
Chemical and Process Engineering Research                                                                                                                                    www.iiste.org 

ISSN 2224-7467 (Paper) ISSN 2225-0913 (Online) 

Vol.32, 2015 

 

22 

Hydrodynamic and Thermal  Flows of  Fluids 
 

Nawfel Muhammed Baqer 

M.Sc in  Technical College, Engineering , Alfurat University, IRAQ 

Corresponding : nawfelbaqer@yahoo.com 

 

Abstract 

The physical properties of materials  for the fluid domains, properties including density, viscosity, thermal 

conductivity and specific heat capacity are required for the calculation purposes. The physical properties can be 

assumed as dependent or independent of temperature. When there is a large temperature difference between the 

fluid and the surface the assumption of constant thermo-physical fluid properties may cause some errors, because 

in reality the thermo-physical properties of the most of the fluids vary with temperature. It is also important to 

note that the Prandtl number of liquids also varies with temperature, similar to that of viscosity. These property 

variations, of course, will affect the velocity and the temperature profile of fluid in the tube. the thermo-physical 

properties of working fluids are assumed as temperature dependent throughout this paper. There is working 

fluids used in this review paper. 

Keywords: therm , phys , Hagen, wall  . 

 

Introduction 

Throughout the years extensive studies were performed on fluids flowing within tubes .these studies started as 

far back as 1883 when Osborne Reynolds introduced a dye flowing in water to distinguish between two distinct 

regimes he called "direct" and "sinuous" (Reynolds,1883) or in modern terms ,laminar and turbulent regimes .it 

was this groundbreaking work which led other researchers to pursue and demystify the true nature of these flow 

regimes .In 1839 and 1840 ,Hagen and Poiseuille ,respectively ,studied hydrodynamically fully developed 

viscous /laminar isothermal flows within tubes (white,1991).they showed that the pressure drop within a tube is 

directly proportional to the shear stress at the tube wall and inversely proportional to the diameter of the 

tube .this shear stress is non-dimensionalised with respect to the dynamic pressure to obtain a friction factor , one 

known as the fanning friction factor and the other the Darcy  friction factor . these friction factors are widely 

used in the design of piping systems as well as heat exchangers to determine the pumping power consumption 

required for the system .Friction factors for pipe flow can be found on a Moody chart ,relating friction factors 

with Reynolds numbers . the chart is divided into four regions ;laminar ,critical ,transitional and turbulent 

regimes .the laminar regime extends up to a Reynolds number of somewhere between 2000 and 3000 within 

which there is a strong discontinuity at a Reynolds number of approximately 2200 .the discontinuity lies in the 

critical zone ,which is defined up to a Reynolds number of approximately 6000 ,after which it moves naturally 

into the transition zone and then into the fully turbulent region .the discontinuity ,though ,is a major problem for 

designers due to the paucity of data .An extensive amount of research work has been done regarding heat transfer 

in laminar flow .typical results obtained in most heat transfer texts are those for a uniform wall heat flux and for 

a constant wall temperature boundary condition .for a uniform heat flux boundary condition ,it can be shown that 

the Nusselt number reaches a constant value of 4.364 ,while for a constant wall temperature boundary 

condition ,a value of 3.662 is obtained (Mills,1999). These values are ,however ,only obtained for the very 

special case where the flow is fully developed (hydrodynamically as well as thermally) and any buoyancy –

induced secondary flows are neglected .in 1883 ,Great z  solved the problem for thermally developing low 

Prandtl number flows and in 1885 for high Prandtl number flows with the solutions being in the form of an 

infinite series (White ,1991).studies on different laminar flow  problems such as combined hydrodynamically 

and thermally developing flows for different boundary conditions and different tube geometries are given in 

elaborate detail by shah and London (1978). Numerous research projects in the laminar regime have been 

undertaken pertaining to mixed convection (combined forced and natural convection ) by kern and Othmer 

