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Abstract

Wet cooling towers are important components in many industrial and power plant
systems. Packings are the main part of heat and mass transfer in these equipment’s,
and optimizing their performance has always been of interest to researchers. In this
study, the effect of nanofluid flow rate on the thermal performance of two different
types of packing, including film and splash packing, in a wet cooling tower was
experimentally investigated. For this purpose, a laboratory model of a cooling tower
with the ability to replace the packing and accurately control the operating conditions
was designed and built. The working fluid in this study was a water-based nanofluid
containing iron oxide nanoparticles, which was used at different flow rates due to its
favorable thermal properties. The results obtained showed that by reducing the
nanofluid flow rate, the thermal performance of the tower increased in both types of
packing, but the performance of splash packing was better than that of film packing.
The cooling range, efficiency and performance characteristics of splash packing were
14.7%, 9.9% and 32% more optimal than the film type, respectively. The
improvement in splash packing performance is mainly attributed to the increase in
the fluid-air contact area and the creation of more turbulence in the flow. This
research shows that the appropriate choice of packing type can lead to an increase in
the thermal efficiency of wet cooling towers and play an effective role in their optimal
design.
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1- Introduction

Wet cooling towers, as one of the key components
in heat transfer and industrial air-conditioning
systems, play a vital role in dissipating excess heat
from industrial processes, power plants, and HVAC
systems. Among their internal components, the
packing materials are of particular importance since
their performance has a direct impact on the thermal
efficiency of the tower. Packings enhance heat and
mass transfer by increasing the contact surface
between the cooling fluid and the airflow.

Packings are generally made of thin sheets arranged
with small spacing and are categorized into two
main types: film packings and splash packings [1].
Splash packings are designed to maximize contact
area and prolong water-air interaction by breaking
the water stream into fine droplets through its
impact on horizontal or inclined bars. In contrast, in
film packings, water flows as a thin film over
vertical sheets, and heat transfer mainly occurs
through surface evaporation of this film [2].
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Zhao et al. compared the cooling performance of six
types of film packings. Their results indicated that
small parallel grooves altered the cooling efficiency
and performance of the packings, while cross
grooves significantly reduced their effectiveness.
Overall, the optimized packings increased cooling
capacity by 3.8% to 12.2% [3]. In an experimental
study, Rahmati et al. investigated the effects of hot
water temperature, water flow rate, inlet air flow
rate, and the number of packing layers on the
cooling tower performance. The findings showed
that efficiency is directly related to hot water
temperature, the number of packing layers, and air
mass flow rate, while it decreases with increasing
water flow rate [4].

Similarly, S. Mohammad studied the influence of
operating parameters such as packing type, water
and air flow rate, and hot water inlet temperature.
The results revealed that tower performance
improves with higher airflow and inlet water
temperature, but decreases with increasing water
flow rate. In addition, denser packing arrangements
enhanced cooling capability [5].

In another study, Imani Monfared et al.
experimentally examined the effect of six different
packing types on the thermal performance of a wet
cooling tower using ZnO/water nanofluid. Their
findings demonstrated that the use of metallic mesh
packing improved the thermal characteristics of the
tower when employing ZnO/water nanofluid [6].

Overall, existing evidence indicates that the thermal
performance of packings strongly depends on
parameters such as material, geometry, water and
air flow rates, inlet temperature, and environmental
conditions [7].

The aim of the present research is to investigate the
thermal performance of two common types of
packings—splash and film—in a wet cooling tower
under various fluid flow conditions. For this
purpose, an iron oxide/water nanofluid is employed
as the working fluid, allowing for a precise
comparison of the thermal performance of both
packing types under identical conditions.

2- Research Methods

2-1- Experimental setup

For the experimental tests, a laboratory forced-draft
wet cooling tower was designed and constructed.
The tower body was made of transparent
polycarbonate with a height of 1.2 m and a square
cross-section of 25 x 25 cm, providing sufficient
strength while allowing direct observation of the
cooling process inside the tower. The detailed
specifications of the experimental setup are
presented in Table 1.

