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ABSTRACT 
 

 

 

 

 

A flow can be laminar, turbulent or transitional in nature. This become a very important 

classification of flow. Laminar and turbulent flow can be test to get the different of the result. 

The objective of this study are to find temperature distribution, mesh independent test, 

entrance length and find Nusselt number and the different between laminar and turbulent 

flow. Temperature distribution can be conduct with running the simulation that the domain 

have been create using software. Software that have been using in this experiment to draw 

the domain is GAMBIT software and that was one of the method in this study. The 

simulation need to consider the material use and boundary condition. Then run the 

simulation with iterate is set to 1000 and when the worlds converge appear the simulation 

will stop and the running of simulation is done. To make the simulation is valid, the 

numerical code is verified by contrasting or comparing it with available analytical solution 

or widely accepted numerical results. The largest deviation between simulation result from 

Qu and Mudawar result is 13.1%. The simulation is considered as valid since the simulation 

is showing the identical pattern. Temperature distribution can be seen in the contour where 

the temperature at the inlet, middle and outlet is different. The finding shows that 

temperature for the laminar and turbulent flow is different. Analyses data showed that 

turbulent flow temperature is higher than laminar. The range of hydraulic diameter are 

between 8.658 x 10-5 to 2.52 x 10-5. Average range for Nusselt number in this project is 

between 4 to 40 Nusselt numbers. Turbulent method was using k-epsilon in simulation. 
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ABSTRAK 
 

 

 

 

 

 

Aliran boleh bersifat laminar, bergolak atau transisi. Ini menjadi klasifikasi aliran yang 

sangat penting. Laminar dan aliran bergelora boleh diuji untuk mendapatkan hasil yang 

berbeza. Objektif kajian ini adalah untuk mencari pengagihan suhu, uji bebas ujian, panjang 

pintu masuk dan mencari nombor Nusselt dan perbezaan antara aliran laminar dan turbulen. 

Pengedaran suhu boleh dijalankan dengan menjalankan simulasi yang domain telah dibuat 

menggunakan perisian. Perisian yang telah menggunakan dalam eksperimen ini untuk 

menarik domain adalah perisian GAMBIT dan itu adalah salah satu kaedah dalam kajian 

ini. Simulasi perlu mempertimbangkan penggunaan bahan dan syarat sempadan. Kemudian 

jalankan simulasi dengan iterate ditetapkan ke 1000 dan apabila dunia menumpu muncul 

simulasi akan berhenti dan menjalankan simulasi dilakukan. Untuk membuat simulasi itu 

sah, kod berangka diverifikasi dengan membezakan atau membandingkannya dengan 

penyelesaian analisis yang tersedia atau keputusan berangka yang diterima secara meluas. 

Penyimpangan terbesar antara keputusan simulasi dari Qu dan Mudawar ialah 13.1%. 

Simulasi dianggap sebagai sah kerana simulasi menunjukkan corak yang sama. Pengagihan 

suhu boleh dilihat dalam kontur di mana suhu di salur, tengah dan salur adalah berbeza. 

Hasilnya menunjukkan bahawa suhu bagi laminar dan aliran bergelora adalah berbeza. 

Analisis data menunjukkan suhu aliran turbulen lebih tinggi daripada laminar. Julat 

diameter hidraulik adalah antara 8.658 x 10-5 hingga 2.52 x 10-5. Julat purata bagi nombor 

Nusselt dalam projek ini adalah antara 4 hingga 40 nombor Nusselt. Kaedah gelora 

menggunakan k-epsilon dalam simulasi. 
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CHAPTER 1 

 

INTRODUCTION 

 

1.1 Background 

Boundary layer can define the thickness δδ to be the distance across a boundary layer 

from the wall to a point where the flow velocity has essentially reached the free stream 

velocity u0. Prandtl idea was to divide the flow into two regions. One of that are an outer 

flow region that is inviscid and or irrotational and an inner flow region called a boundary 

layer a very thin region of flow near a solid wall where viscous forces and rotationally cannot 

be ignored. The concept of the boundary layer are implies that flows at high Reynolds 

numbers that can be divided up into two unequally large regions. In the bulk of the flow 

region, the viscosity can be neglected and the flow corresponds to the inviscid limiting 

solution. This is called the inviscid outer flow. The second region is the very thin boundary 

layer at the wall where the viscosity must be taken into account. The boundary layer 

approximation corrects some of the major deficiencies of the Euler equation by providing a 

way to enforce the no-slip condition at solid walls. Hence, viscous shear forces can exist 

along walls, bodies immersed in a free stream can experience aerodynamic drag and flow 

separation in regions of adverse pressure gradient can be predicted more accurately. 
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Figure 1.1: Schematic drawing depicting fluid flow over a flat plate. 

 Has basically achieved the free stream speed converts into a tradition. This thing can 

happens when the speed has the estimation of 99% of uo. Fundamentally, arrange at the 

divider and look outside it until the point when the speed is that of the unperturbed stream. 

 

Figure 1.2: Prandtls boundary layer concept splits the flow into an outer flow region and a 

thin boundary layer region 

 

The same boundary layer and observe that there is a reduction in the flow rate due to 

its presence. That reduction is symbolized by the shaded area in the figure. The boundary 

layer appears due to the shear stress that occurs in the fluid between the layers of the fluid 
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and between the fluid and the wall. The flow were frictionless inviscid would not lose that 

mass flow rate. A similar boundary layer and watch that there is a diminished in the stream 

rate because of its essence. That diminished is symbolized by the shaded region in the figure. 

The limit layer shows up because of the shear push that happens in the fluid between the 

layers of the fluid and between the fluid and the divider. If the flow were frictionless inviscid 

it would not lose that mass flow rate. To obtain in an inviscid flow, an equivalent situation 

regarding the mass flow rate, move the boundary to compensate for the mass deficit. 

 

Figure 1.3: The boundary to compensate for the mass deficit 

The boundary need to move with a distance such that the mass flow loss from moving the 

boundary equals the loss in the boundary layer. At the end of the day, the two shaded regions 

must be equivalent. The distance by which we move the boundary in an inviscid flow to 

adjust for this no friction assumption is the uprooting thickness. There is something more, it 

do not lose just mass stream rate when not thinking about the limit layer, but rather it 

additionally lose force. The separation to represent the loss of energy in the limit layer, when 

contrasted with that of potential flow. Move the limit by a specific separation can dispose of 

the limit layer, flow without thickness, and still have a similar force. This separation is the 

energy thickness.  