(1943),Jackson et al .(1961),Oliver (1962),Petukhov et al .(1969) and Shannon and Depew (1969) are to name 

but a few .Turbulent flow research within tubes has also enjoyed substantial attention .the first research to come 

up with a practical correlation were Dittus and Boelter (1985) ,who in 1930 stated that the heat transfer 

coefficient is proportional to ,and a strong function of ,the Reynolds number , as well as the Prandtl number to a 

lesser degree . by making use of the Reynolds analogy ,Colburn (1933) generated a very similar result .research 

into turbulent flow heat transfer within tubes is of such an extent that its effects can be predicted with fair 

accuracy 

The following factors should be noted in analyzing heat transfer in  internal flow: 

1- Laminar vs. turbulent flow. 

2-Entrance vs. fully developed region. 

3-Surfase boundary conditions. 
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  Types of Fully Developed Flows 

a) Hydrodynamically fully developed flow 

As fluid enters a pipe , the boundary layers keep on growing till they meet downstream from the entrance region. 

After this the velocity of fluid flow doesn’t change in the direction of flow  

(du/dz)=0  

b) Thermally fully developed flow  

When fluid enters a tube with wall temperature different from the temperature of the fluid, convective heat 

transfer occurs between the fluid and the wall , eventually a thermally fully developed condition is reached 

downstream of the entrance region �
�� �

����� 	 ��
, ��
����� 	 �����  � 0 

Thermal considerations in Fluid flow through pipe  

 

Schematic representing a thermally developing flow  

hz ≠ f z                                                      Fully developed flow 

hz = constant                                           Fully developed flow  

Developing Temperature and Velocity profiles 

Variation of h in entrance and fully developed regions:  
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– Hydrodynamic                        L h turbulent  = 1.359 Re D 1/4  

– Thermal  (approximate)       L h turbulent ≈ L t turbulent ≈ 10 D  

1.2 Enhancement heat transfer. 

 Classification of Augmentation Techniques: 

They are broadly classified into three different categories: 

1. Passive Techniques 

2. Active Techniques 

3. Compound Techniques. 

1) Passive Techniques: These techniques do not require any direct input of external power; rather they use it 

from the system itself which ultimately leads to an increase in fluid pressure drop. They generally use surface or 

geometrical modifications to the flow channel by incorporating inserts or additional devices. They promote 

higher heat transfer coefficients by disturbing or altering the existing flow behaviour except for extended 

surfaces. Heat transfer augmentation by these techniques can be achieved by using; 

(i) Treated Surfaces: Such surfaces have a fine scale alteration to their finish or coating which may be continuous 

or discontinuous. They are primarily used for boiling and condensing duties. 

(ii) Rough surfaces: These are the surface modifications that promote turbulence in the flow field in the wall 

region, primarily in single phase flows, without increase in heat transfer surface area. 

(iii) Extended surfaces: They provide effective heat transfer enlargement. The newer developments have led to 

modified finned surfaces that also tend to improve the heat transfer coefficients by disturbing the flow field in 

addition to increasing the surface area. 

(iv) Displaced enhancement devices: These are the inserts that are used primarily in confined forced convection, 

and they improve energy transport indirectly at the heat exchange surface by displacing the fluid from the heated 

or cooled surface of the duct with bulk fluid from the core flow. 

(v) Swirl flow devices: They produce and superimpose swirl flow or secondary recirculation on the axial flow in 

a channel. These include helical strip or cored screw type tube inserts, twisted tapes. They can be used for single 

phase and two-phase flows. 

(vi) Coiled tubes: These lead to relatively more compact heat exchangers. It produces secondary flows and 

vortices which promote higher heat transfer coefficients in single phase flows as well as in most regions of 

boiling. 

(vii) Surface tension devices: These consist of wicking or grooved surfaces, which direct and improve the flow 

of liquid to boiling surfaces and from condensing surfaces. 

(viii) Additives for liquids: These include the addition of solid particles, soluble trace additives and gas bubbles 

in single phase flows and trace additives which usually depress the surface tension of the liquid for boiling 

systems. 

