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Abstract 

         In the present work the experimental investigation has been carried out 

to study the effect of irregular geometry duct on the heat transfer and fluid 

flow characteristics. During this study, it was measured the temperature 

distribution, and air velocity through duct with different cases study of 

boundary conditions. In the first case, heat flux was used as a boundary 

condition. In the second case, fan coil was used to supply hot air. At third 

case, using air cooler to supply cool air. In all cases, the air flow supplied to 

the duct by a blower from left side and right side of rig duct. The temperature 

distribution was measured for three cases with y-axis at different values of z-

axis inside the irregular duct (test section). 

      It was noted during experimental study for all cases the temperature 

measurements increases through the y-axis with different values of air 

velocity supply (1.4, 2.8, and 4.2). It was pointed increasing in temperature a 

little with increasing the values of air velocity. It was measured highest 

temperature in case one is 72.2 
o
C at inlet velocity 4.2 m/s when the air is 

heated by heat flux at the top and side wall of irregular duct (test duct).  

       At the same boundary conditions of three cases, the laminar air flow 

velocity is measured inside irregular duct (test duct). These values are 

measured with supplying three values of inlets velocities from the left and 

right side of rig duct. Also, at the same time, it measured the inlet and outlet 

velocity for rig duct. 



           For three cases, the Reynolds number is inversely proportional with 

the values of friction factor, and pressure drop inside the irregular duct in  the 

experimental work . 

     Numerical simulation is performed in a two dimensional and predicted 

model deals with the temperature distribution inside test irregular duct by 

solving numerically the finite difference that represents energy equation. 

These are estimated by mathematical model which is simulated by a 

computer program in Matlab software.    The air flow velocity was simulated 

by ANSYS - Fluent 19.2 inside irregular duct.  
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Nomenclature 

Latin Symbols 

Symbol Description Units 

A Cross-sectional area m
2
 

CP Specific Heat Capacity J/kg.
 o
C 

Dh Hydraulic diameter m 

ƒr  friction factor - 

h  height [m] 

hx Coefficient of Heat Transfer W/m
2
.
o
C 

j,k Indices Indication the Point Along y,z Direction  - 

k Thermal conductivity W/m .
o
C

 

L axial length of test section m 

m
*
 mass flow rate kg/s 

Nu  Nusselt number - 

Pr  Prandtl number  

p Power watt 

qʹ Heat flux w/m
2
 

Re Reynolds number - 

Tf the average temperature of air flow 
o
C 

Ts 
 the temperature of curve top surface of irregular 

duct 
o
C 

V velocity m/s 

Vin Inlet velocity m/s 

Vout Outlet velocity m/s 

u, v, w velocity components in x-, y- and z-directions m/s 

x, y, z Cartesian coordinates m 



 

 

Greek Symbols 

Symbol Description Units 

α thermal diffusely  m
2
/s 

µ Dynamic viscosity kg/m. s 

ρ Mass density kg/m
3
 

Δy 
Increment Distance Through y-

axis 

m 

Δz 
Increment Distance Through z-

axis 

m 

  Convergence Parameter - 

Xaverage   
the average readings of 

temperature 
- 

Xi 
the values for measurements 

data of temperature 
- 

 

 
 

 

 

 

 

 

 

 

∆T Temperature difference 
o
C 

Δp Pressure drop N/m
2
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                                                     Introduction 

             1.1. General 

        Determining the heat transfer of fluid flow in different geometries of 

ducts is critical in mechanical and chemical engineering. Such calculations 

are directly used for a broad range of industrial purposes, such as 

synthesizing, designing, and optimization of the performance of different 

procedures and systems. As a result, several studies have used theoretical, 

computational and experimental methods to determine the impact on the heat 

transfer of various cross-sectional forms, flow zones, fluid types and thermal 

boundary conditions as shown by Zhang et al [1]. Heat transfer and fluid 

flow in a geometric duct are frequently encountered in many industrial 

applications such as the cooling of electronic components, cooling channels in 

gas turbine blades, ventilation and air conditioning systems, turbomachinery, 

nuclear reactors, and various compact heat exchangers. In the context of 

heating and cooling systems, laminar flow describes the smooth, unhindered 

passage of air through ductwork. When air flows through the system 

smoothly, energy is conserved, whereas when the air flows turbulently, 

friction increases, momentum is lost and energy is wasted.   

         fully developed flow and heat transfer of viscoelastic materials in 

curved ducts under constant heat flux have been investigated. Here, staggered 

mesh is used as computational grids and flow and heat transfer parameters 

have been allocated in this mesh with marker and cell method. Numerical 

solution of governing equations has being performed finite difference method.  

Developing and fully developed flow one of the characteristics of the study 



was considered a fully developed flow, and it was defined as the region in the 

duct where two specific conditions are investigated by Norouzi[2]. The 

velocity profile is fully developed and remains unchanged. 

1.2.  Duct Classification           

Ducts are classified in terms of velocity and pressure as noted by Grondzik 

[3] as shown in figure(1-1). 

 

 

 

 

 

 

 

 

 

 

Figure(1-1) duct classification 

 

1.3. Air Duct Shapes 

Duct Classification           

Velocity Classification 

Low velocity systems 
 

Medium velocity systems 
 

High velocity systems 
 

Pressure Classification 

Low pressure 
 

Medium pressure 
 

High pressure 
 

Velocity Classification vs. 
Pressure Classification 



         Ducts commonly used for carrying air are of a round, square, or 

rectangular shape. The most efficient duct is a round duct, based on the 

volume of air handled per perimeter distance. The most common shapes are 

round, rectangular, and oval ducts as noted by Grondzik [3]. There are some 

advantages and disadvantages of each duct shape as shown in figure(1-2). 

1- Round ducts are the most efficient in transporting air. They use less 

material than rectangular ducts to handle the same amount of air.                                     

2- Square or rectangular ducts are designed to fit building construction. While 

they fit into walls and above ceilings, these ducts use more metal than round 

ducts to produce the same airflow rate.       

3- Oval ducts are flat and have smaller height requirements than round ducts. 

These ducts tend to become more round when under pressure. 

 

 

 

 

Figure(1-2) air duct shapes 

1.4. Duct Materials 

       Ducting is generally formed by folding sheet metal into the desired shape. 

Traditionally, air conditioning ductwork is made of galvanized steel, next in 

popularity is aluminum. Other metals used under special circumstances are 

copper and stainless steel. Grondzik [3] showed metals that are used 

extensively depend on the application of the duct and are listed below.: 



1. Galvanized Steel: It is a standard, most common material used in 

fabricating ductwork for most comfort air conditioning systems.  

2.  Aluminium: It is widely used in cleanroom applications. These are also 

preferred systems for moisture-laden air, special exhaust systems, and 

ornamental duct systems.  

3. Stainless Steel: It is used in duct systems for kitchen exhaust, moisture-

laden air, and fume exhaust.  

4. Copper: It is mainly used for certain chemical exhaust and ornamental 

ductwork. 

1.5. Pressure losses in the air distribution system 

       The system resistance in ductwork has three components as shown in 

figure (1-3) : 
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Figure(1-3) pressure losses in the air distribution system 

1.6. Objective of The Present Work 

1- Design of curve in a duct consists of three parts, the purpose of this work is 

to control air speed. 

2- To predict the temperature and velocity distributions, depending upon the 

friction coefficient, pressure drop,  and the Nusselt number. 

3- To perform a mathematical model in a two dimensions deals with the 

temperature distributions along irregular test duct by using a finite difference 

method which was solving the energy equation. Matlab software is used to 

simulate the temperature distributions by a computer program. While, it is 

studied the flow characteristics and air flow velocity through all the rig duct 

by using Ansys-fluent 19.2.   

1.7. Outline of the Thesis  

1. Chapter One deals with an introduction and outlines the aims and strategies 

of this thesis.  

2. Chapter Two is concerned reviews, the previous related literature, which 

presents the contributions and work 

3. Chapter Three accounts of details of experimental apparatus, setup, and 

procedure 

4. Chapter Four displays theoretical explains the mathematical model to 

analyze the temperature and velocity through irregular duct.   

5. Chapter Five introduces the results and discusses the experimental and 

theoretical work.  

 6. Chapter Six sums up the conclusions arrived at the end of the suggestions 

for future works. 



 

 

 

 

 

 

 

Chapter Two 

Literature Review 
 

 

 

 

 

 

 

 

 

 

 

 



Literature Review                                                                                                                                              

   Investigation of flow and heat transfer in irregular duct is an 

interesting subject for researchers in the present and the past. The most of 

these researches related to regular duct while, a few number of researches 

have been done about irregular duct .The literature review suggests that heat 

transfer and flow resistance characteristics of fluid flow inside duct of 

irregular cross section was studied by few researchers but results are discrete.  

 Farhanieh and Sunden [4] visualized numerically the simultaneously 

developing laminar flow and heat transfer in the entrance region of a straight 

trapezoidal duct under constant wall temperature boundary condition using 

the finite-volume method. The governing equations are solved numerically by 

using common-site variables and Cartesian velocity components to form a 

finite volume in complex three-dimensional geometries. The numerical 

method is defined in detail. The method's accuracy was also calculated by 

comparing the computed results to empirical and numerical results reported in 

the public domain. The range of Reynolds number is 150-1700. For the 

boundary state of uniform wall temperature.as shown in figure(2-1). 

 

 

 

 

      

 

Figure (2-1) Trapezoidal duct 



      Manglik and Ding[5] considered fully developed, constant property, 

laminar flows of viscous power-law fluids in irregular ducts. The double-sine 

cross section represents a limiting inter-plate channel geometry in plate heat 

exchangers with sinusoidally corrugated plates. The range of Reynolds 

number is 300-1000. Both fluid flow and convective heat transfer problems 

under (T) and (H1) thermal boundary conditions are analyzed. The effects of 

fluid rheology (pseudoplasticity or dilatancy), duct geometry, and thermal 

boundary conditions on the velocity and temperature field, are delineated. 

Also, isothermal friction factor and Nusselt number results for various 

conditions are presented, and strategies for predicting Re and Nu are 

evaluated. 

            Campo et al [6] presented a fast and dependable numerical procedure 

for the solution of the fully established velocity and temperature of low-

Reynolds number flows inside straight ducts with irregular, singly connected 

cross sections. The range of Reynolds number is 1000-3000.  Relying on 

finite volume discretization of the momentum and energy equations in a 

boundary-fitted coordinate system, the procedure has been applied with great 

success to a wide variety of ducts whose cross sections present different levels 

of difficulty. Numerical predictions for the pressure drop (friction factor) and 

the heat transfer rate (Nusselt number) for a sample of simple ducts are 

compared with benchmark results published by other researchers. Other 

numerical predictions for complex shapes where results are absent in the 

literature are compared among themselves using various degrees of 

refinement for the grids.    

           Sadasivam et al [7] modeled single and hexagonal channels 

completely formed laminar flow. The range of Reynolds number is 300-3000. 



A coordinate transformation is used to map the irregular cross section on a 

rectangular arithmetic field. Thermic boundary conditions are taken into 

account since they are the most common defining conditions in most 

applications. For a broad range of airway aspect ratios and four distinct 

trapezoidal angles, solutions to changes in velocity and temperature are 

obtained. The results for the coefficient of friction and the Nusselt number 

show a strong dependence on the duct geometry (aspect ratio g and trapezoid 

angle y).     

        Zhang and Chen [8] studied  the fluid flow and heat transfer in a 

cross-corrugated triangular duct were modeled and experimentally tested 

under a uniform heat flux boundary condition. The range of Reynolds number  

is 300-3400..In membrane-based air-to-air heat mass exchangers, cross-

corrugated triangular ducts have high heat mass transfer capabilities. On 

membrane surfaces, the mixing effect will increase the convective heat mass 

transfer coefficients. The model is validated using heat transfer experiments 

and a high-speed hot wire strength measurement technique. Pressure drop and 

average Nusselt numbers are determined using correlations under uniform 

boundary conditions for heat flow. As shown in figure(2-2). 

 

 

 

 

Figure(2-2) Schematic of the experimental setup. 



 Muzychka and Yovanovich [9] considered the development of a new 

model for numeral prediction in the combined entrance area of non-circular 

channels and channels, as well as laminar heat transfer in the combined inlet 

zone of non-circular channels. This model predicts local and mean Nusselt 

numbers for both isothermal and flow-limited conditions. Flat plate 

convection, thermally evolving fluxes in non-circular channels, and 

completely formed flux in non-circular channels were used to design the 

model. The effect of the duct form on the Nusselt number is reduced by using 

a new characteristic length scale, the square root of the cross-sectional area. 

Several existing models of circular tube and parallel plate channels, as well as 

numerical data from several non-circular channels, are compared. For most 

types of air ducts, agreement between the proposed model and digital data is 

615 percent or better. 

           Renksizbulut and Niazmand [10] investigated numerical methods in 

the Reynolds number range of 10 to 1000, establish three-dimensional 

laminar flow and heat transfer in the entrance region of trapezoidal channels. 

Both related heat and momentum exchange parameters, as well as the primary 

and secondary velocity fields, have been investigated. The current findings for 

the fully formed flow area of the channels are consistent with previous 

research. The axial velocity profiles grow overshoots near the walls and 

especially at the channel corners in the entrance area. For Reynolds numbers 

over 50 and after a few hydraulic diameters from the channel inlet, boundary-

layer style approximations, which lead to Reynolds number-independent 

Poiseuille and Nusselt numbers, can be used. Hydrodynamic entrance lengths 

measured using methods based on fully developed flow data have often 



shown to be grossly inaccurate. For the entrance length, as well as the friction 

and heat transfer coefficients, new correlations are suggested. 

Yan and chiu [11] studied radiation's impact on the properties of 

thermal mixed fluid flow and heat transfer in oblique channels The vortices - 

velocity method was used to solve the three-dimensional Navier-Stokes 

equations as well as the energy equation. The discrete coordinate approach 

was used to solve the equation for integrated differential radiative conversion. 

The effects of thermal buoyancy and radiative transport on the distributions of 

mass fluid temperature, friction factor, and Nesselt number are discussed in 

great detail. The findings show that radiation has a substantial impact on heat 

transfer and tends to mitigate the effects of thermal buoyancy. 

         Philip et al.[12] determined experimentally the surface of a circular to 

rectangular transmission channel used to calculate local heat transfer using a 

transient liquid crystal heat transfer technique. The length-to-diameter ratio of 

the transmission channel is 1.5, and the aspect ratio of the exit stage is 3. The 

equation of the super-ellipse determines the cross-section geometry. The 

cross-sectional area was the same at the entrance and exit, but fluctuated by 

up to 15% during the transition. For Reynolds numbers based on inlet 

diameters ranging from 0.4 x 10
6
 to 2.4 x 10

6
 and two free current turbulence 

strength produced by the grid of about 1%, test results are recorded, which is 

typical for wind tunnels, and up to 16 percent, which may be more typical For 

real engine conditions.  