4 
 

 

In this study, the three-dimensional fluid flow and heat transfer in a rectangular 

microchannel heat sink are analyzed numerically using water as the cooling fluid. The heat 

sink consists of a 1cm2 silicon wafer. The micro-channels have a width of 57 𝜇m and a depth 

of 180 𝜇m, and are separated by a 43 𝜇m wall. For the micro-channel heat sink investigated, 

it is found that the temperature rise along the flow direction in the solid and fluid regions 

can be approximated as linear. For a relatively high Reynolds number of 1400, fully 

developed flow may not be achieved inside the heat sink. Increasing the thermal conductivity 

of the solid substrate reduces the temperature at the heated base surface of the heat sink, 

especially near the channel outlet. (Qu & Mudawar, 2002). 

 

1.2 Problem statement 

 

Critical Reynolds number is important, the critical Reynolds number at which the flow 

downstream of an orifice or nozzle in a pipe becomes turbulent is an important parameter as 

it is the demarcating point between purely laminar flow and re-laminar flow. 

The value of the critical Reynolds number is estimated for sharp-edged orifices, quadrant-

edged orifices and long radius nozzles from indirect evidences using mean flow 

measurements. The Reynolds number is defined as the ratio of inertial forces to viscous 

forces and consequently quantifies the relative importance of these two types of forces for 

given flow conditions. Reynolds numbers frequently arise when performing scaling of fluid 

dynamics problems and as such can be used to determine dynamic similitude between two 

different cases of fluid flow. Laminar flow occurs at low Reynolds numbers, where viscous 

forces are dominant and is characterized by smooth, constant fluid motion. Turbulent flow 
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Occurs at high Reynolds numbers and is dominated by inertial forces, which tend to produce 

chaotic eddies, vortices and other flow instabilities. Viscosity is a physical mechanism for 

smoothing flow variations, there can be a problem differentiating between numerical and 

physical smoothing. This is especially important when critical Reynolds number situations are 

encountered, because they require an especially accurate estimate of viscous stresses. 

For a laminar boundary layer growing on a flat plate, boundary layer thickness δ is 

at most a function of V, x, and fluid properties 𝜌 and 𝜇. It is a simple exercise in dimensional 

analysis to show that δ/x is a function of Rex. In fact, it turns out that d is proportional to the 

square root of Rex. Infinitesimal disturbances in the flow begin to grow and the boundary 

layer cannot remain laminar and begins a transition process toward turbulent flow. For a 

smooth flat plate with a uniform free stream, the transition process begins at a critical 

Reynolds number, Rex critical ≅ 1 x 105, and continues until the boundary layer is fully 

turbulent at the transition Reynolds number, Rex, transition ≅ 3 x 106 . For laminar plate 

boundary layers the boundary layer thickness can easily be estimated as follows in the 

boundary layer the inertial forces and the friction forces are in equilibrium. The boundary 

layer on a plate is laminar close to the leading edge and becomes turbulent further 

downstream, whereby the position of the transition point xcrit can be determined by the 

critical Reynolds number Rex crit given. 
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1.3 Objective 

 

The objectives of this project are as follows: 

 

1.  To determine temperature distribution 

2. To find mesh independent test of water flow using laminar and turbulent flow 

3. To determine the entrance length 

4. To determine the Nusselt number of water flow using laminar and turbulent flow.  

 

 

1.4 Scope of project 

 

The scopes of this project are: 

 

1. For microchannel, the range critical Reynold number is between 140 to 1000 

2. The fluid use is water 

3. The hydraulic diameter is 8.658x10 -5 m for rectangular microchannel 

4. The turbulent used is k-epsilon 

5. The Reynolds number of water flow is 1000 
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1.5 General Methodology 

 

The actions that need to be carried out to achieve the objectives in this project are listed 

below. 

 

 

                                                    Pre-Process                              

 

 

 

 

 

 

 

                  

 

                                                                                                Solver 

 

                                                                                                 

 

 

 

 

 

 

 

 

 

 

            Post process 

 

 

 

 

 

Figure 1.4: Flow chart of the methodology 

 

Meshing 

             Run 

 Set material preparation 

 Boundary condition 

Modelling 

Data 

 Result at the simulation 

Analysis 

 Boundary layer analysis 
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1. Literature review 

Books, journals, article and all other alternative reference for this project will be 

review. 

2. Drawing (pre-processing)  

The microchannel  

3. Simulation 

Simulation of the water velocity profiles using fluent software based on the 

several of Reynolds number.  

4. Report writing 

A report on this study will be written at the end of the project. 
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CHAPTER 2 

 

LITERATURE REVIEW 

 

 2.1 Reynolds Number 

 Critical Reynolds Number in Pipe Flow by Stephen Mirdo (Stephen Mirdo 2010). 

The Reynolds number (Re) is an important dimensionless quantity in fluid mechanics used 

to help predict flow patterns in different fluid flow situations. At low Reynolds numbers 

flow has a tendency to be commanded by laminar sheet-like flow, however at high Reynolds 

numbers turbulence comes about because of contrasts in the fluids speed and course, which 

may once in a while converge or even move counter to the general heading of the stream 

vortex ebbs and flows. 

 Hiroaki Nishikawa, Yi Liu (Hiroaki Nishikawa & Yi Liu 2017) hyperbolic advection 

diffusion schemes for high Reynolds number boundary layer problems. Reynolds number 

has wide applications, running from fluid flow in a pipe to the entry of air over an air ship 

wing. It is utilized to predict the progress from laminar to turbulent flow, and utilized as a 

part of the scaling of comparable however unique measured flow circumstances. The 

expectations of the beginning of turbulence and the capacity to ascertain scaling impacts can 

be utilized to help anticipate liquid conduct on a bigger scale, for example, in neighborhood 

or worldwide air or water development and in this manner the related meteorological and 

climatological impacts. 
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 Yong-Hui Wang et al. (2017) stated that the Reynolds number is the ratio of inertial 

forces to viscous forces within a fluid which is subjected to relative internal movement due 

to different fluid velocities, in which is known as a boundary layer in the case of a bounding 

surface such as the interior of a pipe. A similar effect is created by the introduction of a 

stream of higher velocity fluid, such as the hot gases from a flame in air. This relative 

movement results in fluid friction, which is a factor in building turbulent flow. Balancing 

this effect is the viscosity of the liquid, which it increases, gradually inhibit turbulence, as 

more kinetic energy is absorbed by the viscous liquid. The Reynolds number calculates the 

relative importance of the two types of forces for a particular flow condition and is a guide 

when turbulent flows will occur under certain conditions. 

