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ABSTRACT 

 

 

 

The study of the heat transfer to fluids in laminar flows through ducts was 

done at Universiti Teknikal Malaysia Melaka. The duct that was use is the study was 

circular and square duct. The geometry of both of the ducts was design by using 

Solidworks software. The aim of the study is to study the velocity and pressure 

profile of the ducts. In this study, a lot of study had been done about the laminar 

flow, Reynolds number, continuity equation and the duct geometry. After all the 

study had been done, simulation by using the Ansys CFX software was done to 

complete this study. From this study the result from CFD Simulation had been 

compared to the analytical data. The data from CFD Simulation and Analytical Data 

were almost same. The result also had shown the pressure drop from intake to outlet. 

The velocity increase due to the pressure drop occurred. Ansys CFX is successfully 

to simulate the air flow through the duct.  
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ABSTRAK 

 

 

 

Kajian tentang pemindahan haba terhadap bendalir lamina melalui salur telah 

di lakukan di Universiti Teknikal Malaysia Melaka. Salur yang telah digunakan di 

dalam kajian ini ialah berbentuk bulat dan segiempat tepat. Rekabentuk kedua-dua 

salur ini telah di bentuk dengan meggunakan perisian Solidworks. Tujuan kajian ini 

di buat adalah untuk mengkaji profil halaju dan tekanan di dalam salur. Dalam kajian 

ini banyak kajian telah dilakukan mengenai aliran lamina, nombor Reynolds, 

persamaan kesinambungan dan bentuk salur. Setelah semua kajian telah dilakukan, 

simulasi dengan menggunakan perisian Ansys CFX telah di lakukan untuk 

melengkapkan kajian ini. Hasil kajian yang telah di dapati denagn meggunakan 

Simulasi CFD telah di bandingkan dengan kiraan teori. Hasil yang didapati  daripada 

data Simulasi CFD dan kiraan teori ialah hampir sama. Hasil kajian juga telah 

menunjukkan berlakunya penurunan tekanan daripada udara masuk ke udara keluar. 

Halaju juga telah meningkat akibat daripada berlakunya penurunan tekanan. 

Perisisan Ansys CFX ini telah berjaya untuk menunjukkan simulasi udara melalui 

salur. 

 

 

 

 

 

 

 

 

 

 

 



iv 
 

CONTENTS 

 

 

 

CHAPTER TITLES PAGE NO 

 ACKNOWLDGEMENT i 

 ABSTRACT ii 

 ABSTRAK iii 

 CONTENTS iv 

 LIST OF FIGURES vi 

 LIST OF SYMBOLS viii 

 LIST OF ABBREVIATIONS ix 

CHAPTER 1.0 INTRODUCTION  

 1.1     Introduction 1 

 1.2     Objectives 2 

 1.3     Scopes 2 

 1.4     Problem Statement 2 

CHAPTER 2.0 LITERATURE REVIEW  

 2.1    Heat transfer 3 

 2.2    Laminar flow 3 

 2.3    Reynolds number 4 

 2.4    Computational fluid dynamics 5 

 2.5    Boundary layer 6 

 2.6    Laminar flow through duct 

2.7    Continuity Equation 

6 

13 

CHAPTER 3.0 METHODOLOGY  

 3.1    Introduction 14 

 3.2    Ansys CFX 14 

          3.2.1    Geometry 15 

          3.2.2    Meshing 18 

          3.2.3    CFX-Pre 

         3.2.4    CFX-Solver  

18 

20 

          3.2.5    CFX-Post 20 



v 
 

 

 

CHAPTER 4.0 

 

 

 

 

 

 

 

 

 

CHAPTER 5.0 

 

 

RESULT AND DISCUSSION 

   4.1   Introduction 

4.2   Circular Duct 

        4.2.1   Velocity Profile 

        4.2.2   Pressure Profile 

4.3    Square Duct 

           4.3.1   Velocity Profile 

           4.3.2   Pressure Profile 

4.4    Comparison between CFD           

           Simulation and Analytical Data    

CONCLUSION 

5.1   Conclusion 

REFERENCE 

 

 

 

 

21 

21 

21 

21 

24 

27 

27 

29 

 

33 

 

35 

36 
 

 

 

 

 

 

 

 

 

 

 

 

 



vi 
 

LIST OF FIGURES 

 

 

 

FIGURE 

NO. 

