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ABSTRACT 
Designers are always finding out new ways to improve heat transport techniques in many engineering fields because 

they can improve the energy utilization efficiency or reduce the weight and size of the heat transfer equipment. 

Micro channels are current attention for use in microelectronic device, compact heat exchanger, micro heat sink, 

micro reactor, and micro bio-chips where very high heat transferred performance is considered necessary. This 

worked is performed for objective to influence of channel geometry or flow passage of microchannel heat sink. For 

the analyses a three-dimensional Computational Fluid Dynamics (CFD) model was built using the commercial 

package, FLUENT, to investigate the conjugate fluid flow and heat transfer phenomena in different shape of 

manifold microchannel for single phase convective flow and heat transfer performance. The present work is focused 

on laminar flow for different shapes of microchannel fluid flow passage with manifold for single-phase liquid flow. 

Water has been considered as working fluid. Copper is used as the material of the microchannel heat sink. Three 

dimensional numerical models is developed and validated to study the effect of geometric parameters such as 

microchannel depth and width, and operating condition such as inlet velocity of fluid on the performance of 

manifold microchannel heat sink. The computational analysis is performed on a simple unit-cell model. The 

temperature distribution at given length is calculated and for different velocity and heat flux for different shape of 

manifold microchannel. 
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1. Introduction 

Excess heat is generated in many electrical and mechanical applications of micro miniature devices. Heat 

exchangers are provided for the flow of thermal energy and allow heat transfer between two fluids at different 

temperatures separated by a flow passage wall. Heat transfer is the exchange of thermal energy between physical 

systems, depending on the temperature and pressure, by dissipating heat[1]. The basics of heat transfer involve the 

second law of thermodynamics, which basically states that two thermodynamic systems, when allowed to interact, 

will move towards a thermodynamic equilibrium. In other words, when hot and cold substances are brought into 

contact with one another, the hot substance will cool and the cool substance will heat up, resulting in a median 

temperature. 

 

1.1 Heat Exchanger 

 Heat exchangers are provided for the flow of thermal energy and allow heat transfer between two fluids at different 

temperatures separated by a flow passage wall. The fundamental modes of heat transfer are conduction or diffusion, 

convection and radiation. Conduction is defined by a microscopic scale, heat conduction occur as hot, rapidly 

moving or vibrating atoms and molecules interact with neighboring atoms and molecules, transferring some of their 

energy to these neighboring particles. Heat exchangers are widely used in industry both for cooling and heating 

large scale industrial processes. The type and size of heat exchanger used can be tailored to suit a process depending 

on the type of fluid, its phase, temperature, density, viscosity, pressures, chemical composition and various other 

thermodynamic properties. Heat transfer always occurs from a region of high temperature to another region of lower 

https://en.wikipedia.org/wiki/Thermal_energy
https://en.wikipedia.org/wiki/Temperature
https://en.wikipedia.org/wiki/Pressure
https://en.wikipedia.org/wiki/Dissipation
https://en.wikipedia.org/wiki/Heat
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temperature [1]. Entropy is generated by the heat transfer across a finite temperature difference due to irreversible 

friction flow [2]. Expand of energy demands, space limitations for device packaging, material and energy savings, 

etc; have focused the demand for small, light weight heat exchanger which can provide high heat transfer. 

 

1.2 Sub Microchannel Heat Exchanger 

High heat flux cooling is required in many applications such as power electronics, plasma-facing components, high 

heat-load optical components, laser diode arrays, X-ray medical devices, and power electronics in hybrid vehicles. 

In general, the exposed area that needs to be cooled for these systems is limited, and the amount of heat that needs to 

be removed is extremely high, thus requiring cooling of high heat fluxes. While high heat flux cooling is essential 

for creating an efficient cooling system, there are usually also other system requirements, such as low thermal 

resistance, surface temperature uniformity, low pumping power, compact design, suitability for large area cooling, 

and compatibility for use with dielectric fluids. Micro-Channel coil technology began with the automotive industry, 

which faces similar problems to the HVAC industry [3]. These problems include the costs of production, the size of 

the equipment and the weight of the equipment. Faced with these issues, the auto industry decided to discover what 

other coil alternatives were available so that the problem with size, cost and corrosion could be curtailed. It is around 

that time that they discovered the benefits of using an all-aluminum coil design [4]. This became the standard in the 

automotive industry. Microchannel heat exchangers (MCHE) are finding applications in industries such as 

microelectronics, aerospace, biomedical, robotics, telecommunications and automotive. At very small sizes, the 

processes of heat and mass transfer occurring in the dynamic and thermal boundary layers are very effective [5]. 