S. A. Si Salah, E. G. Filali, S. Djellouli (2006). The ability to predict the start of 

turbulent flow is an important design tool for equipment such as a pipe system or aircraft 

wing, but the Reynolds number is also used in fluid dynamics scale scales, and is used to 

determine the dynamic equations between two types of fluid flow cases, such as between 

aircraft models, and its full size version. Such grading is not linear and the use of the 

Reynolds number for both conditions allows the scale factor to be developed. Laminar flow 

occurs at low Reynolds numbers, where the viscosity is dominant, and is characterized by 

continuous constant fluid motion. Turbulent flows occur at high Reynolds numbers and are 

dominated by inertial forces, which tend to produce stirring eddies, vortices and other flow 

instability. The Reynolds number is defined as 

 

𝑅𝑒 =
𝜌𝜐ℒ

𝜇
=  

𝜐ℒ

𝜈
 

𝜌 is the density of the fluid . SI units is kg/m3  
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𝜐 is the velocity of the fluid with respect to the object. SI units is m/s 

L is a characteristic linear dimension. SI units is m 

μ is the dynamic viscosity of the fluid. SI units is Pa·s or N·s/m2 or kg/m·s 

ν is the kinematic viscosity of the fluid . SI units is m2/s. 

The Reynolds number can be characterized for a few unique circumstances where a fluid is 

in relative motion to a surface. These definitions by and large incorporate the fluid properties 

of density and viscosity, plus a velocity and a characteristic length or characteristic 

dimensionℒ. For aircraft or ships, length or width may be used. For flow in pipes or spheres 

moving in liquids, inner diameter is usually used today. Other shapes such as rectangular 

plates or non-spherical objects have the same diameter. For custom density liquids such as 

viscosity gas or liquid fluid such as non-Newtonian fluids, special regulations apply. 

Velocity can also be a problem in some situations, especially the stirred vessels. The form 

of the Reynolds number can be derived as follows 

𝑅𝑒 =  
𝑖𝑛𝑒𝑟𝑡𝑖𝑎𝑙 𝑓𝑜𝑟𝑐𝑒𝑠

𝑣𝑖𝑠𝑐𝑜𝑢𝑠 𝑓𝑜𝑟𝑐𝑒𝑠
=

𝑚𝑎𝑠𝑠 𝑥 𝑎𝑐𝑐𝑒𝑙𝑎𝑟𝑎𝑟𝑖𝑜𝑛

𝑑𝑦𝑛𝑎𝑚𝑖𝑐 𝑣𝑖𝑠𝑐𝑜𝑠𝑖𝑡𝑦 𝑥 
𝑣𝑒𝑙𝑜𝑐𝑖𝑡𝑦

𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒
𝑥 𝑎𝑟𝑒𝑎

  

𝑅𝑒 =
𝜌ℒ3𝜐

𝓉

𝜇(
𝜐

ℒ
)ℒ2

=
𝜌ℒ31

𝓉

𝜇(
1

ℒ
)ℒ2

=
𝜌ℒ21

𝓉

𝜇
=

𝜌
ℒ

𝓉
ℒ

𝜇
=

𝜌𝜐ℒ

𝜇
=

𝜐ℒ

𝜈
  

 

Where: 

𝜐 is the maximum velocity of the object relative to the fluid. SI units is m/s. 

ℒ is a characteristic linear dimension, (travelled length of the fluid; hydraulic 

diameter when dealing with river systems) (m) 

https://en.wikipedia.org/wiki/Dynamic_viscosity
https://en.wikipedia.org/wiki/Fluid
https://en.wikipedia.org/wiki/Kinematic_viscosity
https://en.wikipedia.org/wiki/Fluid
https://en.wikipedia.org/wiki/SI_units
https://en.wikipedia.org/wiki/Hydraulic_diameter
https://en.wikipedia.org/wiki/Hydraulic_diameter
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𝓉 denotes the time. 

𝜇 is the dynamic viscosity of the fluid. SI unit is Pa·s or N·s/m2 or kg/m·s 

ν (nu) is the kinematic viscosity (ν = μ/ρ) SI unit is m2/s. 

𝜌 is the density of the fluid. SI unit is kg/m3. 

 

2.2 Reynold number and Significant 

There are many experimental research that have been done by researchers in 

configuring fluid flow and thermal conductivity inside microchannel. Experiments on 

transport in micro-channel a critical review have been done by S. V. Garimella and C. B. 

Sobhan in 2003. Investigations focused on understanding the fundamentals of microchannel 

flow, and on comparing and contrasting the flow and heat transfer characteristics in 

microchannel with those in conventional channels. The two important objectives in 

electronics cooling, namely the reduction of the device maximum temperature and the 

minimization of temperature gradients on the device surface, can be efficiently achieved by 

the use of microchannel heat sinks. Reynolds number of approximately 400. 

 (Peiyi and Little, 1983) has detailed that there are many factors in which influencing 

the fluid flow and in the meantime influencing the estimation of the grating element in 

microchannel. Surface roughness is one of the elements that influences the fluid flow from 

transition to turbulent for the most part by expanding of drag coefficients in turbulent flow 

in microscale channel. For this situation, critical roughness is displayed yet rubbing factors 

measured in smooth channel concurred with macroscale hypothesis in rectangular 

microchannel. Along these lines, influencing the grating to factor too little that it can be 

reliable in this microchannel. Additionally, contact factor is relied upon Reynolds number. 

https://en.wikipedia.org/wiki/Time
https://en.wikipedia.org/wiki/Dynamic_viscosity
https://en.wikipedia.org/wiki/Fluid
https://en.wikipedia.org/wiki/Nu_(letter)
https://en.wikipedia.org/wiki/Kinematic_viscosity
https://en.wikipedia.org/wiki/Density
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Analysis of three-dimensional heat transfer in micro-channel heat sink by Weilin Qu, 

Issam Mudawar (Qu & Mudawar, 2002) are analyzed numerically using water as the cooling 

fluid. The code is carefully validated by comparing the predictions with analytical solutions 

and available experimental data. The single-phase forced convective heat transfer of water 

in rectangular channels with hydraulic diameter ranging from 133 to 367𝜇m. Increasing 

Reynolds number increases the length of the developing region. Fully developed flow may 

not be achieved inside the heat sink for high Reynolds numbers. This results in enhanced 

heat transfer, alas at the expense of a higher pressure drop. 