TITLES 

 

PAGE NO 

1.1 Air flow through duct 2 

2.1 Air flow through a flat plate. 4 

2.2 Laminar and turbulent velocity profiles 6 

2.3 Geometry and coordinate system of square duct 7 

2.4 (a)Rectangular duct 

(b) Circular duct 

7 

8 

2.5 Laminar heat transfer in square duct flow 8 

2.6 (a)Nusselt number vs Graetz number of 4000 wppm with 

different Reynolds number 

(b) Nusselt number vs Graetz number of 8000 wppm with 

different Reynolds number 

 

 

10 

 

10 

2.7 Comparison calculated Nusselt numbers for H1 boundary 

condition 

12 

2.8 Effect of mesh refinement 12 

2.9 Geometry of helical square duct 13 

3.1 CFX Flow Chart 15 

3.2 (a) Circular Duct 

(b) Orthographic view 

16 

16 

3.3 

 

3.4 

3.5 

4.1 

4.2 

4.3 

4.4 

(a) Square Duct  

(b) Orthographic View 

The summarize parameter 

The Boundary Condition 

The Velocity Profile of air inlet velocity 5m/s 

The Velocity Profile of air inlet velocity 10m/s 

The Pressure Profiles of air inlet velocity 5m/s 

The Pressure Profiles of air inlet velocity 10m/s 

17 

17 

19 

20 

22 

24 

25 

26 



vii 
 

4.5 

4.6 

4.7 

4.8 

4.9 

4.10 

The Velocity Profile of air inlet velocity 5 m/s 

The Velocity Profile of air inlet velocity 10m/s 

The Pressure Profiles of air inlet velocity 5m/s 

The Pressure Profiles of air inlet velocity 10m/s 

Comparison Table of Air Through the Duct 

CFD and Analytical Data versus Duct Location 

 

 

 

28 

29 

30 

31 

33 

34 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



viii 
 

LIST OF SYMBOLS 

 

 

 

Vs = Mean fluid velocity, [ 1ms ] 

L = Characteristic length, [ 2m ] 

μ = Dynamic fluid viscosity, [ 2Nsm ] 

ν = Kinematic fluid viscosity: ν = μ / ρ, [ 2 1m s ] 

ρ = Fluid density, [ 3kgm ] 

Re = Reynolds Number  

u = Velocity, [m/s]  

hd  
= Hydraulic diameter, [m]   

wq  = Mean local heat flux at the heated walls, [W] 

bT  = Bulk temperature, [ 0C ] 

wT  = Wall temperature, [ 0C ] 

Nu  = Nusselt numbers 

h  = Mean heat transfer coefficient, [ 2/W m K  ] 

hD  = Hydraulic diameter [m] 

k  

Q  

A 

V                        

= Thermal conductivity, [ /( )W mK ] 

=The Volumetric flow rate, [ 3 /m s ] 

=Area, [ 2m ] 

=Velocity, [m/s] 

  

 

 

 

 

 

 



ix 
 

LIST OF ABBREVIATIONS 

 

 

 

CFD    = Computational fluids dynamics 

 

CMC   = Carboxymethyllcelulose 

 

 

 

 

 

 

 



1 

 

CHAPTER 1.0 

 

 

 

INTRODUCTION 

 

 

 

1.1 Introduction  

 

The study of the fluid flow through different duct geometry is important of its 

wide use. This is also because with different duct geometry the heat transfer rate also 

changes. The thermal boundary conditions that need to be considered were also 

complex and the temperature possibilities are also different. A clear understanding of 

the thermal boundary condition is important in order to understand the heat transfer 

problem.  

