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Abstract— Three-dimensional CFD simulations are carried 

out to investigate heat transfer and fluid flow characteristics 

of a two-row plain fin-and-tube heat exchanger using 

ANSYS FLUENT.  Heat transfer and pressure drop 

characteristics of the heat exchanger are investigated for 

Reynolds numbers ranging from 330 to 7200.  Model 

geometry is created, meshed, calculated, and post-processed 

using ANSYS Workbench. Fluid flow and heat transfer are 

simulated and results compared using both laminar and 

turbulent flow models (k-epsilon, and SST k-omega), with 
steady-state solvers to calculate pressure drop, flow, and 

temperature fields.  Model validation is carried out by 

comparing the simulated case friction factor f and Colburn j 

factor with experimental results from the literature. For 

friction factor determination, little difference is found 

between the flow models simulating laminar flow, while in 

transitional flow, the laminar flow model produced the most 

accurate results and the k-omega SST turbulence model was 

more accurate in turbulent flow regimes.  The results of 

simulations for heat transfer in laminar flow using the 

laminar flow model are found to be in good agreement with 
the experimental results, while heat transfer in transitional 

flow is best represented with the SST k-omega turbulence 

model, and heat transfer in turbulent flow is more accurately 

simulated with the k-epsilon turbulence model. Reasonable 

agreement is found between the simulations and 

experimental data, and the ANSYS FLUENT software has 

been sufficient for simulating the flow fields in tube-fin heat 

exchangers. 

Keywords: CFD, Thermal conductivity, Diffusion 

coefficient, Colburn factor, Density, Dynamic viscosity 

I. INTRODUCTION 

Fin-and-tube heat exchangers are extensively employed in 

chemical engineering, refrigeration, and HVAC (heating, 

ventilation and air conditioning) applications such as 

compressor intercoolers, air-coolers and fan coils. The plate 

fin-and-tube heat exchangers, consisting of mechanically or 

hydraulically expanded round tubes in a block of parallel 

continuous fins, are widely used in industry and particularly 

in the heating, air-conditioning and refrigeration industries. 
The dominant thermal resistance is usually on the air side in 

practical applications, and therefore the use of finned 

surfaces on the air side is very common to effectively 

improve the overall thermal performance of heat 

exchangers. These finned surfaces include crimped spiral 

fin, plain fin, slit fin and fin with delta-wing longitudinal 

vortex generator and so on. Despite these, enhanced fin 

surfaces can significantly improve the heat transfer 

coefficients in comparison with their plain fin counterpart, 

the plain fin is still by far the most popular fin pattern used 

in the air-cooled heat exchangers. This is because of its 

superior reliability under long-term operation and its lower 
friction characteristics.  

The complex airflow pattern across the fin-and-

tube surface makes the theoretical prediction of heat-transfer 

coefficients very difficult. Accurate evaluation of the heat 

transfer coefficients are important if the designer is to 

perform precise rating or sizing heat exchangers 

calculations. Many experimental investigations to determine 

the air-side performance of fin-and-tube heat exchangers are 

reported in the literature. A systematic study on heat and 

friction characteristics of plate fin-and-tube heat exchangers 

was experimentally investigated by Wang et al. For plain fin 
geometry, McQuiston, Gray and Webb and Wang et al. [1, 

5, and 12] established extensive data and correlations.  

II. PROBLEM FORMULATION 

For this project, the geometrical parameters of a two-row 

heat exchanger based on experimental research [Wang et al., 

1996] are used to build a CFD model, and results read from 

the graphs (friction factor and Colburn j-factor against 
Reynolds number) in the article are used to validate the 

results of the CFD simulations.  The parameters of interest:  

friction factor f and Colburn j-factor are widely used in 

industry to characterize pressure drop and heat transfer, 

respectively, and thereby determine heat exchanger 

performance and suitability for specific duties.  Determining 

and using these parameters for performance prediction is 

part of the heat exchanger design process.   

 
Fig. 1.1: Typical fin-and-tube heat exchanger section with 

staggered tube arrangement [1] 

The two-row fin-and-tube heat exchanger studied 

has a staggered tube arrangement, as illustrated in Figure1.1. 