       Ray and Misra [13] employed for two types of boundary conditions, 

namely, constant axial heat input and uniform peripheral wall temperature, 

and uniform axial and peripheral heat input, the least squares point matching 



technique was completely developed by triangular and square channels with 

round corners. They concluded that the friction factor and electiveness of the 

round portion for both of the considered duct geometries increased rapidly 

with increasing the radius of the round corners. 

        Liu and  Wang [14] reported in a tightly curved rectangular duct, the 

latest work on bifurcation and stability is completely developed. The physical 

mechanism and driving forces for the different flow mechanisms in obstetrics 

are still being debated. The flow stability on the various branches is calculated 

using a simple transient calculation based on the complex responses of 

multiple solutions. Finite random disturbances cause flows from one steady 

state to another steady state, cyclic oscillation, periodic oscillation, other 

cyclic oscillation, and chaotic oscillation as the dean number increases. For all 

physically achievable fluxes, the average friction factor and the average 

Nusselt number are determined.    

        Wong and Leung [15] conducted experimentally, with Reynolds 

numbers based on hydraulic diameter ranging from 4300 to 15000, in a fully 

established hydrodynamic turbulence condition. In an air-cooled equilateral 

horizontal triangular tube, arterially rough inner surfaces are used to improve 

the steady state of forced load (peak angle of 60). Four types of internal 

surfaces are required for triangular test ducts with the same axial length of 2.4 

m and hydraulic diameter of 0.44 m. The inner surfaces of the triangular 

channels were coarse articulated allies either by milling / shaping methods, in 

addition to the smooth surface with an average surface roughness of less than 

1 m. 



           Kurnia et al. [16] performed heat transfer output of spiral ducts with 

different cross-section areas within an aircraft. In total, six channel cross-

sections - rectangle, rectangular 2 1, rectangular 4 1, trapezoid, semicircular, 

and triangular cross-sections - were examined and their form and merit were 

compared to the straight channel. The findings show that the coil ducts within 

the plane have a higher heat transfer rate on average. It should be noted, 

however, that the heat transfer rate of a coil within a plane with a rectangular, 

triangle, or half circular cross-section is lower than that of a straight duct 

under constant heat flow conditions. In contrast to the straight channel, it also 

has a much higher pressure drop penalty. As a result, choosing the intra-plane 

winding channel geometry for the heat transfer application necessitates a 

detailed review of the operating conditions. The heat transfer output of the in-

plane coil duct for electronic refrigeration applications will be studied in an 

expansion analysis. 

           Mohammad Mohsen et al. [17] obtained for the first time, a precise 

analytical solution for heat transfer in straight ducts with rectangular cross 

sections has been discovered. This solution was true for boundary conditions 

involving fully defined heat transfer in the duct walls with continuous heat 

flow. The closed form of the temperature distribution is found using the 

method of separating variables and various other mathematical techniques. 

The aspect ratio functions are often used to obtain the local and average 

NSLT numbers. In non-dimensional analysis of boundary conditions, a new 

physical restriction was introduced to solve the Newman problem. This is one 

of the current study's major inventions. When calculating local and mean 

NSTL numbers, analytical results reveal a uniqueness with a critical width-to-

height ratio of 2.4912. 



          Khatri and Agarwal [18] used the finite element approach to solve 

partial differential equations of fluid flow, computational simulation of 

laminar flow in a parallel plate channel for different entry velocity. A partial 

differential equation (Poisson's equation) is used to describe fluid flow. The 

energy equation is used to analyze heat transfer. The partial temperature flow 

differential equations are then solved using the flow field of this liquid. The 

effects of heat flux from outside the system on the temperature flux field was 

also investigated. Analyzes are carried out by looking at the flow field, as 

well as the temperature and pressure fields, for various entry velocity values. 

The change in entry velocity had a major effect on fluid flow, temperature 

flow, and strain, according to the findings.  

          Chen et al.[19] investigated heat transfer through irregular channels 

with cross corrugation and the use of uniform boundary conditions for heat 

flow was achieved. The results of the coefficient of friction and a Nusselt 

number obtained from experiments and simulations exhibit that the flow in 

the duct with a = 90° has the greatest. The included angle affects the flow and 

heat transfer in the intersecting wavy triangular channels in different ways. 

For example, under the same Re, friction D at angle = 120° is lower than 

friction at angle = 60° and 45°, while, Nusselt D at angle = 120° is higher than 

Nusselt D at angle = 60° and 45°.  

       Ebaid et al [20] showed in irregular ducts, completely formed laminar 

flow. In all possible combinations, the analysis focuses on the irregular area 

between the triangular and circular equilateral canals. The governing 

equations are solved using the high-order finite element method for this 

reason. In any case regarding particular engineering, higher values of area 

ratio lead to a monotonic increase in the value of Renolde number at the 



values for hydraulic diameter for the uniform loop. Most notably, the non-

uniform rings outperformed the usual rings, so they could be used in double-

channel heat exchangers instead of the traditional normal rings. As a result, 

the pumping power needed in such industrial applications will be substantially 

reduced.            

          Braz. [21] showed valid analysis of low values of Rayleigh rotational 

number. It was discovered for the elliptic channels in the fully formed flow 

area. Rayleigh rotation number, adjusted Reynolds number, Rem number, 

Prandtl and Pr are functions of axial velocity and temperature profiles, as well 

as Nusselt number and coefficient of friction. These effects are marginal at 

such a small diameter. Rayleigh rotational number, Rat, and Prandtl number, 

Pr, vary around the main diameter, but the axial velocity profiles are 

unaffected. The adjusted Reynolds number increases the maximum value of 

the temperature and axial velocity profiles by a large amount.  

    Sivakumar et al. [22] explained the heat transfer and pressure drop 

of smooth and three different sized square ribbed divergent rectangular ducts 

were compared in a systematic experimental study. The rib tabulators (e) were 

3, 6, and 9 mm tall. With a fixed rib pitch (p) to test section inlet width (w) 

ratio of 0.6 and an equal mass flow rate, this yields a rib height (e) to mean 

hydraulic diameter of the duct (Dim) ratio of 0.035, 0.0697, and 0.1046 

respectively. The results of the ribbed ducts were compared to those of a 

smooth (no ribs) divergent rectangular duct with the same parameter. As 

shown in figure(2-3). 



 

 

 

 

 

 

Figure(2-3) Experimental setup schematic of the divergent duct 

Schrittwieser et al.[23] analyzed of computational fluid dynamics was 

used to study fluid flow in the stator ducts of a hydro accumulator. The main 

aim is to find out how much of the model can be streamlined in order to speed 

up the simulation. As a result, the relationship between the rotor and the stator 

is critical and must be considered. The Frozen Rotor and the Stage model are 

two steady-state simulation reference models that can be connected using the 

ANSYS CFX software kit. Their variations are visible in two parameters that 

are used to compare these two entirely different reference models. The 

comparison of fluid flow and heat transfer along one of the stator channels is 

another important aspect stated in this paper.  

     Onur  and Arslan  [24] investigated experimentally of a horizontal 

smooth trapezoidal duct with different corner angles in the Reynolds number 

range of 102 to 103, steady-state laminar forced flow and heat transfer are 

studied. Under a uniform surface temperature state, the flow is 

hydrodynamically completely formed and thermally evolving. New 

engineering correlations for heat transfer and friction coefficients for each 



corner angle were presented based on current experimental data of laminar 

flow in the thermal entrance area. The findings show that as the Reynolds 

number rises, the heat transfer coefficient rises while the Darcy friction factor 

falls. Also, as the duct's corner angle increases, the average Nusselt number 

increases while the average Darcy friction factor decreases.  

 Hartnett and Minkowycz [25] illustrated the numerical process, 

completely formed hydrodynamic fluid flow within irregular cross-section 

ducts. To convert the partial differential equations of a random and irregular 

spatial plan from a physical field to a square arithmetic field, the elliptical 

grid generation method is used. The problem is then solved for uniform wall 

temperature as well as uniform wall heat flow boundary conditions. For the 

triangular, rhombic, sinusoidal, and irregular cross sections commonly used in 

heat exchangers, numerical results of the Nusselt number and friction factor 

are shown.   

Bhadouriya et al [26] presented the heat transfer and friction factor for 

air flow within a square duct were measured experimentally and through 3D 

numerical simulations under uniform wall temperature limits, twist ratios of 

11.5 and 16.5, and Reynolds numbers of 600–70,000. Using commercially 

available tools, a three-dimensional study of fully defined static laminar flow 

within the square cross-section flow region of the Reynolds number range of 

100 to 100,000 is performed. For a twist ratio of 2.5 and a Reynolds number 

of 3000, the product of friction factor and Reynolds number reaches its 

maximum value. For the same values of Prandtl number 20, the maximum 

Nusselt number is observed. The vortex modulus of the laminar flow system 

was used to establish correlations for the friction factor and Nusselt number. 

The local distribution of the friction factor to Nusselt number across the cross 



section has been demonstrated. To compare twisted and straight channels, the 

reinforcement factor is calculated using parameters of constant pumping 

capacity. The enhancement factor is used to rank the twisted square duct 

options. The convoluted duct was discovered to function well in laminar flow. 

For the entire range of Prandtl numbers examined, the twisted square channel 

is suggested in a laminar flow system.    

 Ghobadi and Muzychka [27] reviewed in the curved tube, the heat 

transfer and pressure drop correlation of a fully formed laminated Newtonian 

fluid flow. Curved engineering is one of the passive heat transfer methods that 

can be used in a variety of applications, including power generation, chemical 

and food processing, electronics, and environmental engineering. The main 

goal of this review paper is to give researchers a detailed list of similarities 

and concepts that they may need during their study. The paper starts with an 

overview of the governing equations and key dimensionless figures for curved 

tube flow. The flow production in curved and coiled circular tubes has also 

been shown to have correlations. The study's key contribution is an analysis 

of the numerical and experimental correlations for calculating the coefficient 

of friction and the Nusselt number in circular curved tubes. Thermodynamic 

boundary conditions and procedure are used to classify Nusselt number 

correlations.  

Wang et al [28] developed the heat transfer and flow characteristics of 

irregular channels with various centric lengths (P = 120 mm, 140 mm, and 

160 mm) and comparisons to rectangular and trapezoidal channels The 

governing equations, including the mass conservation equation, momentum 

equation, and energy conservation equation, were developed in the curved 

channels. The parabolic channel, trapezoidal channel, and rectangular channel 



had the highest average heat transfer efficiency of the three channels, from 

best to worst. The parabolic channel, which is 5.1 percent and 25.4 percent 

larger than the trapezoidal and rectangular channels, has the best overall 

improved heat transfer efficiency.  

    Tokgoz and Sahin [29] determined the flux characteristics and 

thermal efficiency of different duct engineering numerically and 

experimentally. Complete studies of Reynolds numbers were conducted in the 

range of 3103 Re 6103. In order to increase the aspect ratio, S / H, the thermal 

efficiency of these geometries was numerically examined. The turbulence 

intensity rate on the corrugated channel axis increases as the ripple height is 

increased, as predicted. Using the particle image velocity (PIV) technique, 

experimental studies were performed to describe the hydrodynamic structures 

and verify the numerical solution results. In order to reveal the hydrodynamic 

properties and thermal efficiency of the corrugated channel flow, velocity 

distributions, rheological patterns, and corresponding turbulent statistics were 

calculated experimentally and numerically.       

  Maithani et al [30] calculated three-dimensional computational fluid 

dynamics (CFD) a coarse solar air heating duct was investigated for heat 

transfer and friction properties. The roughness of the delta wavy ailerons' 

form has never been confirmed before. For different Reynolds numbers 

between 3000 and 18000, the Nusselt number and friction factor properties 

are calculated. The k-perturbative model was used for the study after 

reviewing the literature. On the flat plate with a relative longitudinal pitch of 

3 and five winglets at Reynolds count 5000 and a 10.3-fold increase in 

friction factor, the maximum Nusselt number enhancement was found to be 



2.23 times. The configuration achieved a maximum thermal-hydraulic 

efficiency of 2.08. 

          Zunaid et al. [31] described a rectangular and semi-cylindrical fine-

channel heat sink's heat transfer and pressure drop properties The copper heat 

dispersants were aligned in a series of 21 micro channels, each measuring 231 

m wide and 713 m long. Water was being used as a coolant and moving 

through the channels. With a constant heat flux of 106 W / m2 defined with 

respect to the region of the heat sink platform, a 3D analysis was performed 

for Reynolds numbers ranging from 200 to 1000. An ANSYS-CFX kit was 

used to test the temperature rise and pressure drop of the liquid in the straight-

line micro-channel heat sink, and experimental data was used to verify the 

results.       

            Nandan and Janoske [32] formulated numerical of the heat transfer 

properties of. Here are three-dimensional laminar flows in a rectangular duct 

with four separate ailerons. The standard Delta airfoils make up the four wing 

forms, while the three modern ailerons are the Arrow, Delta Slash, and X 

wing. The goal is to see how the shape of the wing affects the rate of heat 

transfer, pressure loss, and thermal boost factor. The heat transfer rate and 

thermal efficiency of the rectangular duct flux with the wing should increase, 

according to the numerical results. A higher Reynolds number means a faster 

rate of heat transfer, a higher heat-boosting factor, and more pressure loss. 

Increases in flux attack angle were found to be beneficial to the X winglet but 

detrimental to the delta and delta ailerons. The current study's increase in heat 

transfer rate and heat boost factor were found to be 1.382.18 and 1.331.94, 

respectively, over air duct flows without wing.  



            Zhang and Li[33] presented a trapezoidal heat transfer surface, which 

can overcome the defects of the rectangular heat transfer surface, and it has a 

uniform temperature distribution in the direction of air flow. A standard wind 

tunnel test bed was built, and the heat transfer coefficients of the trapezoidal 

and rectangular heat exchanger with the same total heat transfer area and flow 

conditions were compared. In the meanwhile, the feasibility of the numerical 

simulation method was also verified.. Besides, the trapezoidal duct has a 

uniform temperature field distribution in the direction of air flow. By 

introducing evaluation index TPF (Thermal performance factor), we 

concluded that: the trapezoidal duct has better comprehensive heat transfer 

performance than that of the rectangular.                                                            

             Zhang and Wan [34] formulated numerically in rectangular 

trapezoidal channels, laminar flow and heat transfer are studied. The 

temperature difference distribution and pressure drop in trapezoidal channels 

are greater than those in rectangular channels under some conditions, 

resulting in an advantage of improved heat transfer. The maximum Colburn 

factor (j) in trapezoidal channels increases by 8% over rectangular channels in 

the same heat transfer area, while the minimum friction factor (f) decreases by 

22.6 percent. The thermo-hydraulic properties of the trapezoidal channels 

increase first, then decrease as the slope angle (b) increases, according to the 

numerical results. In short, when B 40, trapezoidal channels have stronger 

thermo-hydraulic properties than rectangular channels. On the other hand, As 

a consequence, when b> 40, the output of the rectangular channel outperforms 

the trapezoidal channels. The taguchi approach was used to illustrate the 

applicability of the above conclusions. 



