Advances in Fluid, Heat and Materials Engineering, 1, Issue 1 (2024) 37-48

T AADVANCES IN

FLUID, HEAT,

Advances in Fluid, Heat and Materials ENGINELRING
Engineering ‘
KA;*A.‘ IL;M Journal homepage:
PUBLISHING https://karyailham.com.my/index.php/afhme/index

ISSN: 3083-8134

COMMECTING MIUDS, BRIDGING IDEAS, INSPRIING FEADERS

Modelling of the Performance Comparison between Circular and Elliptical
Double -Tube Heat Exchanger

Nir. Izzati', Ishkrizat Taib™", Jackson Liew?, See Tian Xyi', Chai Hao Wei', Muhammadu Masin
Muhammadu?, Mokhamad Fakhrul Ulum3, Andril Arafat?

Faculty of Mechanical and Manufacturing Engineering, Universiti Tun Hussein Onn Malaysia, 86400 Parit Raja, Batu Pahat, Johor, Malaysia
Faculty of Mechanical Engineering, Federal University of Technology, Minna (FUTMINNA), Nigeria

School of Veterinary Medicine and Biomedical Sciences, IPB University, Bogor Agricultural University, Indonesia

Department of Mechanical Engineering, Faculty of Engineering, Universitas Negeri Padang, Indonesia

A w o oN e

ARTICLE INFO ABSTRACT

Article history: Heat exchangers are crucial components for various industrial applications, including
Received 28 March 2024 oil refining, chemical processing, and power generation. Despite extensive research on
Received in revised form 26 April 2024 heat exchanger performance, the impact of tube geometry on heat transfer efficiency

Accepted 2 June 2024

requires further investigation. This study aims to address this gap by comparing the
Available online 21 June 2024

thermal performances of circular and elliptical double-tube heat exchangers using
computational fluid dynamics (CFD) analysis. Models of both geometries were created
using ANSYS software, and simulations were conducted at varying mass flow rates
(0.04 kg/s, 0.07 kg/s, and 0.55 kg/s) to evaluate the heat transfer and fluid flow
characteristics. The study found that circular tubes consistently outperformed elliptical

Keywords: tubes in terms of the heat transfer efficiency across all tested flow rates. Specifically,
Heat exchanger; circular tube; elliptical the circular tubes exhibited higher temperature increases in cold water and greater
tube; heat transfer temperature decreases in hot water, as visualised in the temperature contours.

1. Introduction

Heat exchangers are used to transfer heat between two or more fluid streams at various
temperatures [1]. They are extensively utilised in power generation, chemical processing, electronic
cooling, air conditioning, refrigeration, and automotive applications [2]. One of the most critical and
essential elements of electricity, utility, and technological installations is the heat-exchange (or heat-
utilising) apparatus. Any conversion of energy from one form to another, as well as any transfer of
energy from one system to another, results in the conversion of energy to heat [3].

Heat exchangers are classified as either direct or indirect exchangers. Direct-contact heat transfer
occurs when two immiscible fluids, such as gas and liquid, come into direct contact with each other.
Examples of direct-contact exchangers include cooling towers and jet condensers for water vapour
and other vapours that use water sprays. In indirect contact types, such as automobile radiators, hot
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and cold fluids are separated by an impervious surface, and they are referred to as surface heat
exchangers. There was no mixing of the two fluids [4]. There are three types of heat exchangers: (a)
shell and tube, (b) plate-fin, and (c) counterflow [5,6].

The most common types of heat exchangers are shell and tube. Shell and tube heat exchangers
consist of two main components, shells and tubes. The shell is a large vessel containing several tubes.
The principle of operation is simple: two fluids at different temperatures are brought into close
contact without mixing. One fluid flowed through the tubes, whereas another fluid flowed over the
tubes (through the shell) to transfer heat between the two fluids [7].

