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Thermodynamic Modeling and Analysis of Key Parameters Affecting the Performance
and Water Consumption of Direct Evaporative Coolers Using Design of Experiments and

Full Factorial Design Approach
Nader Rahbar!*, Hadi KargarSharifAbad?, Ahad Abedini Esfahlani®
! Assoc. Prof ., Department of Mechanical Engineering, Se.C., Islamic Azad University, Semnan, Iran.
2 Assoc. Prof., Department of Mechanical Engineering, Qo. C., Islamic Azad University, Qom, Iran.
3 Assist. Prof ., Department of Mechanical Engineering, Se.C., Islamic Azad University, Semnan, Iran.

Abstract

This study investigates the performance of direct evaporative coolers using thermodynamic modeling and a
design of experiments (DOE) approach. The developed model was validated with experimental data,
achieving average errors of 1.9% for outlet air temperature and 7% for water consumption. A full factorial
DOE was used to evaluate the effects of key operating parameters. Results show that inlet air flow rate and
saturation efficiency have the greatest influence on water consumption. Increasing saturation efficiency
from 40% to 90% raises water use by 130%, demonstrating the trade-off between cooling performance and
water demand. Two simplified regression models were developed to estimate cooling capacity and water
consumption. These models were applied to calculate the annual water use of a standard 7,000 CFM
evaporative cooler operating at 70% efficiency in nine Iranian cities. Annual water consumption ranged
from 58 m? in Tabriz to 194 m?® in Yazd, highlighting the strong influence of climate on system performance.
The findings support optimized cooler design and selection, improved water management, sustainable urban
planning, revisions to Iran’s National Building Code (Article 19), and the development of efficient cooling
systems for hot and arid regions.

Keywords: Evaporative cooler; Design of experiments; Full factorial design; Cooling capacity; Water
consumption, Thermodynamic modeling.
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! Evaporative air conditioning (EAC)
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¢ Indirect evaporative cooling energy recovery system
7 Two-level factorial design
§ Orthogonal test method
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! Design of experiments (DOE)

2 Factorial design

3 Semi-indirect evaporative cooler (SIEC)
* Full factorial design

5 ANOVA analysis
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! Response surface method
2 Airwasher
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Normal Plot of the Standardized Effects
(response is Qs, a = 0.15)
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Pareto Chart of the Standardized Effects
(response is Qs, a = 0.15)
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