These new types of heat exchangers provide high heat transfer coefficients and thus they are up to 45% more 

compact than the classic ones, at the same thermal performances The two factors that limit the heat transfer 

coefficients in a MCHE are: reductions in channel dimensions were accompanied by higher pressure drop; and the 

amount of heat transfer was limited by the heat transfer fluids used [6]. The rate of heat transfer depends on the 

surface area to volume ratio, which means the smaller channel dimensions provide the better heat transfer 

coefficient. The different types of Microchannel heat exchangers are same as different classifications of 

conventional heat exchangers. 

 

1.3 Manifold Microchannel 

 

Manifold-Microchannel technology has demonstrated substantial promise for superior performance over state of the 

art heat exchangers, with potential to reduce pressure drop considerably while maintaining the same or higher heat 

transfer capacity compared to conventional Microchannel designs. The manifold design uses multiple channel sizes 

to minimize pressure drop, maximize heat transfer, and improve temperature uniformity across the area of the 

cooled device. A significant reduction is achieved in thermal resistance between the device and the cooling fluid. 

This is a critical need in modern electronic components because of the increasing demand for higher power levels 

and packaging densities. 

 

2. NUMERICAL STUDY OF MICROCHANNEL 
 

Here numerical simulation is carried out to solve 3D developing of fluid flow shape geometry with heat transfer of 

heat flux. Water is use as working fluid in Copper microchannel heat sink.  

 

2.1 Governing equation  

The goal is to simulate accurately the smallest continuum scales for multiphase systems that are sufficiently large so 

that meaningful averages can be obtained and the results used to help generate insight and closure models for 

engineering tools. Computational Fluid Dynamics (CFD) is the simulation of fluids engineering systems using 

modeling (mathematical physical problem formulation) and numerical methods (discretization methods, solvers, 

numerical parameters, and grid generations, etc.). To solve this problem, we should know the physical properties of 

fluid by using Fluid Mechanics. Then we can use mathematical equations to describe these physical properties. This 

is Navier-Stokes Equation and it is the governing equation of CFD. The translators are numerical discretization 

methods, such as Finite Difference, Finite Element, Finite Volume methods. Consequently, we also need to divide 

our whole problem domain into many small parts because our discretization is based on them. The conjugate heat 

transfer and the fluid flow inside the microchannel structure were numerically modeled. Steady state continuity, 

momentum (Navier-stokes Equation) and energy equations are solved. Laminar incompressible flow assumed. 
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Several simplifying assumptions are made before establishing the governing equations for the fluid flow and heat 

transfer in the unit cell:  

 Steady fluid flow and heat transfer;  

 in-compressive fluid and laminar flow;  

 The effect of gravity force is considered;  

 Temperature dependent fluid properties;  

 Negligible radiation heat transfer;  

 All solid walls of the channel are no slip and impermeable;  

 Negligible viscous dissipation effect.  

The governing equations consist of the continuity equation, the momentum equation and the energy equation for the 

liquid, which are listed respectively as follows:  

Continuity Equation, 
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Momentum equations,  
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Energy Equation, 
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2.2 Geometry of micro channels considered for the modelling 

For numerical simulation of different shapes of microchannel an individual heat exchange unite consists of Single 

phase convective flow with same hydraulic diameter reentrant or rectangular microchannel and surrounding solid 

proposed by D.deng [6] has been considered. In order to fully understand the liquid flow and heat transfer in the 

microchannel heat sinks, numerical simulations are conducted for both reentrant and rectangular microchannels 

utilizing the fluid of water. A unit cell containing a single reentrant or rectangular microchannel and surrounding 

solid with the full flow length. Microchannel have the different shape of geometry for analysis for same mass flow 

rate of fluid to show the temperature distribution and pressure drop in the fluid section of microchannel. Fig shows 

the microchannel fluid shape for validation of the shape passage Temperature distribution and pressure drop. 
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Fig -1: Schematic diagram of computational domain: (a) reentrant microchannels; (b) rectangular microchannels [6]
 

 

2.3 Numerical simulation 

The following assumptions were considered during simulation 
[6]

: 

 In compressive fluid and laminar flow; 

 Steady fluid flow and heat transfer;  

 The effect of gravity force are considered;  

 Temperature-dependent fluid properties;  

 Negligible radiation heat transfer;  

 All solid walls of the channel are no slip and impermeable;  

 Negligible viscous dissipation effect. 

