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Abstract 

In this study, numerical estimations of local Nusselt number along 

flat plate are examined. ANSYS CFD software was used to 

construct, solve and present problem. Two types of convective heat 

transfer simulations were carried out namely, laminar and turbulent 

flow over an isothermal plate and laminar and turbulent flow over 

plate at constant heat flux. A CFD model was adopted to simulate 

convection in air, CO2 and water vapor. The boundary-layer 

thickness was used for laminar and turbulent 2 cm and 3.4 cm 

respectively. The results showed that the local Nusselt number 

differed by 1.03 % for laminar flow and 4.44 % for turbulent flow 

from published data for isothermal plate simulations, as for constant 

heat flux simulations the local Nusselt number differed from 

published data by 1.84 % for laminar flow, and 5.5 % for turbulent 

flow. The result also tells us that the boundary-layer thickness for 

laminar and turbulent flow increase with distance from the leading 

edge of the flat plate. The results were in very good agreement with 

the published data for correlation equation of local Nusselt number. 

 

Keywords: correlation equation, isothermal plate, constant heat 

flux, laminar & turbulent flow. 
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 دراسة انتقال الحرارة بالحمل القسري نظرياً فوق صفيحة مسطحة افقياً 
 
 العيد بركةأبو أ. إيهاب  ، أ. علي علي الخربوشي

ˤ˴ƿ Ɨƪ˗˹ǌǃå Ɨ ɜ ǈƓɜ ˸ǃå ā Ɨ ʸƓ˹˶ǃå  / Ɨ Ǆǂ Ɨɂāå̊ ǃå ƗƶǆƓƞ / Ɨƪ˗˹ǌǃå 
 الملخص
 ĄƓɂ̇sǈ ʕƙ ïƓ˯Ƥå ʕƙā .̨ ǈ˴å ƝǆƓǈ̇ƕ þå̠˳ ƪ˯ƓȺ Ɨ˲ˠ˴ǆ Ɨ˲ Ʈ̔ û˦Ƽ ̞Ǆ˴ǈ í̠Ƶ Ɨƪåïí

 ̆Ƥå ƴǆ çïå̇˲ǃå ɖƼ̠ƙ ý̠ƶǆ è˦ ƛˮā çïå̇˲ǃå Ɨƞïí è˦ ƛˮ Ǒ˯ǃƓơ ǑƼ ɏ̇ ǀ˴ǃå ɏïå̇˲ǃå ýƓǀ˯ǈå
.æ̇ˠ˷ ǆ ɖƼ̠ƙ Ɏ̇Ƥá ç̇ǆā Ǒǀ˟ ɖƼ̠ƙ ç̇ǆ ɖƼ̠˯ǃå ǑǄɜƬ úǚ˯Ƥå ïƓ˯ƵǙå ˥˻ƶȺ å ƴƑå˦˸ǃ

ˤƙ Ǒ˯ǃå Ǒǋ Ɨƪåï˗ǃå ǉ˘ǋ ǑƼ Ɠǌǆå˗˳˯ƪå  ÿå Ɠ˸Ḫ ÜßƓ˸ǃå ïƓ˳Ɂā ÿ˦Ɂ̇ḧǃå ̠˻ ǂ˴á ǑǈƓƛ Üßå˦ǌǃå
 Ɨƪåï˗ǃå ǉ˘ǋ ǑƼ Ɨǆ˗˳˯˴˸ǃå ƗȻ˗˲ǃå Ɨǀ ˠǃå ƗǂƓ˸ƪ2  ā Ǒǀ ˠǃå ɖƼ˗˯Ǆǃ ˤƪ3.4  ɖƼ˗˯Ǆǃ ˤƪ

.æ̇ ˠ˷˸ǃå 
 ǉ˘ǋ è̇ ǌˡáā ƗǀȺƓ˴ǃå èƓƪåï˗ǃå ˥ǆ Ɠǌ˻ǄƵ Ɇ˶˲˯˸ǃå ƝƑƓ˯˹ǃƓȺ ƝƑƓ˯˹ǃå ǉ˘ǋ ƗǈïƓǀǆ ˤƙ ˗ƿā