Zhang [35] considered the laminar flow inside rectangular duct in the 

development of a heat exchanger with a low Reynolds number. Heat transfer 

from a rectangular cross section with different aspect ratios to thermally 

developed and dynamically evolving inside an air duct has been well 

researched and reported in various books, but little work has been done for 

lamellar fin ducts. The primary assumption in this research is that the conduit 

is held at a constant temperature and that the heat fluxes on two fins are 

distributed in a symmetric deflection pattern. The thermal conductivity of a 

liquid is studied as a conjugate problem at the same time. The Nusselt 

numbers, which can be used to estimate the heat transfer efficiency of finned 

heat exchangers with different thermal conductivity and thicknesses, are 

obtained in the developing field, the length of the heat input, and the fully 

defined values for these pathways. 

 Rang et al. [36] conducted experimental investigations to study the 

forced convective heat transfer and pressure drop characteristics of the 

hydrodynamic fully developed flow in heated uniformly horizontal triangular 

ducts for smooth and different surface roughness. Non-dimensional 

expressions for the determination of the heat transfer coefficient and friction 

factor of the triangular ducts were developed. The mixing effect would 

intensity the convective heat mass transfer coefficients on membrane surfaces. 

Heat transfer experiments and a high-speed hot wire intensity are used to 

measure the temperature.   

Talib et al. [36] investigated experimental to study the effect of an 

irregular shape geometry duct on the heat transfer and fluid flow 

characteristics. During the study, it was measured the temperature 

distribution, and air velocity through a duct with the different cases study of 



boundary conditions. The main part of the duct is designed with dimensions 

3.65 m length,0.4 m width, 0.5 m height, and 1mmthickness. Three duct 

components: length 1.25 m, width 0.4 m and height 0.25 m for the entrance 

section, length .2 m for the test section and length 1.25 m, width 0.4 m and 

height 0.5 m for the exit section. In a two-dimensional laminar flow, 

numerical simulation is carried out and the projected model deals with the 

distribution of temperature along the irregular duct test by numerically 

solving the finite difference method describing the energy equation. ANSYS - 

19.2 Fluent. The flow characteristics of airflow through the irregular duct was 

analyzed. 

            2.1. Summary 

          According to the literature review, some normal duct configurations 

have been extensively investigated, while irregular duct configurations have 

reviewed a little study. They are focused on the laminar steady flow of 

Newtonian fluid in the duct spacing between normal and irregular ducts in all 

possible configurations. The heat transfer, pressure drop, and defined velocity 

of air flow through duct are all described in this literature. Many researchers 

used finite differences and finite element analysis to study heat transfer, and 

flow characteristic.. Table(2-1) illustrated the researchers which are worked in 

this filed.            

         In the present work, numerical and experimental are investigated. The 

temperatures distribution for hot and cold air through irregular duct are 

studied. Also, it is studied the flow of air characteristic inside the irregular 

duct in order to solve  the temperatures distribution by using finite difference 

scheme.  



                  Table (2-1) summery for the previous studies. 
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Experimental Work 

3.1. Introduction                                                                                

              Experimental study gives more description and global analysis to 

measure the heat transfer of fluid flow through irregular geometric duct.  

        In the present work, the experimental investigations has been carried out  

to study the effect of irregular shape geometry duct  on the heat transfer and 

fluid flow characteristics . During this study, it was measured the temperature 

distribution, and air velocity through duct  with different case studies of  

boundary conditions.                

          3.2. Test Equipment 

1-Duct 

          The main part of rig design in experimented work is a duct which is 

designed irregular dimensions duct, and 1mm thickness as shown in figure (3-

1). It made of galvanized steel. This material is standard for using fabricating 

ductwork for most comfort air conditioning systems. This rig duct consists of 

three parts. The first part is entrance section with dimensions 1.25 m length, 

0.4 m width and 0.25 m height. This part is designed as a rectangular shape 

with the value of length 1.25 m in order to achieve a fully developed zone. 

The second part is test section, which is designed irregular as curve shape 

with length 1.2 m as shown in figure (3-2). The third part is the exit duct 

section which is designed as a square shape with dimension 1.25 m length, 

and rectangular section  (0.5 x 0.4) m to minimize the rate of the exit effects 

of the test section. All parts of duct were insulated in order to minimize the 

rate of thermal loss through metal of duct  in experimental measurements.  

 



            2- Blower 

          The blower is centerfugial which is sucked air into geometrical duct. It 

has an electrical motor with specifications 800 watts , 220 volts ,and 

frequency 50 Hz . It has range velocity between ( 1m/s to 6m/s), as shown in 

figure (3-3) . 

 

 

 

 

 

 

 

 

 

Figure (3- 1) schematic diagram of rig duct 

 

 

 

 

 

Figure (3-2) schematic diagram of test duct  

 

 



3-Fan Coil 

          Fan coil consisting of a blower and a heater which is placed at the front 

of the blower to supply hot air into rig duct. The blower has an electrical 

motor with specifications 800 w , 220 volts ,and frequency 50 Hz . It has 

range velocity between ( 1m/s to 6m/s), and a heater has 1200 w, and 150 

volts as shown in figure (3-4) 

 

                 

 

 

 

 

 

Figure (3-3 ) centerfugial blower                     Figure (3-4) fan coil 

4-Air Cooler 

       Air cooler is an axial of rotation to supply cooling air into rig duct. It has 

an electrical motor with specifications 500 w , 230 volts, 1.3A ,and frequency 

50 Hz . It has range velocity between ( 1m/s to 6m/s)   as shown in figure (3-

5)   

  5-Heater  

           The electrical heater is considered the source of heat flux on the 

surfaces of the test section. It is made from nickel chrome alloy consist of six 



turns and connected with power analyzer device to measure the power supply 

, as shown in figure (3-6).  

 

 

 

 

 

 

 

 

 

Figure (3-5) air cooler 

6- Voltage Variation Device   

           To control the value of power supply to the heater, a variable voltage 

device is used. This device can supply different values of voltage with range 

of (0 to 220) volts .This variation is controlled by changing of internal 

resistance until reaches the required value of voltage  as shown in figure . (3-

7).                               

7- Power Analyzer Device 

           Digital power analyzer type Lutron model (DW-6091) with a 

maximum current (10 A) and maximum voltage (600V) is used to transform 

the voltage (analog) signal from the power supply into a digital signal which 

can be read, as shown in figure (3-8). 



 

 

 

        

       Figure (3-7) Voltage Variation Device                Figure (3-6 ) heater                                             

 

 

 

 

 

 

          Figure (3- 8) power analyzer device                            

          3.3. Measurement Devices                                                            

          3.3.1. Temperature Recording Device      

           The temperature recorder is a (12) channel model BTM-42085D, 

which is used by the paperless SD card in order to save time-related data as 

shown in figure (3-9). The echtzeit data logger saved (12) channel 

temperature that is determined by time (year, month, date, minutes, seconds) 

in SD memory card and downloaded to excel software.. The sampling time of 

the date logger varies from 1 to 3600 seconds. It has resolution degree/0.1, 

 
   



size of the SD card is 1GB and 16 GB . Rs232/USB interface provides 

intelligent functionality and the microcomputer circuit is highly precision . 

 

 

 

 

 

 

   

  Figure (3-9) temperature recording device.  

         Two devices are used to measure temperature inside the rig duct. A type 

of thermocouple (K) is used to measure temperature. Figure (3-10) shown the 

thermocouples locations along the rig duct. 15 thermocouples are fixed in 

irregular duct (test duct) in order to measure the temperatures distribution 

through the air flow in irregular duct at three cases of boundary conditions. 

 

 

 

 

Figure (3-10)  location of thermocouples in irregular duct(test duct). 



3.3.1.2. Temperature Recording Calibration  

          Temperature measurements are calibrated with the SUMMIT SDT 150 

digital thermometer as shown in figure (3-11). Chromium and aluminum 

thermocouple type (K) is extensively used for temperature measurement in 

the range -200◦C to +1250◦C, as shown in figure(3-12). Omega [40] gives 

information of thermocouple types as shown in table (3-1). The reading for 

both thermocouples and UMMIT SDT 150 digital are measured . The 

calibration method is performed by two instruments with different 

temperature from 19
o
C to 80

o
C to calculate the value of the temperature of 

air. The relation of temperature readings for two devices is shown in figure 

(3-13). Thermocouple measurement correction has been accomplished by a 

polynomial equation, this relation is :             

Tcalib. = - 0.9481+ 1.0341Tred+ 0.0002  
red -0.000005   

red  ..…… (3.1) 

            Table (3-1) thermocouple information .  

 

 

 

 

 

 

       3.3.2. Hand-held Digital Anemometer 

Digital anemometer measures the velocity of air . Depending on the model, an 

air velocity meter also can possess data logging or data recording 

functionality to take measurements over a period of time, as shown in 

figure(3-14) . 

Thermocouple type  

 

Name of Materials Useful Application Range 

(◦C) 

              E Chromium(+) 

Constant (-) 

-200-900 

J Iron(+) 

Constant(-) 

0-750 

K Chromium(+) 

Aluminum(-) 

-200-1250 

T Copper(+) 

Constant(-) 

-250-350 



 

 

 

 

                          

 

 

Figure (3-11) SUMMIT STD 150 device    Figure (3-12) thermocouple type (K)          

 

   

 

  

 

 

 

 

 

 

               Figure (3- 13) curve of temperature calibration 

3.3.2.2. Velocity Calibration 

Velocity is calibrated with a digital calibration device type (Hot Wire 

Anemometer) as shown in figure (3-15).  The hot wire anemometer device is 

used for measuring the velocity and direction of the fluid. This can be done by 

 



measuring the heat loss of the wire which is placed in the fluid stream. The 

wire is heated by electrical current. The hot wire when placed in the stream of 

the fluid, in that case, the heat is transferred from wire to fluid, and hence the 

temperature of wire reduces. A polynomial equation is obtained to correct the 

velocity measurement readings as: 

Vcali. = 0.2201+ 0.8926     - 0.0031      
 

+0.00061     
 

 …..(3.2) 

              Figure(3-16) shows the curve of velocity calibration. 

                                                        

 

                                     

 

 

 

 

Figure (3-14) Hand-held digital anemometer              Figure (3- 15) Hot Wire Anemometer 

       Five digital anemometer are fixed in rig duct in order to measure the air 

flow velocity through the experimental work at three cases of boundary 

conditions. Three digital anemometer are fixed in irregular duct in different 

locations. Also, one anemometer fixed in inlet duct to measure the initial flow 

air velocity and another anemometer fixed in outlet duct to measure the outlet 

velocity of air, as shown in figure (3-17). 

 



 

 

 

 

 

             

            Figure (3-17)  location of digital anemometer in rig duct     

3.4. Experimental procedure 

            3.4.1. Case One 

          In the first case, heat flux is used as a boundary condition. The 

experimental procedure is comprised of the following stages:  

1- Heating the air flow through the irregular duct by heat flux which is placed 

at the top and side wall of the test duct (irregular duct).  
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Figure (3- 16) curve of velocity calibration  



2- Reading the power supply for heat flux by using digital power analyzer 

device which is connected between heaters and voltage variation device. 

3-The measurements for temperatures and velocities are recorded after 120 

minutes of working time. At this time of heating of air reaches to steady state. 

These measurements taken with three values of inlet velocity of air which are 

4.2m/s, 2.8m/s, 1.4m/s. 

4-Supplying the air flow by blower which is placed at left side of rig duct, and 

the second part of duct remains open. The blower provides the duct with 

different velocity of air. A flexible pipe is used to connect between the rig 

duct and  blower in order to reduce the effect of vibration. 

5- Measuring the air velocity inside the test duct (irregular duct) in three 

different places by Hand-held digital anemometer. Also, at the same time, it 

measures the inlet and outlet velocities. These readings record with three 

values of inlet velocity supply.  

6- (15)Thermocouples are fixed in different locations inside of the irregular 

duct and one thermocouple in inlet duct and another in exit duct, as shown in 

figure (3-11).  The data logger with SD ram is operates to read and save the 

temperature measurements through the time of temperature recorder device. 

The temperature readings measure in all selection points at three values of 

inlet velocity supply.  

7- Repeating the same processes, when supply the air from the right side of 

rig duct with the same values of inlet velocity of air.  

3.4.2. Case Two 

          In the second case, it uses fan coil to supply hot air as the following 

stages: 

1-Heating the air flow through the irregular duct by a heater which is placed 

at the front of the blower. It formed together as fan coil.  



2- Supply a hot air for rig duct by using fan coil which is placed at left side of 

rig duct at the part of inlet duct. The outlet duct part remains open. The hot air 

supply with three values of inlet velocity. A flexible pipe also connects 

between the fan coil and rig duct to reduce the effect of vibration. 

3- Measuring the air velocity inside irregular duct in several different places 

by Hand-held digital anemometer. Also, it measures the inlet and outlet 

velocity at the same time.  

4-Readings of temperature are recorded through the irregular duct by using 

two devices of temperature recorder after 120 minutes of working time.  

5- Repeating the same processes, when put the fan coil at right side of rig 

duct. These results note in table(3-7), and table(3-9) after calibrated. 

3.4.3. Case Three 

        In the third case, it uses air cooler to supply cooling air for rig duct with 

three values of inlet velocity as the following stages: 

1-Supply cold air to the rig duct by using air cooler which is placed at left side 

of the rig duct. The third part (outlet duct) of rig duct remins open. A flexible 

duct is used to connect between the rig duct and air cooler in order to reduce 

the effect of vibration.  

2- Measurements of velocity are recorded at three values of inlet cold air 

velocity. These measurements illustrate in table(3-12) after calibrated by 

using equation(3.2).    

3 Readings of temperature are calibrated after recorded by two devices of 

temperature recorder. These readings describe in table(3-10). 

4- Repeating the same processes, when put the air cooler in the opposite side 

i.e. at the right side of rig duct. Readings value describe in table(3-11), and 

table (3-13) after calibrated. 



Notes:  

1-Using manometer in order to measure the pressure drop through the rig duct 

in three cases. It is not record any readings of pressure drop. This is due to the 

pressure drop is very small in irregular duct as pointed by  Zhang and Li [36]  

2-Readings of temperature distributions and air velocity for three cases of 

boundary conditions are repeating many times in each channel in order to get 

true result.  
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          3.5. Experimental Analysis 

          These analysis are calculated in irregular duct only for three cases of                        

boundary conditions. 