 

Analytical, numerical or experimental results and thermal behavior of laminar 

flow through ducts is use a wide variety of heating and cooling devices used in 

compact or spiral heat exchangers, chemical reactors, meandering rivers, electronic 

cooling [1]. 
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1.2  Objective 

 

The main objective of the study is to study the velocity and pressure profile. 

 

 

 

1.3 Scopes  

 

The scopes of the study are stated below; 

 

 To study the fluid flow through duct 

 To design the duct geometry 

 To simulate fluid flow through duct using CFD 

 

 

 

1.4 Problem Statement 

 

They are several shapes that are being investigated. The shapes of the duct to 

be investigated are square and circular.  

 

 
Figure 1.1: Air flow through duct 

 

 

Air flows through a duct at specified temperature and at different velocity 

ranging from 5m/s – 10m/s. Ansys CFX is used to stimulated fluid flow through a 

duct. Finally the results will show the velocity and pressure profile. 

 

 

Air Flow 

In 

Air Flow 

Out 

Wall 
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CHAPTER 2.0 

 

 

 

LITERITURE REVIEW 

 

 

 

2.1 Heat Transfer 

 

Heat transfer is the passage of thermal energy from a hot to a cold body. 

When an object or fluid is at a different temperature than its surroundings, the 

transfer of thermal energy also known as heat transfer, occurs that the body and the 

surroundings reach thermal equilibrium. From the second law of thermodynamics, 

heat transfer always occurs from a hot body to a cold one. Heat transfer can never be 

stopped. It can only be slowed down. 

 

 

 

2.2 Laminar Flow 

 

Laminar flow also known as streamline flow occurs when a fluid flows in 

parallel layers, with no disruption between the layers. In fluid dynamics, laminar 

flow is a flow characterized by high momentum diffusion, low momentum 

convection, pressure and velocity independent from time. Laminar flow is also called 

“smooth” in nonscientific terms. 

 

The Reynolds number is an important parameter in the equations that 

describe whether flow conditions lead to laminar or turbulent flow. In laminar flow, 

the Reynolds number is less than 510 for a flat plate. For a circular pipes, the 

Reynolds number  for laminar is less than 2300( laminar<2300).Creeping motion or 

Stokes flow, an extreme case of laminar flow where viscous (friction) effects are 
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much greater than inertial forces, occurs when the Reynolds number is much less 

than 1. 

 

If the flow is laminar, water enters into the water block and flows through the 

block in nice even layers. Molecules of water stay in the same layer of water as they 

continue on their path. The molecules of water closest to the water block will be the 

hottest and moving the slowest, and those in the center of the flow will be the coolest 

and moving the fastest. This holds true for the entire path through the block and out 

the exit. The Figure 2.1 shows the boundary layer when the air flow through a flat 

plate. The first portion is laminar flow.  

 

 

Figure 2.1: Air flow through a flat plate. 

 

 

 

2.3 Reynolds Number 

 

The Reynolds number is the ratio of inertial forces to viscous forces (μ/L) and 

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

given flow conditions. Thus, it is used to identify different flow regimes, such as 

laminar or turbulent flow. 

 

It is one of the most important dimensionless numbers in fluid dynamics and 

is used, usually along with other dimensionless numbers, to provide a criterion for 
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determining dynamic similitude. When two geometrically similar flow patterns, in 

different fluids with possibly different flow rates, have the same values for the 

relevant dimensionless numbers, they are said to be dynamically similar. It is named 

after Osborne Reynolds (1842–1912), who proposed it in 1883. 

The Reynolds number can be defining as; 

Re /sv L v
                                                                                   

 

 

Laminar flow is smooth and occurs at low Reynolds numbers, where viscous 

forces are dominant, constant fluid motion, while turbulent flow, on the other hand, 

occurs at high Reynolds numbers and is dominated by inertial forces, producing 

random flow, and other flow fluctuations. 