 Experiments on flow characteristic at very low Reynolds numbers for liquid flow in 

microchannel have been done by Xiwen Zhang (X. Zhang et al., 2016). They tested 

deionized water and kerosene in rectangle cross-section microchannel with width 2.7 – 20 

μm and depth of 20 – 45 μm under very low Reynolds number condition (10-5<Re<10-2) 

thus provide a correlation to the flow of Newtonian fluid in a smooth micrometer-sized 

consistent with classical theory of laminar flow.  

(Kim, 2016) Byongjoo Kim has played out an investigation to investigate the 

legitimacy of hypothetical relationships in anticipating fluid flow and heat transfer attributes 

in light of customary measured of microchannel. 10 different rectangular microchannels with 

water driven breadth of 155 – 580 µm and Reynolds number going from 30 to 2500 are tried 

or tested. The basic Reynolds number of 1700 to 2400 are gotten with decrease of viewpoint 

proportion from 1.0 to 0.25. The single stage laminar grinding factors in the microchannel 

has obeyed to the ordinary Poiseuille flow theory. 
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2.3 Critical Reynolds number 

Critical Reynolds number is define as the Reynolds number, above which the flow becomes 

turbulent. Below a lower critical value of Reynolds number flow is laminar or streamline, 

above a higher critical value flow is turbulent or sinuous in Reynolds terminology. Between 

these values the flow is in what is called transition. The higher critical value is strongly 

dependent on upstream conditions. Reynolds observed values of between 11,800 and 14,300 

for water in bell mouth tubes of a few centimeters diameter. The lower critical value is less 

sensitive and is usually quoted simply as the critical Reynolds number. Its value for smooth 

circular pipes and tubes is approximately 2,000. 

2.4 Microchannel 

The combination between these two microchannel and Nano fluid contribute high coefficient 

heat transfer (A.A. Hussien et al.2016). Microchannel is another new technology with the 

smallest size which can remove a large amount of heat from a small region (Qu & 

Mudawwar, 2002). This microchannel also can help engineer or technicians to use only 

small space for electronic device especially during installation. Microchannel has the 

smallest size and light as compared to macrochannel and high in demands of low inventory 

of coolant and high coefficient of convection heat transfer (Y.F. Li al, 2016). 
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2.4.1 Application of Microchannel 

Microchannel works as passaging flow for cooling liquid since it combines the attributes of 

high surface area to volume ratio, small mass and volume and small coolant merchandise 

(Qu & Mudawwar, 2002). Michrochannel as cooling technology involve the process of 

removing heat from a small region is suitable for a computer which consist processor from 

the motherboard cpu which produce high heat. 

Table 2.1: The result of critical Reynolds determined by previous researchers.  

Author Testing fluid 
Hydraulic 

Diameter 
Geometry Remarks 

(Qu & 

Mudawar, 

2002) 

water 86.58 µm rectangular 

Much higher average heat 

flux and Nusselt number can 

be found in the region near 

the channel inlet and 

decrease rapidly to nearly 

constant values. 

(Zhu, 

2006) 

 water 

 

153 µm 

 

Rectangular 

 

The average heat flux at the 

channel top wall is slightly 

larger than at the bottom 

wall, but the corresponding 

average Nusselt numbers are 

virtually identical. 

(Yuan et al, 

2016) 
Water 

10mm 

diameter 

length 

Circular 

Reynold number range for 

transition flow become 

narrower with decreasing 

tube diameter. 
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(Dirker et 

al, 2014) 
Water 0.57 mm Rectangular 

For most of the channel 

length, the average heat flux 

and Nusselt number at the 

channel top and bottom 

walls are about half their 

corresponding values at the 

channel side wall 

(Pfund et 

al, 200) 
Water 252 µm Rectangular 

Transition value was lower 

than conventional critical 

Reynolds number 
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CHAPTER 3 

 

METHODOLOGY 

 

3.1 Introduction 

This study is conducted by doing some validation in previous journal of Qu and 

Mudawar (2002) in order to accomplish this project objectives. A simulation of water flow 

through a single micro-size channel is done. GAMBIT is geometry and mesh generation 

software for computational fluid dynamics (CFD) analysis. GAMBIT has a single interface 

for geometry creation and meshing that brings together several pre-processing technologies 

in one environment. Advanced tools for journaling let edit and conveniently replay model 

building sessions for parametric studies. GAMBIT can import geometry from virtually any 

CAD/CAE software in Para-solid, ACIS, STEP, IGES, or native CATIA V4/V5 formats. 

After drawing and meshing domain in the GAMBIT software, the simulation have been 

conduct to get the result using Fluent 6.1 software.  
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3.2 Flow chart 
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Figure 3.1: Shows the flow chart 
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3.2.1 Pre-processing 

There are three stages in a computational fluid dynamic (CFD) simulation to achieve this 

project objective which are pre-processing, solving and lastly post-processing. Pre-

processing is a formulation of the problem which consist of governing equation and the 

boundary condition. It is also a construction of computational mesh which is set of control 

volumes. Pre-processing steps is started with the geometry by sketching the rectangular 

micro-channel heat sink with dimension of 0.9mm x 0.1mm x 10 mm at the outside and 

0.18mm x 0.057mm x 10mm rectangular micro-channel as for the inside. The projection line 

is sketched in order to project 3D rectangular onto a plane with 8 edges on faces and one 

target body which outside the rectangular.  

 

Figure 3.2: Example of drawing in GAMBIT software 
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 The simulation have been conducted after finish use GAMBIT software to drawing 

and apply meshing to the domain. The simulation processing have been apply the material 

setup for water and copper. The boundary condition setup also need to apply for choosing 

the inlet, outlet, wall and all the views. After done with the setup, iteration must be apply 

to run the simulation. 1000 iteration have been apply to all the simulation that have been 

conduct. Figure 3.3 and Figure 3.4 show the example of fluent simulation results. 