            1- Reynolds Number 

The Reynolds number is calculated as: 





h

UD
Re                                                                 ........... (3.3) 

Where 


h

4AD w                                                        ........... (3.4) 

Where Dh is the hydraulic diameter .It was showed by Holman [42]  

      The hydraulic diameter, which is calculated for three sections where the 

velocity are measured in irregular duct. These cross section area(A) of each 

section is calculated by using numerical integration (trapezoidal rule). 

Schematic diagram below represents each one of three sections. 

 

 

 

 

 

                          Figure(3-20) front view of irregular duct(test section) 



         The equation of curve in each section with different of height (L) is 

found by using grapher 10 program, as shown in figure (3-20). The curve 

equation is represented for each section as: 

y=L+0.3x-0.75x
2   

                                                            ……..(3.5) 

The curve of side view of irregular duct equation is represented for each 

section as: 

Z=0.3L+2.5x-0.32x
2 

2-Friction Factor 

             Onur and Arslan [27]  presents friction factor for laminar flow in 

duct as: 

  
  

  
                                                                              ………(3-6)                    

          These values of friction factor is calculated for three cases of boundary 

conditions. 

            3- Pressure Drop 

            Onur and Arslan [27] describes the pressure drop in irregular duct 

for three cases of boundary condition is calculated as:  

    ∗  ∗
 

  
∗

  

 
                                                               ………(3.7) 

4- Heat Flux 

           Heat flux is calculated from the electrical power which supply by 

electrical heat. This heater is fixed over the top curve surface, and outer left 



side of duct wall. The value of electrical power analyzer device is 1116 w. 

Then, the heat flux is calculated as: 

   
     

    
 

 

 
                                                          ………..(3-8) 

5- Coefficient of Heat Transfer                                                                                              

     The local heat transfer coefficient is reported by Wang et al. [44]  as : 

hx  
  

     
                                                          ……….. (3.9) 

Where Tf is the average temperature of air flow at each five section, as 

shown in figure (3-10). Ts is the temperature of curve top surface of irregular 

duct. The heat transfer coefficient is calculated only in case one of boundary 

condition. This due to a significant heat exchange happens between the air 

passing through the test duct and upper curve top surface which heat flux is 

fixed.  

6- Nusselt Number  

Zhang and Chen [45] reports the Nusselt number which calculated as : 

   
    

 
                                                                           …........ (3.10) 

        These parameters are showed in tables in appendix[A]. 

3.6. Uncertainty analysis  

     The error in measurement is defined as the difference between its true and 

measured value. However, this definition is not easy to know which is the true 

quantity of these values. Therefore, it is necessary to compute the uncertainty 



when presenting an experimental results. Generally, the uncertainty of 

measurement is described as the amount of errors or doubts in taking 

measurement. These errors or doubts are mainly due to measuring instrument, 

measuring process, human error(operator skills), and operating condition. For 

any set data, the standard uncertainty (SU) can be calculated by equation 

detailed by Bell[46] as: 

    
   

√ 
                                                                             ………(3.11) 

Where,  

N is the total number of measurements in each channel. 

S.D is the standard deviation which is calculated as: 

    √
∑ (           )

  
   

(   )
                                              ………..(3.12) 

Xaverage  is the average readings of temperature or any function in channel. The 

average experimental values of readings in each channel which were 

repeating N times. The value of average readings is calculated as: 

         
 

 
∑       

                                                     …………(3.13)        

Where Xi is represented the values for measurements data of temperature or 

any function measured in each channel. 

The average error rate for all readings is 1.75 
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Theoretical Work 

           4.1. Introduction                                                                                

         Investigation of air laminar flow and forced heat transfer convection in 

irregular duct under constant heat flux is an interesting subject. The heat 

transfer mechanism of air flow through irregular duct (test duct) with different 

boundary conditions are studied. This mechanism shows the effect of air 

velocity and shape geometry of duct on temperature distribution.   

      In the present work, mathematical model is performed in a two 

dimensions deals with the temperatures distribution along irregular test duct 

by using a finite difference method which solving the energy equation. Matlab 

software was used to simulate the temperature distributions by a computer 

program. While, it was studied the flow characteristics and air flow velocity 

through all the test duct by using Ansys-fluent 19.2.  These two models with 

three cases of boundary conditions simulated the temperature distribution and 

the velocity of air supply from the left side and right side for rig duct. 

4.2. Mathematical Model 

       There are many steps in the implementation of mathematical model 

before getting the results: 

4.2.1.Geometry Generation 

The geometry of the system was modeled as a 2D structure for the two phase 

flow using Design modeler combined with Ansys Workbench 19.2 by 

drawing entrance section with dimensions 1.25 m length, 0.4 m width and.25 

m height, this part is designed as a rectangular shape, the second part is test 

section which was designed irregular as curve shape with length 1.2 m, the 

third part is the exit duct section which is designed as a square shape with 

dimension 1.25 m length, and square section  (0.5 x 0.5),  after that, a surface 



was generated from the sketch. The geometry was set to be fluid. For the 

purpose of obtaining an inexpensive arithmetical model, it was necessary to 

build it as small as possible as shown in figure(4-2). 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

Figure(4-1) schematic diagram of rig duct a-three dimension of rig duct, b- 

test duct, and c-front view of rig duct 

       

 

y 



4.2.2. Mesh Generation 

        There are many types of mesh, such as coarse , medium , and fine mesh 

choosing the type of mesh depends on several factors, such as, the system 

geometry, the type of flow, and complexity as detailed by Bakker[47] . In the 

present work, the geometry of the duct was divided into small square element 

(Quadrilateral structured grid) using the meshing combined with Ansys 

Workbench 19.2 with maximum and minimum size equal to (0.002 m) 

through fine relevance center and medium smoothing mesh near the wall of 

channel. The model governing equations would be solved at each element of 

the model geometry . as  shown in figure (4-3). 

 

 

 

 

 

Figure (4-2) rig duct geometry by Ansys 

 

  

 

 

 

 

Figure (4-3) mesh of rig duct 

   

 



       4.2.3.Assumptions and Boundary conditions Validation 

         There are some assumptions of the hot and cold air flow inside the rig 

duct, and boundary conditions can be described in this research as shown in 

figure (4-4). These assumptions of hot and cold air flow through the rig duct 

are: 

1-Incompressible fluid flow.                                                                                       

2-Steady state fluid flow.                                                                                                    

3-Fluid flow with constant physical properties.                                                                    

4-Newtonian fluid and fully developed.                                                                            

5-Assume inlet values of inlet velocities from left side of rig duct and 

represented the component of velocity in z-direction (u).                                                     

1-Case One 

         A heat flux at the top and side wall of test duct and provided inlet values 

of inlet velocity by fan as shown in figure (4-5). 

 

 

 

 

 

                                 Figure(4-5) schematic diagram of rig duct for case one 

2-Case Two 

        Supply the rig test by hot air by fan coil from the left side only with 

different values of inlet velocity with 36
o
C as shown in figure (4-6). 
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                               Figure(4-6) schematic diagram of rig duct for case two     

           3-Case Three 

               Supply the rig duct with cool air by using air cooler from the left 

side only with different values of inlet velocity as shown in figure (4-7). 

 

 

 

 

 

 

 

                               Figure(4-7) schematic diagram of rig duct for case two 

4.3.Numerical Solution of Mathematical Model 

           It should be represented the governing equations which solved the 

temperatures distribution of hot and cool air by forced convection. Energy 
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equation was used to simulate the temperatures distribution through the 

irregular test duct depending upon the inlet velocity of air flow through the rig 

duct. This equation was reported by Kang et al.[48] in two dimensions as:  

    
  

  
  

  

  
  (

   

   
 

   

   
)                                                    …….(4.1) 

            In order to solve the energy equation, it was needed the values of inlet 

air velocity. In experimental work, it was measured these inlet velocity with 

different three cases steady which were assumed. Also, the velocity of hot and 

cold air was measured inside irregular test duct in different positions. It was 

used ANSYS-Fluent 19.0 to represent the air flow characteristics and 

calculated the values of air flow velocities inside the rig duct through 

geometric duct. These velocities were calculated by using continuity and 

momentum equations. Using the upper assumptions of air flow and assumed 

the air has constant viscosity, density, and steady through all the region of rig 

duct. Near the wall of rig duct all the components of the velocities in z, and y 

directions are assumed equal  zero (u=0, and v=0). Simulation velocity of hot 

and cold air inside rig duct by ANSYS-Fluent 19.0 was represented by the 

following steps of flowchart as shown in figure(4-8). 

4.4. Temperature Distribution Through Irregular Test Duct  

          In this domain of the assumptions of rig duct of flow air and the three 

cases of boundary conditions were assumed. The temperatures distribution of 

hot and cold air in irregular test duct were calculated by solving the energy 

equation. Two dimensions model of partial significance is two dimensional 

steady state heat condition energy equation in horizontal z-axis and vertical 

direction y-axis. For T=T(y,z). 



            It is assumed that the thermal properties are independent of 

temperature, the air flow is taken to be homogenous and isotropic. Equation 

(4.4) is heat equation which is classified as elliptic partial differential 

equation, isotopic medium. Finite difference approximation is imperative to 

use for the partial differential equation. So, it has been used forward and 

central spaces difference to linearize the steady state energy equation . The 

resulting algorithm for equation (4.4) is :  

 

 

           

  
 

                   

   
 

                   

   
            ………(4.5)  

          It has been considered the estimate in region over orthogonal grid with 

an equation dispersing (the separation between neighboring focuses). The 

indices j and k will be utilized for indicating the point along the y and z 

headings. The separation between the points in confirmed grid are Δy and Δz. 

The grid for this model is represented by figure (4-9), and the number of mesh 

nodes of irregular test duct are 250 x 600. The distances in between points in 

established grid are Δy and Δz=2mm. This domain was used in solving 

theoretically the task of temperature distribution of hot and cold air flow 

through the rig duct by forced convection.  

           Numerical analysis was done for irregular test duct as domain sample 

from rig duct as shown in figure(4-9). This domain mesh space was divided in 

number of nodes in Δy and Δz, these are 250x600. 

      

 

        

                

Figure(4-9) grid layout of irregular test duct 



     A finite-difference method was used to solve equation (4.5) for internal 

regular nodes which have Δy=Δz . Simulated the temperature inside the 

domain of test duct depending upon the boundary condition cases.  

     
              (  

   

 
)             

(  
   

 
)

                                          …….(4.9)   

        Equation (4.9) calculated the temperature distribution of all internal 

nodes in domain which are regular. The problem involved irregular curve 

shape of test duct at upper wall. In this region Δy don’t equal Δz, in order to 

use finite difference method to eliminate these errors. It should be derived 

equation to solve problem which involved irregular shape at upper wall of test 

duct as shown in figure (4-10). 

 

 

 

 

 

 

 

 

                                        Figure(4-10) sketch of irregular node 

By using Taylor’s series forward assumption as: 

Assume pu=λ Δy 

           
  

  
 

      

  

   

   
                                                  ……(4.10) 



For Taylor’s series backward, thus: 
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                                                        …..(4.11) 

From equation (4.11)  

  
  

  
   −    

    

  

   

   
                                                       …….(4.12) 

Substitute in equation (4.10), then 

            −    
    

  

   

   
  

      

  

   

   
                    …….(4.13) 

Thus, 

   

    
     (   )    

 (   )
    

 

                                     …….(4.14) 

This is the form of second space derivative for irregular nodes 

A-Temperature Distribution at Boundary Conditions Case One  

        The boundary condition in this case as pointed in figure (4-11) which 

were represented as: 

 

 

 

 

   

                           Figure (4-11) boundary condition of case one 

Tinlet=28
o
c 

Tout=35.1
o
c 



1-T(y,0)=Tin =28
o
c 

2- T(0,z)=Tu=40
o
c 

3- T(y,z)=heat flux 

   − 
  

  
 =       

− 
           

  
        

Thus, 

           −  
     

 
                                                              ……(4.15) 

4- T(y,120)=To=35.1
o
c 

        These four boundary conditions feeding in equation number (4.9) to 

solve all the regular nodes inside the domain of test duct. The irregular nodes 

at the wall using equation (4.5) substitute the second space derivative  
   

   
 

only by using equation (4.14) 

B- Temperature Distribution at Boundary Conditions Case Two 

         The boundary conditions in this case supply hot air only from the inlet 

of rig duct by fan coil as illustrated in figure(4-12). 

 

 

 

 

 
 

                Figure (4-12) boundary condition of case two 

Tinlet=35.8
o
c 

Tout=33.8
o
c 



1- T(y,0)=Th=35.8
o
c  

2- T(0,z)=Tu=23
o
c 

3- T(y,z)= 23
o
c 

 4- T(y,120)=33.8
o
c 

C- Temperature Distribution at Boundary Conditions Case Three 

      The boundary conditions in the case supply cold air by air cooler from the 

inlet of rig duct as described in figure (4-13). 

 

 

 

 

 

 

                  Figure (4-13) boundary condition of case three 

1- T(y,0)=Tc=19.7
o
C 

2- T(0,z)=Tu=20
o
C 

3- T(y,z)= 23
o
C 

 4- T(y,120)=Tout=22.8
o
C 

         For these two cases using the same equations which were used in case 

one in order to simulate the temperature distribution in the irregular test duct 

through the flow of hot and cold air by forced convection. 

     It was simulated a computer program in Matlab software to solve these 

equations in order to calculate the temperatures distribution  in irregular test 

duct by different cases of boundary conditions. This flowchart of a computer 

program was pointed in figure(4-14). 

Tinlet=19.7
o
c 

Tinlet=22.8
o
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          Figure(4-14) flowchart of Matlab program 
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Results and Discussion 

5.1. Experimental Work 

           The experimental work describes the results for measuring temperature 

and velocity distribution of air through an irregular duct with different cases 

study of boundary conditions as shown in figure (5-1). 

Case One  

1-Temperature Distribution 

          In the first case, it was fixed a heat flux as a boundary condition at top 

and side wall of test duct. The measurements of air temperatures distribution 

were represented after 120 minutes of working time. These values of results 

are taken with different values of air velocity (4.2 m/s, 2.8m/s, and 1.4m/s ). 

A-The fan placed at left side of rig duct: 

         Figure (5-2) represents the temperature distribution through y-axis at 

value of z-axis =0.2 m inside the test section (irregular duct). The air flow is 

heated through the irregular duct by heat flux which is placed at the top and 

side of the test duct. This curve shows the temperature increasing through the 

y-axis with different values of air velocity supply. It is found the temperature 

increases a little with increasing the values of air velocity. The highest value 

for temperature is 63.5
o
C at 4.2m/s, and the lowest value for temperature is 

39.4
o
Cat 1.4m/s. That means, the air flow was heating by the heat flux at top 

and side wall of test duct. 

          Figure (5-4) shows the temperature distribution through y-axis at value 

of z-axis =0.4 m inside the test section. This curve shows the temperature 

increasing through the y-axis with different values of air velocity supply. It is 



found the temperature value increasing around the top and side wall of 

irregular duct. This is due the heat flux was fixed around these places as a 

boundary condition. The highest value for temperature is 58.7
o
C at 4.2m/s, 

and the lowest value for temperature is 34.7
 o
C at 1.4m/s. 

