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Abstract. Starting from the climate consideration in architectural de-
sign, using CFD simulation to understand the wind environment in the 
Chinese traditional vernacular courtyard based on North China cli-
mate conditions (taking Beijing as an example). Parametric studies on 
the effect of W/L ratio, building height layout and the overall scale of 
the courtyard house on its wind environment are conducted for con-
summating the deficiencies of previous similar studies and digging 
more about the kernel of how the same architectural form provide 
wind environment adaptability in different seasons with totally oppo-
site weather conditions. Finally, two case studies are conducted to dis-
cuss the application of Chinese vernacular courtyard environment 
adaptability design strategies in contemporary architectural design. 
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1. Introduction 

With the development of building technologies, from 1950s, unified building 

forms of modernism (internationalism) swept the worldwide building indus-

try and have been squeezing the survival space of the regional and vernacu-

lar buildings with traditional forms not only on cultural and aesthetic aspects 

but also on environmental aspects (Frampton, 1993). More dependence on 

unified modern building technologies leads to less local climatic considera-

tions in architectural design. As building indoor environment is now univer-

sally conditioned by the HVAC system, energy consumption becomes higher 

and higher. In China, more than 1/3 of the total energy consumption directly 

derives from buildings. Considering both the severe global environmental 

situation brought by high energy consumption and the environmental quality 

needs from building occupants, the concept to achieve better environmental 
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quality, higher performance and more sustainable building via exploring 

climatic considerations and environmental strategies in the conventional 

vernacular building form has been put forward and got wider recognition 

(Olgyay and Olgyay, 1963; Givoni, 1998). As one of the most typical, con-

ventional architectural forms-courtyard house was adopted in many contem-

porary architectural design by architects in China, because of its climatic 

adaptability, natural ventilation and thermal environmental performance. 

Since it has perfect climatic adaptability, especially with its natural ventila-

tion and thermal environmental performance (Blaser, 1995). 

Although ‘learning from tradition’ is generally recognized among archi-

tects, the climate adaptability of those new architecture design based on tra-

dition can hardly be achieved without drawing the ancient wisdom into the 

new building design in the right way and suitable place. The courtyard house 

is one of the most widely distributed architectural forms in China. By adjust-

ing the shape (such as changing the aspect ratio, building height etc.), this 

form can easily be adapted to totally different climate conditions. Therefore, 

it is essential to know how different types of vernacular courtyard can be 

adapted to different regional climate. Using a specific courtyard shape in a 

wrong place or only forming a ‘seemingly the same’ enclosure space will not 

work or will even make thing worse. 

In this paper, CFD simulations will be conducted for achieving better un-

derstanding about the wind environmental design characteristics of the Chi-

nese vernacular courtyard based on North China climate conditions (taking 

Beijing and its specific courtyard –‘Siheyuan’ as the example), related para-

metric studies will be conducted for consummating the deficiencies of previ-

ous studies on similar topic. Two design cases in Beijing, China that are de-

signed based on the courtyard form will be selected to conduct case studies 

for the purpose of verifying whether the architects have applied this vernacu-

lar architectural form into the environmental building design properly.  

1.1. CLIMATE CONDITION IN BEIJING 

Beijing is located in northern hemisphere warm and semi-humid continental 

monsoon, which can be regarded as the typical representative city of the 

North China. Climate characteristics of Beijing can be summarized as fol-

lows: In winter, it is dry and cold, the mean temperature is approximate -2℃; 

in summer it is hot, sometimes humid, the mean temperature can achieve 

26℃ or higher; in spring, it is warm and dry; in the fall, which is the best 

season of Beijing, the temperature falls and the sunlight is bright (CMA, 

2006). It can be assumed that under Beijing’s climate condition, high air 

temperature with relatively high humidity will reduce both the indoor and 
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outdoor thermal comfort level in summer if there is no enough ventilation; 

and in winter, the cold temperature climate condition will threaten the build-

ing wind-protection and insulation performance. 

 

Figure 1. Summer time (left) and winter time (right) wind rose chart of Beijing.   

As to the wind, what can be seen from Figure 1 is that during the summer, 

highest frequency wind direction is from southeast (135°, N = 0°), the aver-

age wind speed is approximate 5.5m/s. In winter, frequency of winds from 

different directions are relatively uniform. However the worst condition - 

highest frequency of excessive wind speed appears at direction of northwest 

(315°), in which the wind speed can reach 8.0m/s or even more. High wind 

speed which exceeds the wind comfort threshold of peoples (8-10m/s) 

(Penwarden and Wise, 1975) will decrease both the indoor and outdoor 

thermal comfort, meanwhile put negative influence on peoples’ activities. 

