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Objective: Iranian architecture has historically confronted various climatic challenges in
desert regions, often leading to innovative solutions. One such challenge is the increase in
temperature coupled with decreased relative humidity, particularly during the hottest days
of the year. A sustainable climatic solution for achieving thermal comfort and mitigating
harsh weather conditions in this region involves the integration of central courtyards and
basements. However, the lack of moisture in the air renders the mere construction of these
spaces insufficient for thermal comfort. To address this, pond spaces were incorporated
into the yard and, in some cases, into the cellar or basement to help lower temperature and
increase relative humidity.

Method: This study employs descriptive and analytical methods alongside library and
internet research. Additionally, simulation techniques were utilized to explore the impact
of the pond factor within the two spaces of the cellar and yard.

Results: The findings indicate that introducing a moisture source (pond) results in an
average temperature reduction of up to 3.5 degrees Celsius in the yard and up to 2.5
degrees Celsius in the basement compared to scenarios without a pond on the hottest day
of the year. Furthermore, the presence of a pond in the yard does not lead to significant
changes in the temperature and humidity levels of the basement, even with air circulation.
Conclusions: While the pond is essential for reducing the temperature of the yard itself
and cannot be omitted from the design of desert homes, its role in enhancing thermal
comfort within the cellar is particularly notable during peak heat hours. In the pond
scenario, the temperature difference compared to the outside reaches approximately 9
degrees Celsius, whereas the scenario without the pond yields a difference of about 5
degrees. This underscores the undeniable importance of the water pond and the associated
humidity in achieving thermal comfort.
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EXTENDED ABSTRACT

Introduction

In this century, the crisis of energy consumption and environmental issues have significantly
impacted various human activities. As a result, architectural design faces numerous challenges
in addressing these crises. This situation is particularly pronounced in hot and dry regions,
where high temperatures and low humidity exacerbate the difficulties. To tackle these
challenges, traditional Iranian architecture has provided innovative solutions, drawing from
centuries of experience in sustainable design to cope with harsh climatic conditions.
One of the creative strategies for achieving thermal comfort in native houses of hot and dry
regions in Iran is the utilization of basement spaces. Often, these basements are integrated
with water tanks to enhance thermal comfort. This space is known as "hozkhaneh” in
traditional Iranian architecture. In addition to the pool, a "pond" is typically created in the
central courtyard, serving to cool both the courtyard and the surrounding rooms by facilitating
air movement from the pond into the interiors. Furthermore, the incorporation of a window in
the upper section of the basement wall allows for additional air circulation. The two-way
connection between the wind deflector and both the room and basement leads to effective
ventilation and the generation of air drafts in two directions—through the window and the
wind deflector opening. Such configurations, featuring a pond in both the basement and
central courtyard, are optimal for ventilation (temperature and humidity conditioning)
(Saljoughinejad & Rashidi Sharifabad, 2015). Traditionally, the "pool” has played a crucial
role in these houses, often situated prominently in the courtyard or occasionally in the cellar.
However, the provision of such features has not always been feasible due to water scarcity in
these regions. Several experimental studies have explored methods for achieving thermal
comfort in hot and dry climates, revealing that various factors influence this quality within
interior spaces. One critical factor is the presence of humidity. Therefore, having a permanent
water source, such as a pond, can significantly contribute to thermal comfort. However, it is
essential to determine under which conditions the presence of water is most effective and to
what extent it influences thermal comfort. Accordingly, this research aims to compare and
analyze the differences in "temperature™ and "humidity" when the pond is situated in the yard
versus the basement. Four types of traditional buildings featuring a central courtyard and a
cellar were selected as case studies for this analysis: - Type 1. Water tank located in both the
yard and the cellar. - Type 2: Water tank located solely in the basement. - Type 3: Water tank
located only in the yard. - Type 4. No water basin present in either space. This research
intends to quantitatively measure the impact of water on thermal comfort through simulation.
For this purpose, the variables of "temperature” and "relative humidity” will be simulated
using Autodesk CFD software across all four identified scenarios. Hence, the primary
research question can be articulated as follows: "To what extent does the presence of water in
these spaces affect changes in temperature and relative humidity, ultimately influencing the
thermal comfort of the 'cellar' and 'yard' areas in houses situated in desert environments?"

Method

To address the research question, this study employs numerical simulation. The simulation
will be conducted in a hypothetical house modeled after the architectural patterns observed in
Yazd city, as described in the previous section. In this approach, constant dependent variables,
specifically "temperature™ and "relative humidity,” will be measured in both the basement and
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yard areas. To calculate the average temperature of these spaces, measurement points were
selected and highlighted in red in Figure 4, with diagonal connections made between them.
Each line comprises 100 points, strategically positioned to encompass areas where
temperature and humidity fluctuations may occur due to the presence of the pond. The
average temperature for each line was recorded, and the corresponding data for relative
humidity and temperature are presented in Table 4.