         Figure (5-6) points the temperature distribution through y-axis at value 

of z-axis =0.6 m inside the irregular duct. This curve shows the temperature 

increases through the y-axis with different values of air velocity supply. It is 

found the temperature increasing a little with increases the values of air 

velocity. The highest value for temperature is 71.6
o
C at 4.2m/s, and the lowest 

value for temperature is 35.8
o
C at 1.4m/s. 

          Figure (5-8) indicates the temperature distribution through y-axis at 

value of z-axis =0.8m inside the test section. This curve shows the 

temperature increasing through the y-axis with different values of air velocity 

supply. It is found the temperature value increasing around the top and side 

wall of irregular duct. This is due the heat flux was fixed around these places 

as a boundary condition. The highest value for temperature is72.3
o
C at 

4.2m/s, and the lowest value for temperature is 36.5
o
C at 1.4m/s. 

           Figure (5-10) notes the temperature distribution through y-axis at value 

of z-axis =1m inside the test section of irregular duct. This curve shows the 

temperature increasing through the y-axis with different values of air velocity 

supply. It is found the temperature increasing a little with increases the values 

of air velocity. The highest value for temperature is 41.8
o
C at 4.2m/s, and the 

lowest value for temperature is 34.6
o
C at 1.4m/s . 

          Figure (5-12) shows isothermal contour of the temperature distribution 

through irregular duct at different velocity of air flow when, it used a heat 



flux as boundary condition, and the air flow from the left side of test duct. 

The air flow was simulated along the z-axis. The temperature near the heater 

in the above wall is found higher than inlet temperature 

        From these curves, it was pointed maximum value of temperature record is 

72.3
o
C through y-axis at value of z-axis is 0.8 m with velocity value 4.2m/s These 

results consistent with experimented results of [48 ].   

B-The fan placed at right side of rig duct:   

         Figure (5-2) dominates the temperature distribution through y-axis at value of z-

axis =1 m inside the test section of irregular duct. The air flow supplies by fan which 

is placed at right side of rig duct. The air flow is heated through the irregular duct by 

heat flux which was placed at the top and side of the test duct. This curve shows the 

temperature increases through the y-axis with different values of air velocity supply. 

It is found the temperature increases a little with increasing the values of air velocity. 

The highest value for temperature is 53 
o
C at 4.2m/s, and the lowest value for 

temperature is 35.5 
o
C at 1.4m/s . 

             Figure (5-4) illustrates the temperature distribution through y-axis at value of 

z-axis =0.8 m inside the test section of irregular duct. The air flow is heated through 

the irregular duct by heat flux which was placed at the top and side of the test duct. 

This curve shows the temperature increases through the y-axis with different values 

of air velocity supply. It is found the temperature increases a little with increasing the 

values of air velocity. The highest value for temperature is 52.3 
o
C at 4.2m/s, and the 

lowest value for temperature is 36.7 
o
C at 1.4m/s . 

           Figure (5-6) points the temperature distribution through y-axis at value of z-

axis =0.6 m inside the test section of irregular duct. The air flow supplies by fan 

which is placed at right side of rig duct. The air flow was heated through the irregular 



duct by heat flux which is placed at the top and side of the test duct. This curve shows 

the temperature increases through the y-axis with different values of air velocity 

supply. It is found the temperature increases a little with increasing the values of air 

velocity. The highest value for temperature is 47.1
o
C at 4.2m/s, and the lowest value 

for temperature is 40.8 
o
C at 1.4m/s . 

             Figure (5-8) indicates the temperature distribution through y-axis at value of 

z-axis =0.4 m inside the test section of irregular duct. The air flow supplies by fan 

which is placed at right side of rig duct. The air flow is heated through the irregular 

duct by heat flux which was placed at the top and side of the test duct. This curve 

shows the temperature increases through the y-axis with different values of air 

velocity supply. It is found the temperature increases a little with increasing the 

values of air velocity. The highest value for temperature is 53.8 
o
C at 4.2m/s, and the 

lowest value for temperature is 35.9 
o
C at 1.4m/s .  

          Figure (5-10) describes the temperature distribution through y-axis at value of 

z-axis =0.2 m inside the test section of irregular duct. The air flow supplies by fan 

which is placed at right side of rig duct. The air flow is heated through the irregular 

duct by heat flux which was placed at the top and side of the test duct. This curve 

shows the temperature increases through the y-axis with different values of air 

velocity supply. It is found the temperature increases a little with increasing the 

values of air velocity. The highest value for temperature is 55.6 
o
C at 4.2m/s, and the 

lowest value for temperature is 35.9
 o
C at 1.4m/s . 

          Figure (5-13) shows isothermal contour of the temperature distribution through 

irregular duct at different velocity of air flow, when, it used a heat flux as boundary 

condition, and the air flow from the right side of test duct. The air flow was simulated 



along the z-axis. The temperature near the heater in the above wall is found higher 

than inlet temperature. 

        These result indicated the values of temperature at upper of y-axis are 

approximately similar. That manes, the position of fan is affected on heating the duct 

by external boundary condition.          

        Figure (5-16) points variation of average Nusselt number with z-axis in the 

irregular duct from the left and right side of rig duct for case one. The variation of 

Nusselt number along the length is plotted in the graph. From analyzing the results at 

left side, it is found that the Nusselt number value was very high at the beginning and 

it reduces, but in the right side, it is found that the Nusselt number value was 

increasing.  

           Figure (5-17) point's variation of average Nusselt number with Reynolds 

number in the irregular duct from the left and right side of rig duct for case one. The 

variation of Nusselt number along the length is plotted in the graph. From analyzing 

the results, it is found that the Nusselt number value was very high at the beginning 

and it reduces. The value reaches a minimum, when the reduction diminishes and the 

number remains almost a constant value, but in the right side, it is found that the 

Nusselt number value was increasing. These results consistent with experimented 

results of [36]. 

          Figure (5-18) points relationship between coefficient of heat transfer and 

Reynolds number in the irregular duct through the left side and right side of rig duct 

for case one. The variation of coefficient of heat transfer along the length is plotted in 

the graph. From analyzing the results, it is found that coefficient of heat transfer value 

was very high at the beginning. The value reaches a minimum, when the reduction 



diminishes and the number remains almost a constant value. These results are 

consistent with experimented results of [37].  

          Figure (5-19) shows variation of average friction factor with Reynolds number 

in the irregular duct at left and right side of rig duct for case one at velocity (4.2 m/s, 

2.8m/s, and 1.4m/s), that the value of the Reynolds number is affected by an increase 

in the velocity of air, as it increases as the value of the velocity increases. The value 

of the fraction factor is inversely proportional to the value of the Reynolds number, 

that the friction factor f decreases as Re increases with the same slope. The effects of 

modified Reynolds number and eccentricity on friction factor respectively. From 

figure, it is seen that the increase in modified Reynolds number results to a decrease 

in friction factor and that the geometry of the duct has a pronounced effect on the 

friction factor. These results consistent with experimented results of [36].  

           Figure (5-20) illustrates variation of average pressure drop with Reynolds 

number in the irregular duct at left and right side of rig duct for case one at velocity 

(4.2 m/s, 2.8m/s, and 1.4m/s). that the value of the Reynolds number is affected by an 

increase in the velocity of air, as it increases as the value of the velocity increases. 

The value of the pressure drop is inversely proportional to the value of the Reynolds 

number, that pressure drop Reynolds number and eccentricity on pressure drop 

respectively. From Figure, it is seen that the increase in modified Reynolds number 

results to a decrease in pressure drop and that the geometry of the duct has a 

pronounced effect on the pressure drop. It was showed by   [6] 

Case Two 

1-Temperature Distribution 



          In the second case, using fan coil to supply hot air and it was placed at the front 

of rig duct. The results were comprised in the figures: 

         Figure (5-21) represents the temperature distribution through y-axis at value of 

z-axis =0.2 m inside the irregular duct. The hot air supply by fan coil which is placed 

at left side of rig duct. These value of results are taken with different values of air 

velocity (4.2 m/s, 2.8m/s, and 1.4m/s ). This curve shows the temperature increases 

through the y-axis with different values of air velocity supply. It is found the 

temperature increases a little with increasing the values of air velocity.  

           Figure (5-23) points the temperature distribution through y-axis at value of z-

axis =1m inside the irregular duct. The hot air supply by fan coil which is placed at 

right side of rig duct. These value of results are taken with different values of air 

velocity (4.2 m/s, 2.8m/s, and 1.4m/s). This curve shows the temperature increases 

through the y-axis with different values of air velocity supply. It is found the 

temperature increasing a little with increasing the values of air velocity. It is sufficient 

only at z = 1, but at the values of (0.8,0.6,0.4, and 0.2m/s) it will be the same as the 

first value due to the absence of a significant change in temperature.  

       Figure (5-25) describes the temperature distribution through y-axis at value of z-

axis =0.4 m inside the irregular duct. These value of results were taken with different 

values of air velocity (4.2 m/s, 2.8m/s, and 1.4m/s). This curve shows the temperature 

increases through the y-axis with different values of air velocity supply. It is found 

the temperature increasing a little with increasing the values of air velocity.  

       Figure (5-27) represents the temperature distribution through y-axis at value of z-

axis =0.6 m inside irregular duct.. These value of results were taken with different 

values of air velocity (4.2 m/s, 2.8m/s, and 1.4m/s). This curve shows the temperature 



increases through the y-axis with different values of air velocity supply. It was found 

the temperature increasing a little with increasing the values of air velocity.  

       Figure (5-29) points the temperature distribution through y-axis at value of z-axis 

=0.8 m inside the test section of irregular duct. These value of results were taken with 

different values of air velocity (4.2 m/s, 2.8m/s, and 1.4m/s). This curve shows the 

temperature increases through the y-axis with different values of air velocity supply. 

It is found the temperature increasing a little with increasing the values of air 

velocity.  

       Figure (5-31) represents the temperature distribution through y-axis at value of z-

axis =1 m inside the test section of irregular duct. These value of results were taken 

with different values of air velocity (4.2 m/s, 2.8m/s, and 1.4m/s ). This curve shows 

the temperature increases through the y-axis with different values of air velocity 

supply. It is found the temperature increasing a little with increasing the values of air 

velocity.  

             Figure (5-33) induces isothermal contour of the temperature distribution 

through irregular duct at different velocity of air flow, when it used a heater in the 

front blower as a fan coil, and the flow from the left side of test duct. from the figure, 

the temperature in the main flow zone near the intermediate fluid domain is relatively 

high, and the temperature near the wall surface is low. 

             Figure (5-35) illustrate isothermal contour of the temperature distribution 

through irregular duct at different velocity of air flow, when it used a heater in the 

front blower as a fan coil, and the flow from the right side of test duct from the figure, 

the temperature in the main flow zone near the intermediate fluid domain is relatively 

high, and the temperature near the wall surface is low 



Figure (5-35) points variation of average friction factor with Reynolds number in the 

test duct at left and right side of rig duct for case two at velocity (4.2 m/s, 2.8m/s, and 

1.4m/s), that the value of the Reynolds number is affected by an increase in the 

velocity of air, as it increases as the value of the velocity increases. The value of the 

fraction factor is inversely proportional to the value of the Reynolds number, that the 

friction factor f decreases as Re increases with the same slope. The effects of 

modified Reynolds number and eccentricity on friction factor respectively. From 

figure, it is seen that the increase in modified Reynolds number results to a decrease 

in friction factor and that the geometry of the duct has a pronounced effect on the 

friction factor. These results consistent with experimented results of [36]. 

         Figure (5-36) illustrates variation of average pressure drop with Reynolds 

number in the test duct at left and right side of rig duct for case two at velocity (4.2 

m/s, 2.8m/s, and 1.4m/s). that the value of the Reynolds number is affected by an 

increase in the velocity of air, as it increases as the value of the velocity increases. 

The value of the pressure drop is inversely proportional to the value of the Reynolds 

number, that pressure drop decreases as Re increases with the same slope. The effect 

of modified Reynolds number and eccentricity on pressure drop respectively. These 

results are consistent with experimented results of   [6]. 

Case Three 

1-Temperature Distribution 

       In the third case, using air cooler to supply cooling air and it was placed at the 

front of rig duct. The results were comprised in the figures: 

         Figure (5-37) describes the temperature distribution through y-axis at value of 

z-axis =0.2 m inside the irregular duct. The cooling air supplies by air cooler which is 



placed from right side of rig duct. These value of results were taken with different 

values of air velocity (4.2 m/s, 2.8m/s, and 1.4m/s ). This curve shows the 

temperature increasing through the y-axis with different values of air velocity supply. 

It was found the temperature increases a little with increasing the values of air 

velocity. 

           Figure (5-39) represents the temperature distribution through y-axis at value of 

z-axis =1 m inside the irregular duct. The cooling air supplies by air cooler which is 

placed at right side of rig duct. These values of results were taken with different 

values of air velocity (4.2 m/s, 2.8m/s, and 1.4m/s). This curve shows the temperature 

increasing through the y-axis with different values of air velocity supply. It was found 

the temperature increasing a little with increasing the values of air velocity. It is 

sufficient only at z = 1, but at the values of (0.8,0.6,0.4, and 0.2m/s) it will be the 

same as the first value due to the absence of a significant change in temperature.   

         Figure (5-41) illustrates the temperature distribution through y-axis at value of 

z-axis =0.4 m inside the irregular duct. The cooling air supplies by air cooler which is 

placed at left side of rig duct. These value of results were taken with different values 

of air velocity (4.2 m/s, 2.8m/s, and 1.4m/s ). This curve shows the temperature 

increasing through the y-axis with different values of air velocity supply. It was found 

the temperature increasing a little with increasing the values of air velocity.  

         Figure (5-43) represents the temperature distribution through y-axis at value of 

z-axis =0.6 m inside the irregular duct. The cooling air supplies by air cooler which is 

placed at left side of rig duct. These values of results were taken with different values 

of air velocity (4.2 m/s, 2.8m/s, and 1.4m/s). This curve shows the temperature 

increasing through the y-axis with different values of air velocity supply. It was found 

the temperature increasing a little with increasing the values of air velocity.  



         Figure (5-45) describes the temperature distribution through y-axis at value of 

z-axis =0.8 m inside the irregular duct. The cooling air supplies by air cooler which is 

placed at left side of rig duct. These value of results were taken with different values 

of air velocity (4.2 m/s, 2.8m/s, and 1.4m/s). This curve shows the temperature 

increasing through the y-axis with different values of air velocity supply. It was found 

the temperature increasing a little with increasing the values of air velocity.  