(ix) Additives for gases: These include liquid droplets or solid particles, which are introduced in single-phase gas 

flows either as dilute phase (gas-solid suspensions) or as dense phase (fluidized beds). 
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2) Active Techniques: In these cases, external power is used to facilitate the desired flow modification and the 

concomitant improvement in the rate of heat transfer. Augmentation of heat transfer by this method can be 

achieved by 

(i) Mechanical Aids: Such instruments stir the fluid by mechanical means 

or by rotating the surface. These include rotating tube heat exchangers and scrapped surface heat and mass 

exchangers. 

(ii) Surface vibration: They have been applied in single phase flows to obtain higher heat transfer coefficients. 

(iii) Fluid vibration: These are primarily used in single phase flows and are considered to be perhaps the most 

practical type of vibration enhancement technique. 

(iv) Electrostatic fields: It can be in the form of electric or magnetic fields or a combination of the two from dc 

or ac sources, which can be applied in heat exchange systems involving dielectric fluids. Depending on the 

application, it can also produce greater bulk mixing and induce forced 

convection or electromagnetic pumping to enhance heat transfer. 

(v) Injection: Such a technique is used in single phase flow and pertains to the method of injecting the same or a 

different fluid into the main bulk fluid either through a porous heat transfer interface or upstream of the heat 

transfer section. 

(vi) Suction: It involves either vapor removal through a porous heated surface in nucleate or film boiling, or fluid 

withdrawal through a porous heated surface in single-phase flow. 

(vii) Jet impingement: It involves the direction of heating or cooling fluid 

perpendicularly or obliquely to the heat transfer surface. 

3) Compound Techniques: When any two or more of these techniques are employed simultaneously to obtain 

enhancement in heat transfer that is greater than that produced by either of them when used individually, is 

termed as compound enhancement. This technique involves complex design and hence has limited applications 

[1]. 

 

To increase heat transfer, internally micro fin tubes are widely used in commercial HVAC applications. It is 

commonly understood that the micro- fin enhances heat transfer but at the same time increase the pressure drop 

as well. Defined the micro  fin tube to have a height less than 0.03Di,where Di is the inside diameter and e is the 

fin height .Basically ,such kind of tube is widely used in high flow rate application because the heat transfer 

enhancement in high flow rates (turbulent region) is more pronounced than in the low flow rates (laminar region). 

Internally finned tubes have acquired importance over the years in a variety of heat transfer applications 

including compact heat exchangers. Fins increase the effective heat transfer area and convective heat transfer 

thus improving the performance of the heat exchanger. Various configurations of internally finned tubes like 

longitudinal, helical, annular have been studied both experimentally and numerically, and have demonstrated 

enhancement in heat transfer. Various cross sections of fins like triangular and trapezoidal have also been studied 

and their performances have been validated numerically. From the investigations for a longitudinal fin of a 

trapezoidal cross section, the parameters influencing the performance of the heat exchanger were found to be the 

thermal conductivity of the fin, height of the fin, and number of fins.  

 

Extended surfaces are provided in order to enhance the heat transfer rate; and there are many methods which are 

adopted for heat transfer enhancement. Some of the most commonly applied methods are providing fins, coiled 

tubes, and swirl flow devices. Plate fins and tube fins constitute the fin type of heat transfer enhancement. The 

plate fin type in turn has several other forms such as plain fins, offset strip fins, wavy fins, perforated fins, and 

pin fins. Of the above mentioned types of heat transfer enhancement methods the offset strip fin is the most 

widely applied 
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During the last few years the Computational Fluid Dynamics becomes one of the most powerful and useful tools 

for predicting the internal flow behavior in fin tube. Any design modification required can be performed with the 

available workbench software and can be analyzed again with the available CFD tool. Thus, repeating this cycle 

enables to reach an optimized design with less running cost. Therefore, a complete numerical analysis is used in 

the present work to simulate the flow in fin tube model and predict the enhancement in heat transfer in this tubes . 