Analyzing flow and heat transfer using CFD can make 

calculations to predict heat exchanger performance easy.  

However, it is not possible to perform CFD simulation on 

the entire heat exchanger, due to the large number of 

volumes and calculations required.  Therefore, a small 

section of a heat exchanger consisting of one channel of air 

between two fins, with the air flowing by two tubes is 

modeled for this project (illustrated and described in 
Sections 3.1).  Simulations of the air flow through this 

passage are carried out, while relevant characteristics of the 

air flow are sampled and averaged at the inflow, minimum 
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free- flow area(s), and outflow.  The characteristics sampled 

are: flow velocity (in all three directions: x, y, and z), 

temperature and pressure. These measurements are then 
used for calculating relevant performance parameters such 

as pressure drop, friction and Colburn factors, heat transfer 

rate, Reynolds number etc. 

A. Project Outline 

For comparison with the graphs in the validation research 

article [Wang et al., 1996], flows of ten different Reynolds 
numbers (based on tube collar diameter and minimum free-

flow velocity) are simulated ranging from approximately 

330 to 7200 with inlet frontal air velocities ranging from 0.3 

to 6.2 m/s.  Water flows at 60 ºC through the tubes and cold 

air through the fins.   

For determining which turbulence model most 

accurately represents heat exchanger flow and heat transfer 

at the different flow regimes (laminar, transitional, and 

turbulent), three flow models are chosen for the simulations.  

They are:  laminar, k-epsilon turbulence model, and SST k-

omega turbulence model. A steady-state FLUENT solvers is 
used for the 30 simulations (1 solvers * 10 velocities * 3 

flow models). 

All computational work is carried out using 

ANSYS Workbench. Pre-processing software Design 

Modeler is used for geometry. Mesh module is used for 

meshing, ANSYS FLUENT CFD solver and CFD POST 

post-processing for visualization.  Pressure drop and heat 

transfer results and comparisons of the different turbulence 

models is reported and discussed. After this introduction 

section, the usual relevant topics are covered:  a model 

description of the heat exchanger to include governing 

equations, computational domain, and mesh.  Then the 
performance parameters related to pressure drop and friction 

factor are presented, which is followed by a section on 

computational fluid dynamics (CFD), including equations, 

and solution algorithm.  Finally, the results are presented.  

The report concludes with discussion and conclusion 

sections. 

III. MODEL DESCRIPTION  

Heat exchangers are used for transferring thermal energy 

between fluids, surfaces, or combinations of these, when 

they are at differing temperatures and in thermal contact.  

Typical applications include heat recovery, pasteurization, 

distillation, and heating or cooling of a particular fluid 

stream.  The fluids can be separated by a wall or in direct 

contact.  If there is a wall acting as the heat transfer surface 

separating fluids, appendages, or fins, can be connected to it 

in order to increase the heat transfer surface area.   

A. Classification  

Heat exchangers can be classified according to construction 

type, flow arrangement, or surface compactness, among 

other types possible.  If the classification is by construction, 

the types of heat exchangers are: plate, tubular, extended 

surface, or regenerative.  If classification is by flow 

arrangement, the types can include single-pass or multi-pass 

of counter-flow, parallel-flow, cross-flow, or combinations 

of flow.   

B. Fin-and-Tube Heat Exchangers 

The fin-and-tube heat exchanger (HE) studied in this project 

is classified as extended surface, single-pass with cross-

flow.  This type of heat exchanger is widely used in various 

thermal engineering applications, including chemical plants, 

food industries, HVAC, automotive, aircraft, and more.  

They consist of a block of parallel continuous fins with 

round tubes mechanically or hydraulically expanded into the 

fins, a popular heat exchanger designed for fluid to flow in 
the tubes and gas between the fins (see Figure 1.1).  

The advantages of using more compact heat 

exchangers such as the fin-and-tube are many. The extended 

surfaces (fins) are designed to increase the heat transfer area 

per unit volume, resulting in compact units of reduced space 

and weight (up to 10 times greater surface area per unit 

volume when compared to shell-and-tube exchangers), with 

higher heat transfer coefficients than other less compact heat 

exchanger types.  There is also flexibility when designing 

the surface area distribution between the hot and cold sides.  

