input along the flow direction had been studied. The model 

predictions were compared with two separate experimental 

data sets. The models were also shown to be capable of 

handling non-uniform heat flux in the axial direction. 

 

Conclusions 

The rapid growth of high density power electronic, with the 

increased miniaturisation of microelectronic devices and 

processing speed, thermal issues are more and more affecting 

overall electronic packaging and system capabilities. The 

following observation found from the review. 

 Increasing in power input location of boiling front 

decreases 

 Increasing in power input pressure drop increases 

linearly. 

 Variation of pressure along length first decrease with 

minimal rate in single phase and after reaching in 

two phase zone pressure is drastically decreases 

Effects of process parameters namely power, velocity, spot 

size diameter, pulse frequency and traverse speed have been 

studied on channel dimension and surface finish. It can be 

concluded that both increased power and reduced velocity 

results in enhanced concentration of laser but thermal effects 

would be more pronounced in case of increase in power. 

Based on the study, through designed process parameters, a 

smooth micro-channel was cut to visualize the flow of DI 

water for continuity of flow and flow regime. The last decade 

work shows that the increases the size of micro-channel, 

surface tension drag from are reduced. 

References  

[1]   Ioan, Ravi, je-Young, “Thermal performance and key   

challenges for future CPU cooling technologies” 

ASME Intel PACK july17-22 (2005). 

[2]   R. R. Riehl, P. Seleghim, J. M. Ochterbeck,  

“Comparison of Heat Transfer Correlations for 

Single- and Two-Phase Microchannel Flows for 

Microelectronics Cooling” Thermal and 

Thermomechanical Phenomena in Electronic 

Systems, 1998. ITHERM '98. 

[3]  Mudawar, Issam, “Assessment of high-heat-flux 

thermal management schemes” Components and 

Packaging Technologies, IEEE Transactions on 24, 

no. 2 (2001): 122-141. 

[4]  Tuckerman, David B., and R. F. W. Pease. “High-

performance heat sinking for VLSI” Electron Device 

Letters, IEEE 2, no. 5 (1981): 126-129. 

[5]  Sarangi, R. K., A. Bhattacharya, and R. S. Prasher. 

“Numerical modelling of boiling heat transfer in 

microchannels” Applied Thermal Engineering 29, 

no. 2 (2009): 300-309. 

[6]   Nadasaa Monica, Manea Adrian, “Design and 

fabrication of the microchannel of the microchannels 

for microfluidics applications” U.P.B. Sci. Bull., 

Series C, Vol. 71, Iss. 4, 2009. 

[7]  Tuckerman, David B., and R. F. W. Pease. “High-

performance heat sinking for VLSI” Electron Device 

Letters, IEEE 2, no. 5 (1981): 126-129. 

[8]  Kandlikar Satish G. “Fundamental issues related to 

flow boiling in minichannels and 

microchannels” Experimental Thermal and Fluid 

Science 26, no. 2 (2002): 389-407. 

[9]  Thome, John R. “Boiling in microchannels: a review 

of experiment and theory” International Journal of 

Heat and Fluid Flow 25, no. 2 (2004): 128-139. 

[10]  Hassan, I., P. Phutthavong, and M1 Abdelgawad. 

“Microchannel heat sinks: an overview of the state-

of-the-art” Microscale thermophysical engineering 8, 

no. 3 (2004): 183-205. 

[11]  Morgan, Chris J., R. Ryan Vallance, and Eric R. 

Marsh. “Micro-machining and micro-grinding with 

tools fabricated by micro electro-discharge 

machining” International Journal of 

Nanomanufacturing 1, no. 2 (2006): 242-258. 

[12] Ashman, Sean, and Satish G. Kandlikar. “A review 

of manufacturing processes for microchannel heat 

exchanger fabrication” In ASME 4th International 

http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=5657
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=5657
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=5657


International Journal of Applied Engineering Research ISSN 0973-4562 Volume 13, Number 9 (2018) pp. 64-69 

© Research India Publications.  http://www.ripublication.com 

68 

Conference on Nanochannels, Microchannels, and 

Minichannels, pp. 855-860. American Society of 

Mechanical Engineers, 2006. 

[13]  Mohammad Yeakub Ali, “Fabrication of 

microfluidic channel using Micro End Milling  and 

Micro Electrical Discharge Milling.” International 

Journal of Mechanical and Materials Engineering 

(IJMME), Vol. 4 (2009), No. 1, 93 -97. 

[14]  Lal, Heera, and S. S. Sehgal. “Evaluation of micro-

machining processes for fabrication of 

microchannels”. 

 [15] Sobierska, Ewelina, Rudi Kulenovic, Rainer Mertz, 

and Manfred Groll. “Experimental results of flow 

boiling of water in a vertical microchannel” 

Experimental Thermal and Fluid Science 31, no. 2 

(2006): 111-119. 

[16] Yu-Tang Chen, Sheng-Wen Kang, Wen-ChianTuh 

and Tsung-Hsin Hsiao, “Experimental Investigation 

of Fluid Flow and Heat Transfer in  Microchannels” 

Tamkang Journal of Science and Engineering, Vol. 