A Plate Fin Heat Exchanger (PFHE) consists of flat plates and finned chambers to transfer heat
between the fluids. PFHEs are often categorised as compact heat exchangers owing to their relatively
high heat-transfer surface-area-to-volume ratio. PFHEs are commonly used for gas-to-gas heat
exchanges. Various fin geometries, such as triangular, rectangular, wavy, louvered, perforated,
serrated, and offset strip fins, are used to separate the plates and create flow channels [8]. The
common fin thickness ranges from 0.046 mm to 0.20 mm, and the fin heights range from 2 to 20 mm
[9].

A plate heat exchanger is a type of heat exchanger that uses metal sheets to transfer heat
between the two fluids. Because fluids flow over the surfaces, this design offers a significant
advantage over conventional heat exchangers by exposing the fluids to a much larger surface area.
This facilitates heat transfer and significantly increases the rate of the temperature change [10]. Plate
heat exchangers have become popular, with very small brazed versions used in millions of
combination boilers for hot water parts. The high efficiency of heat transfer in such a compact form
improves the flow rate of domestic hot water (DHW) in combination boilers. The small plate heat
exchanger profoundly impacted the indoor heating and hot water systems [11].

In a counterflow heat exchanger [12,13], the two fluids flow in opposite directions with hot and
cold fluids entering the opposite ends. This type of heat exchanger maximises the rate of heat
transfer for a given surface area owing to its counterflow arrangement. Consequently, such heat
exchangers are widely used for heating and cooling fluids [14]. Several common advantages of a
counterflow heat exchanger include a more uniform temperature distribution between the two
fluids, which minimises the thermal stresses throughout the exchanger [15]. In addition, the outlet
temperature of the cold fluid approached the highest temperature of the hot fluid [16]. A more
uniform temperature difference results in a more consistent rate of heat transfer throughout the
heat exchanger.

Several factors can affect the heat transfer rate. Thermal conductivity is a bulk property that
describes the ability of a material to transfer heat. The higher the thermal conductivity of a material,
the more rapidly heat is transferred through it. Materials with relatively high thermal conductivities
are referred to as thermal conductors, whereas materials with relatively low thermal conductivities
are known as thermal insulators [17]. Therefore, the thermal conductivities of the materials used in
the heat exchangers significantly affect the rate of heat transfer.

Not only can the thermal conductivity affect the rate of heat transfer, but the cross-sectional area
can also influence it. As the area increases, the rate of heat transfer also increases. When the area
increases, the thermal conductivity also increases because a larger area implies more molecules and
electrons on each layer, leading to a greater rate of heat flow through the solid [18]. Consequently,
as the thermal conductivity increased, the heat transfer rate also increased.

38



Advances in Fluid, Heat and Materials Engineering
Volume 1, Issue 1 (2024) 37-48

2. Methodology

In fundamental research [2, 19], the double-tube counterflow heat exchanger was modelled
using Design Modeller in ANSYS software. Two circular and elliptical tubes were modelled for the
double-tube counterflow heat exchanger. The main components consist of an inner tube and an
outer tube, where the outer tube with cold water is the domain and the inner tube with hot water is
the domain. Figure 1(a) shows the model of the circular tube of the heat exchanger, and Figure 1(b)
shows the model of the elliptical tube of the heat exchanger. Table 1 presents the geometries of the
circular and elliptical tubes in the double-tube counterflow heat exchangers.

Model
QTAON202) 1155

450.00

(a) (b)
Fig. 1. Model of heat exchanger (a) Circular shape (b) Elliptical shape tube

Table 1
The geometry of double tube counterflow heat exchanger of circular and elliptical tube
Pipe Circular tube Elliptical tube Length (thickness 2mm)
Diameter (mm) Major axis (mm) Minor axis (mm)
Inner 25.8 36.48 18.24 1756
Outer 50.6 71.48 35.24
2.1 Meshing

As the mesh quality increased, the flow solution became more accurate. The overall accuracy of
the model depended on the quality of the working cells. Consequently, meshing and simulation
processes take longer to achieve the desired mesh quality. A grid independence test (GIT) was used
in the project to demonstrate result convergence by controlling variables such as the type of mesh
and the number of nodes, and identifying the appropriate element (mesh) size for the geometry.
Figure 2(a) shows the meshing for a circular double-tube counterflow heat exchanger and Figure 2(b)
shows the meshing for an elliptical double-tube counterflow heat exchanger.

