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Abstract: Compact air-cooled fin-and-tube heat exchangers are widely used in various fields, including the automotive and computer
industries, as well as in heating, air conditioning, refrigeration, and process applications. Due to the thermal characteristics of air, the
majority of heat transfer resistance occurs on the air side of the heat exchanger. As a result, research in this area primarily concentrates on
enhancing the air-side performance. Numerous studies in the literature explore different fin and tube configurations aimed at optimizing the
design of these heat exchangers however, pressure drop is sometimes neglected. In this study, a numerical analysis was conducted to
investigate air-side pressure drop and heat transfer in various configurations of slotted fin-and-tube heat exchangers whereby heat
exchangers with different ellipticity ratios were considered. The numerical model of the three-dimensional, laminar, steady-state problem of
air-side flow and heat exchange was done using the finite volume method. The convection-diffusion equations were discretized using the
Power Law scheme, and the SIMPLE algorithm was employed to couple pressure and velocity. Simulations were carried out in ANSYS
Fluent 18.2. The validation of the proposed model was tested by comparing the numerical results with experimental measurements available
in the literature whereby no discrepancies greater than 5% were observed. Four different inlet air velocities ranging from 1 to 4 m/s,
corresponding to Reynolds numbers between 558 and 2233 were considered. Both the inlet air temperature and the tube surface
temperatures were kept constant at 293 K and 373 K, respectively. The results emphasize potential benefits of using elliptic instead of round

tubes in slotted fin and tube heat exchangers to achieve lower air-side pressure drop without penalty of lower heat transfer.
Keywords: HEAT EXCHANGER, FIN AND TUBE, ELIPTICITY RATIO, NUMERICAL ANALYSIS.

1. Introduction

Fin-and-tube heat exchangers are fundamental components in
HVAC, automotive, and process- industry applications, yet their
performance is often limited by the low heat transfer coefficient of
air, which makes air- side thermal resistance dominant [1]. To
overcome this, extended surfaces are added around tubes to increase
the wetted area and enhance convective heat transfer. Beyond
conventional straight fins, several enhanced geometries have been
explored, such as wavy, louvered, corrugated, dimpled and slotted
fins, as well as fins fitted with vortex generators, which serve to
disrupt boundary layers and promote mixing [2].

Vortex generator fins, which induce longitudinal vortices, have
shown particular promise. Curved delta- winglet generators placed
near tubes result in significant heat transfer enhancement in laminar
flow, while larger winglets are better suited for higher Reynolds
numbers [3]. Punched hole longitudinal vortex generators can boost
average convective coefficients by up to 28%, with minimal
pressure drop increase [4]. Optimization studies using genetic
algorithms and response surface methods reveal that tube pitch
ratios and fin pitch strongly affect performance, with winglet
dimensions exerting secondary influence [5]. Multi- objective
optimizations further demonstrate that winglet roll angles can
significantly reduce pressure drop without compromising vortex
strength [6].

Simpler fin enhancements also result in substantial
improvements. Numerical analyses of wavy and corrugated fins
paired with elliptical tubes report Nusselt- number increases up to
20% and friction factor reduces by nearly 19% relative to plain
designs [7]. Dimpled fins can raise heat transfer by about 30%, but
with a higher pressure drop cost [8].

Slotted fins constitute another effective strategy. Numerical
studies identify “front sparse, rear dense” slot arrangements that
enhance convective performance by up to 86% compared to plain
fins [9, 10]. Experimental investigations confirm that slot geometry
must be tailored to flow conditions: X- type, arc- type and
butterfly- type layouts each optimize the Nusselt- number-
friction- factor trade- off under specific mass- flow rates [11].

In this paper, a numerical study on how the tube ellipticity ratio
affects air-side heat transfer and pressure drop in slotted fin and
tube heat exchangers has been performed. The thermal performance
has been assessed by comparing Nusselt numbers for a slotted fin
and round tube heat exchanger and multiple slotted fin and elliptical

tube heat exchangers. This analysis offers guidelines for selecting
the favorable tube ellipticity ratio for the described slotted fin and
tube heat exchangers in order to enhance their thermal performance.

2. Physical problem, mathematical model and
numerical solving

The numerical study examined air-side flow and heat transfer
within a slotted fin and tube heat exchangers. Both round and
elliptical tubes are considered. The purpose behind considering
slotted fin and elliptical tube heat exchangers lies within the ability
of the slots and elliptical tubes to potentially improve heat transfer
while not increasing the air-side pressure drop. Figure 1 shows the
baseline physical model of a slotted fin-and-tube heat exchanger.
Air flows around the tubes, passes through the channels formed
between the fins and tubes, and also moves through the slotted
passages. The tubes are arranged in a staggered configuration. The
fin pitch was set to 3 mm, with a fin thickness of 0.3 mm and a slot
height of 1.5 mm.