 

Table- 1 : Boundary Conditions 

Fluid inlet velocity inlet at 306 k 

Fluid outlet Pressure outlet at 0 pa (gauge) 

Bottom surface Uniform heat flux (w/m
2
K) 

Top surface of fluid Adiabatic (0 heat flux) 

Both outer vertical plane Symmetry 

 

A computational fluid dynamic code was used to calculate flow velocity, pressure and temperature Finite volume 

method (FVM) was used to convert the governing equations to algebraic equations accomplished using an ―upwind‖ 

scheme. The SIMPLE algorithm was used to enforce mass conservation and to obtain pressure field. The segregated 

solver was used to solve the governing integral equations for the conservation of mass, momentum and energy. 

Convergence criterion was less than 10
-3

 for the energy equation it was 10
-6

. 

 

3. MODELLING FOR MANIFOLD MICROCHANNEL ANALYSIS  

A multi-pass manifold-microchannel plate heat exchanger consists of numerous flow paths and is far too complex 

and time consuming to be entirely modelled. Therefore, to simplify the model, only a portion of a heat exchanger 

consisting of a single pass and a single manifold (SPSM) was modelled. The SPSM model is shown in Figure 3-2. 

To further simplify, only one side of the heat exchanger was modelled and considered for the calculation of the heat 

exchanger volume, while the other side is assumed to have the same geometry and flow rate. Manifold-

microchannel technology has demonstrated substantial promise for superior performance over state of the art heat 

exchangers. For the single manifold-microchannel simulation were used to calculate the temperature dissipation and 

pressure drop. Which was calculated by assuming the mass flow rate is uniformly distributed over all 

microchannels. The computational domain and boundary condition of the single manifold-microchannel model are 

shown in Figure 3-2. The manifold channel inlet was set to mass flow rate boundary condition and constant inlet 

temperature.  
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Fig-2: Fluid flow shape in manifold microchannel [34] 

3.1 Geometry for the different fluid passage
 

 

The dimensions of the fluid flow passage are given in the table for the 300 µm hydraulic diameter [D h = 300 µm] 

[6, 16, 32, 34] for the different fluid passage. The microchannels have the fixed value of W slot for the different 

geometry of fluid section which gives the different hydraulic diameter. After the reference of the Figure 3-1 Shape 

of the fluid passages are given in the Fig- 3 to Fig-8. 

 

 
 

Fig-3: Triangle cross section microchannel 

 
Fig-4: Trapezoidal cross section microchannel 
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Fig-5: Rectangular cross section microchannel 
 

 
 

Fig-6: Elliptical cross section microchannel 
 

 
 

Fig-7: Trapezoidal_V cross section microchannel 
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Fig-8: Reentrant cross section microchannel 

 

 

3.2 The simulation results of the SPSM model  

The simulation results of the SPSM model can be expanded to the whole plate surface by considering the total 

number of passes and manifold channels .The results also can be further expanded into multiple stacks by 

considering the total number of stacks. 

To achieve this, four simplifying assumptions are considered: 

1. Mass flow rate in all manifold channels and stacks (in the y and z directions) is uniform. 

2. ∆T = (T base-Tin) constant over all passes. This assumption is a fair approximation for counter flow heat 

exchangers. 

3. Geometry and volume remain unchanged from one pass into another. 

4. Symmetric condition exists for side and top planes of the SPSM model. 

 

 

4. RESULT AND DISCUSSION  

4.1 Results and Validation 

Chart-1 shows a comparison of the simulation and experiments results of the average Nusselt numbers for reentrant 

microchannel with D. Deng et al [2], in which the inlet fluid temperature of 33 °C and the heat flux of 267 kW/m2 

are utilized. The variation between the simulation results of present work and that of D.Deng et al [6] is 8.352%.   

