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Abstract. Wavy air fins are used in the construction of aluminum
compact heat exchangers which are used in thermal equipment for
agriculture, construction, and industrial applications. Since
atmospheric air convective heat transfer coefficient is among the
lowest of all fluids, there is a special interest in the optimizing of
the geometry for this type of heat exchangers. One of the biggest
challenges in designing cooling solutions for agriculture
applications is the clogging effect on the performances of the heat
exchangers. Clogging leads to a critical performance reduction of
the compact heat exchanger used for these types of applications.
This specific study, which was conducted in RAAL S.A company
in collaboration with the University “Politehnica” of Timisoara”,
checks the influence of the wavy air fin amplitude on the thermal
and hydraulic performances and tries to find an optimum solution
suitable for these specific projects. So, starting from the standard
existing amplitude, different amplitude values were studied
analytically. The analytical studies were further confirmed by real
life measurements. The scope of the study was to find an optimal
value for the amplitude that can further improve the overall
performance of the aluminum compact heat exchangers and reduce
the clogging effect.

1 Introduction

Wavy air fins such as the one from Fig. 1, are the most commonly means of extending
the heat transfer surfaces in aluminum compact heat exchangers cooled by air. The wavy
fin has also the role of intensifying the heat rejection by breaking the thermal boundary

* Corresponding author septimiu.albetel@raal.ro

© The Authors, published by EDP Sciences. This is an open access article distributed under the terms of the Creative Commons
Attribution License 4.0 (http://creativecommons.org/licenses/by/4.0/).



E3S Web of Conferences 180, 01006 (2020) https://doi.org/10.1051/e3sconf/202018001006
TE-RE-RD 2020

layer inducing turbulence and a better mixing of the air through the heat exchanger. Due to
its resistance to damage and its lower degree of clogging than other types of extended
surfaces, such as louvered fins, this type of fin is used almost exclusively in the
construction of compact heat exchangers which are used in thermal equipment for
agriculture, construction, and industrial applications.

Fig. 1. Wavy fin isometric view

The above stated facts taken in conjunction with the fact that the atmospheric air
convective heat transfer coefficient is among the lowest of all fluids, the wavy fin was
studied since 1950 when Kays and London [1] have presented thermal and hydraulic
performance charts for 3 variations of this wavy fin, without presenting analytical
equations. Later, Beng and MPhil [2] have presented experimental and analytical data for 3
types similar with those of Kays and London. There have been papers presenting numerical
investigation of the lateral vortexes in the low Reynolds Number domain [10 < Re <1000]
such as Zhang et. al. [3], and Metwally et. al. [4]. A variation of the wavy fin was
numerically studied by Wang and Chen [5] as a convergent divergent way channel for
Re<700 and reached the conclusion that the greatest influence in heat transfer increase is
due to the first wave the rest of the waves having only a marginal influence. Gadeck [6]
studied corugated channels on a much larger Reynolds numbers (0< Re < 7500) containing
all the flow regimes from laminar to turbulent, he then comparred the results with the flow
between two plates and reach the conclusion that the corrugated chanels transfers the heat 2
times better. In his paper Ismail [7] numerically studied the wavy and offset fins and
proposed criterial relations for £, and j. Dong in his papers [8]-[10] studied the effect of
pitch, height and thickness of the wavy fin experimentally and numerically. In recent years
there are several papers that have sumarizes and generalizes the criterial relations obtained
on the wavy fin from these the one of the Aliabadi et. al. [11] which compares different
relations using different fluids, Gum [12] studied a variation of wavy fin by creating cross
cuts. Xiao [13] studied the performances of the wavy fin in evaporative cooling conditions,
and the one of the Qasem et. al. [14] which generalizes the criterial relations of the
performances for the wavy fin found in the literature.

The wavy fin presented in Fig. 1 is different from the rest of the wavy fins from the
presented literature by having a straight section at the inlet and outlet of the passage. This
straight section was introduced to reduce the pressure drop of this kind of fin. Studies on
this specific type of fin can be found in [15], [16] which study the height and the straight
section influence on the wavy fin performances.

Even if this kind of fin has a lower clogging factor this is still one of the biggest
challenges in designing cooling solutions for agriculture applications. Clogging leads to a
critical performance reduction of the compact heat exchanger used for these types of
applications.
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This paper presents a numerical study of the influence of the wavy air fin amplitude on
the thermal and hydraulic performances of a coolant to air compact heat exchanger. The
numerical data is validated using experimental data from a production cooler.

2 Experimental Setup

The thermal and hydraulic test bench used for this study can be seen in Fig. 2. It can
make acquisitions for different types of fluids (air, water, and oil) in different working
conditions.

Fig. 2. Thermal and hydraulic performance test bench at RAAL S. A.

The main components of this test bench, see Fig. 3, are the wind tunnel, the fluid loop,
and the tested sample.
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Fig. 3. Test bench functional sketch

The cooling air data is obtained using K-thermocouples, barometric pressure and
relative humidity sensors each having an accuracy of 0.2 % of the entire measurement
domain and thermocouples for relative humidity [15]. The exit temperature is measured
using a mesh of 10 K—thermocouples to evaluate the non-uniformity of the air temperature.
All the used thermocouples are pre-calibrated with an accuracy of 0.1 [°C]. The air flow is
measured by means of pressure differential device, i.e. orifice plate, in conformity with EN
ISO 5167-2 [17].
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Fig. 4. Wavy fin dimensions.