Substantial cost savings are expected.  For sensitive 
materials, tighter temperature control is an advantage, 

improving product quality.  Multiple fluid streams can be 

accommodated. 

There are also limitations to using fin-and-tube heat 

exchangers.  Normally one side must be a gas or liquid with 

a low coefficient of convection.  They are difficult to 

mechanically clean, requiring non-corrosive clean fluids. 

Temperature and pressure limits are lower than some other 

types due to brazing or mechanical expansion when joining 

the fins to the tubes (though pressure can be high on the tube 

side). 

C. Typical Materials and Geometry:  Fin-and-tube HE 

Fins are commonly made of aluminum, while tubes are 

made of copper. Typical geometry:  fin thickness 0.11 to 

0.13 mm, tubes with outside diameter 10 mm, transverse 

pitch 25 mm, longitudinal pitch 22 mm, and fin density of 6 

to 16 fins per inch.  (However, smaller tube spacing and 

tube diameters are becoming more widespread).  The 
geometry of the heat exchanger in this project is close to the 

typical geometrical ranges listed above, with the details 

found in Section 3.1: Computational Domain.  

D. Computational Domain 

The pre-processing software ANSYS Design Modeler and 
Mesh module is used to create and mesh the computational 

model.  A diagram of the studied model is shown in Figure 

3.2, and consists of the air flow area between two fins of 

plain fin geometry and around the surfaces of two rows of 

tubes, and a schematic of the model with dimensions is 

shown in Figure 3.1, with the geometrical values listed in 

Table3.1. 

Geometric Parameter Symbol Dimensions 

Fin Thickness t 0.130 mm 

Fin Pitch Fp 2.240 mm 

Fin collar Outside Diameter Dc 10.23 mm 

Transverse Pitch Pt 25.40 mm 

Longitudinal Pitch Pl 22.00 mm 

Tube Wall Thickness δ 0.336 mm 

Number of Tube Rows  2 

Table 1.1: Geometric dimensions of heat exchanger model 
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Fig. 3.1: Illustration of the main computational domain and 

geometric parameters of the heat exchanger model studied 

The computational domain is actually 8 times the 

original heat transfer area (as illustrated in Figure 3.2), and 

is defined by 0 < x < 8Pl, 0 < y < Pt/2, and 0 < z < Fp., 

while the actual modeled heat exchanger length is equal to 

twice the longitudinal pitch Pl.  The volume representing the 

air which passes through the gap between the two fins is 

extended upstream from the inlet and downstream from the 
outlet in order to reduce oscillations and ensure a 

representative flow in the computational domain of the 

actual heat exchanger. 

E. Governing Equations and Numerical Schemes 

The governing equations for this project are the three-

dimensional continuity, Navier-Stokes for momentum, 
energy, and scalar transport equations for steady-state flow, 

and can be written (generally) as follows: 
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The general equations 1-3 are used in the CFD 

computations to calculate the flow field for both thermal and 

fluid (air) dynamics, solving for heat transfer and pressure 

drop.  They are discretised and solved by the finite volume 

method.  It is solved on a staggered grid using solvers for 

laminar and turbulent flow, with the latter solution solved 

using the Reynolds Averaged Navier-Stokes equations 
(RANS) with both k-epsilon and SST k-omega turbulence 

models.  To ensure coupling between velocity and pressure, 

the SIMPLE algorithm is used. 

IV. COMPUTATIONAL FLUID DYNAMICS 

Computational fluid dynamics (CFD) is a computer-based 

simulation method for analyzing fluid flow, heat transfer, 

and related phenomena such as combustion, chemical 

reactions etc.  This project uses CFD for analysis of flow 

and heat transfer.  Some examples of application areas are:  
aerodynamic lift and drag (i.e. airplanes or windmill wings), 

power plant combustion, chemical processes, heating/ 

ventilation, and even biomedical engineering (simulating 

blood flow through arteries and veins).  CFD analysis 

carried out in the various industries is used in R&D and 

manufacture of aircraft, combustion engines, as well as 

many other industrial products. 

It can be advantageous to use CFD over traditional 

experimental-based analysis, since experiments have a cost 

directly proportional to the number of configurations desired 

for testing, unlike with CFD, where large amounts of results 

can be produced at practically no added expense. In this 
way, parametric studies to optimize equipment are very 

inexpensive with CFD when compared to experiments.  