Table 1: Physical specifications of the laboratory cooling tower

Cooling tower specifications Amount(unit)

Tower dimensions 25x%25x120 (cm)
Packing dimensions 25%25%60 (cm)
Maximum nanofluid flow rate 6 (Lpm)
Maximum air flow rate 3/2 (Lpm)

The experiments were conducted under steady-state
thermal conditions at different fluid flow rates
ranging from 2 to 6 kg/min. For each packing type,
all tests were performed under identical
environmental conditions and repeated to ensure
reliable comparison of their thermal performance.
Figure 1 shows a picture of the laboratory cooling
tower.

Figure 1: Laboratory cooling tower
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2-2- Packing

In wet cooling towers, the heat and mass transfer
processes mainly occur within the packing section,
and the thermal resistance characteristics of the
packing directly influence the tower’s operational
efficiency [8]. In this study, two commonly used
packing types, film packing and splash packing,
were employed to evaluate their impact on the
tower’s thermal performance. The primary
objective was to compare the performance of these
two packings under identical operating conditions
and to assess their thermal efficiency at different
nanofluid flow rates. Figure 2 and Figure 3 show the
film and splash packaging.

Figure 3: Splash type packaging

3- Results

In this study, the thermal performance of two
different types of packings, film and splash, in a
forced-draft wet cooling tower was experimentally
investigated using an Fe:Os/water nanofluid. The
film packing was made of PVC, while the splash
packing was made of polypropylene. Due to
equipment availability, this difference in material
was unavoidable and was considered a limitation in

analyzing the results, as the packing material can
affect heat transfer characteristics.

The results showed that, as the nanofluid-to-air flow
rate ratio increased from 0.63 to 1.88, the outlet
water temperature increased for both packings due
to reduced contact time and lower heat transfer
efficiency at higher flow rates. On average, the
outlet temperature of the splash packing was
approximately 1.8% lower than that of the film
packing. For instance, at a ratio of 0.63, the outlet
temperatures were 23.56 °C for the splash packing
and 24.14 °C for the film packing, indicating more
effective heat removal in the splash configuration.

The cooling range (AT) decreased with increasing
flow rate for both packing types, but the splash
packing consistently provided a higher cooling
range. At a ratio of 0.63, AT for the splash packing
was 14.14 °C, compared to 12.86 °C for the film
packing, representing an improvement of about
9.9%. Although the difference became smaller at
higher flow rates, the splash packing maintained
better cooling performance across all tested
conditions.

In terms of thermal efficiency, the splash packing
also outperformed the film packing. At a ratio of
0.63, the thermal efficiency was 75% for splash
packing and 70% for film packing, meaning the
splash packing achieved approximately 14.7%
higher efficiency. As the flow rate increased to 1.88,
the efficiencies dropped to 59% and 57%,
respectively, but the splash packing maintained its
advantage, especially at lower flow rates, due to
enhanced droplet breakup and better nanofluid
mixing.

Similarly, the cooling tower performance
characteristic, which reflects the overall heat
transfer capability, was higher for splash packing
under all conditions. At a ratio of 0.63, this
parameter was 2.35 for splash packing and 1.78 for
film packing, showing an improvement of 32%.
Even at the highest tested ratio of 1.88, the splash
packing continued to perform better than the film

packing.
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Overall, the results demonstrate that the splash
packing consistently delivers superior thermal
performance compared to the film packing,
providing lower outlet water temperatures, higher
cooling ranges, greater thermal efficiency, and
improved overall heat transfer capacity, particularly
at lower flow rates.

4- Conclusion

This study experimentally investigated the thermal
performance of a forced-draft wet cooling tower
using two different packings: film packing and
splash packing. The experiments were carried out
under identical environmental conditions at various
flow rates of an FesOs/water nanofluid with a
concentration of 0.15%, and key parameters such as
outlet water temperature, cooling range, thermal
efficiency, and the tower performance characteristic
were evaluated.

The results showed that the splash packing
consistently outperformed the film packing. At a
flow rate ratio of 0.63, the cooling range of splash
packing was about 9.9% higher, the thermal
efficiency was 14.7% greater, and the performance
characteristic improved by 32% compared to the
film packing. Moreover, the outlet water
temperature with splash packing was approximately
4.2% lower, confirming its more effective heat
transfer capability.

Overall, it can be concluded that under similar
operating conditions, the use of splash packing not
only enhances system efficiency but also improves
the overall thermal performance of wet cooling
towers. These findings highlight splash packing as
an effective approach for the design and
optimization of industrial cooling towers.
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