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1. Introduction 

A heat exchanger is a device that transfers heat from 

one working fluid to another. Both cooling and heating 

operations employ heat exchangers. Nowadays, one of 

the most important study areas is the lowering of energy 

costs. The most important characteristics are enhancing 

the heat exchanger's performance to raise the heat 

capacity while lowering the pressure drop (Ahmed M. 

Nagib Elmekawy, 2020). They are widely utilized in 

sewage treatment, natural gas processing, power plants, 

chemical and petrochemical plants, air conditioning, 

refrigeration, and space heating. 

A significant number of papers have already 

examined the thermal-hydraulic performance of gas flow 

across tube banks experimentally, analytically, and 

computationally. Its extensive use in everything from 

industrial operations to home heating and cooling 

demonstrates the interest. However, all those papers and 

publications are limited to their own ranges and scopes. 

The scholars create the study under a multiple design of 

heat exchanger with different scopes to provide a 

Abstract: This paper is studying about the ideal geometry of a crossflow heat exchanger under 

different ratio of pitch distances, by doing simulations on Computational Fluid Dynamics, CFD to 

observe the fluid flow characteristics and thermal characteristics. The aim of this study is to find a 

relationship between the thermal performance of crossflow tubular heat exchangers in staggered 

configurations and the flow geometry. The performance of heat exchanger are measured by how 

much heat being transferred. To increase the rate of heat transfer of the heat exchanger, one can 

simply increase the surface area of the fluid contact which in this case the surface area of a 

cylindrical tube. Those characteristics are determined by applying a number of varying inputs which 

consist of different Reynolds number, velocity and temperature in the CFD domain. The pressure 

coefficient, Cp, Nusselt number, Nu, and the efficiency are the main output data that will be used to 

validate and correlate this study. the efficiency of the crossflow heat exchanger will decrease when 

the ratio of the pitch distance increased. Besides that, the higher the Reynolds number, the lower the 

efficiency of the crossflow heat exchanger. 
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development to an existing heat exchanger that are used 

in industries. According to a study made by Daniel 

Bacellar, 2016, three major holes have not yet been filled 

despite the substantial number of publications. First off, 

there aren't many design variables in the studied design 

areas, and they have a small range. The majority of 

research take fixed tube rows and/or tube pitch ratios into 

account. Second, studies are often restricted to 

straightforward parametric analyses of fluid flow. Third, 

only the topological factors (pitch ratios) are taken into 

account in addition to Reynolds numbers in all studies 

that address the tube banks problem. 

The aim of this study is to find a relationship 

between the thermal performance of crossflow tubular 

heat exchangers in staggered configurations and the flow 

geometry. The performance of heat exchanger are 

measured by how much heat being transferred. To 

increase the rate of heat transfer of the heat exchanger, 

one can simply increase the surface area of the fluid 

contact which in this case the surface area of a cylindrical 

tube. This can be proven by the formula of rate of heat 

transfer where the surface area is directly proportional 

with the rate of heat transfer. However, with the fixed 

size of the fluid duct, increasing the surface area of the 

cylindrical tube will restrict the fluid flow, which means 

the heat transfer performance are closely related with the 

flow characteristics of the fluid. 

 

2. Methodology 

 For this study, the method that are going to used are 

in analytical study which is CFD analysis. 2D simulation 

will be created in a software called ANSYS Fluent, one 

of the industry's top fluid simulation programme, 

renowned for its superior accuracy and extensive physics 

modelling capabilities. 

 

2.1 Flowchart 

 The preparation and methodology for this 

investigation are depicted in the flowchart below. Pre- 

processing, problem-solving, and post-processing are the 

three primary steps of this flowchart that need to be taken 

into account. This will serve as a roadmap for doing the 

simulation research correctly. 

 

 

2.2 Governing Equations 

 

For fluids with constant density, the fundamental 

laws of fluid mechanics state that mass must be preserved 

within a control volume. In order for the total mass 

entering the control volume to equal the total mass 

exiting the control volume plus the mass accumulating 

within the control volume, it must also not exceed it. 

Below is the derived equation of conservation of mass 

also known as the continuity equation. 

 

 

 

 

 

Fig. 1 - CFD Analysis Flowchart 

 

 
For fluids with constant density, the fundamental 

laws of fluid mechanics state that mass must be preserved 

within a control volume. In order for the total mass 

entering the control volume to equal the total mass 

exiting the control volume plus the mass accumulating 

within the control volume, it must also not exceed it. 

Below is the derived equation of conservation of mass 

also known as the continuity equation. 