 

Figure 3.3: Example of fluent simulation result for temperature and heat flux 

 

Figure 3.4: Example of converge iteration 
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3.2.2 Solving 

Solving by discretization of the governing equations and solution of the resulting algebraic 

equations. 

Table 3.1: List of properties 

Symbols Properties Formula 

𝜌 Density Kg/m3 

𝜇 Viscosity Kg/m.s 

𝜈 Kinematic Viscosity m2/s 

Rair Specific gas constant kJ/kg.K 

m2s2.K 

k Specific heat ratio cp/cv 

cp Specific heat kJ/kg.K 

m2s2.K 

cv Specific heat kJ/kg.K 

m2s2.K 

c Speed of sound m/s 

𝛿

𝜘
 

Boundary Layer Thickness Laminar= 
4.91

√𝑅𝑒𝑥
 

 

Turbulent= 
0.16

(𝑅𝑒𝑥)1/7
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Table 3.2: Thermal properties of water 

Density (kg/m3) 998.2 

Cp (specific heat)(j/kg.k) 4182 

k, Thermal Conductivity (w/m.k) 0.6 

µ, Viscosity (kg/m.s) 0.001003 

 

Table 3.3: Thermal properties of copper  

Density (kg/m3) 8978 

Cp (specific heat)(j/kg.k) 381 

k, Thermal Conductivity (w/m.k) 387.6 
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3.2.3 Post-Processing 

Post-processing which is an analysis of results that consist of calculation of derived 

quantities such as force, flow rate and else. It also produces visualization like graph and plots 

of the solution. The mesh independent test have been conducted. The data and result have 

been concluded. To reduce time and iteration of the convergence as low as can and to get 

the best meshing with the lowest nodes, a mesh independent test is stimulating. The 

temperature distribution at several x–y planes, namely the heat sink top wall, channel top 

wall, channel bottom wall, and heat sink bottom wall is illustrated.  

 

Figure 3.5: Example of contour temperature distribution for top and bottom wall 
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3.3 Developing Simulation for CFD 

The process in developing simulation for CFD was started by using fluid flow Fluent which 

consist of geometry, meshing setup, solution and result in GAMBIT since it is one project 

management tools that can handles the passing data between those tools. All basic work flow 

was explained in this project. 

 

3.4 Model or Domain 

Model pre-processing drawing was follow Qu & Mudawar (2002) journal title analysis of 

three-dimensional heat transfer in micro-channel heat sink , step is started with geometry by 

sketching the rectangular microchannel heat sink with dimension have a width of 57 𝜇m and 

a depth of 180 𝜇m, and are separated by a 43 𝜇m wall. The channels had a width of 50 𝜇m 

and a depth of 302 𝜇m, and were separated by 50 𝜇m thick walls. The micro-tube had an 

inner diameter of 902 𝜇m, wall thickness of 89 𝜇m and length of 5.8 mm. 

  

Figure 3.6: Schematic of rectangular micro-channel heat sink and unit cell. 
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Table 3.4 : Dimension of unit cell of microchannel 

 

 

 

Figure 3.7: Isometric view showing the mesh model 

 

 

Figure 3.8: Side view of meshed model 
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Figure 3.9: Example Drawing using GAMBIT  

 

Figure 3.10: Example Drawing using GAMBIT with meshing 
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3.5 GAMBIT Meshes 

GAMBIT can create both surface and volume meshes. Meshes from Third-Party CAD 

Packages. Import grid files from third party CAD packages by using the items in the File 

Import menu. Alternatively, the feral filter enables you to convert files created by several 

finite element packages to the grid file format used by Fluent.  

 

3.5.1 Meshing mode Fluent 

Functions as a robust, unstructured volume mesh generator. Generates volume 

meshes that can be transferred to solution mode in Fluent. Uses the Delaunay triangulation 

method for tetrahedral. The advancing layer method use for prisms and generates hex core 

mesh. Has a robust surface wrapper tool includes size functions that can produce ideal size 

distributions for many CFD calculations and can directly create a hex dominant mesh on 

faceted geometry using the cut cell mesh. Has tools for checking, repairing, and improving 

boundary mesh to ensure a good starting point for the volume mesh and can manipulate face 

cell zones. Is flexible it allows the most appropriate cell type to be used to generate the 

volume mesh. Tet meshes are suitable for complex geometries.  
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3.6 Boundary Condition 

Qu & Mudawar,(2002) analysis of three-dimensional heat transfer in micro-channel heat 

sinks for boundary can be specified as follows, the hydraulic boundary conditions, the 

velocity is zero at all boundaries except the channel inlet and outlet. A uniform velocity is 

applied at the channel inlet. 

 

The flow is fully developed at the channel outlet. 

 

For the thermal boundary conditions, adiabatic boundary conditions are applied to all the 

boundaries of the solid region except the heat sink top wall, where a constant heat flux is 

assumed. 

 

At the channel inlet, the liquid temperature is equal to a given constant inlet temperature.     

𝑇 =  𝑇 in 

The flow is assumed thermally fully developed at the channel outlet. 
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It should be noted here that the temperature field may not be fully developed if the 

entrance length is longer than the channel length, as demonstrated later in this paper. 

However, the change of temperature gradient along the flow direction at the channel exit is 

usually very small even for very large Reynolds numbers. 

 

Table 3.5: Fluid flow and heat transfer parameters employed in numerical analysis 

 

Table 3.6: Continuum type 

Name Type 

Water Fluid 

Copper Solid 

Table 3.7: Boundary Type 

Name  Type 

Inlet Wall 

Outlet Wall 

Topwall Wall 

Bottomwall Wall 
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CHAPTER 4 

 

RESULTS AND ANALYSIS 

 

4.1 Introduction 

In this section, the validation of the simulation is done and the consequence of the 

simulation will be appeared and discussed. The Nusselt number along the channel is 

recognized to plot a graph chart and demonstrate the impact of the outline cooling impact.  

 

4.2 Validation 

 To make the simulation is valid, the numerical code is verified by contrasting or 

comparing it with available analytical solution or widely accepted numerical results. The 

grid dependence test is first conducted or led by utilizing using several different mesh sizes. 