Four different tube ellipticity ratios were considered: 7.5/7.5,
(round tube), 8/7.1, 9/6.54 and 9.5/6.4 mm. The lengths of the
ellipse’s semi-axes were chosen such that the equivalent diameter of
the tube in the finned heat exchanger matched the diameter of the
tube in the reference heat exchanger with round tubes. Both the
water and tubes subdomains were excluded from the model, based
on the assumption that their temperatures remain nearly constant
over the selected domain; accordingly, a constant temperature
boundary condition was applied to the outer wall of the tubes.
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Fig. 1 Isometric view of a slotted fin and tube unit with selected domain
and denoted subdomains.

YEAR XIX, ISSUE 8 , P.P. 276-279 (2025)



INTERNATIONAL SCIENTIFIC JOURNAL "MACHINES. TECHNOLOGIES. MATERIALS"

WEB ISSN 1314-507X; PRINT ISSN 1313-0226

The domain was selected in such a way so as to minimize the
computational cost since symmetry and geometric repetition allow
modeling only a half of each tube and a single fin. The
computational domain is divided into air and slotted fin subdomains
(also showed in Fig. 1).

A three- dimensional, steady- state conjugate heat- transfer
and airflow model was developed for the slotted fin- and- tube heat
exchanger. The airflow is treated as incompressible, laminar, and
governed by constant fluid properties, while heat transfer resistance
through the tube walls is neglected owing to the high thermal
capacity of the tube fluid. The computational domain is split into air
and slotted- fin subdomains; the air inlet zone extends 1.5 times the
fin length and the outlet zone 5 times the fin length to ensure proper
application of inlet and outlet boundary conditions (Fig. 1).

For the air subdomain, continuity and momentum equations
were applied. Continuity equation is the mass conservation
equation, while three momentum equations are the Navier-Stokes
equations. Finally, the energy equation is applied to both
subdomains. For the air subdomain, it is a convection-diffusion
equation for temperature, while for the slotted fin subdomain, it is a
diffusion equation for temperature, describing pure conduction.

Inlet and outlet conditions are imposed on the air: the inlet
specifies temperature (273 K for all cases) and velocity (ranging 1-4
m/s), while the outlet assumes fully developed flow (no downstream
gradients). The domain top and bottom surfaces are set to periodic
boundary condition and the walls representing tube outside surfaces
enforce a constant temperature of 373 K and no-slip boundary
condition (zero fluid velocity). At all air-slotted fin interfaces,
conductive heat transfer and no-slip conditions apply. All remaining
outer faces of the air subdomain and fin walls are set to symmetry
boundary conditions, reflecting identical flow and temperature
profiles across these boundaries.

The governing equations were discretized using the finite
volume method and solved in ANSYS Fluent [12]. Pressure-
velocity coupling employed the SIMPLE algorithm, while
convective fluxes were handled with the Power Law scheme.
Convergence thresholds were set at 10~ * for continuity, 10~ * for
momentum, and 10~ 7 for energy. Mesh independency study
compared Nusselt numbers from grids of 2447928, 3,597,508 and
4421165 cells, showing under 1% difference between the two finer
meshes. Balancing accuracy and run time, the 3597508- cell mesh
was selected for all simulations.

3. Experimental validation and numerical analysis
results

Validation of the model and numerical procedure was
performed by comparing Nusselt numbers and friction factors
obtained using the numerical results to those published in a study by
Li et al. [11] which were obtained using the results of the
experimental measurements. The comparisons are showed in Fig. 2.
From Fig. 2, it can be observed that values of both Nusselt numbers
and friction factors obtained numerically are in good agreement
with those available from the literature, thus indicating that the
proposed mathematical model and numerical procedure can be used
to accurately simulate air-side heat transfer and flow in slotted fin
and tube heat exchangers.

The effect of different tube ellipticity ratio on selected air flow
and heat transfer characteristics in slotted fin and tube heat
exchangers was examined by comparing four different
configurations with ellipticity ratio values of 7.5/7.5, (round tube),
8/7.1, 9/6.54 and 9.5/6.4 mm. All simulations used air inlet
temperature 293K, while considered air inlet velocities were 1, 2, 3
nad 4 m/s.

Performance metrics included graphical representations of the
air temperature contour distributions and velocity vectors, Nusselt
number and pressure drop across the heat exchanger unit.
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Fig. 2 Experimental validation.