 

 
 

The conservation of energy equation must be taken 

into account in addition to the conservation of mass 

equation in order to investigate the temperature 

distribution in an incompressible fluid flow. The 

governing equation in this scenario is sometimes referred 

to as the heat conduction equation or the energy equation. 
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2.3 Geometry Model 

 This model is built on the scope that has been set in 

the beginning of the study. It has 8 rows of cylindrical 

tubes with staggered arrangements, diameter of 25 mm 

each tube, inlet distance 125 mm, outlet distance, 500 

mm, and the distance between the cylindrical tubes are 

based on the pitch distance ratio which is 1.2, 1.5, 1.8, 

and 2.0. Figure below shows the geometry model for 

pitch ratio 1.2. 

 

 

 

 

Fig. 2 - Design of the Geometry 

2.4 Setup 

 For the boundary conditions, the pressure at the 

outlet are considered as pressure gauge, which means the 

value of pressure is equal to atmospheric pressure, Patm. 

As for the velocity inlet, Vinlet at, the value was 

determined by using the Reynolds number that we are 

going to study. Based on the experimental paper, the 

Reynolds number defined in the paper are defined at the 

minimum clearance for the flow. Therefore, we need to 

define the Reynolds number first before acquiring the 

velocity of the flow at the inlet. 

 

 

Table 1 - Velocity Inlet for Different Reynolds 

Number 

No. Re Ratio 1.2 Ratio 1.5 Ratio 1.8 Ratio 2.0 

1 5000 0.4868 0.9736 1.2981 1.4604 

2 10000 0.9736 1.9472 2.5963 2.9208 

3 15000 1.4604 2.9208 3.8944 4.3812 

4 20000 1.9472 3.8944 5.1926 5.8416 

5 30000 2.9208 5.8416 7.7888 8.7624 

 

3. Results and Discussion 

 

This chapter will be reviewing the acquired data 

from the simulation performed by comparing and 

analyzing the differences existed with the experimental 

data and previous study reference. The results does not 

have to be exactly the same with the other results but 

instead, it should have some similarities such as the 

graph pattern or the relationship between the controlled 

and manipulated variables. The difference in the 

procedure and method of study should also be considered 

since it may be a factor that affects the validity of the 

results. 

 

3.1 Results 

To describe the pressure field under a various 

situation, engineers or researchers often use a 

dimensionless form of pressure instead which is pressure 

coefficient, Cp where the equation are stated below 

     

 

Fig. 3 - Local Pressure Distribution for Ratio 1.2 

 

Fig. 4 - Local Pressure Distribution for Ratio 2.0 
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Fig. 5 - Graph of Nusselt Number for Re 5000 

 In further analysis, we also conduct an average 

Nusselt number studies acting on the cylinder for each 

ratio to study the thermal characteristics. The results 

shows the same as with the fluid flow characteristics, 

where ratio 1.2 has a very significance difference of the 

graph pattern compared to the other ratio. Meanwhile, 

ratio 1.5, 1.8, and 2.0 has a similar projectile pattern with 

only the difference of Nusselt number reading differs 

them three. 

3.2 Discussions 

 In a question of which geometry ratios are the best, 

a study need be conducted to analyse the efficiency for 

each ratio under different Reynolds number. In order to 

do that, the formula for the efficiency of crossflow heat 

exchanger are derived as follow. 

 

  

 Pumping power over area can be calculated with the 

inlet pressure computed from the simulation software. 

Heat flux can be directly extracted from the simulation 

report. Thus a set of efficiency data for each ratio under 

5 different Reynolds number can be carried out. 

 

Table 2 - Efficiency of Heat exchanger for Each 

Ratio 

No. Re Ratio 1.2 Ratio 1.5 Ratio 1.8 Ratio 2.0 

1 5000 24377.84 19738.038 17855.4909 17313.1543 

  60 3   
2 10000 5080.971 4368.9723 3829.4870 3647.7210 

  0    

3 15000 2127.051 1001.3200 1561.6942 1495.7654 

  6    

4 20000 1138.064 1001.3200 848.2241 809.0225 

  9    

5 30000 528.7036 435.8680 370.1687 351.2426 

 

4. Conclusion 

From the analysis of crossflow heat exchanger 

efficiency based on different ratios of pitch distance, we 

can say that the geometry ratio of 1.2 has the most 

efficient for all Reynolds number. Meanwhile, the last 

ratio which is ratio 2.0 are the least efficient among all 

the other geometries. In addition, higher Reynolds 

number was more likely to have lower efficiency. 

The outcome of the study seems admissible because, 

the lower the velocity of the fluid, the more time for the 

heat to be transferred trough convection. Plus, the 

smaller ratio of the pitch distance will give much less 

area of clearance which eventually slow down the fluid 

flow and more fluid particles will come in contact 

directly with the tube cylinder. 

To conclude, the efficiency of the crossflow heat 

exchanger will decrease when the ratio of the pitch 

distance increased. Besides that, the higher the Reynolds 

number, the lower the efficiency of the crossflow heat 

exchanger. 
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