This test proved that the results based on the final grid system presented in this paper are 

independent of mesh size. The solution for the energy equation was also verified. The 

surrounding solid region is evacuated and a pure convective heat transfer problem in the 

rectangular channel is considered. The boundary condition is chosen as constant longitudinal 

wall heat flux with uniform peripheral heat flux. The Reynolds number is set to 140 for 

validation.  Based on the numerical results, the average peripheral Nusselt number Nu is 

evaluated and plotted in figure against the length of the microchannel, L. 
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Figure 4.1: Comparison of average Nusselts Number 

 

Figure 4.2: Comparison of Average Temperature Distribution 

 

Nu is calculated using formula below 

Nu = 
𝑞"𝐷ℎ

𝑘(𝑇𝑠−𝑇𝑚)
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Where 𝑇Γ,m is the average temperature at the line side wall of the boundary, 

𝑇Γ,m =  
1

Γ
∫ 𝑇Γ 𝛿Γ 

and 𝑇𝑚 is the fluid bulk temperature, 

𝑇𝑚 =  
∫ 𝑢𝑡 𝑑𝐴𝑐𝐴𝑐

∫ 𝑢 𝑑𝐴𝑐𝐴𝑐

 

The outcomes shows that, the simulation result for the present straight microchannel 

heat sink is consequence or similar to the result of Qu and Mudawar, where Nusselt number 

is high at the inlet, but drop rapidly and approaches constant value at fully develop value. 

The result from the calculation is utilized to compare with the work of Qu and Mudawar 

which is also plotted in Figured 4.1 and Figure 4.2.  The largest deviation between simulation 

result from Qu and Mudawar result is 13.1%. In this manner, the simulation is considered as 

valid since the simulation is showing the identical pattern as Qu and Mudawar works. This 

proves that the simulation for other design are acceptable as well. The deviation of Nusselt 

number between simulations and Qu & Mudawar at the fully developed region is about 

8.16%.   
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4.3 Mesh Independent Test 

 The design that has been doing for this project is based on Qu and Mudawar journal 

which is the node have been change to test the boundary layer.  It is important that the 

solution is the numerical solution to the problem that posed by defining the mesh and 

boundary conditions. The more accurate the mesh and boundary conditions, the more 

accurate converged solution will be. Convergence that the way generally define convergence 

by looking at Residual values is only a small part of ensuring that have a valid solution. For 

a steady state simulation needs to ensure that the solution satisfies the following three 

conditions which  is the  Residual  RMS  Error  values  have  reduced  to  an  acceptable 

value with typically 10-4 or 10-5.Mesh Independent Test below show node of meshing in 

GAMBIT .

 

Figure 4.3: Example of setup nodes in meshing the domain 

This simulations study was performed with four different meshes size at the channel side 

wall which is y-direction of the fluid wall. The different meshes sizes are 40 × 25 × 150, 45 

x 25 × 150, 50 × 25 × 150 and 55 x 25 × 150. Figure 4.3 shows the meshing independences 

test for isometric and front for the channel side wall. 
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Figure 4.4: Mesh independent test for Nusselt number laminar and turbulent 

The values of interest are essentially the main outputs from the simulation, so 

pressure drop, forces, mass flow and others. Need to be make sure that these have converged 

to a steady value otherwise if let the simulation run for an additional 50 iterations then the 

simulation would have a different result. Mesh independent test are analyzed to establish the 

accuracy of the simulation. The simulation are with same Reynolds number which 1000 and 

velocity 11.606 after calculate with formula.  

Ensuring that these values have reached a steady solution means that basing decisions 

on a single repeatable value. Generally speaking, need to be ensure that before beginning a 

simulation need to clearly define what the values of interest are and need to make sure that 

the simulation have to monitor these to ensure that the simulation reach a steady state. The 

best way to check for a mesh independent solution is to plot a graph of the resultant monitor 

value against the number of cells in your simulation. This is illustrated below where the three 
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results from the steady monitor points for the average temperature at an outlet. By increasing 

the mesh size further the simulation that the 8 million cell simulation results in a value that 

is within acceptable range. This indicates that the simulation have reached a solution value 

that is independent of the mesh resolution, and for further analysis simulation can use the 6 

million cell case, as it will give us a result within the user defined tolerance. The grid 

dependence test is first directed by utilizing a few different mesh sizes. This test 

demonstrated that the outcomes based on the final grid system presented in this paper are 

independent of mesh size. 

 To get best time and iteration of the convergence as low as can and great meshing 

with the lowest nodes, several mesh independent test is simulating. The meshing nodes was 

set up at 150 in the middle for the first simulation than the value are changing from value 

150 to 200, 250 and 300 at x-direction on the side in the middle line of the channel. Figure 

4.4 shows the example changing of node run in a simulation result for laminar and turbulent. 
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4.4 Temperature Distribution 

The temperature distribution contour at several x–y planes, namely the heat sink top wall, 

channel top wall, channel bottom wall, and heat sink bottom wall is illustrated in Figure 4.5 

and Figure 4.6. Some interesting features are readily observed. From the distribution of 

constant temperature contour lines, the temperature gradient decreases along the longitudinal 

x-direction from the channel inlet to the outlet. However, the change of gradient is so small 

that a linear temperature rise is a good approximation for the situation studied. From the 

distribution temperature of constant temperature contour lines, along with the longitudinal 

x-direction, the temperature gradient decrease from the channel inlet to outlet for both 

channel top and a bottom wall. 

 

Figure 4.5: Temperature distribution contour in the x-y plane at channel top wall and 

bottom wall for laminar flow 

 

  

 

Inlet 
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Figure 4.6: Temperature distribution contour in the x-y plane at channel top wall and 

bottom wall for turbulent flow 

 

The temperature along the transverse y-direction is virtually constant. The 

temperature decreases from the heat sink top wall to the heat sink bottom wall. The shape of 

the channel is clearly visible due to the large difference in temperature gradient between the 

solid and liquid. Because of the copper high thermal conductivity, the temperature gradient 

in the copper is much smaller than that in water. The top wall line temperature and sidewall 

line temperatures, middle line temperature and bottom wall are plotted in Figure 4.7 until 

Figure 4.10. 