In this chapter theoretical base of heat transfer and fluid flow of fin tube discussed minutely, and the main details 

concerning with analysis CFD modeling were discussed as possible to introduce a good solution for the present 

design and to be easier  guide for future similar work.  

 

Description of the Problem and Geometry  

Heat transfer enhancement has been an important factor in obtaining energy efficiency improvements in 

refrigeration and air-conditioning applications. The fin tube geometries are neither a classic ‘‘integral roughness’’ 

(little surface area increase), nor an internally finned tube (significant surface area increase, but no flow 

separation), as illustrated by Webb and Kim [48].  

 

The diameter of tube are 14 mm and number of fins 20.while remain the dimension of tubes in  the below table 

3.1. The basic algebraic dimensions that define the fin geometry are shown in Fig 3The fin layout parameters 

characterize by the fin height (e), pitch normal to the fins (��) and the helix angle (β). The number of starts is 

given by �� = ���cos β /��. The fin shape parameters are defined by the fin base thickness (��), and the apex 

angle of the fin (α). The axial pitch is defined geometrically by		p�= ���/���	�����. The total surface area of the 

fin tube ( !"#$) relative to its smooth area ( �) based on the fin root diameter (��), is given by : 

 !"#$/ �=1+2[sec(	∝&	)-tan(	∝	&	)]* '
()                                                         (3.1)   For a constant tube diameter, a 

decrease of the fin pitch normal (��) will increase the helix angle (β) which provides increased  !"#$/ �. and 

also will increase the apex angle (α) which provides decreased   !"#$/ �. 
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Table (1): show the dimension of geometry A�+,-/A. P0(mm) P�(mm) e(mm) α(deg) β(deg) ��(mm) Tube model 

2.049995538 1.905 3.807 1 0 30 14 1 

1.962186373 1.905 3.807 1 10 30 14 2 

1.805800623 1.905 3.807 1 30 30 14 3 

1.656277977 1.905 3.807 1 53.13 30 14 4 

2.41412713 1.414 1.8452 1 0 50 14 5 

2.29586632 1.414 1.8452 1 10 50 14 6 

2.085247015 1.414 1.8452 1 30 50 14 7 

1.883870892 1.414 1.8452 1 53.13 50 14 8 

3.654632333 0.753 0.8 1 0 70 14 9 

3.432630392 0.753 0.8 1 10 70 14 10 

3.037250933 0.753 0.8 1 30 70 14 11 

2.659222992 0.753 0.8 1 53.13 70 14 12 

1.83999643 1.905 3.807 0.8 0 30 14 13 

1.769749098 1.905 3.807 0.8 10 30 14 14 

1.644640498 1.905 3.807 0.8 30 30 14 15 

1.525022382 1.905 3.807 0.8 53.13 30 14 16 

2.131301704 1.414 1.8452 0.8 0 50 14 17 

2.036693056 1.414 1.8452 0.8 10 50 14 18 

1.868197612 1.414 1.8452 0.8 30 50 14 19 

1.707096714 1.414 1.8452 0.8 53.13 50 14 20 

3.123705867 0.753 0.8 0.8 0 70 14 21 

2.946104313 0.753 0.8 0.8 10 70 14 22 

2.629800746 0.753 0.8 0.8 30 70 14 23 

2.327378394 0.753 0.8 0.8 53.13 70 14 24 

1.629997323 1.905 3.807 0.6 0 30 14 25 

1.577311824 1.905 3.807 0.6 10 30 14 26 

1.483480374 1.905 3.807 0.6 30 30 14 27 

1.393766786 1.905 3.807 0.6 53.13 30 14 28 

1.848476278 1.414 1.8452 0.6 0 50 14 29 

1.777519792 1.414 1.8452 0.6 10 50 14 30 

1.651148209 1.414 1.8452 0.6 30 50 14 31 

1.530322535 1.414 1.8452 0.6 53.13 50 14 32 

2.5927794 0.753 0.8 0.6 0 70 14 33 

2.459578235 0.753 0.8 0.6 10 70 14 34 

2.22235056 0.753 0.8 0.6 30 70 14 35 

1.995533795 0.753 0.8 0.6 53.13 70 14 36 

 

 
 

Fig.(4) Geometric parameters of the fin surface 
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Figure (5) Computational domain and boundary conditions for tube. 