This section briefly describes the general concepts 

and theory related to using CFD to analyze fluid flow and 

heat transfer, as relevant to this project.  It begins with a 

review of the tools needed for carrying out the CFD analysis 

and the processes required, followed by a summary of the 

governing equations. 

A. CFD Computational Tools 

This section describes the CFD tools required for carrying 

out a simulation and the process one follows in order to 

solve a problem using CFD.  The hardware required and the 

three main elements of processing CFD simulations:  the 

pre-processor, processor, and post-processor are described.   

There is variety of commercial CFD software available such 

as ANSYS Fluent, ANSYS CFX, ACE, as well as a wide 

range of suitable hardware and associated costs, depending 
on the complexity of the mesh and size of the calculations. 

Complicated transient cases with fine meshes will require 

more powerful computer processors and RAM than simpler 

cases with rough meshes. 

To run a simulation, three main elements are needed:   

1) Pre-processor:  

A pre-processor is used to define the geometry for the 

computational domain of interest and generate the mesh of 

control volumes (for calculations).  Generally, the finer the 

mesh in the areas of large changes the more accurate the 

solution.  Fineness of the grid also determines the computer 
hardware and calculation time needed. Design Modeler and 

Mesh tool in ANSYS Workbench are used as pre-processor.  

2) Solver:   

The solver makes the calculations using a numerical 

solution technique, which can use finite difference, finite 

element, or spectral methods.  Most CFD codes use finite 

volumes, which is a special finite difference method.  First 

the fluid flow equations are integrated over the control 

volumes (resulting in the exact conservation of relevant 

properties for each finite volume), then these integral 

equations are discretised (producing algebraic equations 

through converting of the integral fluid flow equations), and 
finally an iterative method is used to solve the algebraic 

equations. 

3) Post-Processor:  

The post-processor provides for visualization of the results, 

and includes the capability to display the geometry/mesh, 
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create vector, contour, and 2D and 3D surface plots.  

Particles can be tracked throughout a simulation, and the 

model can be manipulated (i.e. changed by scaling, rotating, 
etc.), and all in full colour animated graphics. CFD Post is 

the post-processor used for this project. 

B. Problem-Solving with CFD  

There are many decisions to be made before setting up the 

problem in the CFD code.  Some of the decisions to be made 

can include: whether the problem should be 2D or 3D, 
which type of boundary conditions to use, whether or not to 

calculate pressure/temperature variations based on the air 

flow density, which turbulence model to use etc.  The 

assumptions made should be reduced to a level as simple as 

possible, yet still retaining the most important features of the 

problem to be solved in order to reach an accurate solution.   

After the above decisions are made, the geometry 

and mesh can be created.  The grid should be made as fine 

as required to make the simulation ‘grid independent’.  To 

determine the fineness required, a grid dependence study is 

normally carried out by making a series of refinements on 
an initially course grid, and carrying out simulations on each 

to determine when the key results of interest do not change, 

at this point the grid is considered independent. To reach a 

converged solution, relaxation factors and acceleration 

devices can be chosen. 

Finally, to ensure accuracy of the simulations, they 

should be validated against experimental data. This projects 

simulation results are compared to an experimental study 

reported in the literature. Details of the heat exchanger 

geometry, initial boundary conditions related to flow and 

temperature were followed as closely as possible when 

building this CFD model.   

C. CFD Governing Equations 

An illustration of a fluid element for CFD calculations is 

shown in Figure 4.1.  The element has dimensions δx, δy, 

and δz, with the center point at (x, y, z) and six faces N, S, 

E, W, T and B (North, South, East, West, Top, Bottom).  

Each fluid property (velocity, pressure, density, viscosity, 
thermal conductivity, and temperature) therefore can be 

represented as a function of space and time with:  (x, y, z, t), 

p(x, y, z, t), ρ(x, y, z, t), µ(x, y, z, t), k(x, y, z, t), and T(x, y, 

z, t). 

