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Article History: : P ACKGROUND AND OBIJECTIVES: The central courtyard is one of the important
Received 2024/02/02 i WP architectural elements of traditional houses in hot and dry regions of Iran, which plays
Revised 2024/06/08 {a major role in organizing space, improving climatic conditions, and providing comfort
Accepted 2024/07/31 H

ito residents. The physical dimensions of this courtyard, especially its depth and height,
i are effective in temperature balance and natural ventilation, and have a great impact on
ithe surrounding air flow, especially in hot summers. Traditional Iranian architecture has
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Keywords: provided suitable solutions to deal with heat by using this element appropriately. However,
Natural Ventilation i scientific investigation of the appropriate dimensional ratios of the central courtyard is still
Central Courtyard i one of the research needs of Iranian architecture, especially in the contemporary period

Lariha House
Golshan House
Traditional House
Design Builder

when attention to indigenous patterns and new technologies has increased. The aim of
gthis research is to analyze the effect of the dimensions of the central courtyard, especially
{its depth and height, on natural ventilation in traditional houses in hot and dry regions of
ilran, and by simulating the houses of Lariha and Golshan in Yazd, it seeks to determine
i the optimal dimensions to improve the quality of ventilation and thermal comfort, and to
gapply these findings in modern architecture.
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ETHODS: This research is of a quantitative and qualitative type, and experimental,
: test, and case study strategies have been used to conduct it. The data collection
method includes library studies, observations, field observations, measurements,
fand simulations. Since the aim of the research is to investigate the improvement and
gperformance of natural ventilation of the central courtyard in traditional Iranian houses,
i the dimensions of the central courtyard were considered as the independent variable and
ithe air circulation pattern inside the courtyard as the dependent variable. The statistical
i population of this research includes houses with a central courtyard in Yazd and two houses
in Lariha and Golshan, Yazd, as study samples, which were also selected in a non-randomly
i targeted manner. Initially, field measurements of the dependent variable (airflow speed
i and direction) were taken as primary data and simulation validation was carried out over
Number of References ia 30-day period, 3 times a day (9 am - 12 noon and 3 pm) in August, using a 200kimo/v
%device. Then, the measured data and the 3D model of the case samples were simulated

67

i using Design Builder software with the aim of analyzing the air circulation pattern in the
icentral courtyard. Finally, the variable size of the height of the central courtyard was
& i measured through intervention in the simulations.

Number of Figures

{CINDINGS: The initial findings of this study indicate that the ventilation performance
30 :0 and air flow velocity in the central courtyard are very complex and are affected by
imany factors, but in order to simplify the study, only the effect of the courtyard height
iwas investigated. In this regard, the air flow velocity at different heights of the central
§courtyard, including an increase and decrease in height by 2 meters, was simulated and
icompared. The results indicate that in both the Golshan and Lariha houses, increasing
4 ithe height of the courtyard by 2 meters compared to the initial state causes a relative
Eincrease in the air flow velocity. For example, in the Golshan house, an increase in height
i of 2 meters increases the wind speed by about 9 to 20 percent, and in the Lariha house by
§about 11 percent. Similarly, a decrease in height by the same amount causes a significant
i decrease in the wind speed inside the courtyard. However, in the continuation of the study
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?and with a further increase in height (up to 4 and 6 meters), the trend of changes was
ireversed; that is, an excessive increase in height caused a sharp decrease in the air flow
i velocity in the central courtyard, and in some cases, the speed reached close to zero. In
gcontrast, a significant decrease in height (4 to 6 meters) also caused a significant increase
{in the average wind speed, approaching the speed of the outdoor air. Overall, these studies
{indicate a direct relationship between a moderate increase in courtyard height and air
i flow speed, but an excessive increase in height causes a significant decrease in ventilation
and efficiency of the central courtyard. This finding indicates that the ratio of the height of
i the central courtyard should be selected carefully and based on ventilation optimization in
i order to maintain optimal conditions of thermal comfort and natural ventilation efficiency
{in traditional spaces.

ONCLUSION: In traditional houses in the desert regions of Iran, the central courtyard
H plays a key role in improving ventilation and air conditioning. This study, using computer
i simulation using Design Builder software, investigated the effect of changing the height of
i the central courtyard on the speed and pattern of airflow in Golshan and Lari houses. The
i results of the study show that increasing the height of the courtyard to 2 meters increases
the speed of airflow in the courtyard space, and decreasing the height by the same amount
reduces the wind speed. However, with a further increase in height, i.e. to 4 or 6 meters,
i the speed of airflow decreases and the previous relationship is reversed; in other words,
itoo high a height causes a loss of ventilation. The results also indicate that an excessive
%decrease in the height of the courtyard also causes the height of the surrounding spaces
§to reach an impractical or unsuitable level for habitation, and side effects such as reduced
ishade and increased temperature in the courtyard are created. Based on these findings,
i the appropriate height for the central courtyard in order to achieve optimal ventilation in
%the Golshan house is 9 meters and in the Lari house is 11 meters.