7, No. 1, pp. 11−16 (2004) . 

 [17] Kandlikar, Satish G. “A general correlation for 

saturated two-phase flow boiling heat transfer inside 

horizontal and vertical tubes” Journal of heat 

transfer 112, no. 1 (1990): 219-228. 

[18] Che, Zhizhao, Teck Neng Wong, and Nam-Trung 

Nguyen. “Heat transfer enhancement by recirculating 

flow within liquid plugs in microchannels” 

International Journal of Heat and Mass Transfer 55, 

no. 7 (2012): 1947-1956. 

[19] Cadorette, Mr Michael L., and H. Fred Walker. 

“Characterizing Productivity of a 4kw CO2 Laser 

Cutting System for 0.25” Mild Steel Using Central 

Composite Methodology” Journal of Industrial 

Technology 22, no. 2 (2006). 

[20]  Fiorin, R., da Costa, L.N. ; Abe, I., Chiamenti, I., de 

Moura, C.C., Kalinowski, H.J. “Manufacturing of 

microchannels in soda-lime glass by fem to second 

laser and chemical etching” Microwave & 

Optoelectronics Conference (IMOC), 2013 

SBMO/IEEE MTT-S International. 

[21]  Mr. Michael L. Cadorette and Dr. H. Fred Walker, 

“Characterizing Productivity of a 4kw CO2  Laser 

Cutting System for 0.25” Mild Steel Using Central 

Composite Methodology”  Journal of Industrial 

Technology , Volume 22, Number 2 , April 2006 

through June 2006. 

[22]  Pajak P.T, De Silva A.K.M, “Research and 

developments in LASER beam maching” Zeszyty 

naukowe politechniki poznanskiej, 2005. 

[23]  Basu Saptarshi, Michna Gregory J., Peles Yoav, 

“Flow Boiling of R134a in Circular Microtubes—

Part II: Study of Critical Heat Flux Condition” 

Journal of Heat Transfer ASME 2011. 

[24] Velichala Abhishek, kumar Anand Vijay. “ Flow 

Boiling in Microchannels”  Texas A&M University, 

MEEN 624, Spring 2009, April 25, 2009. 

[25]  Kandlikarand S.G., C. N. Hayner II. “Liquid Cooled 

Cold Plates for Industrial High-Power Electronic 

Devices” Thermal Design and Manufacturing 

Considerations. 

[26] Dr. V. K. Jain “Laser Beam Machining” Advanced 

Machining Processes, Allied Publishers Mumbai, 

2002. 

[27]  S.G. Kandlikar, “Heat Transfer Mechanisms During 

Flow Boiling in Microchannels” Journal of Heat 

Transfer, Vol. 126, pp. 8-16, 2004. 

[28] T,Harirchian, and S.V Garimella. “Effects of channel 

dimension, heat flux, and mass flux on flow boiling 

regimes in microchannels” International Journal of 

Multiphase Flow, 35, pp. 349–362. 2009. 

[29]  Lee. Suresh, “Saturated flow boiling heat transfer 

and pressure drop in silicon microchannel arrays" 

international Journal of Heat and Mass Transfer 51 

(2008) 789–806, 2007. 

[30]  Byung-Ho Jo, Linda M. Van Lerberghe, Kathleen 

M. Motsegood, and David J. Beebe, “Three-

Dimensional Micro-Channel Fabrication in 

Polydimethylsiloxane (PDMS) Elastomer”   Journal 

of microelectromechanicalsystems , Vol.9  No. 1, 

March 2000. 

[31] Todreas, Neil E., and Mujid S. Kazimi. “Nuclear 

systems” Vol. 1. CRC Press, 2010. 

[32] F. P. Incropera and D. P. Dewitt , “Fundamentals of 

Heat and Mass Transfer” 5th ed. New York: Wiley, 

2002. 

[33]  Muzychka, Walsh, “Heat Transfer Enhancement 

http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Fiorin,%20R..QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.da%20Costa,%20L.N..QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Abe,%20I..QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Chiamenti,%20I..QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.de%20Moura,%20C.C..QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.de%20Moura,%20C.C..QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Kalinowski,%20H.J..QT.&newsearch=true
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=6636286
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=6636286
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=6636286


International Journal of Applied Engineering Research ISSN 0973-4562 Volume 13, Number 9 (2018) pp. 64-69 

© Research India Publications.  http://www.ripublication.com 

69 

Using Laminar Gas-Liquid Segmented Plug Flows” 

Journal of Heat Transfer ASME 2009. 

 

[34] Gupta, H. K, Rai, S. K and Sheorey T, “BOILING 

FLOW HEAT TRANSFER IN MICROCHANNEL: 

EXPERIMENTAL AND NUMERICAL 

INVESTIGATION”, Proceedings of the 23rd 

National Heat and Mass Transfer Conference and 1st 

International ISHMT-ASTFE Heat and Mass 

Transfer Conference. 