 

 

 

Figure (5) Computational domain and boundary conditions for tube. 

 

Basic Governing Equations 

ANSYS CFX solves the governing equations numerically for fluid flow using finite volume methods. mass 

transport equation and three-dimensional momentum transport equations are the fundamental governing 

equations solved in the CFD code. Energy equation is included for problems involving heat transfer. Turbulence 

models require the transport equations for the turbulence flow variables in addition to the Navier-Stokes 

equations. The governing equations are subjected to the boundary conditions of the problem to formulate a 

solution.  
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Continuity Equation : 1$
12 3 14

15 3 1�
16 � 0                                                                                    (2) 

 Momentum Equation   

x-component:      

7 89 1
12 9 3 : 1

15 9 3 ; 1
16 9< � 	 1(

12 3 = 81>$12> 	3 1>$
15> 			1

>$
16><                  (.3) 

y-Component:  

 7 89 1
12 : 3 : 1

15 : 3 ; 1
16 :< � 	 1(

15 3 = 81>412> 	3 1>4
15> 			1

>4
16><                  (4) 

z-Component:  

 7 89 1
12; 3 : 1

15; 3 ; 1
16;< � 	 1(

16 3 = 81>�12> 	3 1>�
15> 			1

>�
16><               (5) 

 The Energy Equation:  

 7?@ 89 1
12 � 3 : 1

15 � 3 ; 1
16 �< � A 81>B12> 3 1>B

15> 			1
>B

16><                          (6)                  

Equations of Turbulence 

Turbulence consists of small scale fluctuations in the flow characteristics over time. It is a complex process, 

mainly because it is three dimensional, unsteady and chaotic, and it can have a significant effect on the 

characteristics of the flow. Turbulence occurs when the inertia forces in the fluid become significant compared to 

viscous forces, and is characterized by a high Reynolds Number. 

 In principle, the Navier-Stokes equations describe both laminar and turbulent flows without the need for 

additional information. However, turbulent flows at realistic Reynolds numbers span a large range of turbulent 

length and time scales and would generally involve length scales smaller than the smallest finite volume mesh 

which can be practically used in a numerical analysis. 

 

Shear Stress Transport (SST) 

The - based SST model accounts for the transport of the turbulent shear stress and gives highly accurate 

predictions of the onset and the amount of flow separation under adverse pressure gradients [49]. The BSL 

model combines the advantages of the Wilcox and the - model, but still fails to properly predict the onset and 

amount of flow separation from smooth surfaces  [50]. The reasons for this deficiency are given in detail in 

Menter [51]. The main reason is that both models do not account for the transport of the turbulent shear stress. 

This results in an overprediction of the eddy-viscosity. The proper transport behavior can be obtained by a 

limiter to the formulation of the eddy-viscosity: 

The two-equation model (written in conservation form) is given by the  
C�DE�
CF 3 C�DGHE�

CIH � J 	 K∗	DME 3 C
CIH 	NO�P 3 QEPF� CERIHS                                                        (7) 

C�DM�
CF 3 C�DGHM�

CIH � T
UF 	J 	 KDMV 3 C

CIH	 	W�P 3 QMPF� CMCIHS 3 V�X 	 YX� DQMVM 	 CECIH 		 CZCIH												(.8)                                                                                            

Where : 

 k for the turbulent kinetic energy 

 ω turbulent frequency 

Blending Functions 

The blending functions are critical to the success of the method. Their formulation is based on the distance to the 

nearest surface and on the flow variables. and the turbulent eddy viscosity is computed from[52]: 

P=τij 
1$�
16[                                                                                                                                  (9) 

τij� =# 82]^_ 	 &
` 	1$a16a 	b^_< 	 &

` 7cb^_                                                                                    (10) 

Sij= 
d
& 81$�16[ 3 1$[

16�	<                                                                                                                    (11) 

Each of the constants is a blend of an inner (1) and outer (2) constant, blended by:  

ϕ =F1 ϕ1 +(1-F1)ϕ2                                                                               (12) 

where 

 ϕ1 represents constant 1  

 ϕ2 represents constant 2. 