2.3 Boundary Conditions and Parameter Assumptions

The simulations were conducted under steady-state conditions with water serving as the working
fluid. Boundary conditions were meticulously defined to ensure accurate results. The inlet
temperatures for the hot and cold water were set to 360 K and 300 K, respectively. Three distinct
mass flow rates were considered: 0.04 kg/s, 0.07 kg/s, and 0.55 kg/s, to capture the range of flow
scenarios. To maintain an incompressible flow, the pressure at the inlets is specified accordingly. The
tube walls were subjected to no-slip boundary conditions to ensure that the fluid velocity at the walls
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was zero. In addition, a constant heat flux was assumed across the heat exchanger surface, providing
a consistent thermal boundary condition throughout the simulations.

400,00 (mim) 000 700,00 (mm) N
L e— b2 X

(b)

Fig. 2. Meshing images (a) Circular double tube counterflow (b) Elliptical double tube
counterflow heat exchanger

3. Results
3.1 Circular and Elliptical Tube with 0.04kg/s Mass Flow Rate

Tables 2 and 3 present the results of the CFD simulations for the circular and elliptical tubes at a
mass flow rate of 0.04 kg/s. The temperature contours depicted in Figures 3, 4, and 5 further illustrate
the thermal performance of both geometries.

Table 2

The result for a circular tube with a flow rate of 0.04kg/s

Conditions Cold water inlet Cold water outlet Hot water inlet Hot water outlet
Temperature (K) 300 325.26 360 334.37

Table 3

The result for an elliptical tube with a flow rate of 0.04kg/s

Conditions Cold water inlet Cold water outlet Hot water inlet Hot water outlet
Temperature (K) 300 322.58 360 336.64

The results indicate that the circular tube exhibits a higher temperature increase at the cold-
water outlet and a greater temperature decrease at the hot-water outlet than the elliptical tube.
Specifically, the cold-water temperature rises by 25.26 K in the circular tube, whereas it rises by 22.58
Kin the elliptical tube. Similarly, the hot-water temperature drops by 25.63 K in the circular tube and
by 23.36 K in the elliptical tube. The temperature contours in Figures 3, 4, and 5 provide a visual
representation of the heat transfer distribution within the heat exchangers. Figure 3 shows a more
uniform and widespread heat transfer in the circular tube, leading to more efficient thermal
performance. In contrast, Figures 4 and 5 show that the elliptical tube had a less uniform heat
distribution, resulting in a slightly lower heat transfer efficiency.
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3.2 Circular and Elliptical Tube with 0.07kg/s Mass Flow Rate

Tables 4 and 5 show the simulation results for the circular and elliptical tubes at a mass flow rate
of 0.07 kg/s. The overall temperature contours are shown in Figure 6(a) for the circular tube and
Figure 6(b) for the elliptical tube. The temperature contour for the cold-water tube is shown in Figure
7(a) for the circular tube and Figure 7(b) for the elliptical tube, and the temperature contour for the
hot-water tube is shown in Figure 8(a) for the circular tube and Figure 8(b) for the elliptical tube.

The results show that at a mass flow rate of 0.07 kg/s, the circular tube again demonstrates better
heat transfer efficiency than the elliptical tube. The cold-water temperature increases by 21.16 K in
the circular tube, compared to a 19.45 K increase in the elliptical tube. The hot-water temperature
decreases by 21.29 K in the circular tube and 19.92 K in the elliptical tube. The temperature contours
in Figures 6, 7, and 8 provide a visual representation of heat transfer within the heat exchangers.
Figure 6 shows a more uniform heat distribution in the circular tube, which contributed to its higher
thermal performance.