Fig. 3.1: CFD Fluid element for calculating changes in fluid 

property 

As summarized above, the fluid properties to be 

calculated using CFD are the 3 velocity components, 

pressure, density, viscosity, thermal conductivity, and 

temperature.  In all, there are 8 variables.  The 8 equations 

therefore needed for solving these are:  (1) mass balance, 
(2)-(4) momentum balance in 3 directions, (5) energy 

equation, (6) equation of state, (7)-(8) empirical relations 

describing viscosity and thermal conductivity.  Each 

equation is presented here. 

Mass balance (Continuity equation): “Fluid mass is 

conserved.” 
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dm m m     which can be summarized as: 

[mass accumulation over time] = [sum of all inflows] – [sum 

of all outflows] 

Where δ represents area, 

Before presenting the remaining 7 equations, a 

brief illustration of how equation 5 was derived is given 

here.  The momentum and energy balances are derived 

similarly for a fluid element.  Therefore instead of writing 

them out in detail, only the summary of equations / 
expressions will be given, and for details of the derivation, 

similarities can be assumed with the following mass balance 

illustration shown here. 

Consider an element similar to that shown in 

Figure 4.1.  The rate of mass increase of fluid elements is: 

   x y z x y z
t t


     

 


   (6) 

Equation 6 represents the rate of increase of mass 

over time within the fluid element, where δ represents the 

distance between faces for the specific x, y, or z direction.  

The mass flow rate across the control volume faces must 

now also be accounted for.   

The net rate of flow is the sum of mass inflow 

subtracted by the sum of mass outflow. The first two terms 

of a Taylor series expansion can accurately express fluid 

properties at the faces.  Therefore, the mass flow in the x-

direction through the W and E faces (at a distance of 
(1/2)*(δx) from the center of the element) is expressed as: 
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  for the west face W, and 
( ) 1
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  for the east face E. 

The mass flow in the y-direction through the S and 

N faces and in the z-direction through the B and T faces can 

be similarly expressed.  All of these are illustrated in Figure 

4.3 and summarized after the illustration using Equation 7. 

 
Fig. 4.3: Fluid element illustrating flows of inflows and 

outflows of mass. 

As can be seen in Figure, the overall mass flow rate 

across the element’s faces is represented by the following 

expression, in which the entire control volume is taken into 

account by multiplying the mass rate in a particular direction 
by the two remaining dimensions: 
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D. The SIMPLE Algorithm 

The SIMPLE algorithm is a guess-and-correct technique 

to determine the values for pressure on a staggered grid.  

It is iterative and must be done in the specific order when 

other scalars are also calculated.  The general procedure 

for the technique is shown in Figure 4.6, which is 

followed by a description of the steps in the algorithm. 

 
Fig. 4.6: SIMPLE Algorithm 

The steps in the SIMPLE algorithm, as shown in Figure 

4.6, are summarized as: 

START 

Estimate a starting guess for the pressure field p*. 

1) STEP 1 

Solve the discretised momentum equations for the 

velocity components based on the pressure guess p*.  For 

a three-dimensional case as the one in this project, 6 

discretised momentum balances are solved for each of the 
six neighbours for node P (W, E, S, N, B, and T).  This 

step results in finding values for u*, v*, w*, based on p*. 

2) STEP 2 

Solve for pressure correction equation to find the 

pressure correction p’.  This is done with the discretised 

continuity equation by finding the mass imbalance  and 

between total mass flow inflow and the total mass 

outflow of the six ‘guessed’ velocities (calculated based 

on the guessed pressure p*).    

3) STEP 3 

Correct the pressure and velocity components using the 

pressure correction, where the correction (p’) is added to 

the initial guess (p*), to get the new pressure field p, or: 

* 'p p p 
(8) 

This step of the SIMPLE algorithm results in 

calculated values for velocity components and pressure:  

p, u, v, w, φ*, after correcting the guesses, which satisfy 

the continuity equation. 

4) STEP 4 

Solve the other discretised transport equations using the 

line-TDMA method to get calculated values for the 

remaining scalar variables φ. 

1) Convergence  

After step 4, the outputs are tested for convergence 

(meaning that  the mass imbalance is very close to zero), 
and if this is not within the value required for 

convergence, the program loops back to the beginning, 

using the newly calculated pressure, velocity, and other 

scalar values as the next starting guess.  The process 

continues until convergence occurs (iteration). 