 Additional functions are given by: 

F1= tanh (a
fdg�                                                                                                                  (13) 

arg2=	h�� 82 √a
j∗�k 	 , lmm4k>n<                                                                                                (14) 

arg1=minWh�� 8 √a
j∗�k 	 , lmm4k>n< , gopn&aqrank>S                                                                           (15) 
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CDkw =max827st2	 dn 	 1a16[ 	 1n16[ 	 , 10v&m<                                                                        (16) 

F2  =tanh (�
f&&�                                                                                                                 (17)  

and the turbulent eddy viscosity is computed from:  

=� � o!da
�!6�!dn	,Ωx&�                                                                                                                (18) 

ρ is the density :# ==#/7  is the turbulent kinematic viscosity, 

 µ is the molecular dynamic viscosity, 

 d is the distance from the field point to the nearest wall,  

 Ω=y2;^_;^_   is the vorticity magnitude, with  

Wij =	d	& 	81$�16[ 	 1$[
16�<                                                                                                              (19) 

It is generally recommended to use a production limiter. the term P in the k-equation is replaced by    

min (P ,20�∗	7tc�                                                                                                               (20) 

z1 � jd
j∗ 	 p{|a&

yj∗                                                   z2 � j&
j∗ 	 p{>a&

yj∗  

sad =0.85             snd	=0.5                   β1 =0.075 sa& =1.0              sn& =0.856                β2 =0.0828 

β
* 
=0.09                k=0.41                        a1 =0.31  

 

Modeling Flow Near the Wall 

An important issue in the accurate prediction of industrial turbulent flows is the formulation and the numerical 

treatment of the equations in regions close to solid walls. The near-wall formulation determines the accuracy of 

the wall-shear-stress and the wall heat transfer predictions and has an important influence on the development of 

boundary layers, including the onset of separation. Near a no-slip wall, there are strong gradients in the 

dependent variables and viscous effects on the transport processes are large.  

In the present study the wall-function method is employed to model the flow in the near-wall region. In 

the wall-function approach, the viscosity affected sublayer region is bridged by employing empirical formulas to 

provide near-wall boundary conditions for the mean flow and turbulence transport equations. These formulas 

connect the wall conditions (e.g. the wall-shear-stress) to the dependent variables at the near-wall grid node 

which is presumed to lie in the fully-turbulent region of the boundary layer. The major advantage of the wall-

function approach is that it conserves valuable computer resources, and it avoids the need to account for viscous 

effects in the turbulence model. An alternative approach to the use of wall-functions is to use a fine-grid analysis 

in which computations are extended through the viscosity affected sublayer close to the wall.  

Experiments have shown that the near-wall region can be subdivided into two layers. In the innermost 

layer, the so-called “viscous sublayer”, the flow is almost laminar-like, and the (molecular) viscosity plays a 

dominant role in momentum and heat transfer. In the outer layer, called the “fully-turbulent layer”, turbulence 

plays a major role. Finally there is a region between the viscous sublayer and the fully turbulent layer where the 

effects of molecular viscosity and turbulence are of equal importance. This region is called the log-law region. 

The wall-function approach is an extension of the method of Launder and Spalding (1974)[53]. In the log-law 

region, the near wall tangential velocity is related to the wall-shear-stress, τω, by means of a logarithmic relation. 

Assuming that the logarithmic profile reasonably approximates the velocity distribution near the wall, it provides 

a means to numerically compute the fluid shear stress as a function of the velocity at a given distance from the 

wall. This is known as a  ‘wall function’ and the logarithmic nature gives rise to the well known ‘log law of the 

wall’. Wall functions are still the most popular way to account for wall effects. In the present study Scalable 

Wall Functions is used for turbulence model based on the SST.  