{HIGHLIGHTS:

i~ Research method of a combined quantitative and qualitative type (experimental,
%simulation and research strategies) and modeling in Design Builder software.

i - Investigation of changes in the height of the central courtyard in the air circulation and
natural ventilation pattern.
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Table 4. Quantitative structure study of Golshan House

Space type Area Relative to the

(m?) entire building
(%)
Open space Main yard 293/41 13/58
Northeast 193/57 8/96
Courtyard
Small yard 58/88 2/73
Total 545/86 2527
Pure Closed Rooms 811/59 37/57
infrastr space (ground
ucture floor)
Gross Communic Hashti 15/19 0/7
infrastr ation Inputs 65 3
ucture spaces Corridors 345/71 19/72
Total 425/9 19/72
Area of ground floor rooms 376/65 17/44
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Fig. 1. Comparison of wind speed in field sampling
with simulation software from the current situation
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Table 1. Lariha House Design Pattern
Building orientation Northeast-Southwest
Textural continuity Dense

Internal plan divisions Closed plan and central

courtyard
How the buildi ies the land
ow the building occupies the lan @

b\\ =

7
Ll
-
Relationship between full and empty space Porch and corridor

Distribution of full and empty spaces

Table 2. Quantitative structure study of Lariha House

Space type Area Relative to the

(m?) entire building
(%)
Open space Main yard 472 84/19
Northeast 131/5 5/53
Courtyard
Small yard 27/72 17/1
Total 631/22 53/26
Pure Closed Rooms 78/891 49/37
infrastr space (ground
ucture floor)
Gross Communic Hashti 30/55 1/28
infrastr ation Inputs 28 18/1
ucture spaces Corridors 71/459 19.32
Total 26/518 21/78
Area of ground floor rooms 74/337 14/2
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Table 3. Golshan House Design Pattern
Building orientation Northeast-Southwest
Textural continuity Dense

Internal plan divisions Closed plan and central

courtyard
How the building occupies the land

Relationship between full and empty space Porch and corridor

Distribution of full and empty spaces
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Fig. 6. Simulation of effective pressure due to wind on
Golshan House
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Fig. 7. Simulation of effective pressure due to wind on
Golshan House (plan)

Fig. 8. Simulation of effective pressure due to wind in
the Lariha house

Fig. 9. Simulation of effective pressure due to wind in
the Lariha house (plan)
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Fig. 2. Marked points in the Lares’ house for
measuring wind speed (point A on the summer house
roof and points B, C inside the yard)

Fig. 3. Marked points in the Golshan house for
measuring wind speed (point A on the summer roof
and points B to G in the yard)

Fig. 5. Initial simulated model of the Lariha house
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Fig. 13. Simulation of wind speed vector in a two-
dimensional cross-section of the three-dimensional
model of the Golshan house
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Fig. 14. Simulation of wind speed vector in a 2D cross-
section of the 3D model of the Lariha house
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Fig. 15. Wind speed simulation in a 2D cross-section of
the 3D model of the Golshan house
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Fig. 16. Wind speed simulation in a two-dimensional
cross-section of the three-dimensional model of the
Lariha house
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Fig. 17. Wind speed at the roof level of Golshan House
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Fig. 11. Wind speed simulation at Golshan House
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Fig. 12. Cross section of the stream passing through the
yard of Lariha house
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Fig. 21. Examination of the altitude change parameter
in the Golshan house and its effect on air speed
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Fig. 18. Wind speed at the roof level of the Lariha
house
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Fig. 19. Wind speed at a height of two meters above the
surface of the Golshan house yard

Fig. 20. Wind speed at a height of two meters above the
surface of the Lariha yard
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Fig. 22. Effect of altitude on air speed in the large
courtyard of Golshan House

Fig. 23. Effect of altitude on air speed in the middle
courtyard of Golshan House
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Fig. 24. Effect of altitude on air speed in the small
courtyard of Golshan House
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Fig. 25. Examining the height change parameter in the
Lariha house and its effect on air speed
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Fig. 26. Eeffect of altitude on air speed in the middle
courtyard of the Lariha house
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Fig. 28. Examining the height change parameter in the
Lariha house and its effect on air speed
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Fig. 29. Effect of altitude on the trend of air speed in Fig. 27. Examining the altitude change parameter in
the courtyards of Golshan House and Lariha House Golshan House and its effect on air speed
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