For the validation of the numerical study, a test was performed on a sample water cooler
that was built using a 9 mm fin height, 8 mm fin pitch and a 1.7 mm fin amplitude, as in
Fig. 4. The measurements were made using as hot fluid 100% pure water at an inlet
temperature of 88 °C with a maximum deviation of £2 [°C].For the cooling air flow the
measured inlet temperature was 20 [°C] with a maximum deviation of £2 [°C]. The cooling
air frontal area speed ranged from 7 [m/s] up to 13 [m/s].

In order to make the experimental data independent of the test conditions we used the
well-known e-NTU methodology [18] to express the performances of the heat exchanger in
Nusselt number versus Reynolds Number, see Fig. 5, also the hydraulic performances are
express a friction coefficient as defined by Kays and London [1]
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Fig. 5. Experimental dimensionless data. a. Nusselt vs Reynolds, b. friction vs Reynolds

3 Numerical simulation

The numerical simulations were done using the SolidWorks Flow Simulation package
[19] which has a Cartesian grid system and a proprietary k-e turbulence model
implemented. Firstly, the wavy fin was simplified to reduce the computational time. For the
simulation was used only a single fin as in the Fig 5 where we used the periodic boundary
condition on the z axis. The water temperature was simulated by imposing a constant
temperature on the top and bottom walls. The simulation domain was extended at the inlet
and outlet of the fin to accommodate with the simulation software’s constrains. At the inlet
boundary a constant speed and temperature is applied, and at the exit boundary a constant

pressure is applied.
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Fig. 6 Simulation domain and boundary conditions

Validation of the numerical model was done in two steps:

Firstly, we had to achieve a mesh for which the results are independent of the
discretization. For this we ran the simulations with 4 different meshes discretization.

To assess the mesh convergence, we used 3 physical quantities (pressure difference,
temperature difference, and relative difference of the mass flow) plotted against the cell
count in Fig 6. As can be seen from the Fig. 7, the mesh with approximately 2 x 10° cells
is a good mesh because by doubling the number of the cells for the next mesh we see only a
4% difference in the results, also for this mesh the mass flow error is around 1%
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Fig. 7. Mesh independence

To compare the simulation performances, we must transform the data obtained from
simulation into dimensionless quantities. As we considered the wall temperature to be
constant, we can use logarithmic temperature difference to calculate the Nusselt using the
equations below:

T t
ATy = ——r—#(1)
ln w m
(re=7)

where T;, and T, are the inlet and outlet temperatures, T, is the wall temperature.
The heat rejection can be calculated as:
sz%ME%AAmm$M=A£

#(2)
min

From equation (2) we can find the overall heat transfer coefficient kA which can be
written in the form of a thermal resistance as follows:
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1
H = Reony + Reona
conv = a-n-A #(3)
o)

Reona = 1 A,

Because we have imposed a constant temperature T,,= 88.4 °C we can consider that =0
which in equation (3) results that R.,,; = 0 and we arrive at the final form in the equation

(4) below:

1—R = ! #(4
kA~ Reow =307 (4)

Considering the fin efficiency () as 1 we can calculate Nusselt number with the
equation (5) as follows:

a - Dh _ Q Dh
Agir A-ATmn Aair

Calculation of the friction coefficient is straight forward and can be calculated form the
equation (6) [1] directly:

Nu =

#(5)

With these quantities defined we can make a comparison of the simulation with the
experimental results. As we can see form the Fig. 8 the difference in thermal performance
(Nusselt) is around = 11 % which it is considered an acceptable deviation. For the friction
coefficient the deviation is greater reaching -20%, but this can be accounted if we consider
that the simulations were done without considering the roughness of the material, and also
because in reality the fins are not perfect which may induce higher pressure drop.
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Fig. 8. Comparison of the simulation results with experimental results. a. Nusselt comparison, b.
friction comparison

4 Results and discussions

For the current analysis 3 amplitude values (A) were chosen with the results presented in
the form of Colburn number (j) and friction coefficient (f) in Fig. 9.
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Fig. 9 Colburn and friction coefficient

The Colburn number rises with the amplitude, but we can see that for values of A=1.5,
and A=1.9 the difference is small. As a first conclusion that can be drawn is that increasing
the amplitude gives us diminishing returns. If we analyze the Fig. 9b, we can see that the
friction coefficient has a similar dependency of the amplitude, it rises with the amplitude.
To assess the overall performance of the wavy fin we must use another factor which is a
combination of the two factors from the Fig. 9. In [20] it is defined a factor called JF which
takes into consideration the ratio of the Colburn number and friction coefficient based on a
reference performance value, as in equation (7)

i 1£1/3
]F._lff;__#(7)

=T A3
Jrlty
In Fig. 10 we can see that as the amplitude of the wavy fin increases the JF factor drops.
Since we had experimental values for the A=1.7 wavy fin we had choose this wavy fin as a
reference.

— A=1.2
1.08 4 — A=1.5
— A=1.7
1.06 4 — A=1.8

1500 2000 2500 3000 3500 4000 4500

Fig. 10. JF factor comparison

The JF factor is a factor of type the “higher the better” that means that a higher value results
in better performances. So, comparing the performances at different amplitudes A and at
the same Reynolds number or speed — since the flow section doesn’t change — it results that
for the tested amplitudes the lower the amplitude the greater overall performances for the
fin.

Considering that a heat exchanger in the real applications uses a fan to drive the
cooling air through it, a higher value of JF at the same Reynolds number means that there is
a reserve in pressure drop and in reality the heat exchanger will work with more air and also
the heat rejection will be higher.

Having lower amplitude is good also from the clogging point of view because the
passage is easier to traverse by the solid particles in the air. This translates in a longer
service of the heat exchanger before cleaning maintenance is needed.
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As a future work there arises the need to investigate other amplitudes to see at which
amplitude we find an optimum.
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