The logarithmic relation for the near wall velocity is given by: 

9} � ~�
$� � d

� ����}� 3 ?                                                                       (21) 

Where: 

�} � 7∆�	9�= 																																																																																																				�22� 
9� � 8�no <

d/&
                                                                                         (23) 

u
+
 is the near wall velocity 	9� is the frictional velocity �# is the known velocity tangent to the wall at a distance of ∆y from the wall 	�} is the dimensionless distance from the wall 

τw is the wall shear stress 
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κ is the Von Karman constant  

 C is a log-layer constant depending on wall roughness. 

Scalable Wall-Functions: 

The below Equation has the problem that, it becomes singular at separation points when the near wall velocity, �#  , approaches zero. In the logarithmic region, an alternative velocity scale, u* can be used instead of  u+: 9∗ � ?�d�gcvd/&                                                                                      (23) 

This scale has the useful property that it does not go to zero if �# goes to zero (in turbulent flow k is never 

completely zero). Based on this definition, the following explicit equation for 9� can be obtained: 

		9� � ~�|
� ���5��}q

														                                                                        (24) 

The absolute value of the wall shear stress �� , is then obtained from: 

Where: �� � �79∗9��																																																																																																		�25� �∗ � �79∗	∆��/µ                                                                                   (26) 

One of the major drawbacks of the wall-function approach is that the predictions depend on the location of the 

point nearest to the wall and are sensitive to the near-wall meshing; refining the mesh does not necessarily give a 

unique solution of increasing accuracy Grotjans and Menter (1998)[54]. The problem of inconsistencies in the 

wall-function in the case of fine grids can be overcome with the use of the scalable wall-function formulation 

developed by the computational fluid dynamics code CFX (version 12.1) (2009). It can be applied on arbitrarily 

fine grids and allows you to perform a consistent grid refinement independent of the Reynolds number of the 

application. The basic idea behind the scalable wall-function approach is to assume that the surface coincides 

with the edge of the viscous sublayer, which is defined to be at y+ = 11.06 This is the intersection between the 

logarithmic and the linear near wall profile. The computed y+ is not allowed to fall below this limit. Therefore, 

all grid points are outside the viscous sublayer and all fine grid inconsistencies are avoided.  

 

Heat flux in the Near –Wall Region   
The thermal boundary layer is modeled using the thermal law –of –the-wall function of B.A Kader [55] .Heat 

flux at the wall can be modeled using a wall function approach or the automatic wall treatment .The non –

dimensional near –wall temperature profile follows a universal profile through the viscous sub layer and the 

logarithmic region . The non-dimensional temperature �},is defined as : 

 

�} � ρ	c�	9∗�T� 	 ���
�� 																																																																																																										�27�		 

Where 

 Tw is the temperature at the wall  

Tf the near –wall fluid temperature  

Cp the fluid heat capacity  

qw the heat flux at the wall  

Turbulent fluid flow and heat transfer problems without conjugate heat transfer objects require the specification 

of the wall heat flux ,qw or the wall temperature ,Tw .The energy balance for each boundary control volume is 

completed by multiplying the wall heat flux by the surface area and adding to the corresponding boundary 

control volume energy equation .                  

 

Assumptions 

Assumptions about the fluid and the analysis are as follows: 

1. The fluid is Newtonian, incompressible flow. 

2. Variable physical properties with temperture. 

3. The flow is assumed to be three-dimensional 

4. steady state. 

5. Turbulent fully developed.  

Based on above assumptions, the problem is defined by the laws of mass, momentum and energy which are 

stated in the following sections. The presented study stretches from the turbulent range flow 10000≤ Re ≤ 50000  

range flow. Equations that govern the problem are that of a model turbulent for the flow in the range. The 

turbulence model were tested in the present study for the flow in the transitional range namely. The commercial 

CFD code CFX-12.1 was used to carry out the computations. 