Ⱥ ƝƑƓ˯˹ǃå ˥˻ƕ ˙˻ˮḪ ǊȺƓ˵ƙ í˦ƞā èƓǈïƓǀ˸ǃå Ƌˠ˳ǃå Ɨ ˴ǈ ˕ǈƓḪ ˖˻˲ āƓ˱˯ƙ Ǚð 1.03 % 
ā Ǒǀ ˠǃå ɖƼ˗˯Ǆǃ4.44 %  ƗǃƓơ ǑƼ Ɠǆá Üçïå̇ ˲ǃå Ɨƞïí è˦ˮƛ ƗǃƓơ ǑƼ æ̇ ˠ˷˸ǃå ɖƼ˗˯Ǆǃ

 ˕ǈƓḪ Ƌˠ˳ǃå Ɨ ˴ǈ ÿƎƼ çïå̇ ˲ǃå ɖƼ˗ƙ ý˗ƶǆ è˦ˮƛ1.84 % ā Ǒǀ ˠǃå ɖƼ˗˯Ǆǃ5.5 % 
 ɖƼ˗˯Ǆǃ˸Ḫ .æ̇ ˠ˷˸ǃåƓ  ð ƴǆ ƗȻ˗˲ǃå çïå̇ ˲ǃå Ɨǀ ˠǃå ƗǂƓ˸ƪ çíƓɂð ƝƑƓ˯˹ǃå è̇ ǌˡáɂ çíƓ

 Ɨ ǃƓ˲ǃå ƝƑƓ˯˹ǃå ˥˻ƕ ǑǃƓƵ ɖƼå˦ƙ èƓǈïƓǀ˸ǃå è̇ ǌˡá þƓƵ Ɇɜ˵Ⱥ .Ɨ˲ ʽ˶ǃå ƗƼƓơ ˥ǆ ƗƼƓ˴˸ǃå
.ƗǀȺƓ˴ǃå ƝƑƓ˯˹ǃåā 

 

1. Introduction  
Heat transfer is defined as a science that aims to calculate the 

amount of heat transferred from one region to another as a result of 

temperature difference between them. The rate and how the heat is 

transferred varies according to the properties of the materials it 

passes through. Heat transfer can take place under two different 

thermal boundary conditions. Firstly, uniform heats flux boundary 

condition, which is generally applied to a practical situation of 

electric resistance heating and nuclear applications. Secondly, a 
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uniform wall temperature boundary, which is approached when the 

outer-tube surface of a heat exchanger is heated by an isothermally 

condensing fluid or likewise cooled by an isothermally boiling fluid 

[1]. 

External forced convection is the most important part in applications 

of engineering. It requires either that the fluid be pumped past the 

body, as for a model in a wind tunnel, or the body be propelled 

through the fluid, as an aircraft in the atmosphere. The methods 

presented apply equally to either situation when velocities are 

expressed relative to the body. Gravity forces are usually negligible 

under these conditions. The evaluation of forced convection to 

bodies has become a major problem many aspects of modern 

technology. A few examples of applications include thermally de-

icing aircraft surfaces, turbine blade cooling, furnace tube bundles, 

and protecting high-performance aircraft, missile nose cones, and 

reentry bodies from intense aerodynamic heating [2]. 

This paper deals with highlights of a recent research that seeks for 

forced convective heat transfer of different fluids over horizontal 

flat plat based on CFD analysis. The parameters that are considered: 

different fluids (air, CO2 and water vapor), the type of flow (laminar 

and turbulent) and convective heat transfer conditions (isothermal 

plate and constant heat flux). The simulation was use in finding 

correlation equation for calculating convective heat transfer 

coefficients, and comparing the obtained results to published data. 

 

2. Numerical Modeling 

2.1. Geometrical Model  

As it was mentioned, this paper covers highlights of the numerical 

study (CFD simulations) of what it has been done in the research. 

The geometry chosen for this simulation is shown in Figure(1.a and 

b) for laminar and turbulent flow, respectively. The figures show the 

dimensions of the domains and their boundary labels which will be 

used to set the boundary conditions. The height of the domain is 

based on the boundary layer thickness. 
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 (a)  

 
(b) 

Figure 1. (a) The domain of laminar flow, (b) The domain of turbulent 

flow 

 
2.2. Boundary Conditions, Assumptions and Governing 

Equations 

The boundary conditions used when solving the problem are: 

1- The inlet velocity at the left side. 

2- The outlet pressure at the right side. 

3- In viscid wall with a constant temperature at the top. 

4- Constant temperature or constant heat flux at the bottom. 

The properties that changed to calculate Correlation equation of 

Nusselt number are shown in Table 1 & Table 2 for isothermal 

surface and Table 3 for constant wall heat flux. 

