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Open spaces are an integral part of buildings. One of the important
principles of open space design is to pay attention to thermal comfort to
improve the quality of space. In the meantime, educational buildings,
due to the use of numerous open spaces, require special attention to
achieve appropriate thermal conditions. An examination of common
university forms in Tehran shows that courtyard layouts are highly
prevalent, highlighting the importance of improving outdoor thermal
comfort in their central courtyards. This research examines the effect of
the dimensions of the courtyard on outdoor thermal comfort (with
constant area) with the UTCI index. Therefore, simulation and
optimization were done to find the best and worst dimensions in terms
of the average percentage of time that spaces are within outdoor
thermal comfort range, among 76 different dimensions of the yard with
afixed area. The algorithm is simulated and the percentage of time with
external thermal comfort with the UTCI index is examined by the
Ladybug plugin to determine the best dimensions and orientation in this
form by the Galapagos plugin. The results show that the best dimensions
of the courtyard are approximately 8.6x11.6m? which is a rectangular
form with north-south extension. The difference between the best and
the worst dimensions of the courtyard is 0.007°C and the difference in
the percentage of time with outdoor thermal comfort is 0.018%.
Therefore, by only changing the dimensions of the courtyard (other
variables such as area remain constant), a very slight improvement in
outdoor thermal comfort occurs inside the courtyard. Measurements
indicate that outdoor thermal comfort drops significantly from the north
to the south of the courtyard.
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EXTENDED ABSTRACT

Introduction

The central courtyard form is one of the most common and significant architectural
forms, particularly prevalent in the design of faculties in Tehran. Therefore, this study
examines the impact of changes in the dimensions and elongation of the central courtyard
on outdoor thermal comfort in the courtyard, using the Universal Thermal Climate Index
(UTCI). The aim is to determine the optimal dimensions that maximize the percentage of
time the outdoor space remains within the thermal comfort range and to analyze how the
courtyard’s dimensions and elongation affect outdoor thermal comfort. This research
specifically investigates the effect of central courtyard dimension changes on outdoor
thermal comfort, independent of surrounding context, usage, or other control variables,
while maintaining a fixed area within the climate of Tehran. The central courtyard form was
chosen because it is one of the most frequently used forms in faculty designs in Tehran.

Methodology

Given the research topic, the selected method for this study is simulation and
optimization. The study first collects and organizes initial data, including climatic and
geographic information, and examines the common forms of universities in Tehran. Next,
the selected common form is simulated, and the percentage of time the outdoor
environment achieves thermal comfort, according to the Universal Thermal Climate Index
(UTCI), is analyzed using the Ladybug plugin. Finally, the optimal dimensions and
orientation for this form are determined using the Galapagos plugin.

Data collection was carried out in two parts: climatic data and geographic data. Climatic
data were obtained in the form of an EPW file from the One Building website. The EPW file
corresponds to the meteorological station at Imam Khomeini Airportin Tehran and includes
wind speed, humidity, air temperature, and other climatic parameters. Geographic data
involved examining the height and form of faculty buildings, surrounding structures, and the
neighborhood context, which were obtained through aerial maps from Google Maps.
Additionally, some input parameters were based on the software’s recommended data. After
performing the simulations, the output data were collected for analysis. Data analysis was
conducted by comparing the output maps and generating charts using Microsoft Excel.

The base model for the study was derived from the faculties of universities in Tehran. For
this research, eight public universities in Tehran, comprising a total of 92 faculties with
diverse forms, were examined. In addition to the building form, the height and surrounding
context of these faculties were also analyzed. The 92 forms were then classified into eight
categories, and the frequency of each form type was calculated. These categories include I-,
L, E, C, T, +, rectangular, and central courtyard forms. Based on their frequency, the central
courtyard form was the third most common. Due to the specific characteristics of the central
courtyard form and the ability to control courtyard dimensions, this study focused on the
central courtyard form. A dedicated algorithm was used to generate 76 different courtyard
dimensions, allowing the investigation of how variations in courtyard dimensions, under
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fixed area and other constant conditions, affect the provision of optimal outdoor thermal
comfort.

Results and discussion

The results from the central courtyard outputs include analyses of the best and worst
dimensions for the courtyard, mean radiant temperature, hours of direct solar exposure,
and variations in outdoor thermal comfort at different locations within the courtyard. Using
Table 4, Figures 2 were plotted. As observed in these figures, the difference between the best
and worst courtyard dimensions in terms of outdoor thermal comfort is 0.007 °C, and the
difference in the percentage of comfortable space between the two forms is 0.018%. These
values indicate that, with a fixed courtyard form (rectangular), a fixed area (100 m?), and
building height, changing the dimensions does not significantly affect the thermal comfort
conditions of the central courtyard. Additionally, thermal stress in both forms is negative;
therefore, the better form is the one that increases the environmental comfort temperature.

Figure 5 illustrates the best and worst courtyard forms. As shown, the best form has a
larger south-facing side within the courtyard and a smaller difference between its length
and width, whereas the worst form is more elongated along the north-south axis, has a
greater difference between length and width, and a smaller south-facing surface area. The
difference in mean radiant temperature between these two courtyard forms is 0.026 °C.
Figure 6 shows that reducing elongation and increasing the northern side length leads to an
increase in mean radiant temperature. Figure 7 further demonstrates that the best form,
with a larger south-facing surface, receives 16 more hours of direct solar exposure
compared to the worst form.

Conclusion

The results indicate that the optimal dimensions for the central courtyard are
rectangular, measuring 8.6 x 11.63 m with a north-south elongation. The worst dimensions
are also rectangular but measure 5 x 20 m with a north-south elongation. The difference
between these two courtyard forms in terms of outdoor thermal comfort is 0.007 °C, and
the difference in the percentage of time the space remains within the thermal comfort range
is 0.018%. Consequently, with all other variables held constant and only the courtyard
dimensions changed (with a fixed area), the improvement in outdoor thermal comfort is
minimal.

Analysis of thermal stress in the courtyard shows that cold stress dominates the outdoor
environment. Therefore, reducing thermal stress requires increasing the outdoor thermal
comfort temperature. For this reason, the optimal form exhibits higher outdoor thermal
comfort, mean radiant temperature, and hours of direct solar exposure compared to the
worst form. Specifically, the best form, with a larger south-facing area within the courtyard,
has a mean radiant temperature 0.026 °C higher and receives 16 more hours of direct solar
radiation during the study period than the worst form. Measurements also indicate that
outdoor thermal comfort decreases significantly from north to south within the courtyard.

Observations of the forms and results suggest that, due to cold stress, the optimal form
has a larger south-facing side (resulting in higher mean radiant temperature and more
direct solar exposure) and a smaller difference between length and width, as well as reduced
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north-south elongation, helping to slow the decrease in outdoor thermal comfort from
north to south. In contrast, the worst form is more elongated along the north-south axis, has
alarger difference between length and width, and a smaller south-facing surface, leading to
reduced south-facing areas, increased shading, and lower outdoor thermal comfort.
Therefore, the optimal courtyard form has less elongation, a larger south-facing surface, and
a smaller length-to-width difference compared to the worst form to better retain heat and
increase solar exposure.
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