 

MATERIAL PROPERTIES  

One of the important steps in the set up of the numerical model is the definition of the physical properties of 

materials. for the fluid domains, properties including density, viscosity, thermal conductivity and specific heat 
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capacity are required for the calculation purposes. The physical properties can be assumed as dependent or 

independent of temperature. When there is a large temperature difference between the fluid and the surface the 

assumption of constant thermo-physical fluid properties may cause some errors, because in reality the thermo-

physical properties of the most of the fluids vary with temperature. It is also important to note that the Prandtl 

number of liquids also varies with temperature, similar to that of viscosity. These property variations, of course, 

will affect the velocity and the temperature profile of fluid in the tube. the thermo-physical properties of working 

fluids are assumed as temperature dependent throughout this thesis. There is working fluids used in this thesis. 

The water. Since variation of the temperature along the tube is considered to be influencing the thermo-physical 

properties, algebraic equations, are derived as a function of temperature by the interpolation method from the 

data obtained from references within a certain temperature range. The equations obtained for a temperature range 

of 273.15 – 368.15 K are given below in data [56].  

For Water 

1-Thermal Conductivity [W/mK] 

k (T) ={(T-T1/T3-T1)*(k3-k1)} +k1                                              [28] 

2- Density [kg/m3] 

ρ (T) ={(T-T1/T3-T1)*( ρ 3 - ρ 1)}+ ρ1                                           [29] 

3- Dynamic Viscosity [kg/ms] 

µ(T) ={(T-T1 /T3-T1)*(µ 3-µ1)}+µ 1                                             [30] 

4- Specific Heat Capacity [j/kgK] 

Cp (T) ={(T-T1/T3-T1)*(Cp3-Cp1)}+Cp1                                    [31] 

 

Mesh Generation 

from previous explained, in order to perform numerical calculations, the representative domain of the considered 

problem should be divided into several small sub domains which are called as meshes or grids. The considered 

problem is analyzed for two different flow regimes, laminar and turbulence. In this thesis, only one meshing 

operation to numerically analyze the problem for both regimes is applied; although, two different meshing 

operations are in general required in order to analyze the problem for the two different regimes. Compared to the 

laminar flow simulations, the turbulent flow is more challenging in many ways, and it needs some extra care for 

grid generation. In this thesis, for easier data management, grid appropriate for the turbulence case is applied to 

laminar case as well. For turbulent case, wall function approach is used to resolve the viscosity-affected region 

between the walls of tube and fully-turbulent region in flow, and the mean quantities in turbulent flow have 

larger gradients than in laminar flow. For that reason some extra care is taken for grid generation as Tetrahedral 

volume mesh element that is used[57] 

1. Tetra Generation Steps 

The steps involved in generating a Tetra mesh are: 

• Repairing/cleaning up the geometry 

• Specifying geometry details 

• Specifying sizes on surfaces/curves 

• Meshing inside small angles or in small gaps between objects 

• Desired mesh region 

• Computing the mesh 

• Checking the mesh for errors 

• Editing the mesh to correct any errors 

• Smoothing the mesh to improve quality 

The mesh is then ready to apply loads, boundary conditions, etc., and for writing to the desired solver. 

 

2. Tetrahedral Mesh 

The Tetra mesher can use different meshing algorithms to fill the volume with tetrahedral elements and to 

generate a surface mesh on the object surfaces. You must define prescribed curves and points to determine the 

positions of edges and vertices in the mesh. For improved element quality, the Tetra mesher incorporates a 

powerful smoothing algorithm, as well as tools for local adaptive mesh refinement and coarsening [58].  

 

3. Mesh Topology  

The Build Topology operation will find holes and gaps in the geometry. It should display yellow curves where 

there are large (in relation to a user-specified tolerance) gaps or missing surfaces. 

During the Tetra process any leakage path (indicating a hole or gap in the model) will be indicated. The 

problem can either be corrected on a mesh level, or the geometry in that vicinity can be repaired and the meshing 

process repeated. For further information on the process of interactively closing holes. 
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