 
Chart -1: Comparison of Nusselt number versus Reynolds number with D. Deng [6] 

 
Top surface of microchannel is assumed to be adiabatic in the numerical simulations, there may still exist slight heat 

loss from the fluid to the glass cover in the experiments. The reentrant microchannel induces slightly larger heat loss 
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in the experiments. Therefore, the reentrant microchannel presented slightly larger discrepancies between the 

experimental results and numerical simulation. 

 

4.2 Temperature Contour 

From the graph we can show the variation of the temperature at different point in the fluid flow section and also in 

the microchannel. Due to different heat flux applied at the bottom surface temperature dissipation in the manifold 

microchannel increase with increase the value of heat flux. 

 

Fig-9: Reentrant cross sectional microchannel Temperature Counter 

 

4.3 Variation in Temperature 

Variation and effect for the temperature in the different geometry of fluid passage with same hydraulic diameter is 

as shown in Chart-2. Value of the temperature can find out from the temperature counter given in Chart-2. 

 
Chart -2: Variation in Temperature with length for different shape geometry 

 

Temperature is increase with increasing the velocity, for higher rate of velocity the temperature difference is higher. 

The heat transfer enhancement of reentrant micro channels can be attributed to the alteration of flow and thermal 
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behaviour inside the unique reentrant configurations is average as compared to another geometry shape of fluid 

passage of manifold microchannel. Heat flux is applied at the bottom surface of the microchannel at the inlet 

velocity and temperature contour for different fluid passage channel geometry is shown in Chart-2. 

5. CONCLUSIONS 

In the present study the attempt has been made to understand the effect of geometry of microchannel fluid flow 

passage on the performance of micro channel heat exchanger using the CFD code. Also the concept of manifold by 

heat transfer rate and pressure drop in micro channel heat exchanger by analysis. Following conclusions can be 

drowning from the present study.  

 Without manifold microchannel Elliptical gives the higher 3.93% pressure drop than other geometry 

consider in present study. 

 With manifold microchannel and without microchannel average re-entrant microchannel gives the better 

0.4781% temperature difference comparable to other geometry. 

 Re-entrant shape with manifold microchannel gives best performance followed in the trend Triangular 

channel, Trapezoidal channel, Rectangular channel, Trapezoidal_V channel, and Elliptical channel. 

 

6. REFERENCES  

[1] R Nave. "Heat Transfer". HyperPhysics. Retrieved April 6, 2014. 

[2] R.J. Goldstein *, W.E. Ibele, S.V. Patankar, T.W. Simon, T.H. Kuehn, P.J. Strykowski, K.K. Tamma, J.V.R. 

Heberlein, J.H. Davidson, J. Bischof, F.A. Kulacki, U. Kortshagen, S. Garrick, V. Srinivasan, K. Ghosh, R. 

Mittal, Heat transfer—A review of 2005 literature, International Journal of Heat and Mass Transfer 53 (2010) 

4397–4447. 

[3] "Power Supply Glossary". Aegis Power Systems, Inc. Aegis Power Systems, Inc. Retrieved 15 September 

2014.S.G.Kandlikar, W.G. (2003). Evolution of Microchannel Flow Passages – Thermohydraulic Heat 

Transfer Engineering.  

[4] K. S. Reddya*, S. Lokeswarana, PulkitAgarwala, Tapas K. Mallickb, Numerical Investigation of Micro-

channel Based Active Module Cooling for Solar CPV System, energy procidea. 

[5] Koichi Nakaso, Hiroki Mitani, Jun Fukai, Convection heat transfer in a shell and-tube heat exchanger using 

sheet fins for effective utilization of energy, International Journal of Heat and Mass Transfer(2014). 

[6] Daxiang Deng a,b,⇑, Wei Wana,b, Yong Tang c, Haoran Shao c, Yue Huang, Experimental and numerical 

study of thermal enhancement in reentrant copper micro channels, International Journal of Heat and Mass 

Transfer 91 (2015) 656–670. 

[7] Mushtaq I. Hasan ,A.A. Rageba,M. Yaghoubib, Homayon Homayoni Influence of channel geometry on the 

performance of a counter flow microchannel heat exchanger, International Journal of Thermal Sciences 48 

(2009) 1607–1618. 

