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Abstract

Central courtyards are widely recognized as passive design elements that can influence the
environmental performance of residential buildings in hot and dry climates. However, the effects of
courtyard enclosure degree remain difficult to isolate because previous studies have often examined
changes in courtyard geometry together with other building and operational parameters. This study
investigates the effect of central courtyard enclosure degree on building performance through a
controlled comparative numerical simulation approach. Three courtyard configurations, including a
base case with the lowest enclosure degree, a semi-open courtyard, and a closed courtyard, were
modeled using DesignBuilder with the EnergyPlus simulation engine. To enable a direct comparison,
geometric characteristics, materials, building orientation, climatic data, and occupancy conditions were
kept constant across the scenarios, while courtyard enclosure degree was treated as the independent
variable. The performance of the three configurations was evaluated using indoor air temperature,
thermal comfortindices, natural ventilation rate, useful daylight, glare, and annual energy consumption.
The results indicate that, within the range of scenarios examined, lower courtyard enclosure was
associated with higher natural ventilation rates, improved access to daylight, better thermal comfort
conditions, and lower annual energy consumption. The lowest-enclosure base case showed the lowest
annual energy consumption and lower thermal dissatisfaction compared with the more enclosed
configurations. In contrast, differences in mean indoor air temperature among the scenarios were
relatively limited, indicatingthat thermal performance cannot be explained solely by courtyard form. The
findings further suggest that the environmental performance of courtyard buildings results from the
interaction of enclosure degree with factors such as solar exposure, natural ventilation, and material
characteristics. This finding, while preserving the value of vemacular patterns, shows that the role of
design parameters is highly dependent on the conditions and how they interact. Therefore, the results
should not be interpreted as evidence for a universally optimal courtyard form or a fixed enclosure
threshold. Instead, courtyard enclosure can be considered a design variable whose performance
implications depend onthe geometric, climatic, and operational conditions of the building. The results of
this study can serve as a basis for developing climate-responsive design strategies for residential
buildings.
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1.Passive Element

2. Daylight

3. Thermal Comfort

4. Energy Consumption
5.Enclosure Degree

6. Airflow

7.NumericalAnalyses

8.Natural Ventilation
9.NumericalSimulation

10. DesignBuilder

11.EnergyPlus

12. Heat Transfer Coefficient (U-value)
13. Specific Heat Capacity
14.Density

15. Dry-Bulb Temperature

16. Relative Humidity
17.SolarRadiation

18.WindSpeed
19.TypicalMeteorological Year(TMY)
20.0Occupancy

21.IntemalLoads

22. Equipmentand Lighting

23. Infittration Rate

24. Setpoint Temperature
25.Heatingand CoolingLoads

26.1deal Loads AirSystem
27.NaturalVentilation Rate
28.Multizone Airflow

29, Pressure Difference

30. StackEffect

31.Glare

32.Standard SkyModels

33. Height-to-Widlth Ratio
34.Courtyard Depth
35.SkyViewFactor(SVF)
36.Temperature Fuctuations
37.Useful Daylight llluminance (UDI)
38. Spatial Daylight Distribution (SDD)
39. AnnualSunlight Exposure (ASE)
40. Predicted Mean Vote (PMV)

41. Predicted Percentage of Dissatisfied (PPD)
42.Indoor Air Temperature

43.Mean Radiant Temperature

44. Operative Temperature

45. Outdoor Ventilation/ Extermnal Ventilation
46.Infitration/ Extemal Air Infittration
47.AirChangesperHour(ACH)
48.TotalSite Energy

49.NetSite Energy

50.TotalSource Energy
51.NetSource Energy
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