2) Relaxation Factors         

Often the pressure correction is too large, causing 

unstable calculations and divergence rather than 

convergence.  Due to this problem, the iteration 

procedure must be slowed down to under-relax the 

pressure corrections.  This is done by utilizing an under-
relaxation factor α of between 0 and 1, which is 

multiplied by the correction factor so that only a fraction 

of the originally calculated correction factor is actually 

used in the calculation, (for example with the pressure 

correction): 

* '
p

p p p 
   (9) 

Under-relaxation factors are also used for the 

velocity components.  Oscillatory or divergent solutions 

are a result of too large values for α, while very slow 

convergence results from too small of values for the 

under-relaxation factor.  Therefore, the correct under-

relaxation factor is important for a converged solution, 

but cannot be determined in general and must be 

determined for each specific CFD case.   

V. RESULT AND DISCUSSION 

A. Grid Independence Test: 

Grid independence test is used to check how the grid size 

affects the simulation results. In this test, the same 

geometric model with different grid sizes is simulated. 

The mesh which does not alter the simulation result is 
used as independent grid. This is to minimize the error 

due to grid size (discretisation error). For this project 5 

mesh sizes with 1360, 32850, 44199, 150521 and 275324 

cells is simulated to get pressure drop between inlet and 

outlet. Based on the comparison of simulated results, the 

grid with 150521 numbers of cells is selected for project, 

as independent grid size. Even though mesh size with 

150521 and 275324 cells gives nearly same result, the 

one with 150521 cells reduces computational time. 
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B. Experimental Results 

1) Experimental Values for Colburn j-Factor: 

The values of the Reynolds number and j-factor as read 

from the graph in the article (Wang et al. 1996) [1] for 

the specific heat exchanger geometry studied in this 

project are listed in Table 5.1 and presented in the graph 

in Figure 5.1. 

Re Colburn j factor 

330 0.042 

600 0.027 

790 0.023 

1300 0.017 

1700 0.014 

2900 0.012 

4300 0.0094 

5200 0.009 

6200 0.0084 

7200 0.0081 

Table 5.1: Experimental values for Colburn j- factor 

Table Experimental values for Colburn j- factor 
It can be seen in Table 5.1 and Figure 5.1 that 

the Colburn j-factor decreases with increasing Reynolds 

number.  It ranges from 0.042 at the lowest Reynolds 

number to 0.0081 at the high Reynolds number. A plot of 

this type (j vs. Re) for a typical circular tube normally 

have a more distinct dip in the transition region than in 

this graph for air flow through a heat exchanger.  

However, a slight change is seen at Reynolds number 

1300, and the graph appears to level off again at 

Reynolds number 2900.  It can therefore be determined 

from this graph that the laminar flow region goes up to 

around Reynolds number 1300 (it is difficult to determine 
exactly without more data points), with a transition 

region after that, and the turbulent flow begins at a point 

around Reynolds number 2900.  Values for the Colburn j-

factor determined from simulations, and followed by the 

appropriate calculations for this project are compared to 

these experimental values.  During the comparisons, it is 

kept in mind that the uncertainties in the Colburn j-factor 

values (experimentally determined values) can be high 

for the lower Reynolds numbers (uncertainty is ± 9.4 % 

at Reynolds number 600, and may be even higher at 

Reynolds number 330, the value of which was not 
provided in the article.) 

 
Fig. 5.1: Plot of Reynolds Number Vs Colburn j- factor, 

determined experimentally 

2) Experimental Values for Fanning Friction Factor f 

To validate the pressure-loss simulations in this project, 

the Fanning friction factor f determined experimentally 
from Wang et al. (1996) are used.  The values for 

Reynolds number and friction factor f as read from the 

graph in the article for the specific heat exchanger 

geometry studied in this project are listed in Table 5.2 

and presented in the graph in Figure 5.2. 