         Figure (5-47) points the temperature distribution through y-axis at value of z-

axis =1m inside the irregular duct. The cooling air supplies by air cooler which is 

placed at left side of rig duct. These values of results were taken with different values 

of air velocity (4.2 m/s, 2.8m/s, and 1.4m/s). This curve shows the temperature 

increasing through the y-axis with different values of air velocity supply.  

          Figure (5-49) induces isothermal contour of the temperature distribution 

through irregular duct at different velocity of air flow. The air flow supplies by fan 

which is placed at right-left side  and left-right side of rig duct,  when it used an air-

cooler, and the flow from the left side of rig duct. from the figure, the temperature in 

the main flow zone near the intermediate fluid domain is relatively high, and the 

temperature near the wall surface is low. 

          Figure (5-50) shows isothermal contour of the temperature distribution through 

irregular duct at different velocity of air flow. The air flow supplies by fan which is 

placed at right-left side  and left-right side of rig duct,  when it used an air-cooler, and 

the flow from the right side of rig duct from the figure, the temperature in the main 

flow zone near the intermediate fluid domain is relatively high, and the temperature 

near the wall surface is low. 

             Figure (5-51) points variation of average friction factor with Reynolds 

number in the test duct at left and right side of rig duct for case three at velocity (4.2 



m/s, 2.8m/s, and 1.4m/s), that the value of the Reynolds number is affected by an 

increase in the velocity of air, as it increases as the value of the velocity increases. 

The value of the fraction factor is inversely proportional to the value of the Reynolds 

number, that the friction factor f decreases as Re increases with the same slope. The 

effects of modified Reynolds number and eccentricity on friction factor respectively. 

From Figure, it is seen that the increase in modified Reynolds number results to a 

decrease in friction factor and that the geometry of the duct has a pronounced effect 

on the friction factor. These results consistent with experimented results of [36].  

         Figure (5-52) illustrates variation of average pressure drop with Reynolds 

number in the test duct at left and right side of rig duct for case three at velocity (4.2 

m/s, 2.8m/s, and 1.4m/s). That, the value of the Reynolds number is affected by an 

increase in the velocity of air, as it increases as the value of the velocity increases. 

The value of the pressure drop is inversely proportional to the value of the Reynolds 

number, that pressure drop decreases as Re increases with the same slope. The effect 

of modified Reynolds number and eccentricity on pressure drop respectively. These 

results are consistent with experimented results of [6].  

    5.2. Theoretical Work    

           Case One  

          In the first case, using heat flux as a boundary condition at top and side wall of 

test duct. The measurements of air temperature distribution were represented after 

120 minutes of working time. These values of results are taken with different values 

of air inlet velocity (4.2 m/s, 2.8m/s, and 1.4m/s ). 

           

 

 



          1. Temperature Distributions  

        The following results of temperature distribution are obtained from the analysis 

after completing the calculations by a computer program in Matlab software. 

A-The fan placed at left side of rig duct: 

           Figure (5-3) describes the temperature distribution through y-axis at value of 

z-axis =0.2 m inside the test section of left side of irregular duct for case one. These 

value of results are taken with different values of air velocity (4.2 m/s,2.8m/s, and 1.4 

m/s ). This curve shows the temperature increasing through the y-axis with different 

values of air velocity supply. It is found the temperature increasing a little with 

increasing the values of air velocity. The highest value for temperature is 63.5
o
C at 

4.2m/s, and the lowest value for temperature is 39.4
o
C at 1.4m/s.. That means the air 

flow heating by the heat flux at top and side wall of duct.  

          Figure (5-5) represents the temperature distribution through y-axis at value of 

z-axis =0.4 m inside the test section of irregular duct. These value of results are taken 

with different values of air velocity (4.2 m/s,2.8m/s, and 1.4 m/s). This curve shows 

the temperature increasing through the y-axis with different values of air velocity 

supply. It is found the temperature increases a little with increasing the values of air 

velocity. The highest value for temperature is 63.5
o
C at 4.2m/s, and the lowest value 

for temperature is 39.4
o
Cat 1.4m/s. 

          Figure (5-7) points the temperature distribution through y-axis at value of z-

axis =0.6 m inside the test section of irregular duct. These value of results were taken 

with different values of air velocity (4.2 m/s,2.8m/s, and 1.4 m/s). This curve shows 

the temperature increasing through the y-axis with different values of air velocity 

supply. It is found the temperature increases a little with increasing the values of air 



velocity. The highest value for temperature is 63.5
o
C at 4.2m/s, and the lowest value 

for temperature is 39.4
o
Cat 1.4m/s. 

         Figure (5-9) shows the temperature distribution through y-axis at value of z-axis 

=0.8m inside the test section of irregular duct. These value of results are taken with 

different values of air velocity (4.2 m/s,2.8m/s, and 1.4 m/s). This curve shows the 

temperature increasing through the y-axis with different values of air velocity supply. 

It is found the temperature increases a little with increasing the values of air velocity. 

The highest value for temperature is 63.5
o
C at 4.2m/s, and the lowest value for 

temperature is 39.4
o
Cat 1.4m/s.  

       Figure (5-11) illustrates the temperature distribution through y-axis at value of z-

axis =1 m inside the test section of irregular duct. These value of results were taken 

with different values of air velocity (4.2 m/s,2.8m/s, and 1.4 m/s). This curve shows 

the temperature increasing through the y-axis with different values of air velocity 

supply. It is found the temperature increases a little with increasing the values of air 

velocity. The highest value for temperature is 63.5
o
C at 4.2m/s, and the lowest value 

for temperature is 39.4
o
Cat 1.4m/s.  

       From these curves, it was pointed maximum value of temperature record 72.3
o
C 

is through y-axis at value of z-axis is 0.8 m with velocity value 4.2m/s These results 

consistent with experimented results of [48 ].   

B-The fan placed at right side of rig duct:   

           Figure (5-3) represents the temperature distribution through y-axis at value of 

z-axis =1 m inside the test section of irregular duct. The air flow supplies by fan 

which is placed at right side of rig duct. The air flow is heated through the irregular 

duct by heat flux which was placed at the top and side of the test duct. These value of 

results are taken with different values of air velocity (4.2 m/s,2.8m/s, and 1.4 m/s). 



This curve shows the temperature increasing through the y-axis with different values 

of air velocity supply. It is found the temperature increases a little with increases the 

values of air velocity. The highest value for temperature is 63.5
o
C at 4.2m/s, and the 

lowest value for temperature is 39.4
o
Cat 1.4m/s.  

               Figure (5-5) points the temperature distribution through y-axis at value of z-

axis =0.8 m inside the test section of irregular duct. The air flow supply by fan which 

is placed at right side of rig duct. The air flow is heated through the irregular duct by 

heat flux which was placed at the top and side of the test duct. These value of results 

were taken with different values of air velocity (4.2 m/s,2.8m/s, and 1.4 m/s). This 

curve shows the temperature increasing through the y-axis with different values of air 

velocity supply. It is found the temperature increases a little with increases the values 

of air velocity. The highest value for temperature is 63.5
o
C at 4.2m/s, and the lowest 

value for temperature is 39.4
o
Cat 1.4m/s. 

                Figure (5-7) induces the temperature distribution through y-axis at value of 

z-axis =0.6 m inside the test section of irregular duct. The air flow supply by fan 

which is placed at right side of rig duct. The air flow is heated through the irregular 

duct by heat flux which is placed at the top and side of the test duct. These value of 

results are taken with different values of air velocity (4.2 m/s,2.8m/s, and 1.4 m/s). 

This curve shows the temperature increasing through the y-axis with different values 

of air velocity supply. It is found the temperature increases a little with increases the 

values of air velocity. The highest value for temperature is 63.5
o
C at 4.2m/s, and the 

lowest value for temperature is 39.4
o
Cat 1.4m/s.  

            Figure (5-9) illustrates the temperature distribution through y-axis at value of 

z-axis =0.4 m inside the test section of irregular duct. The air flow supply by fan 

which is placed at right side of rig duct. The air flow is heated through the irregular 



duct by heat flux which is placed at the top and side of the test duct. These value of 

results were taken with different values of air velocity (4.2 m/s,2.8m/s, and 1.4 m/s ). 

This curve shows the temperature increasing through the y-axis with different values 

of air velocity supply. It is found the temperature increases a little with increases the 

values of air velocity. The highest value for temperature is 63.5
o
C at 4.2m/s, and the 

lowest value for temperature is 39.4
o
Cat 1.4m/s.     

          Figure (5-11) describes the temperature distribution through y-axis at value of 

z-axis =0.2 m inside the test section of irregular duct. The air flow supply by fan 

which is placed at right side of rig duct. The air flow is heated through the irregular 

duct by heat flux which was placed at the top and side of the test duct. These value of 

results were taken with different values of air velocity (4.2 m/s,2.8m/s, and 1.4 m/s). 

This curve shows the temperature increasing through the y-axis with different values 

of air velocity supply. It is found the temperature increases a little with increases the 

values of air velocity. The highest value for temperature is 63.5
o
C at 4.2m/s, and the 

lowest value for temperature is 39.4
o
Cat 1.4m/s.  

        These result indicated the values of temperature at upper of y-axis are 

approximately similar. That manes, the position of fan is effected on heating the duct 

by external boundary condition.        

           Figure (5-13) shows isothermal contour of the temperature distribution through 

irregular test of duct at different velocity of air flow, when it used a heat flux as 

boundary condition, and the flow from the left side of test duct. The flow is simulated 

along the z-axis. The temperature near the heater in the above wall is found higher 

than inlet temperature.   

Case Two 



          In the second case, it use fan coil to supply hot air and it was placed at the front 

of rig duct. The results are comprised in the figures: 

           1. Temperature Distributions  

        The following results of temperature distribution are obtained from the analysis 

after completing the calculations by a computer program in Matlab software. 

      Figure (5-22) shows the temperature distribution through y-axis at value of z-axis 

=0.2m inside the test section of irregular duct. The hot air supply by fan coil which is 

placed at left side of rig duct. These value of results were taken with different values 

of air velocity (4.2 m/s,2.8m/s, and 1.4 m/s). This curve shows the temperature 

increasing through the y-axis with different values of air velocity supply. It is found 

the temperature increasing a little with increasing the values of air velocity.  

             Figure (5-24) points the temperature distribution through y-axis at value of z-

axis =1m inside the test section of irregular duct. The hot air supply by fan coil which 

is placed at right side of rig duct. These value of results were taken with different 

values of air velocity (4.2 m/s,2.8m/s, and 1.4 m/s). This curve shows the temperature 

increasing through the y-axis with different values of air velocity supply. It is found 

the temperature increasing a little with increases the values of air velocity.  

           Figure (5-26) describes the temperature distribution through y-axis at value of 

z-axis =0.4 m inside the test section of irregular duct. The hot air supply by fan coil 

which is placed at left side of rig duct. These values of results were taken with 

different values of air velocity (4.2 m/s,2.8m/s, and 1.4 m/s). This curve shows the 

temperature increases through the y-axis with different values of air velocity supply. 

It is found the temperature increasing a little with increasing the values of air 

velocity.  



             Figure (5-28) indicates the temperature distribution through y-axis at value of 

z-axis =0.6 m inside the test section of irregular duct. The hot air supply by fan coil 

which is placed at left side of rig duct. These value of results were taken with 

different values of air velocity (4.2 m/s,2.8m/s, and 1.4 m/s ). This curve shows the 

temperature increasing through the y-axis with different values of air velocity supply. 

It is found the temperature increasing a little with increasing the values of air 

velocity.  

              Figure (5-30) shows the temperature distribution through y-axis at value of 

z-axis =0.8 m inside the test section of irregular duct. The hot air supply by fan coil 

which is placed at left side of rig duct. These value of results were taken with 

different values of air velocity (4.2 m/s,2.8m/s, and 1.4 m/s ). This curve shows the 

temperature increasing through the y-axis with different values of air velocity supply. 

It is found the temperature increasing a little with increasing the values of air 

velocity.  

          Figure (5-32) points the temperature distribution through y-axis at value of z-

axis =1 m inside the test section of irregular duct. The hot air supply by fan coil 

which is placed at left side of rig duct. These value of results were taken with 

different values of air velocity (4.2 m/s,2.8m/s, and 1.4 m/s). This curve shows the 

temperature increasing through the y-axis with different values of air velocity supply. 

It is found the temperature increasing a little with increasing the values of air 

velocity.  

            Figure (5-36) illustrates isothermal contour of the temperature distribution 

through irregular test of duct at different velocity of air flow, when it used a heater in 

the front blower as a fan coil, and the flow from the left side of test duct. from the 



figure, the temperature in the main flow zone near the intermediate fluid domain is 

relatively high, and the temperature near the wall surface is low. 

Case Three 

       In the third case, using air cooler to supply cooling air and it is placed at the front 

of rig duct. The results was comprised in the figures: 

           1. Temperature Distributions  

        The following results of temperature distribution are obtained from the analysis 

after completing the calculations by a computer program in Matlab software. 

              Figure (5-38) illustrates the temperature distribution through y-axis at value 

of z-axis =0.2 m inside the test section of irregular duct. The cooling air supplies by 

air cooler which is placed at left side of rig duct. These values of results were taken 

with different values of air velocity (4.2 m/s,2.8m/s, and 1.4 m/s). This curve shows 

the temperature increasing through the y-axis with different values of air velocity 

supply. It is found the temperature increasing a little with increases the values of air 

velocity.  

           Figure (5-40) points the temperature distribution through y-axis at value of z-

axis =1 m inside the test section of irregular duct. The cooling air supplies by air 

cooler which is placed at right side of rig duct. These value of results were taken with 

different values of air velocity (4.2 m/s, 2.8m/s, and 1.4 m/s ). This curve shows the 

temperature increasing through the y-axis with different values of air velocity supply. 

It is found the temperature increasing a little with increasing the values of air 

velocity.  

         Figure (5-42) shows the temperature distribution through y-axis at value of z-

axis =0.4 m inside the test section of irregular duct. The cooling air supplies by air 



cooler which is placed at left side of rig duct. These values of results were taken with 

different values of air velocity (4.2 m/s,2.8m/s, and 1.4 m/s). This curve shows the 

temperature increasing through the y-axis with different values of air velocity supply. 

It is found the temperature increasing a little with increasing the values of air 

velocity.  

         Figure (5-44) induces the temperature distribution through y-axis at value of z-

axis =0.6 m inside the test section of irregular duct. The cooling air supplies by air 

cooler which is placed at left side of rig duct. These value of results were taken with 

different values of air velocity (4.2 m/s, 2.8m/s, and 1.4 m/s ). This curve shows the 

temperature increasing through the y-axis with different values of air velocity supply. 

It is found the temperature increasing a little with increasing the values of air 

velocity.  

         Figure (5-46) describes the temperature distribution through y-axis at value of 

z-axis =0.8 m inside the test section of irregular duct. The cooling air supplies by air 

cooler which is placed at left side of rig duct. These value of results were taken with 

different values of air velocity (4.2 m/s, 2.8m/s, and 1.4 m/s ). This curve shows the 

temperature increasing through the y-axis with different values of air velocity supply. 