 

The Reynolds number for laminar flow on flat plate is under 

510 (laminar< 510 ), for transient to turbulent occurs at a Reynolds number 

510 or 610 .For the case of circular or rectangular duct the Reynolds number can be 

defining by: 

Re /hud v  

 

 

 

2.4 Computational Fluid Dynamics 

 

Computational fluid dynamics (CFD) is one of the branches of fluid 

mechanics that uses numerical methods and algorithms to solve and analyze 

problems that involve fluid flows. Computers are used to perform the millions of 

calculations required to simulate the interaction of fluids and gases with the complex 

surfaces used in engineering. However, even with simplified equations and high-

speed supercomputers, only approximate solutions can be achieved in many cases 
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2.5 Boundary Layer 

 

When an object moves through a fluid, the molecules of the fluid near the 

object are disturbed and move around the object [6]. Aerodynamic forces are 

generated between the fluid and the object. The magnitude of these forces depends 

on the shape of the object, the speed of the object and the mass of the fluid. The 

Figure 2.2 shows the laminar and turbulent velocity profiles. 

 

 

Figure 2.2: Laminar and turbulent velocity profiles 

 

When a fluid moves past a surface, some of it will stick to the surface 

(usually the molecules that near the surface). So the other fluid molecules above it 

will slow down due to the collision between each other. This happens to all layer of 

the fluid until the layer that is far from the surface. The farther the molecules from 

the surface less collision or none will happen. This creates a thin layer of fluid near 

the surface in which the velocity changes from zero at the surface to the free stream 

value away from the surface. The thin layer is the boundary layer.  

 

 

 

2.6 Laminar flow through duct 

 

The significant heat transfer enhancements were reported for viscoelastic 

fluids in a 2:1 in rectangular and square channel. The measured heat transfer rates 
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were higher, up to 300% than the value for the purely forced convection by a 

Newtonian fluid. The study of the heat transfer and flow characteristics in 

rectangular duct has become important because of its high heat transfer enhancement 

than the circular duct or tube [2]. The Figure 2.3 shows the geometry and coordinate 

system of square duct. 

 

 

 

Figure 2.3: Geometry and coordinate system of square duct 

 

 

There is several type of duct. The Figure 2.4 shows the isometric drawing of 

rectangular duct (a) and circular duct (b). 

 

 

Figure 2.4 (a): Rectangular duct 
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Figure 2.4(b): Circular duct 

 

 

 

 

Figure 2.5: Laminar heat transfer in square duct flow 

 

Figure 2.5 shows the laminar heat transfer in square duct flow [3]. The square 

ducts were cut in a base made of transparent material PMMA with a low 
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conductivity of about 0.14 W 1 1m k 
. To ensure the accuracy of measurements, five 

uniformly placed square ducts of the same hydraulic diameter ( hD  = 0.4 cm) were 

used. The top wall is a 0.9 mm thick stainless steel plate, and is heated from outside 

by a 0.08 mm thick electro thermal band under constant heat flux boundary 

conditions. The entrance to the square ducts is sharp, so the simultaneously 

developing flows can be generated. The ratio of the duct length to hydraulic 

diameter, / dL D is 600, thus fully developed flow and heat transfer results can be 

obtained. The mixing section following the test section is used to provide an 

equalized bulk fluid temperature. After recovering the heat gain of the test fluid by a 

heat exchanger, the experimental set-up lets the fluid either go to the weighing tank 

for mass flow rate measurement or return to the bottom tank for recirculation. 

 

As only the top wall is heated, the buoyancy effects on the non-Newtonian 

fluid flow through the ducts should be very weak. An analysis has shown that the 

effects of the heat conduction from the duct walls are also very small within the 

investigated parameter ranges. 

 

In this experiment the test fluids were use is non-Newtonian aqueous 

carboxymethyllcelulose (CMC) solutions which are viscoelastic. The aqueous CMC 

solutions with concentrations of 4000 and 8000 wppm were used in the experiment. 

In order to clearly define the test fluids, the apparent viscosities of the fluids were 

measured before and after each heat transfer run. By measured in the rotational 

viscometer the apparent viscosity of the 8000 wppm aqueous CMC solution is higher 

than that of the 4000 wppm aqueous CMC solution. 