Re Friction factor f 

330 0.11 

600 0.073 

790 0.063 

1300 0.046 

1700 0.042 

2900 0.033 

4300 0.027 

5200 0.024 

6200 0.022 

7200 0.021 

Table 5.2: Experimental values for Fanning friction 

factor f 

It can be seen in Table 5.2 and Figure 5.2 that 

like the Colburn j-factor, the Fanning friction factor f also 

decreases as the Reynolds number increases.  It ranges 

from 0.11 at the lowest Reynolds number to 0.021 at the 

high Reynolds number. A slight change can be seen at 
Reynolds number 1300, and the graph levels off again 

between Reynolds number 1300 and 1700.  It can 

therefore be determined from this graph that the laminar 

flow region goes up around Reynolds number 1300, with 

a transition region thereafter, and from the slight change 

in graph again, the turbulent flow regime seems to begin 

at around Reynolds number 1700 (or possibly it is closer 

to 2900 since that is what was found on the j-factor 

graph).  However, more data points would be necessary 

to accurately determine the critical Reynolds values for 

the different flow regimes.  Values for the friction factor f 

as calculated from the pressure drop values of the 
simulations are compared to the experimental values 

from Wang et al. (1996) [1]. During the comparisons, it is 

kept in mind that the uncertainties in the Fanning friction 

factor f values (experimentally determined values) can be 

high for the lower Reynolds numbers (the uncertainty is 

given as ± 17.7 % at Reynolds number 600, and may be 

even higher at Reynolds number 330, the value of which 

was not provided in the article.) [1]. 

 
Fig. 5.2: Plot of Reynolds Number Vs Fanning friction 

factor f, determined experimentally 
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VI. NUMERICAL RESULTS 

A. Characteristics of Flow 

This section describes the observations found using CFD 

Post after running the CFD simulations in ANSY Fluent.  

The characteristics of low-Reynolds flow and high-

Reynolds flow are compared with contour plots of 

velocity with vectors. 

B. Velocity Observations 

The flow patterns of the two cases at low and high-

Reynolds numbers (inlet air velocity 0.3 m/s vs. 6.2 m/s) 

are similar.  The air enters at the inlet on the left and 

flows in the direction of the arrows, and exits at the outlet 

on the right-hand side. 

 
Fig. 5.3:  Velocity vector for inlet velocity 0.3 m/s, SST 

k-omega flow model 
In both cases, as the air flows around the first tube, it 

begins to speed up and then the air velocity increases 

again as it goes around the second tube. This is verified 

by the samples taken in the case files for average 

velocities at the minimum free-flow areas, which showed 

that the velocity going around the second tube is faster 

than that going around the first tube.  The minimum free-

flow area is the area of the heat exchanger between two 

transverse tubes, so the area just above tube one or just 

below the second tube are the minimum free-flow areas.  

The flow is forced to speed up, as the tubes act as a type 
of pipe contraction in the air flow channel.   

 
Fig. 5.4: Velocity vector for inlet velocity 6.2 m/s, SST 

k-omega flow model 

The highest velocity areas are just off the 

streamlines flowing directly around the tubes, and located 

at the area of minimum free-flow. In the case of the case 
with inlet velocity of 0.3 m/s, the top velocity at the 

second tube is 0.77 m/s, nearly 2.5 times the inlet 

velocity.  For the 6.2 m/s inlet flow case, the top velocity 

reaches 14.55 m/s, more than twice the inlet velocity.  

It is observed that the size of the tubes impact the 

Reynolds number of the air flowing around them, since 

with larger tubes (at the same distance from each other), 

there would be an even smaller minimum free-flow area 

if the transverse pitch remained the same.  In this study, 

the characteristic length for the Reynolds number is the 

tube collar diameter, and it can be seen here, that 

increases in this parameter (while keeping transverse 
pitch the same) can induce higher velocities and with it a 

higher turbulence and Reynolds number.   

In the case of higher air flow, the recirculation 

zones behind each tube contain small backflow areas.  

The second recirculation zone appears larger. In the case 

with 0.3 m/s inlet velocity, however, a recirculation zone 

was not noticeable as it was for the case with inlet 

velocity of 6.2 m/s. 

C. Comparison of Numerical and Experimental Results 

Simulation is carried out using ANSYS fluent for 

different flow model as described in section 1.2. Pressure 

drop, maximum velocity and heat transfer coefficient 

data is recorded for 10 inflow velocities. Based on these 

recorded values friction factor and Coburn j-factor is 

calculated. Fanning friction factor f is tabulated in Table 

5.3 and plotted in Figure 5.7 against Reynolds number to 

compare with experimental values. It is clear from graph 
(Figure 5.7) that simulated values follows the same trend 

as experimental values. Figure 5.8 shows the percent   

error in the simulated values with respect to experimental 

values of friction factor f. 