 

Inlet 
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Figure 4.7: Local temperature distribution contour in the x-z plane  

(a)Middle plane for laminar flow 

Figure 4.7: Local temperature distribution contour in the x-z plane  

(b)Sidewall plane for laminar flow 

 

Figure 4.8: Local temperature distribution in the x-z plane 

(a)Middle plane for turbulent flow 
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Figure 4.8: Local temperature distribution in the x-z plane  

(b)Sidewall plane for turbulent flow 

 

Figure 4.7(a) and Figure 4.7(b) show the temperature distribution at the x-z planes at 

the middle plane and side wall plane for the laminar flow. From the Figure 4.7(a), the shape 

channel from the inlet to outlet become clearly visible due to the higher temperature gradient 

difference between the fluid and solid. The temperature distribution contour show in Figure 

4.7(a) and Figure 4.8(a), the temperature in laminar flow was much higher than turbulent 

flow in the middle and side wall. This is due to the laminar flow have higher heat flux. As 

the present of the heat flux, means there are more quantity of heat entering the fluid particles. 

The temperature distribution contour for the transfer of heat for heat sink inlet, heat sink 

middle and heat sink outlet for the x=0, x=5 and x=10mm are showing in y-z plane. Figure 

4.11(a), (b) and (c) are showing the contour of heat transfer for laminar flow in y-z plane 

while figure 4.12(a), (b) and (c) shows are shows the contour heat transfer for turbulent flow 

in y-z plane. Based on the Figure 4.11 and 4.12, the variation temperature for the liquid is 

much bigger than the solid. At the inlet x = 0 mm of the channel, the fluid temperature is 

uniform but due to the development of the thermal boundary layer, the temperature are 

changes. The temperature contour for laminar and turbulence are same and identically 

because thermal boundary layer do not occurs at this state. At the heat sink middle x = 5 mm 

and the heat sink outlet x = 10mm, the thermal boundary layer have been occurs. 
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a) x = 0                                     b) x = 5mm                              c) x = 10mm 

Figure 4.9: Local temperature contours in y-z plane for laminar flow (a) heat sink inlet x= 

0 mm (b) heat sink middle plane x = 5 mm (c) heat sink outlet x = 10 mm 

                                          

a) x = 0mm                           b) x = 5mm                      c) 10mm 

Figure 4.10: Local temperature contours in y-z plane for turbulent flow (a) heat sink inlet    

x = 0 mm (b) heat sink middle plane x = 5 mm (c) heat sink outlet x = 10 mm 
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4.5 Flow and Heat Transfer Analysis 

 Fully developed flow implies that the velocity profile does not change in the 

fluid flow direction hence the momentum also does not change in the flow direction. In such 

a case, the pressure in the flow direction will balance the shear stress near the wall. Flow 

and heat transfer investigation is to talk about the fully developed flow at the entrance region 

area for this microchannel. Hydrodynamic entrance region is refer to velocity profile which 

is the flow from the inlet point to the point where the velocity profile is fully developed. The 

hydrodynamic entrance region refers to the area of a region where fluid entering a region 

develops a velocity profile due to viscous forces propagating from the interior wall of a 

region. This region is characterized by a non-uniform flow. The fluid enters a region at a 

uniform velocity, then fluid particles in the layer in contact with the surface of the region 

come to a complete stop due to the no-slip condition. Due to viscous forces within the fluid, 

the layer in contact with the region surface resists the motion of adjacent layers and slows 

adjacent layers of fluid down gradually, forming a velocity profile. 

4.5.1 Boundary Layer 

 Boundary layer region which is the region in which viscous effects and the velocity 

changes are significant. From the Figure 4.13 and Figure 4.14 below show the velocity 

profile in fully developed for laminar and turbulent. This all velocity profile are determined 

from rectangular microchannel heat sink hydrodynamic entrance length.  Hydrodynamic 

entrance region is channel inlet to the point where the velocity profile fully developed. The 

length for that region is called hydrodynamic entry length. Hydrodynamic fully develop 

region is the region where the velocity profile fully developed and remain unchanged. There 

are different between laminar and turbulent velocity which is the turbulent flow is more 

flatter and fuller while laminar flow is parabolic 

https://en.wikipedia.org/wiki/Viscosity
https://en.wikipedia.org/wiki/No-slip_condition
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Figure 4.11: The velocity profile in fully developed for laminar flow 

 

 

Figure 4.12: The velocity profile in fully developed for turbulent 

0.0002

0.00025

0.0003

0.00035

0.0004

0.00045

0.0005

0 5 10 15 20 25

ve
lo

ci
ty

 m
ag

n
it

u
d

e 
(m

/s

y (mm)

velocity profile fully develop

0.0002

0.00025

0.0003

0.00035

0.0004

0.00045

0.0005

0 2 4 6 8 1 0 1 2 1 4 1 6 1 8

V
EL

O
C

IT
Y 

M
A

G
N

IT
U

D
E 

(M
/S

Y (MM)

VELOCITY PROFILE FULLY DEVELOPE



43 
 

 

Figure 4.13: Shows the velocity profile in fully developed for laminar and turbulent flow 

 

Figure 4.14: Shows the zooming velocity profile in fully developed for the laminar and 

turbulent flow 
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Figure 4.13 shows the velocity profile in fully developed for laminar and turbulent 

flow. The circle from Figure 4.13 is the area which is has been zooming in Figure 4.14. The 

main difference between laminar and turbulent flows lies in the complexity of flow patterns, 

which are far more complicated in turbulence due to seemingly random distribution of 

velocities in time, accompanied by large number of vortices of various sizes present all the 

time. When the flow is laminar, we have pressure forces being balanced by viscous forces, 

which are functions of mean velocity gradients and related through viscosity. In fully 

developed for laminar flow, all the particles of the water moves at constant axial velocity 

along the streamlines of the channel. Thus, velocity profile for laminar flow remains 

constants. There is no any motion in radial flow, thus we can assume all the velocity profile 

is zero along the normal directions. Since we assume the flow is steady, so there is no 

acceleration of the flow. 

When the flow is turbulent, the effective shear force is not related to only mean 

velocity gradients but dominated by a much larger term known as the Reynolds stress, which 

in simple terms is related to square of the turbulent velocity fluctuations. Thus, deal with 

fully developed turbulent flows, the time averaged momentum equation has an additional 

term which plays the same role as an enhanced viscosity. This results in the velocity profile 

to be different from laminar flows. In fully developed for turbulence flow, swirling eddies 

in which the swirling motion caused by of positions and directions of turbulence flow. 