 

In the study, the pressure drop and the heat transfer rate of the aqueous CMC 

solutions in the square duct were measured simultaneously. The fluid temperature 

range for heat transfer study was kept within 16-23°C. The bulk fluid temperature 

was used to characterize the values of the fluid properties. The number of 

experimental runs is about 20 for each of the CMC solutions. The range of Reynolds 

number (Re) is around 1.0-500. 
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In the figure below shows the Nusselt number versus Graetz number (Nux vs 

Graetz) for the 4000 and 8000 wppm aqueous CMC solutions. The graph also shown 

for reference is the fully developed Nusselt number (forced convection limit) [3] 

calculated for a Newtonian fluid in a square duct with only one of the duct wall 

heated with H1 boundary condition(thermal boundary condition representing 

constant wall heat flux axially and constant temperature  peripherally on one wall of 

the square duct) 

 

The Figure 2.6 (a) and (b) shows the Nusselt number vs Graetz number of 

4000 and 8000 wppm with different Reynolds number.  

 

Figure 2.6 (a): Nusselt number vs Graetz number of 4000 wppm with different 

Reynolds number 

 

Figure 2.6 (b): Nusselt number vs Graetz number of 8000 wppm with different 

Reynolds number 

 

The aqueous CMC solutions, like the other non-Newtonian fluids used in the 

previous heat transfer studies, have the ability to augment the heat transfer in laminar 
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flow through a non-circular duct. For a higher concentration, higher heat transfer also 

increase with aqueous CMC solution and can be produced at higher Reynolds 

number [3]. As we can see for 4000 concentration, the Reynolds number must be 

higher enough to enhance the higher heat transfer. While for the 8000 concentration, 

the heat transfer can be increased at the low Reynolds number.  

As we can see in the figures, the 8000 aqueous CMC solution on the laminar 

heat transfer in square duct is much stronger than the 4000 aqueous CMC solution. 

At the nearly same Reynolds number we can see that; 

 

4000 2.714exp(0.00349 )x wppmNu Gz  

8000 9.665exp(0.000601 )x wppmNu Gz
 

 

We can conclude here the heat transfer rate also depends on the concentration 

of the fluid that we use. The high concentration of the fluid must be use to get higher 

heat transfer. 

 

In the other experiment by Parviz [4], is to explore the suitability of various 

constitutive models for the prediction of heat transfer to laminar flow of viscoelastic 

fluids through ducts of noncircular cross-section. The objective of the study is to 

explore the suitability of constitutive equations which take into account nonzero 

normal stress coefficients for laminar heat transfer prediction of viscoelastic fluids. 

In the equation that were made the normal stress coefficient is negligible in 

longitudinal pressure gradient. This is also because the higher range of Reynolds 

number was use in the study. 

 

The heat transfer terms that was use; 

 

/w b wh q T T 
 

/hNu hD k
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The Figure 2.7 shows the comparison calculated Nusselt numbers for H1 

boundary condition. The thermal boundary conditions were used for the top and 

bottom walls are H1 (at these walls the average heat flux is independent of axial 

location, while at a given axial location each wall is at a peripherally uniform 

temperature). The other two side walls are insulated. The Figure 2.8 shows the effect 

of mesh refinement that was use in the previous study of Parviz [4]. 

 

 

 

Figure 2.7: Comparison calculated Nusselt numbers for H1 boundary condition 

 

 

Figure 2.8: Effect of mesh refinement 
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In the study of C.Jonas Bolinder [5], for laminar flow the increased heat 

transfer is more in the curved duct than the straight duct. For turbulent flow the 

curved had no other advantages than space saving. The Figure 2.9 shows the 

geometry of helical square duct. 

 

 

Figure 2.9: Geometry of helical square duct 

 

In this helical square duct, the wall area is larger than a straight duct since the 

material had been stretch non-uniformly to obtain the cross section. So there will be 

more heat transport.   

 

 

2.7 Continuity Equation 

 

 One of the fundamental principles used in the analysis of uniform flow is 

known as the Continuity of Flow. This principle is derived from the fact that mass is 

always conserved in fluid systems regardless of the pipeline complexity or direction 

of flow. 
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