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Abstract:

Background and objectives: The backdrop to this research is the need to adopt
innovative facade systems—particularly open joint ventilated facades—
to optimize energy consumption in buildings. International studies,
especially those conducted in Mediterranean climates, have widely
confirmed the effectiveness of these facade systems in reducing thermal
loads and enhancing natural ventilation. However, in Iran—particularly in
hot and dry climates—related studies have been limited and inadequate.
The main objective of this study is to investigate the impact of three key
parameters: the percentage of ventilated facade coverage, the air cavity
thickness between the two skins, and the installation height of the facade
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on airflow, interior surface temperature, and energy consumption in office
buildings located in Isfahan. Based on numerical simulation and sensitivity
analysis, this research aims to provide an optimised model for designing
double-skin facades adapted to Iran’s climatic conditions.

Materials and Methods: The study follows a quantitative and applied approach
using numerical simulation to analyse the thermal performance and airflow
behaviours of an open joint ventilated facade in an office building located in
the hot and dry climate of Isfahan. For this purpose, ANSYS Fluent was used
for Computational Fluid Dynamics (CFD) analysis, and Designbuilder was used
to evaluate seasonal energy consumption. The base model consisted of an
8-story building with a south-facing facade covered with modular ceramic
panels featuring open joints. Six facade coverage ratios (0%, 20%, 40%, 60%,
80%, and 100%), two cavity thicknesses (4 and 6 cm), and three vertical
installation levels (ground floor, fourth floor, and eighth floor) were defined
and analysed. Simulations were performed for two key timeframes: summer
solstice (June 21) and winter solstice (December 21). Through sensitivity
analysis, the individual impact of each independent variable on dependent
parameters—such as air velocity, interior surface temperature, heat flux, and
overall energy consumption—was thoroughly evaluated.

Results and conclusion: The findings revealed that open joint ventilated facades,
when optimally designed, significantly improve thermal performance and
reduce energy consumption in office buildings in hot and dry climates like
Isfahan. In the optimal case—60% to 80% facade coverage, 6 cm cavity
thickness, and installation at the fourth floor—air velocity fell within the
ideal range for natural ventilation, and the interior surface temperature was
noticeably reduced. Heat flux in summer decreased by more than 50%, and
energy consumption was reduced by up to 46% in summer and 50% in winter,
compared to a standard single-skin facade. Sensitivity analysis indicated that
installation height, coverage ratio, and cavity thickness were, respectively,
the most influential variables. It was also found that excessive height or
cavity thickness could negatively affect airflow and increase energy demand.
Based on these results, the use of open joint ventilated fagades is strongly
recommended, especially for government and office buildings in hot Iranian
climates.
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