 

2.2.1. Isothermal Surface Condition. The properties that used in 

isothermal surface condition based on type of flow were shown in 

Table 1 for laminar flow and Table 2 for turbulent flow. 
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Table 1Gases properties of isothermal surface in laminar flow 

 

 
 

Table 2Gases properties of isothermal surface in turbulent flow 

 
 

2.2.2. Constant Wall Heat Flux. The properties that used for 

constant wall heat flux condition in both types of flow laminar and 

turbulent flow shown in Table 3. It should be mentioned that the 

inviscid wall has the same temperature as the inlet temperature. 
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Table 3 Gases properties of constant wall heat flux 

 
 

2.3. Multiple Regression Analysis 

It is a statistical tool that allows examining how multiple 

independent variables are related to a dependent variable. Once 

identified how these multiple variables relate to your dependent 

variable, the information about all of the independent variables can 

be taken and use it to make much more powerful and accurate 

predictions. Using Microsoft excel [3]. 

 

2.4. Used Equations 

The basic equations that used in this work as Nusselt number 

equations of published data boundary layer thickness are mentioned 

in Table 4. 

 
         Table 1 Basic equations of convective heat transfer 

Name Equation Flow Type 

Isothermal surface ὔό πȢσσςὙὩ ὖὶ laminar 

Isothermal surface ὔό πȢπςωφὙὩ ὖὶ turbulent 

Constant wall heat flux ὔό πȢτυσὙὩ ὖὶ laminar 
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Constant wall heat flux ὔό πȢπσπψὙὩ ὖὶ turbulent 

Boundary layer 

thickness ɿ υ ὼ ὙὩϳ  laminar 

Boundary layer 

thickness ɿ πȢσχὼȾὙὩ turbulent 

 

Several important assumptions are considered in this study and 

some of them are also used as boundary conditions for the CFD 

analysis. These assumptions are: 

¶ Incompressible flow. 

¶ The flow is steady state and in two dimensional. 

¶ Gravity acceleration neglected. 

¶ Since the water velocity is low, therefore the viscous 

dissipation effect is neglected. 

¶ The heat transfer radiation is neglected. 

¶ The flat plate surface is assumed to be a stationary wall with 

no slip condition. 

¶ All Gas material properties are constant. 

     The processing step of computational fluid dynamics consists of 

several main principles as basic for solving fluid flow and heat 

transfer problems. Those principles are the principle of conservation 

of mass, the Newton's Second Law of Motion, the principle of First 

Law of Thermodynamics, and several related physical models, such 

as ideal gas model, turbulence models, etc. 

Those principles are implemented into equations such as the 

continuity equation, the linear momentum equation, and the energy 

equation known as governing equations. Those governing equations 

are used simultaneously by the CFD to find the desired solution (i.e. 

temperature, velocity or pressure contour) of the fluid flow and heat 

transfer problems by using a numerical method [4]. 

Basically the governing equations consist of continuity equation, 

momentum equation, energy equation implemented in the Ansys 

Fluent 15.0. These equations can be expressed as following [5], [6]. 
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1.Continuity Equation. The continuity equation, or equation for 

conservation of mass, can be written in the tensor notation as 

follows: 

Ȣɳ”ὠᴆ π                                                                                                (1) 

Where:  ɟ is the fluid mass density and ὠᴆ fluid velocity vector. 

2. Momentum Equation. Conservation of momentum in an inertial 

(non-accelerating) reference frame can be described by the 

following equation: 

Ȣɳ”ὠᴆὠᴆ ὴɳ Ȣɳ† ”Ὣᴆ                                                                 (2) 

Where: p is the static pressure, †is the stress tensor (described 

below), and ”Ὣᴆis the gravitational body force.  

The stress tensor can be expressed as following: 

† ‘ ὠɳᴆ ὠᴆ ȢɳὠᴆὍᴆ                                                               (3) 

Where:  ɛ is the molecular viscosity, Ὅᴆ is the unit tensor, and the 

second term on the right hand side of equation (3) represents the 

effect of volume dilation. 

3. Energy equation. The energy conservation equation can be 

expressed in the following form: 

Ȣɳὠᴆ”Ὤ ὺ ȢɳὯ​Ὕ                                                                (4) 

Where: k is the thermal conductivity of the fluid, and T is 

temperature of the fluid. 