It is found the temperature increasing a little with increasing the values of air 

velocity.  

         Figure (5-48) describes the temperature distribution through y-axis at value of 

z-axis =1m inside the test section of irregular duct. The cooling air supplies by air 

cooler which is placed at left side of rig duct. These value of results were taken with 

different values of air velocity (4.2 m/s, 2.8m/s, and 1.4 m/s ). This curve shows the 

temperature increasing through the y-axis with different values of air velocity supply. 



It is found the temperature increasing a little with increasing the values of air 

velocity.  

          Figure (5-50) points isothermal contour of the temperature distribution through 

irregular test of duct at different velocity of air flow, when it used an air-cooler, and 

the flow from the left side of test duct. from the figure, the temperature in the main 

flow zone near the intermediate fluid domain is relatively high, and the temperature 

near the wall surface is low.          

         2. Velocity Distribution 

          The following results are obtained from the  ANSYS - Fluent 19.2, which used 

to study the flow characteristics of air velocity through irregular duct.  

Case one 

          Figure (5-53) illustrates the relationship of air velocity passing inside the duct 

and z-axis of left side of duct for case one. It was found the air inlet velocity was (4.2, 

2.8, and 1.4 m/s) and decreasing inside the irregular duct the flow is through the front 

duct due to the effect of the duct shape.  it has an increase in the air velocity in the 

middle of the duct at the beginning of entry, and the speed gradually decreases when 

passing in the second irregular zone. 

          Figure (5-54) describes the relationship of air velocity passing in the opposite 

side inside the duct through the z- axis of right side of duct for case one. That it has 

an increase in the air velocity in the middle of the duct at the beginning of entry, and 

the speed gradually increases when passing through the second irregular zone due. 

Where the shape of the duct affects the velocity, which will increase when the flow is 

through reversing the duct. 

 Case two          



        Figure (5-55) illustrates the relationship of air velocity passing inside the duct 

and z-axis of left side of duct for case two. It was found that the air velocity was (4.2, 

2.8, and 1.4 m/s)and decreases when the flow is through the front duct due to the 

effect of the duct shape.  it has an increase in the air velocity in the middle of the duct 

at the beginning of entry, and the speed gradually decreases when passing in the 

second irregular zone. 

           Figure(5-56) describes the relationship of air velocity passing in the opposite 

side inside the duct through the z- axis of right side of duct for case two. That it has 

an increase in the air velocity in the middle of the duct at the beginning of entry, and 

the speed gradually increases when passing through the second irregular zone. This is 

due the shape of the duct affects the velocity, which will increase when the flow is 

through reversing the duct. 

 

Case three                    

           Figure (5-57) illustrates the relationship of air velocity passing inside the duct 

and z-axis of left side of duct for case three. It was found that the air velocity was 

(4.2, 2.8, and 1.4 m/s) and decreases when the flow is through the front duct due to 

the effect of the duct shape.  it has an increase in the air velocity in the middle of the 

duct at the beginning of entry, and the speed gradually decreases when passing in the 

second irregular zone. 

           Figure(5-58) describes the relationship of air velocity passing in the opposite 

side inside the duct through the z- axis of right side of duct for case three. That it has 

an increase in the air velocity in the middle of the duct at the beginning of entry, and 

the speed gradually increases when passing through the second irregular zone. This is 



due the shape of the duct affects the velocity, which will increase when the flow is 

through reversing the duct. 

         Zhang and Chen[8]] showed velocity streamline for different angle b at the 

same Reynolds number. In Figure(5-59), some zones which appear in the center of 

the computational domain with high air velocity and others of stagnation due to the 

fins and the wall can be observed. The hydraulic diameter of flow channel gradually 

expanded along the flow direction. The flow velocity decreased gradually with 

increasing cross section, which will restrain the convection heat transfer. In fact, this 

movement decreases the flow intensity in channel and weakens the heat transfer. 

From these figures, more number of recirculation zones and a destabilization of 

boundary layer can be found when b 30. As seen, the stream wise flows are disturbed 

at the near wall showing recirculation flow and separation/reattachment while b 30. 

The results indicate that there is a low heat transfer region at the wall. It can be also 

seen that streamline is nearly parallel to the flow direction in the middle domain. And 

with the increase of b, the values of velocity are getting smaller and smaller. It is 

noteworthy that the boundary layer separation happening on the wall when b = 30; 

However, b = 40 is a turning point to evaluate the performance of the two ducts, 

instead of b = 30. The thermal-hydraulic characteristics for trapezoidal ducts are 

better than in a rectangular duct When b  40. On the contrary, the rectangular duct has 

a better performance when b 40. 
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                        Figure (5-1)schematic diagram of rig duct 

 

 

 

 

 

 



 

Figure(5-2) experimentally temperature distribution with y-axis in the test duct at 

z=0.2 m from the left-right side and z=1 m from the right-left  side of rig duct for 

case one. 

 

 

 

 

 

 

 

Figure(5-3) theoretically temperature distribution with y-axis in the test duct at 

z=0.2 m from the left-right side and z=1 m from the right-left  side of rig duct for 

case one. 
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Figure(5-4) experimentally temperature distribution with y-axis in the test duct at 

z=0.4 m from the left-right side and z=0.8 m from the right-left  side of rig duct for 

case one. 

 

 

 

 

 

 

 

 

 

Figure(5-5) theoretically temperature distribution with y-axis in the test duct at 

z=0.4m from the left-right side and z=0.8 m from the right-left  side of rig duct for 

case one. 
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Figure(5-6) experimentally temperature distribution with y-axis in the test duct at 

z=0.6 m from the left-right side and z=0.6 m from the right-left  side of rig duct for 

case one. 

Figure(5-7) theoretically temperature distribution with y-axis in the test duct at 

z=0.6m from the left-right side and z=0.6 m from the right-left  side of rig duct for 

case one. 
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Figure(5-8) experimentally temperature distribution with y-axis in the test duct at 

z=0.8 m from the left-right side and z=0.4 m from the right-left  side of rig duct for 

case one. 

 

 

 

 

 

 

 

 

 

 

Figure(5-9) theoretically temperature distribution with y-axis in the test duct at 

z=0.8 m from the left-right side and z=0.4 m from the right-left  side of rig duct for 

case one. 
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Figure(5-10) experimentally temperature distribution with y-axis in the test duct at 

z=1 m from the left-right side and z=0.2 m from the right-left  side of rig duct for 

case one. 

 

 

 

 

 

 

 

 

 

Figure(5-11) theoretically temperature distribution with y-axis in the test duct at 

z=1 m from the left-right side and z=0.2 m from the right-left  side of rig duct for 

case one. 
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one. 

 

Figure (5-12)  experimental results of isothermal contour temperature distribution in the 

irregular duct through (y-z) plane from left side of rig duct for case one at 4.2m/s . 

 

 

 

 

 

 

         

    

      

 

     Figure (5-13) theoretical results of isothermal contour temperature distribution in the test 

duct through (y-z) plane from left side of rig duct for case one at 4.2m/s. 



 

 

 

 

 

 

 

Figure (5-14) experimental results of isothermal contour  temperature distribution in the 

irregular duct through (y-z) plane from right side of rig duct for case one at 4.2m/s. 

 

 

 

 

 

Figure (5-15) theoretical results of isothermal contour temperature distribution in the test 

duct through (y-z) plane from right side of rig duct for case one at 4.2m/s. 

 

 



  

 

  

 

 

 

 

 

 

 

 

 

Figure(5-16) variation of Nusselt number through z-axis from left side and right side of test duct for 

case one. 

 

 

 

 

 

 

 

 

 

Figure(5-17) relationship between the Nusselt and Reynolds number from the left side, and right 

side of test duct for case one. 
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             Figure(5-18) relationship between coefficient of heat transfer and Reynolds number from 

the left side and right side of test duct for case one. 

 

 

 

 

Figure(5-19) variation of friction factor with Reynolds number from left side and right side of test 

duct for case one.  
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              Figure(5-20) variation of pressure drop with Reynolds number from left side and right 

side of test duct for case one. 
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Figure(5-21) experimentally temperature distribution with y-axis in the test duct at z=0.2 m from 

the left-right side and z=1 m from the right-left  side of rig duct for case two. 

 

Figure(5-22) theoretically temperature distribution with y-axis in the test duct at z=0.2 m from the 

left-right side and z=1 m from the right-left  side of rig duct for case two. 
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Figure(5-23) experimentally temperature distribution with y-axis in the test duct at z=0.4 m from 

the left-right side and z=0.8 m from the right-left  side of rig duct for case two. 

 

 

 

 

 

 

 

 

 

 

Figure(5-24) theoretically temperature distribution with y-axis in the test duct at z=0.4 m from the 

left-right side and z=0.8 m from the right-left  side of rig duct for case two. 
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Figure(5-25) experimentally temperature distribution with y-axis in the test duct at z=0.4 m from 

the left-right side and z=0.8 m from the right-left  side of rig duct for case two. 

 

 

 

 

 

 

 

 

 

 

 

Figure(5-26) theoretically temperature distribution with y-axis in the test duct at z=0.6 m from the 

left-right side and z=0.6 m from the right-left  side of rig duct for case two. 
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Figure(5-27) experimentally temperature distribution with y-axis in the test duct at z=0.8 m from 

the left-right side and z=0.4 m from the right-left  side of rig duct for case two. 

 

 

 

 

 

 

 

 

 

 

Figure(5-28) theoretically temperature distribution with y-axis in the test duct at z=0.8 m from the 

left-right side and z=0.4 m from the right-left  side of rig duct for case two. 
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Figure(5-29) experimentally temperature distribution with y-axis in the test duct at z=1 m from the 

left-right side and z=0.2 m from the right-left  side of rig duct for case two. 

 

 

 

 

 

 

 

 

 

 

Figure(5-30) theoretically temperature distribution with y-axis in the test duct at z=1 m from the 

left-right side and z=0.2 m from the right-left  side of rig duct for case two. 
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Figure (5-31) experimental results of isothermal contour temperature distribution in the 

irregular duct through (y-z) plane from left side of rig duct for case two at 2.8m/s. 

 

 

 

 

 

Figure (5-32) theoretical results of isothermal contour temperature distribution in the test 

duct through (y-z) plane from left side of rig duct for case two at 2.8m/s. 
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Figure (5-33) experimental work of isothermal contour temperature distribution in the 

irregular duct through (y-z) plane from right side of rig duct for case two at 2.8m/s. 

 

 

 

 

Figure (5-34) theoretical work of isothermal contour temperature distribution in the test duct 

through (y-z) plane from right side of rig duct for case two at 2.8 m/s 



 

 

 

 

 

 

 

 

 

Figure(5-35) variation of friction factor with Reynolds number from left side of test duct for case 

two. 

 

 

 

 

 

 

 

 

 

Figure(5-36) variation of pressure drop with Reynolds number from left side and right side of test 

duct for case two. 

 

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08

0.09

0.1

0.11

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08

0.09

0.1

0.11

250 500 750 1000 1250 1500 1750 2000 2250 2500 2750 3000

fr
L 

Re 

ƒr
R

 

0.1

0.15

0.2

0.25

0.3

0.35

0.4

0.45

0.5

0.55

0.6

0.1

0.15

0.2

0.25

0.3

0.35

0.4

0.45

0.5

0.55

0.6

250 500 750 1000 1250 1500 1750 2000 2250 2500 2750

Δ
p

L 

Re 

Δ
p

R
 



 

 

 

 

 

 

 

 

 

Figure(5-37) experimentally temperature distribution with y-axis in the test duct at z=0.2 m from 

the left-right side and z=1 m from the right-left  side of rig duct for case three. 

 

 

 

 

 

 

 

 

 

Figure(5-38) theoretically temperature distribution with y-axis in the test duct at z=0.2 m from the 

left-right side and z=1 m from the right-left  side of rig duct for case three. 
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Figure(5-39) experimentally temperature distribution with y-axis in the test duct at z=0.4 m from 

the left-right side and z=0.8 m from the right-left  side of rig duct for case three. 

 

 

 

 

 

 

 

 

 

Figure(5-40) theoretically temperature distribution with y-axis in the test duct at z=0.4 m from the 

left-right side and z=0.8 m from the right-left  side of rig duct for case three. 
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Figure(5-41) experimentally temperature distribution with y-axis in the test duct at z=0.6 m from 

the left-right side and z=0.6 m from the right-left  side of rig duct for case three. 

 

 

 

 

 

 

 

 

 

Figure(5-42) theoretically temperature distribution with y-axis in the test duct at z=0.8m from the 

left-right side and z=0.4 m from the right-left  side of rig duct for case three. 
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Figure(5-43) experimentally temperature distribution with y-axis in the test duct at z=0.8 m from 

the left-right side and z=0.4 m from the right-left  side of rig duct for case three. 

 

 

 

 

 

 

 

 

 

Figure(5-44) theoretically temperature distribution with y-axis in the test duct at z=0.8 m from the 

left-right side and z=0.4 m from the right-left  side of rig duct for case three. 

 

15

16

17

18

19

20

21

22

23

24

25

15

16

17

18

19

20

21

22

23

24

25

0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45

Te
m

p
 C

 

y-axis 

15

16

17

18

19

20

21

22

23

24

25

15

16

17

18

19

20

21

22

23

24

25

0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45

Te
m

p
 C

 

y-axis 

T
e
m

p
 C

 
T

e
m

p
 C

 



 

 

 

 

 

 

 

 

Figure(5-45) experimentally temperature distribution with y-axis in the test duct at z=1 m from the 

left-right side and z=0.2 m from the right-left  side of rig duct for case three. 

 

 

 

 

 

 

 

 

 

Figure(5-46) theoretically temperature distribution with y-axis in the test duct at z=1 m from the 

left-right side and z=0.2 m from the right-left  side of rig duct for case three. 
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Figure (5-47) experimental work for isothermal contour of temperature distribution in the 

irregular duct through (y-z) plane from left side of rig duct for case three at 1.4m/s. 

 

 

 

 

 

 

       

  

  

 

 

       Figure (5-48) theoretical work for isothermal contour of temperature distribution in 

the test duct through (y-z) plane from left side of rig duct for case three at 1.4m/s. 



 

Figure (5-49) experimental work for isothermal contour of temperature distribution in the 

irregular duct through (y-z) plane from right side of rig duct for case three at 1.4 m/s. 

 

Figure (5-50) theoretical work for isothermal contour of temperature distribution in the test 

duct through (y-z) plane from right side of rig duct for case three at 1.4 m/s. 

 



 

 

 

 

 

 

 

 

     

 Figure (5-51) variation of friction factor with Reynolds number from left side of test duct for case 

three. 