Table 4

The result for a circular tube with a flow rate of 0.07kg/s

Conditions Cold water inlet Cold water outlet Hot water inlet Hot water outlet
Temperature (K) 300 321.16 360 338.71

Table 5

The result for the elliptical tube with a flow rate of 0.07kg/s

Conditions Cold water inlet Cold water outlet Hot water inlet Hot water outlet
Temperature (K) 300 319.45 360 340.08
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In contrast, Figures 7 and 8 show that the elliptical tube had a less uniform heat distribution,
resulting in a slightly lower heat transfer efficiency. These observations were consistent with the
trends observed at the other flow rates. The circular tube consistently provided a more effective heat
transfer profile, as evidenced by the more consistent temperature gradients and larger temperature
changes in both the hot and cold-water streams. This indicates that circular geometry is better suited
for enhancing the heat transfer performance of double-tube heat exchangers under different
operating conditions.
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Fig. 8. Temperature contour (a) Circular tube (b) Elliptical inner
tube (0.07kg/s)

3.3 Circular and Elliptical Tube with 0.55kg/s Mass Flow Rate

Tables 6 and 7 present the simulation results for the circular and elliptical tubes at a mass flow
rate of 0.55 kg/s. The overall temperature contours are shown in Figure 9(a) for the circular tube and
Figure 9(b) for the elliptical tube. The temperature contour for the cold-water tube is shown in Figure
10(a) for the circular tube and Figure 10(b) for the elliptical tube, and the temperature contour for
the hot-water tube is shown in Figure 11(a) for the circular tube and Figure 11(b) for the elliptical
tube.

At a higher mass flow rate of 0.55 kg/s, the circular tube continues to outperform the elliptical
tube in terms of heat transfer efficiency. The cold-water outlet temperature rises by 13.08 K in the
circular tube, compared to a 10.04 K rise in the elliptical tube. The hot-water temperature decreases
by 13.12 K in the circular tube and 10.12 K in the elliptical tube.
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Table 6
The result for a circular tube with a flow rate of 0.55kg/s

Conditions Cold water inlet Cold water outlet

Hot water inlet

Hot water outlet

Temperature (K) 300 313.08

346.88

Table 7
The result for the elliptical tube with a flow rate of 0.55kg/s

Conditions Cold water inlet Cold water outlet

Hot water inlet

Hot water outlet

Temperature (K) 300 310.04

349.88

The temperature contours in Figures 9, 10, and 11 reveal that even at higher flow rates, the
circular tube maintained a more effective heat transfer profile. Figure 9 shows a more consistent
temperature gradient across the circular tube, indicating better thermal performance. Figures 10 and
11 show that the heat distribution of the elliptical tube was less efficient, with more localised

temperature variations and a less uniform heat transfer profile.

In summary, the results across different flow rates consistently demonstrate that circular tubes
offer superior heat-transfer performance compared to elliptical tubes. This was attributed to the
more effective and uniform heat distribution in the circular tubes, as evidenced by the temperature

contours and quantitative data from the simulations.
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3.4 Comparison between Circular and Elliptical Shape Tube

Based on the temperature comparison between the circular and elliptical tubes, the maximum
heat transfer rate was found at a flow rate of 0.04 kg/s with the circular tube. The data indicate that
the circular tube is more effective than the elliptical tube in terms of heat transfer rate. At a flow rate
of 0.04 kg/s, the hot water passing through the circular tube has cooled down by 25.52 K, which is
more than the cooling achieved by the hot water passing through the elliptical tube. By comparing
the cooling temperatures of the hot water, the flow rate of 0.04 kg/s has the highest cooling effect
at 25.52 K, followed by 0.07 kg/s and 0.55 kg/s. Based on these results, it can be stated that the lower
the flow rate, the higher is the cooling rate of the water. The simulation results were compared with
those from a previous study. For the results to be validated, the percentage error should be within
5%. Table 4.17 shows the validation results between the simulation and the previous study. The error
between the experimental and validation results shown in the table was less than 5%.

4. Conclusions

This study successfully modelled and analysed the performance of circular and elliptical double-
tube heat exchangers using CFD simulations. The results demonstrate that circular tubes provide
better heat transfer efficiency than elliptical tubes at various flow rates. The validation of the
simulation results with the experimental data showed a percentage error of less than 5%, confirming
the accuracy of the CFD models. Future work could explore the impact of other geometrical
modifications and boundary conditions to further optimise heat exchanger performance.
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