 

3. Results and discussion 

3.1 Effects of Velocity at Isothermal Surface 

Figure 2.a shows the influence of fluid velocity on Nusselt number 

for isothermal surface at laminar flow. From the figure can be seen 

that Nusselt number will be increased with increasing of flow 

velocity over flat plat. This is because by increasing velocity of 

fluid, the flow rate will be increasing, therefore it will be more fluid 

available over flat plate, to absorb the heat transferred from the 

surface. 
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(a) 

 
(b) 

Figure 2. Effect of velocity on Nusselt number. 

(a) laminar flow at Ts = 573 K, (b) turbulent flow at Ts = 550 K 

 

Figure 2.b shows the effect of the velocity of working fluid (air) on 

Nusselt number for a surface with isothermal surface at turbulent 

flow. It can be seen from the figure that Nusselt number will be 
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increased with increasing of flow velocity over flat plat. This 

phenomenon happened because of the same reasons were explained 

in section 3.1. 

 

3.2 Effects of Velocity at Constant Heat Flux 

Since, there is no much difference in behavior of other gases that 

has been chosen as working fluids in this project. Thus, the air was 

chosen as the fluid material to study the effect of fluid velocity on 

forced convective heat transfer over the plate. 

The influence of fluid velocity on Nusselt number for a surface with 

constant heat flux at laminar flow is shown in Figure 3.a. It can be 

seen that Nusselt number will be increased with increasing of flow 

velocity over flat plat. This is because by increasing velocity of 

fluid.  

Figure 3.b shows the influence of the velocity of working fluid (air) 

on Nusselt number for a surface with constant heat flux at turbulent 

flow. Nusselt number will be increased with increasing of flow 

velocity. 
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(b) 

Figure 3. Effect of velocity on Nusselt number. 

(a) laminar flow at q"=2.5 kW/m2,  (b) turbulent flow at q"=10 

kW/m2 

 

3.3 Effect of Fluids Properties on Forced Convection 

To study the effect of different fluids on forced convective heat 

transfer over horizontal flat plate air, carbon dioxide and water 

vapor were chosen as the fluid material. The case of laminar flow 

for isothermal surface was selected to illustrate this effectiveness.  

Figure 4 shows the effect of the rmophysical properties for different 

gases on Nusselt number. These gases were flowed over flat plate at 

velocity inlet of 5 m/s. The surface temperature was 573 K. as can 

be seen from the figure, the Nusselt number of CO2 was highest 

value and then water vapor and the air, respectively. This trend due 

to the difference in properties for each fluid, in addition to this 

reason, it should be noted that the direct effect of Nusselt number 

by thermal conductivity of each fluid gives logical interpretation of 

what has be seen in the figure. 

     It can be seen that as increasing in thermal conductivity of the 

fluid, Nusselt number is decreased. The thermal conductivity of the 

air is higher than the thermal conductivity of water vapor and CO2, 

respectively. 
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Figure 4. Effect of the rmophysical properties on forced 

convection 

 

3.4 ForcedConvection CorrelationEquation 

In forced convection, a variety of correlations are in use to predict 

rates of convection in laminar and turbulent flow. As mentioned in 

before, Nusselt number is the ratio of thermal transfer between 

convection and conduction. 

The Nusselt number for a given geometry can be expressed in terms 

of the Reynolds number (Re), the Prandtl number (Pr), and such a 

relation can be used for different fluids flowing at different 

velocities over similar geometries of different lengths, the 

correlation for Nusselt number appears as in the Equation 5 [1]. 

ὔό #ȢὙὩȢὖὶ                                                                               (5) 

Where: m and n: Constant exponents (usually between 0 and 1) 

C: Constant value depends on the geometry 
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Table 5.Coefficients for the forced convective correlation equation 

Thermal condition C n m Flow type 

Constant heat flux 

0.4310 0.505 0.283 Laminar 

0.0206 0.831 0.638 Turbulent 

Isothermal surface 

0.3290 0.501 0.290 Laminar 

0.0163 0.840 0.520 Turbulent 

 

After many results were taken at different temperatures and 

velocities, the results were compiled through multiple regression 

function. The coefficients for the forced convective correlation 

equation of local Nusselt number of this study was inserted in Table 

5. 

 

4. Closing Remarks  

A numerical simulation study on forced convection heat transfer 

characteristics of different gases flow over horizontal flat plate 

geometry under steady state flow has been conducted in this study. 

The study was done to satisfy the correlation equation in both cases 

of forced convective at isothermal surface and constant wall heat 

flux. The correlation equations show similar trends and relatively in 

good agreement with published theoretical data. 
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