Contours of the temperature distributions in the xy-plane located
at the slots mid-height cross-section are given in Fig. 2.
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Fig. 3 Temperature contours at the slots mid-height cross-section for
different tube geometries.

A certain similarity can be observed in the presented countours
of temperature distributions, which suggests that there is no
significant difference in the transferred heat fluxes and outlet air
temperatures among the analyzed fin and tube heat exchangers with
different tube cross-sectional geometries. Figure 4 shows the
velocity vectors in the slots mid-height cross-section for all
considered cases of different tube cross-sectional geometries of the
finned heat exchanger.
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Fig. 4 Velocity vectors at the slots mid-height cross-section for different
tube geometries.

The results presented in Fig. 4 suggest that slightly higher flow
velocities occur in cases of tubes with lower ellipticity ratios, that
is, the highest flow velocity is achieved in the base-line heat
exchanger with round tubes. This can be explained with the fact that
the narrowest cross-sectional area is the smallest in the case of
round tubes and the largest in the case of tubes with the highest
ellipticity ratio.

Dependences of the Nusselt number on the Reynolds number
for three different combinations of semi-axis dimensions of
elliptical cross-section tubes, as well as for the reference heat
exchanger with round tubes are showed in Fig. 5.
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Fig. 5 Comparison of Nusselt numbers for different Reynolds numbers
and the tube ellipticity ratio.
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As can be seen from Fig. 5, the shape of the tube has a
negligible effect on the Nusselt number, which corresponds to the
results presented in Fig. 3. The interpolation curves showing the
dependence of the Nusselt number on the ellipticity ratio of the tube
cross-section in the heat exchanger in Fig. 5 almost overlap.

Fig. 6 shows the air pressure drop due to flow through the heat
exchanger.

140
120
100

80

Ap [Pa]

60
40
20
0 1 2 3
Win [m/s]

round tubes
elliptic (9/6.54)

—eo—elliptic (8/7.1)
elliptic (9.5/6.4)

Fig. 6 Comparison of pressure drops across the heat exchanger unit for
different inlet velocities and the tube ellipticity ratio.

It can be observed that at lower air velocities, the difference in
pressure drops is negligible, while the greatest difference occurs at
the highest inlet air velocity, specifically between the heat
exchanger with tubes of circular cross-section and the one with
tubes of elliptical cross-section with the highest aspect ratio (the
ratio between the two semi-axes of the ellipse).

Although numerical simulations have shown that, from a
thermodynamic perspective, the shape of the tube's cross-section
has no significant impact under the observed operating conditions,
from the standpoint of pressure drop, tubes with an elliptical cross-
section and a higher aspect ratio will cause a smaller air pressure
drop due to the airflow through the heat exchanger.

Heat exchangers with elliptical tube cross-sections achieve a
slightly lower heat transfer rate, but they cause up to 20% lower
pressure drops at higher air velocities compared to heat exchangers
with circular tube cross-sections.

4. Conclusion

In this study, the impact of tube ellipticity on air- side thermal
and hydraulic performance in slotted fin- and- tube heat
exchangers were systematically evaluated via steady- state, 3D
CFD simulations. Selected thermal and flow criteria were compared
for four fin and slotted tube heat exchangers with different
ellipticity ratios, from perfectly round tubes (7.5/7.5 mm) to highly
elliptical (9.5/6.4 mm) tubes. The comparison has been made at
Reynolds numbers 500 to 2300 corresponding to inlet velocities of
1 to 4 m/s. Validation against experimental data confirmed that the
numerical approach accurately predicts both Nusselt numbers and
friction factors. Results show that, across all flow rates, tube shape
exerts a negligible influence on convective heat transfer:
Nusselt- versus- Reynolds curves for round and elliptical tubes
collapse onto nearly identical trends. In contrast, tube ellipticity
significantly affects pressure drop; at high velocities, elliptical tubes
with larger aspect ratios reduce the air- side pressure drop by up to
20% compared to round tubes, due to their increased flow passage
area. These findings indicate that replacing circular tubes with

YEAR XIX, ISSUE 8 , P.P. 276-279 (2025)



INTERNATIONAL SCIENTIFIC JOURNAL "MACHINES. TECHNOLOGIES. MATERIALS"

WEB ISSN 1314-507X; PRINT ISSN 1313-0226

appropriately sized ellipses can achieve the same thermal
performance while lowering pressure drops and ultimately
contribute to reducing energy consumption and increasing energy
efficiency of such devices. Finally, it can be concluded that
influencing tube ellipticity is a straightforward means to improve
hydraulic efficiency without compromising heat transfer rates.
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