Sampling Procedures

The simulation utilized Autodesk CFD software to measure temperature conditions within a
closed environment. This software allows for the analysis of the thermal behavior of fluids in
a simulated sample through a CFD modeling approach. This method provides insights into the
passive behavior of building elements and aids in the design of ventilation systems and
optimal energy management in underground spaces (Porras-Amores et al., 2019). The
numerical results obtained under various pond placements—including both in the yard and
cellar (Type 1); exclusively in the cellar (Type 2); exclusively in the yard (Type 3); and none
(Type 4)—were compared to evaluate the impact of water on reducing temperature,
increasing relative humidity, and enhancing thermal performance in the specified conditions.
Sample Size, Power, and Precision

To improve the accuracy of temperature measurements and enhance the validity of the results,
data extracted from Table 3 was utilized, focusing on dry temperature readings at different
times. These readings were processed using the software, yielding results for 12 distinct hours
on the hottest day of the year, based on recorded average temperatures. The findings are
compiled in Tables 6 and 7. Comparisons were made by analyzing both numerical and
graphical results generated by AutoCAD CFD software. The research methodology is
descriptive and analytical.

Mixed Methods Research Validation

To validate the software, CFD simulation results were compared with experimental data
obtained from the research conducted by Carreto-Hernandez et al. (2024). This previous study
evaluated air temperature and relative humidity in a room equipped with a wind deflector
under two conditions: "with humidity factor" and "without humidity factor." The results
indicated an average temperature difference of approximately 3.4 degrees between the two
states (Carreto-Hernandez et al., 2024). The temperature difference observed in the current
study, approximately 3 degrees Celsius for the cellar with and without a water source, closely
aligns with the findings of Carreto-Hernandez et al., thereby confirming the accuracy of the
present study's data. Furthermore, to ensure more precise results and validate the software
settings, a comparison was made between the simulation data and the experimental results
reported by Carreto-Hernandez et al. (2024). This comparison revealed an average error of
9% between the experimental data and CFD results in both scenarios—presence and absence
of a water source—affirming the reliability of the software results in this research.
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Results

The data presented in Table 4 illustrates the average temperature and relative humidity of the
"cellar" and "yard" across all four specified conditions, as depicted in Figures 6 and 7. It is
noteworthy that in Type 4 (without a pond), both spaces reflect the same annual average
relative humidity. This is due to the absence of a moisture source (in this case, a water pond),
which the software does not include in its calculations. Based on the comparative analysis of
the average temperature and relative humidity data, the following insights can be drawn: -
Regarding average temperature, as shown in Figure 8, the most favorable temperature
conditions were observed in Type 1 (presence of a pond in both spaces). Here, the average
temperature recorded for the yard was 31.38 degrees Celsius, while that of the cellar was
24.79 degrees Celsius. - The numerical results presented in Table 5 indicate that in Type 3
(pond only in the yard), there is minimal variation in the temperature changes of the cellar.
This situation arises despite the influence of airflow, albeit very slight, which is noted in all
four conditions in both the yard and cellar as per the Velocity Magnitude section of Table 5.
Consequently, there are no significant effects on temperature reduction. Furthermore, when
the pond is solely in the basement, the temperature difference compared to the scenarios with
two ponds remains slight (less than 2 degrees Celsius).

Conclusions

This research, conducted as a simulation study, utilized quantitative data for description and
interpretation to investigate the impact of a water source in desert homes. Specifically, the
study examined the role of moisture as a type of disturbed particle in a two-phase, unstable
flow involving air and water particles, focusing on its efficacy in lowering temperature and
enhancing thermal comfort. This process was assessed through the analysis of particle flow
behavior and the tracking of its changes over time. The key findings can be summarized as
follows: - The pool serves as a humidity source, aiding in temperature reduction through
increased relative humidity. Its primary role, however, lies in fostering thermal comfort by
alleviating the adverse effects of dry air through the interaction of humidity and airflow
within the cellar and yard. - Airflow movement from the windward side, facilitated by
chimney conditions and suction modes, leads to the formation of micro-tornadoes in enclosed
spaces, contributing to cooling. When these micro-vortices interact with moisture droplets in
the dry air of hot regions, they further lower temperature and enhance thermal comfort.
Notably, this temperature reduction is more pronounced in areas surrounding the moisture
source (water pool). - Compared to other studies in this domain, it appears that there has been
no direct research focusing on these specific variables. However, various investigations have
explored the thermal effects of water or humidity in reducing ambient temperature through
water spraying systems across diverse applications, including educational, greenhouse, and
residential settings (Gorji Mahlabani et al., 2022; Ghoulem et al., 2020; M. Kassir, 2016).
This underscores that utilizing any moisture source in hot and dry environments not only
improves thermal comfort and achieves desired temperatures but also significantly enhances
the functional efficiency of the environment.
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2. Trapping temperature
3. Energy Plus
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4. ASHRE Standard 55-2004 using PMV
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5. https://climate.onebuilding.org/WMO_Region_2_Asia/IRN_Iran/index.html#IDYA_Yazd
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6. Boundary conditions
7. Mesh design
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9. The computational time and discretization errors
10. Grid-sensitivity analysis
11. Coarse grid
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12. Water Spray
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