 

 

 

 

 

 

 

 

 

Figure (5-52) variation of pressure drop with Reynolds number from left side and right side of test 

duct for case three. 
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Figure(5-53) map contour of velocity profile in the left-right side through rig 

duct at inlet velocity 4.2 m/s for case one  

 

 

 

 

 

 

 

Figure(5-54) map contour of velocity profile in the right-left side through rig 

duct at inlet velocity 4.2 m/s for case one 
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Figure(5-55) map contour of velocity profile in the left-right side through rig 

duct at inlet velocity 2.8 m/s for case two  

 

 

 

 

Figure(5-56) map contour of velocity profile in the right-left side through rig 

duct at inlet velocity 2.8 m/s for case two  
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Figure(5-57) map contour of velocity profile in the left-right side through rig 

duct at inlet velocity 1.4 m/s for case three  

 

 

 

 

  

 

Figure(5-58) map contour of velocity profile in the right-left side through rig 

duct at inlet velocity 1.4 m/s for case three 
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    Figure(5-59) map contour of velocity profile Streamline for different samples at 

Re = 1500,by Zhang and Chen[8]] 
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Conclusion and 
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                                          CONCLUSION 

       This work presented experimental and theoretical study of the forced 

convection heat transfer and temperature distribution in an irregular 

geometric duct. The following conclusions are drawn from this work: 

1- During an experimental study for all cases the temperature increases 

through the y-axis with different values of air velocity supply. It was found 

the temperature increases a little with increasing the values of air velocity. 

2-It was found highest temperature recording in case one is72.2 
o
C at inlet 

velocity 4.2 m/s when the air is heated by heat flux at the top and side wall of 

irregular duct (test duct). This temperature was measured at value of z-axis 

0.8 m, and y-axis 0.39 m.  

3-  Nusselt number and the heat transfer coefficient were calculated between 

the air flow and the top wall (curve shape) through the irregular duct in case 

one only. This is due to the convection heat transfer was happened between 

the air flow and the curve top wall of test duct. While in other two cases the 

convection heat transfer was not happen. This is due to the boundary 

conditions which were assumed for these two cases, and the duct was 

insulated.  

4- In case one, the Nusselt number is directly proportional with Reynolds 

number. Also, it was showed that the Nusselt number decreases along the 

length of irregular duct. 

 

 



5- At the same boundary conditions of three cases, the laminar air flow 

velocity is measured inside irregular duct (test duct). These values are 

measured with supplying three values of inlets velocities from the left and 

right side of rig duct. Also, at the same time, it measured the inlet and outlet 

velocity for rig duct. 

6- At left side of supplying air flow with three values of inlet velocity are 

4.2,2.8, and1.4 m/s . It was noted that these inlets velocities decrease inside 

the irregular duct at the top wall (curve surface). Also, it was recorded 

decreasing in the values of outlets velocities. This is because the dimensions 

of exit duct are bigger than the inlet duct. 

7- At right side of supplying air flow with the same values of inlets velocities, 

it was measured also reducing in these values inside the irregular duct 

especially at the top curve surface. While, it was recorded increasing in 

outlets velocities at left side. This is because the dimensions of outlet duct of 

exit duct in this case are smaller than the inlet duct. 

8- Through the experimental work for three cases, the Reynolds number is 

inversely proportional with the values of friction factor, and pressure drop 

through the irregular duct.  

9- In a two-dimensional laminar flow, numerical simulation is performed in a 

two dimensional and predicted model deals with the temperature distribution 

inside test irregular duct by solving numerically the finite difference that 

represents energy equation. These are estimated by mathematical model 

which is simulated by a computer program in Matlab software.  

 



10- ANSYS - Fluent 19.2. is used to  calculate the air flow velocity  inside 

irregular duct . There is no difference in the velocity of air inside the duct for 

both the experimental and theoretical results. 

11-It was found more approximate between the results of experimental and 

theoretical work. Also, these results are consistent with many authors 

working in this field. 

12- It was concluded that the shape and design duct more affect for the 

temperature distribution and air flow velocity. 

 

6.2. Suggestions for Future Work 

1- Placing rib as an obstacle in order to increase the thermal surface area. 

2- Studying the effect of noise inside the duct during air flow. 

3- Using of the irregular shape from four directions and the study is in three 

directions 

4- Using multiple shapes on the irregular shape and comparing them with 

regular shapes 
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Appendix(A) 

Tables of calculating experimental analysis parameters 

          Table (A-1) parameters measurement for case one at left side of duct at 4.8 m/s 

 

        Table (A-2) parameters measurement for case one at right side of duct at 4.8 m/s 

 

 

 

 

 

  Table(A-3) parameters measurement for case one at left side of duct at 2.8 m/s 

Dh(m) Re Nu hx Δp ƒr 

0.23 2239.9 30.31 18.19 0. 35 0.027 

0.35 1423.3 24.52 16.82 0. 33 0.043 

0.42     1143.3 18.20 14.56 0. 31 0.054 

       Table (A-4) parameters measurement for case one at right side of duct at 2.8 m/s 

Dh(m) Re Nu hx Δp ƒr 

0.23 2533.3 30.03 18.54 0. 39 0.024 

0.35 2053.3 25.02 17.16 0. 48 0.030 

0.42 1499.9 18.37 14.7 0. 54 0.042 

Dh(m) Re Nu hx Δp ƒr 

0.23 1399.3 19.83 15.87 0. 47 0.040 

0.35 1866.6 23.26 15.95 0. 40 0.030 

0.42 2399.9 27.31 16.39 0. 34 0.023 



Dh(m) Re Nu hx Δp ƒr 

0.23 999.9 19.47 15.58 0. 34 0.056 

0.35 1633.3 23.05 15.81 0. 33 0.032 

0.42 2186.6 26.83 16.10 0. 32 0.026 

 

           Table (A-5) parameters measurement for case one at left side of duct at 1.4 m/s 

Dh(m) Re  Nu hx Δp ƒr 

0.23 1119.9 29.9 17.94 0.16 0.055 

0.35 699.9.3 24.26 16.64 0.17 0.088 

0.42 479.9 18.01 14.41 0.18 0.130 

        Table (A-6) parameters measurement for case one at right side of duct at 1.4 m/s 

Dh(m) Re Nu hx Δp ƒr 

0.23 439.9 19.23 15.39 0.16 0.129 

0.35 676.6 22.88 15.69 0.15 0.084 

0.42 1066.6 26.51 15.91 0.14 0.053 

         Table (A-7) parameters measurement for case two at left side of duct at 4.8 m/s 

Dh(m) Re ƒr Δp 

0.23 2533.3 0.025 0. 37 

0.35 2053.3 0.035 0. 41 

0.42 1459.9 0.045 0. 52 

        Table (A-8) parameters measurement for case two at right side of duct at 4.8 m/s 

Dh(m) Re ƒr Δp 



0.23 1379.9 0.042 0. 46 

0.35 1749.9 0.034 0. 41 

0.42 2399.9 0.024 0. 34 

 

          Table (A-9) parameters measurement for case two at left side of duct at 2.8 m/s 

Dh(m) Re ƒr Δp 

0.23 2133.3 0.029 0. 34 

0.35 1633.3 0.038 0. 39 

0.42 999.9 0.062 0. 37 

      Table (A-10) parameters measurement for case two at right side of duct at 2.8 m/s 

Dh(m) Re ƒr Δp 

0.23 1199.9 0.047 0. 42 

0.35 1773.3 0.032 0. 38 

0.42 2266.6 0.025 0. 33 

   Table (A-11) parameters measurement for case two at left side of duct at 1.4 m/s 

Dh(m) Re ƒr Δp 

0.23 1333.3 0.046 0. 21 

0.35 933.3 0.066 0. 22 

0.42 599.9 0.103 0. 23 

Table (A-12) parameters measurement for case two at right side of duct at 1.4 m/s 

Dh(m) Re ƒr Δp 

0.23 559.9 0.101 0. 20 



0.35 909.9 0.062 0. 19 

0.42 1279.9 0.044 0. 18 

 

 

 Table (A-13) parameters measurement for case three at left side of duct at 4.2 m/s 

   

 

 

 

    Table (A-14) parameters measurement for case three at right side of duct at 4.2 m/s 

Dh(m) Re ƒr Δp 

0.23 1159.9 0.049 0. 41 

0.35 1866.6 0.030 0. 40 

0.42 2453.3 0.023 0. 36 

   Table (A-15) parameters measurement for case three at left side of duct at 2.8m/s 

Dh(m) Re ƒr Δp 

0.23 2399.9 0.025 0.29 

0.35 1913.3 0.032 0.37 

0.42 779.9 0.079 0.45 

 Table (A-16) parameters measurement for case three at right side of duct at 2.8 m/s 

Dh(m) Re ƒr Δp 

0.23 2533.3 0.024 0. 40 

0.35 1983.3 0.031 0. 47 

0.42 1199.9 0.051 0. 45 



Dh(m) Re ƒr Δp 

0.23 1119.9 0.050 0.40 

0.35 1819.9 0.031 0.39 

0.42 2133.3 0.026 0. 31 

 

Table (A-17) parameters measurement for case three at left side of duct at 1.4 m/s 

Dh(m) Re ƒr Δp 

0.23 1599.9 0.038 0. 25 

0.35 816.6 0.076 0. 20 

0.42 499.9 0. 124 0. 19 

    Table (A-18) parameters measurement for case three at right side of duct at 1.4 m/s 

Dh(m) Re ƒr Δp 

0.23 439.9 0.129 0.22 

0.35 699.9 0.081 0.16 

0.42 1519.9 0.037 0.15 

 

 

 

 

 

 

 



 

 

 

 

 

 



 



 

 ُِخلاصة
عهٗ خصبئص  يُخظىغٛش  ْٕائٙنذساعت حأرٛش يضشٖ  انعًهٙفٙ انعًم انحبنٙ حى إصشاء انبحذ           

اَخمبل انحشاسة ٔحذفك انغٕائم. خلال ْزِ انذساعت حى لٛبط حٕصٚع دسصت انحشاسة ٔعشعت انٕٓاء يٍ خلال 

يضشٖ انٕٓاء يع دساعت حبلاث يخخهفت نظشٔف انحذٔد. فٙ انحبنت الأٔنٗ ، حى اعخخذاو انخذفك انحشاس٘ 

انٕٓاء انغبخٍ. فٙ انحبنت انزبنزت ، حى اعخخذاو نخضٔٚذ fan coil ذ٘. فٙ انحبنت انزبَٛت ، حى اعخخذاو حكششط 

air cooler  يُفبخ اعخخذاو نخضٔٚذ ْٕاء انخبشٚذ. فٙ صًٛع انحبلاث ، ٚخى حٕفٛش حذفك انٕٓاء إنٗ انمُبة بٕاعطت

. حى لٛبط حٕصٚع دسصت انحشاسة نزلاد حبلاث يع يضشٖ انٕٓاءيٍ انضبَب الأٚغش ٔانضبَب الأًٍٚ يٍ  ْٕاء

 داخم انمُبة غٛش انًُخظًت )لغى الاخخببس(.)الافمٙ(  zبمٛى يخخهفت نهًحٕس  نعًٕد٘()ا yانًحٕس 

)انعًٕد٘(  yنضًٛع انحبلاث أٌ لٛبعبث دسصت انحشاسة حضداد عبش انًحٕس  انعًهٛتنٕحظ أرُبء انذساعت         

بمٛى يخخهفت نغشعت انٕٓاء. حًج الإشبسة إنٗ صٚبدة دسصت انحشاسة لهٛلاً يع صٚبدة لٛى عشعت انٕٓاء. حى لٛبط 

يخش4.7 ْٕاءدسصت يئٕٚت بغشعت  27.7أعهٗ دسصت حشاسة فٙ حبنت ٔاحذة ْٙ 
7

عُذيب ٚخى حغخٍٛ  /ربَٛت

ٛش انًُخظًت )لُبة الاخخببس(. حى لٛبط انٕٓاء عٍ طشٚك انخذفك انحشاس٘ فٙ انضذاس انعهٕ٘ ٔانضبَبٙ نهمُبة غ

 .انعًٕد٘هًحٕس ن 0..0 ٔيخش نهًحٕسالافمٙ  0.0دسصت انحشاسة ْزِ بمًٛت انًحٕس 

غٛش يُخظى انًضشٖ ان، حى لٛبط عشعت حذفك انٕٓاء داخم  نهحبلاث انزلاد انًحٛطٛتفٙ َفظ انظشٔف           

فٛش رلاد لٛى نغشعبث انًذاخم يٍ انضبَب الأٚغش ٔالأًٍٚ خخببس(. ٚخى لٛبط ْزِ انمٛى يٍ خلال حٕالا)لُبة 

 .يضشٖ انٕٓاءلٛبط عشعت يذخم ٔيخشس لُبة  ٚخى. أٚضًب ، فٙ َفظ انٕلج ، انٕٓاءيٍ يضشٖ 

ً يع لٛى عبيم الاحخكبن ، ٔ Reynolds number، حُبعب  نهحبلاث انزلارت انضغظ داخم َخفض اعكغٛب

 انخضشٚبٙ.انمُبة غٛش انًُخظًت فٙ انعًم 

فٙ ًَٕرس رُبئٙ الأبعبد ٚخعبيم يع حٕصٚع دسصت انحشاسة داخم يضشٖ  انُظشٚتحى إصشاء انًحبكبة         

الاخخببس غٛش انًُخظى عٍ طشٚك حم انفشٔق انًحذٔدة انخٙ حًزم يعبدنت انطبلت عذدٚبً. ٚخى حمذٚشْب بٕاعطت 

. حًج يحبكبة عشعت حذفك انٕٓاء Matlab اعطتبٕبيش كًبٕٛحش عًم بشًََٕرس سٚبضٙ حى يحبكبحّ بٕاعطت 

 داخم يضشٖ انٕٓاء غٛش انًُخظى. ANSYS - Fluent 19.2بٕاعطت 



 جًهىرٌت انعراق            

 وزارة انخعهٍى انعانً وانبحث انعهًً    

  كهٍت انهُدست /جايعت بابم         

 قسى انهُدست انًٍكاٍَكٍت          
 
 

 

 

 

 

 

 

ححهٍم أَخقال انحرارة نجرٌاٌ انهىاء عبر انقُىاث 

 غٍر انًُخظًت هُدسٍا  
 

 

 رسانت

جايعت بابم / كهٍت انهُدست وهً جسء يٍ يخطهباث ٍَم شهادة انًاجسخٍر فً  يقديت إنى

 انهُدست  انًٍكاٍَكٍت ) انقدرة(

 

 

 أعدث يٍ قبم

 بكانىرٌىش هُدست يٍكاٍَك

۷۱۰۲ 

 

 بأشراف

عادل عباش عهىاٌ انًىسىي أ.د.  

 رفم حكًج حًٍد .د.أ.و

 
 

 

م٠٢٠٢ ه٢١١۳                                                                  


