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Abstract

A large share of the energy consumed in buildings is devoted to air conditioning.
Evaporative cooling systems, due to their environmental compatibility and lower
energy consumption compared to the vapor-compression ones, are more widely
accepted. The main source of energy consumption in evaporative coolers is the forced
passage of air through wetted materials, which causes a significant pressure drop. In
this study, to address this challenge and reduce the energy consumption of evaporative
coolers, an innovative design with wetted surfaces was proposed, in which air flows
parallel to the wetted surface instead of passing through it. To evaluate the proposed
method, a laboratory prototype was constructed. Mathematical models predicting the
effects of ambient temperature and airflow velocity on the performance indices of the
cooler were developed using nonlinear multiple regression, based on experimental data
obtained from field tests. Field experiments were conducted within an ambient
temperature range of 15-32 °C and airflow velocities between 1-3 m/s. For validation
of the obtained models, additional experiments under different conditions were
performed, and the experimental results were compared with model predictions using
statistical indices of coefficient of determination (R?>) and root mean square error
(RMSE). The results showed that both ambient temperature and airflow velocity affect
performance indices through quadratic relationships. Cooling capacity improved with
increasing ambient temperature up to about 25 °C, after which it declined. The
maximum cooling capacity and effectiveness values were 1.7 kW and 0.5, respectively,
observed at an ambient temperature of 23.5 °C and airflow velocity of about 3 m/s.
Evaluation of the developed mathematical equations (R* > 0.98 and RMSE < 0.00532)
revealed that the models accurately predicted the measured data.

Keywords

Cooling Capacity
Nonlinear Regression
Air Velocity

Evaporation Rate

Received: 29.11.2025
Revised: 04.01.2026
Accepted: 22.04.2026

“Corresponding Author
Hamid Mortezapour

Email
hmortezapour@bugaen.ac.ir

1- Introduction

Today, due to the development of societies, growth
and improvement of the quality of human life,
energy consumption has increased, which has an
indirect impact on the environment. In the past
decades, most of the energy used by humans was
provided by fossil fuels, and they are still the main
source of energy used. These fuels, due to the
production of environmental pollutants, have a
long-term detrimental effect on the environment and

on the quality of human life. Electricity is the most
important energy used in residential, commercial
and industrial buildings, and currently, fossil fuels
are the main sources of energy supply for power
generation plants.

Air conditioning in buildings accounts for a large
share of electricity consumption, accounting for
about 50% of the total energy consumption in
buildings and the energy of buildings accounts for
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about 40% of global energy needs [1]. In Iran,
energy consumption in residential and commercial
buildings accounts for 40 percent of the country's
energy consumption. According to statistics, the
amount of energy consumed in these sectors
increases by about 1.6 percent annually [2].

In conventional evaporative cooling systems in Iran,
there is a need to robust blowers for producing high
air pressure to pass through the wetted material.
Such blowers need a lot of energy. In the present
study, to overcome this limitation and reduce the
blower energy consumption in conventional
evaporative cooling, an evaporative cooling system
with wetted surfaces, in which air moves parallel to
the surface of the wet material instead of passing
through it, is proposed. The purpose of this research
is to investigate the performance of the proposed
evaporative cooler with wet surfaces.

2- Research Methods

This article, a laboratory prototype of the suggested
cooler was constructed and the effect of ambient
temperature and air velocity on its performance
indicators, including cooling capacity and
efficiency, was experimentally investigated. In
order to provide a proper insight into the
performance of the proposed system, under
different working conditions, a mathematical
relationship, that describes the effect of ambient air
temperature and air velocity on the cooler
performance indicators, was extracted using the
nonlinear multivariate regression method based on
the experimental data. Then, in order to evaluate the
model, a number of experiments were conducted
under different conditions of ambient temperature
and air velocity.

3- Results

In this research, Figure 1 shows that the cooling
capacity increases continuously with increasing air
velocity in the range of 1-3 m/s. This can be
attributed to the increase in the evaporation rate of
water in the cooler with increasing velocity and
consequently its convective heat transfer coefficient
[3]. According to Figure 2, it can be seen that, in
general, the trend of cooling efficiency change due

to ambient temperature and air velocity was similar
to that of cooling capacity. This finding is
reasonable since the main reason for the variation in
both cooling capacity and efficiency is the rate of air
temperature drop in the cooler. Based on
experimental observations, the highest cooling
efficiency was about 0.5, which was achieved with
an air velocity of about 3 m/s and an ambient
temperature of about 23.5 °C. According to the
mathematical equation obtained to describe the
performance indicators of the cooler and its
statistical validation criteria, it can be seen that both
cooling capacity and efficiency have a quadratic
relationship with speed and ambient temperature.

Cooling load (kW)

Air velocity( m/s)

Ambient temperature(°C)

Effectiveness(decimal)

Air velocity(m/s)

I
15 184 218 252 286 32

Ambient temperature(°C)

Figure 1: The effect of ambient temperature and air velocity on
cooling capacity
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4- Conclusion

Based on the findings of this research, the both
ambient temperature and air velocity affect the
performance indices with quadratic relationships.
The results showed that both ambient temperature
and air velocity affect the performance indicators
with quadratic relationships. The cooling capacity
improves with increasing ambient temperature up to
about 25°C and then decreases. . the highest cooling
load within the experiments was around 1.7kW
observed at the temperature of 23.5 °C with a
velocity more than 3m/s. at such conditions, an
effectiveness of 3.4 was achieved. Evaluation of the
developed mathematical equations (R? > 0.98 and
RMSE < 0.00532) revealed that the equations
predicted the measured data accurately.
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