[8] Lauren Boteler, Nicholas Jankowski, Patrick McCluskey, Brian Morgan, Numerical investigation and 

sensitivity analysis of manifold microchannel coolers International Journal of Heat and Mass Transfer 55 

(2012) 7698–7708. 

[9] Gongnan Xie, Han Shen, Chi-Chuan Wangc, Parametric study on thermal performance of microchannel heat 

sink with internal vertical Y-shaped bifurcations International Journal of Heat and Mass Transfer 90 (2015) 

948–958. 

[10] Sandip K. Saha, Martine Baelmans,  A design method for rectangular microchannel counter flow heat 

exchangers, International Journal of Heat and Mass Transfer 74 (2014) 1–12. 

[11] Ahmed Jassim Shkarah, Mohd Yusoff Bin Sulaiman, Md Razali Bin Hj Ayob, Hussein Togun, A 3D 

numerical study of heat transfer in a single-phase microchannel heat sink using graphene, aluminum and 

silicon as substrates, International Communications in Heat and Mass Transfer 48(2013) 108–115. 

[12] P. Mohajeri Khameneh, I. Mirzaie, N. Pourmahmoud, S. Majidyfar, S.H. Azizi  A Numercial Comparison of 

Single-phase Forced Convective Heat Transfer Between Round Tube and Round Microchannel Heat 

Exchangers, Australian Journal of Basic and Applied Sciences, 5(5): 955-966, 2011. 

[13] V.S. Duryodhan , Abhimanyu Singh , S.G. Singh , Amit Agrawal,Convective heat transfer in diverging and 

converging microchannels,Int. J. Heat Mass Transfer 80 (2015) 424–438 . 

[14] Natrah Binti Kamaruzaman, Flavio Brighenti , Juergen J. Brandner , Aminuddin Saat, Prediction of micro 

surface cooler performance for different rectangular type microchannels dimensions, International Journal of 

Heat and Fluid Flow 44 (2013) 644–651. 



Vol-3 Issue-6 2017   IJARIIE-ISSN(O)-2395-4396 

6918 www.ijariie.com 346 

[15] Daxiang Deng, Wei Wan, Yong Tang, Zhenping Wan, Dejie Liang, Experimental investigations on flow 

boiling performance of re-entrant and rectangular microchannels – A comparative study, International Journal 

of Heat and Mass Transfer 82 (2015) 435–446. 

[16] Harry Garg1, Vipender S.Negi, Nidhi, Arun K Lall, Numerical Study Of Microscale Heat Sinks Using 

Different Shapes & Fluids, Excerpt from the Proceedings of the 2013 COMSOL Conference in Bangalore. 

[17] Y. Sui, C.J. Teo, P.S. Lee, Direct numerical simulation of fluid flow and heat transfer in periodic wavy 

channels with rectangular cross-sections, International Journal of Heat and Mass Transfer 55 (2012) 73–8. 

[18] Lu Haiyinga, Lv Duoa, Yu Xiaoa,b,*,Li Yia,Shen Yia,Dong Wei,  Study of the Pressure Drop and Thermal 

Performance of An Air-Air Heat Exchanger for Aero-Engine Application, Procedia Engineering 99 ( 2015 ) 

812 – 821. 

[19] Robert J. Kee, Berkeley B. Almand, Justin M. Blasi, Benjamin L. Rosen, Marco Hartmann, Neal P. Sullivan, 

Huayang Zhu, Anthony R. Manerbino, Sophie Menzer, W. Grover Coors, Jerry L. Martin, The design, 

fabrication, and evaluation of a ceramic counter flow microchannel heat exchanger, Applied Thermal 

Engineering 31 (2011) 2004e2012. 

[20] Ahmed M. Shakir, Ahmed K. Mohammeda, Mushtaq I. Hasan, Numerical investigation of counter flow 

microchannel heat exchanger with slip flow heat transfer, International Journal of Thermal Sciences 50 (2011) 

2132e2140. 

[21] I. Tiselj, G. Hetsroni, B. Mavko, A. Mosyak , E. Pogrebnyak, Z. Segal, Effect of axial conduction on the heat 

transfer in micro-channels, International Journal of Heat and Mass Transfer 47 (2004) 2551–2565. 