Re 
Fanning friction factor f (Numerical Results) 

Laminar k-epsilon SST k-omega 

330 0.114301 0.12834 0.11573 

600 0.078958 0.085486 0.081130 

790 0.063243 0.066578 0.066373 

1300 0.049123 0.048782 0.053733 

1700 0.042439 0.040209 0.046074 

2900 0.033973 0.030271 0.034262 

4300 0.028998 0.025240 0.028268 

5200 0.027105 0.023353 0.025690 

6200 0.025445 0.022123 0.023610 

7200 0.024416 0.021219 0.022234 

Table 5.3: Fanning friction factor f (Numerical Results) 
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Fig. 5.7: Comparison of experimental and numerical 

values for friction factor f 

 
Fig. 5.8: Percentage error in friction factor f 

In the same manner the Coburn j-factor is 

tabulated and compared with experimental value. Finally, 

percent error is plotted for simulated values with respect 

to experimental values.   

Re 
Colburn j factor (Numerical Result) 

Laminar k-epsilon SST k-omega 

330 0.034964 0.039524 0.035225 

600 0.027451 0.032419 0.027989 

790 0.023432 0.027021 0.024140 

1300 0.018764 0.021256 0.020222 

1700 0.015851 0.017826 0.017801 

2900 0.011650 0.012691 0.013595 

4300 0.008790 0.009822 0.010913 

5200 0.007840 0.008457 0.009719 

6200 0.006792 0.007277 0.008869 

7200 0.005960 0.006512 0.007978 

Table 5.4: Colburn j-factor (Numerical Results) 

VII. CONCLUSION 

The objective of this project is to develop the CFD 

simulation model for two-row fin-and-tube heat 

exchanger and verify the results of simulation with the 

available experimental data from the literature. The 

purpose of the work was to investigate the possibilities of 

eventually using CFD calculations for design of heat 

exchangers instead of expensive experimental testing and 

prototype production. 
To analyse the flow and heat transfer 

characteristics of the heat exchanger, a model of a two-

row fin-and-tube heat exchanger is created using Design 

modeller and Mesh module to create the geometry and 

mesh respectively.  The resulting mesh (after a grid 

independence test was carried out) is used for running 

simulations using a laminar flow model and two 

turbulence models.  Ten different inlet flow velocities 

ranging from 0.3 m/s to 6.2 m/s and corresponding to 

Reynolds numbers ranging from 330 to 7200 are 
simulated in the three different flow models (laminar, k-

epsilon turbulence model, and SST k-omega turbulence 

model).  Using the simulation results calculations related 

to heat flow and pressure loss are carried out to determine 

the Fanning friction factor f and Colburn j-factor for 

comparison with the literature values used for the 

validation. 

It is found that the flow model accuracy 

depended on the flow regime and whether the friction 

factor f or j-factor is being determined.  From the 

experimental values given in the literature, the laminar 

flow region for this particular geometry of heat 
exchanger switched to transitional at around Reynolds 

number 1300, and moving to turbulent around Reynolds 

number 2900.  The Reynolds number has a characteristic 

dimension of the tube collar outside diameter. 

For friction factor determination, little difference 

is found between the flow model simulating laminar 

flow, while in transitional flow, the laminar flow model 

produced the most accurate results (for friction factor) 

and the SST k-omega turbulence model is more accurate 

in turbulent flow regimes.  For heat transfer, the laminar 

flow model calculates the most accurate j-factor, while 
for transitional flow the SST k-omega turbulence model 

is more accurate and the k-epsilon turbulence model is 

best for heat transfer simulations of turbulent flow.   

The flow model can be chosen based on what is 

being studied (heat flow or pressure drop) and the flow 

regime.  It can be concluded that the pressure drop and 

heat transfer characteristics of a fin-and-tube heat 

exchanger can be determined with reasonable accuracy 

using CFD computations carried out in ANSYS 

Workbench. These results can be used to carry out 

practical work in the design process of heat exchangers. 
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