Swirling eddies will transport mass, momentum and energy that are more rapidly compare 

to the molecular diffusion and heat transfer that caused by the laminar flow. So, the friction 

values, heat transfer and mass transfer of turbulence flow are much higher compared to 

laminar flow. 
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4.6 Entrance length Laminar and Turbulent 

In fluid dynamics, the entrance length is the distance a flow travels after entering a 

region before the flow becomes fully developed. Entrance length refers to the length of 

the entry region, the area following the regions entrance where effects originating from the 

interior wall of the regions propagate into the flow as an expanding boundary layer. When 

the boundary layer expands to fill the entire region, the developing flow become a fully 

developed flow, where flow characteristics no longer change with increased distance along 

the region. Many different entrance lengths exist to describe a variety of flow conditions. 

Hydrodynamic entrance length describes the formation of a velocity profile caused 

by viscous forces propagating from the region wall. Thermal entrance length describes the 

formation of a temperature profile. 

 

Figure 4.15: Entry length laminar and turbulent flow Nusselt number 
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Figure 4.15 shows the entry region for the laminar and turbulent at fully developed. This is 

obtain when the velocity profile remain constant along the channel. From that figure, length 

region for the laminar flow is much longer compare to the turbulence flow. This is due to 

the turbulence flow achieve fully developed faster and remain constant compared to the 

laminar.  

 

4.6.1 Average Nusselt Number 

In heat transfer at a boundary  within a fluid, the Nusselt number (Nu) is the ratio 

of convective to conductive heat transfer across the boundary. In this context, convection 

includes both advection and diffusion. The conductive component is measured under the 

same conditions as the heat convection but with a hypothetically or motionless fluid. A 

similar non-dimensional parameter is biot number, with the difference that the thermal 

conductivity is of the solid body and not the fluid. This number gives an idea that how heat 

transfer rate in convection is related to the resulting of heat transfer rates in conduction. For 

example is a system consisting of a hot fluid getting heated which is in contact with a metal 

wall, a Nusselt number close to one  namely convection and conduction of similar magnitude 

is characteristic of laminar flow. A larger Nusselt number corresponds to more active 

convection, with turbulent flow typically in the 100 to 1000 range. The convection and 

conduction heat flows are parallel to each other and to the surface normal of the boundary 

surface and are all perpendicular to the mean fluid flow in the simple case. 

To investigate the effectiveness of the heat transfer from solid into the liquid of the 

design, the average Nusselt number is evaluated and plotted in Figure 4.14. The average 

https://en.wikipedia.org/wiki/Heat_transfer
https://en.wikipedia.org/wiki/Boundary_(thermodynamic)
https://en.wikipedia.org/wiki/Fluid
https://en.wikipedia.org/wiki/Convection
https://en.wikipedia.org/wiki/Heat_conduction
https://en.wikipedia.org/wiki/Advection
https://en.wikipedia.org/wiki/Diffusion
https://en.wikipedia.org/wiki/Biot_number
https://en.wikipedia.org/wiki/Thermal_conductivity
https://en.wikipedia.org/wiki/Thermal_conductivity
https://en.wikipedia.org/wiki/Laminar_flow
https://en.wikipedia.org/wiki/Turbulent_flow
https://en.wikipedia.org/wiki/Parallel_(geometry)
https://en.wikipedia.org/wiki/Perpendicular
https://en.wikipedia.org/wiki/Mean
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Nusselt number is calculated using equation (1) which is also included in journal Qu and 

Mudawar. To get the answer of the equation needs to find convective heat transfer first (H) 

which is the heat flux side wall need to divide with the value temperature side wall minus 

with temperature of middle wall. The value of H then insert to the equation of nusselt number 

which is need to times to Dh which is 4 times with area of design and divide with parameter 

of design. After times with Dh, devide with thermal conductivity of water which is 0.613 

W/mk. 

The effects of the solid thermal conductivity on the average Nusselt number are so 

small that the results for the copper heat sink are virtually identical. . Much higher average 

heat flux and Nusselt number can be found in the region near the channel inlet and decrease 

rapidly to nearly constant values. The average heat flux at the channel top wall is slightly 

larger than at the bottom wall, but the corresponding average Nusselt numbers are virtually 

identical. For most of the channel length, the average heat flux and Nusselt number at the 

channel top and bottom walls are about half their corresponding values at the channel side 

wall. 

.  
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CHAPTER 5 

 

CONCLUSION AND RECOMMENDATION 

 

5.1 Introduction 

In this chapter entitled Comparison of Laminar and Turbulent model of water Flow in 

Microchannel is performed by the simulations for water flow which is water through the 

rectangular copper microchannel by using the laminar and turbulent model. The result and 

discussion of numerical analysis will concluded and recommended. The thermal and 

hydrodynamic characteristics of microchannel are has been discussed. The fluid flow and 

heat transfer were analysed based on the simulations. The detailed of the average heat 

transfer such as temperature and Nusselt number was obtained. The entrance length was and 

velocity profile were obtained.  

5.2 Conclusion 

 In the end, the average temperature distribution, the heat sink top wall has occur the 

higher temperature above the channel outlet compared to the heat sink bottom wall. The 

temperature rise along the flow direction in solid and fluid region can be approximately 

linear. The shape of the channel is clearly visible due to the large difference in temperature 

gradient between the solid and liquid. Because of the copper high thermal conductivity, the 

temperature gradient in the copper is much smaller than that in water. 
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 Fully developed flow implies that the velocity profile does not change in the 

fluid flow direction hence the momentum also does not change in the flow direction. In such 

a case, the pressure in the flow direction will balance the shear stress near the wall. The main 

difference between laminar and turbulent flows lies in the complexity of flow patterns, which 

are far more complicated in turbulence due to seemingly random distribution of velocities 

in time. When the flow is laminar, we have pressure forces being balanced by viscous forces 

and when the flow is turbulent, the effective shear force is not related to only mean velocity 

gradients but dominated by a much larger term known as the Reynolds stress, which in 

simple terms is related to square of the turbulent velocity fluctuations. The largest deviation 

between simulation result from Qu and Mudawar result is 13.1%. The deviation of Nusselt 

number between simulations and Qu & Mudawar at the fully developed region is about 

8.16%. 
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