[22] J. Barrau, S. Riera, E. Léveillé, L.G. Fréchette , J.I. Rosell, Nozzle to plate optimization of the jet impingement 

inlet of a tailored-width microchannel heat exchanger, Experimental Thermal and Fluid Science xxx (2014) 

xxx–xxx. 

[23] Thanhtrung Dang, Jyh-tong Teng, and Jiann-cherng Chu, Effect of Flow Arrangement on the Heat Transfer 

Behaviours of a Microchannel Heat Exchanger, IMECS 2010. 

[24] Anna Kozłowska ,  Piotr Łapka, Mirosław Seredy_nski , Marian Teodorczyk , El _zbieta Da˛browska-

Tuma_nska, Experimental study and numerical modeling of micro-channel cooler with micro-pipes for high-

power diode laser arrays, Applied Thermal Engineering 91 (2015) 279e287. 

[25] Thanh-Long Le a, Jyh-Chen Chen a,⇑, Bai-Cheng Shen a, Farn-Shiun Hwub, Huy-Bich Nguyen, Numerical 

investigation of the thermocapillary actuation behaviour of a droplet in a microchannel, International Journal of 

Heat and Mass Transfer 83 (2015) 721–730. 

[26] Reiyu Chein, Janghwa Chen Numerical study of the inlet/outlet arrangement effect on microchannel heat sink 

performance International Journal of Thermal Sciences 48 (2009) 1627–1638. 

[27] T. Bello-Ochende, L. Liebenberg, J.P. Meyer, Constructal cooling channels for micro-channel heat sinks, 

International Journal of Heat and Mass Transfer 50 (2007) 4141–4150. 

[28] Su-Jong Yoon a,⇑, Piyush Sabharwall a, Eung-Soo Kim, Numerical study on crossflow printed circuit heat 

exchanger for advanced small modular reactors, International Journal of Heat and Mass Transfer 70 (2014) 

250–263. 

[29] Zhang Kai, Zheng Guanghua, Du Fenglei, Experimental Investigation on flow Characteristics of Gas in 

Microchannel, Procedia Engineering 99 ( 2015 ) 758 – 762. 

[30] Md. Emrana, Mohammad Ariful Islam, Numerical investigation of flow dynamics and heat transfer 

characteristics in a microchannel heat sink, Procedia Engineering 90 ( 2014 ) 563 – 568. 

[31] A.A. Alfaryjat a, H.A.Mohammedb,⁎, Nor Mariah Adam a,⁎, M.K.A. Ariffin a, M.I. Najafabadi, Influence of 

geometrical parameters of hexagonal, circular, and rhombus microchannel heat sinks on the thermohydraulic 

characteristics, International Communications in Heat and Mass Transfer 52 (2014) 121–131. 

[32] Deewakar Sharmaa*,Parbar Pratham Singha,Harry Garg, Comparative Study of Rectangular and Trapezoidal 

Microchannels Using Water and Liquid Metal, Procedia Engineering 51 (2013 ) 791 – 796. 

[33] Yun Yue, Shahabeddin K. Mohammadian, Yuwen Zhang, Analysis of performances of a manifold 

microchannel heat sink with nanofluids, International Journal of Thermal Sciences 89 (2015) 305e313. 

[34] M.A. Arie a, A.H. Shooshtari a,⇑, S.V. Dessiatoun a, E. Al-Hajri , M.M. Ohadi, Numerical modeling and 

thermal optimization of a single-phase flow manifold-microchannel plate heat exchanger, International Journal 

of Heat and Mass Transfer 81 (2015) 478–489. 

[35] https://www.bing.com/images/search?q=microchannel&view=detailv2&&id=8A52EC6FD15D0E362BC49D3

12786F2F4B5306B6B&selectedIndex=0&ccid=pInDzJQq&simid=608003388099593298&thid=OIP. 

[36] GUID-493396B7-1D68-4684-BAE6-5F66D12F75AA.png, https://www.bing.com/images/search?q=+Microch 

annel+shape&view=detailv2&&id=10B4A4B469D6C A642FC049958BE0434B13BFB3AE&selectedIndex=1 

97&ccid=qtL0NMCK&simid=608035059192431025. 