1.2. THE VERNACULAR COURTYARD IN BEIJING - SIHEYUAN 

The courtyard is a central opening enclosed by buildings which is the most 

basic element for traditional Chinese built environments, including cities, 

houses, and gardens (Xu, 1998). The vernacular courtyard house (also called 

‘Siheyuan’ or ‘Chinese quadrangles’) is a conventional type of residence, 

which was widely adopted throughout the North China (Figure 2).  

The overall orientation of a courtyard house is along north-south (posi-

tioned in the north and facing south). Four buildings of a courtyard house are 

usually arranged along the north-south or east-west direction and the main 

entrance are located at the southeast. In hot summer this layout can take use 

of the prevailing wind for natural ventilation and its cooling effect. Openings 

on the south wall also make the airflow crossing easier. Additionally, the 

overhanging roofs and plants in courtyard create shading and semi-open 

space with the ideal thermal environment. During the wintertime, enclosure 

layout and satisfied insulation (240-370 mm thick brick walls) in the north 

and west side can provide efficient wind protection (Sun, 2013). What’s 

more, well-designed central courtyard and winter deciduous plants allow so-

lar access to create better thermal condition for people living in the house.  
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Figure 2. Typical layout of Beijing courtyard house.  

2. Literature Review on Previous Study 

In worldwide, many studies on CFD simulation for vernacular buildings in 

different climate regions have been conducted, but for the traditional court-

yard in North China, although there are a lot of research and practice on the 

architectural design issues including spatial design, cultural context inher-

itance and heritage conservation, there is only one study about the wind en-

vironment based on CFD simulation (LIN et al, 2002). In this study, the ef-

fects of different courtyard shapes on their wind environment were tested 

based on only four simplified cases with different shapes, without control 

groups involved for parametric test and all the conclusion are descriptive not 

quantitative. 

3. Wind Environment in Traditional Vernacular Courtyard House 

In this section, standard K-ε turbulent flow model is used to simulate the 

wind environment of the traditional vernacular courtyard house. The most 

basic courtyard house form in Beijing, which has one single central court-

yard, is taken as subject investigated. The velocity field inside and around 

the courtyard house is studied with CFD simulation to understand the cli-

mate adaptive design strategies. 

3.1. PHYSICAL MODEL AND SIMULATION SETTING 

In this CFD simulation, the simplified hexahedral house model in previous 

study is now replaced by more realistic model with doors, windows and in-

door space (Figure 3). Since for a traditional vernacular low-rise courtyard 

house with small building volume, it would be more appropriate if these 

building elements can be created and involved in the simulation.  
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Figure 3. Enhanced physical model and the simulation grid.  

Simulation was conducted under summer and winter condition separately. 

For summer time simulation setting, the initial temperature is 26℃, the wind 

condition is 5.5m/s with southeast direction based on the prevailing wind 

condition; and for winter time setting, the initial temperature is -2℃, the 

wind condition is 8.0m/s with northwest direction based on the most nega-

tive condition for thermal comfort and building wind-protection. Initial wind 

environment is generated based on the logarithmic wind profile with a refer-

ence height of 10m. Additionally, the thermal comfort index dry resultant 

temperature (DRT) which has been adopted by CIBSE (CIBSE, 2006) was 

calculated so that thermal condition can be observed simultaneously. 

3.2. SIMULATION RESULTS 

Figure 4 is the wind environment in a courtyard house in the summer time. 

In summer, the average wind speed in the courtyard at the 2m-height posi-

tion is about 1.5m/s under the background wind with a speed of 5.5m/s at 

10m-height, which can provide satisfying natural ventilation (Figure 4 (a)). 

Figure 4 (b) illustrates that all of the four houses can be ventilated naturally 

and properly, house H1 and H2 have cross-ventilation; although house H3 

and H4 doesn't have cross-ventilation, wind still can blow into these houses. 

Figure 4 (c) shows that DRT in the majority of indoor and central courtyard 

area is about 2℃ lower than the outdoor environment. In sum, courtyard 

house can provide satisfying natural ventilation without any energy-

consumed mechanical ventilation devices and can create qualified thermal 

environment without using positive air-conditioning in summer.  

In winter time, Figure 5 (a) shows that the average wind speed of all re-

gions of the courtyard house at the 2m height position is 0.3m/s, even the 

maximum wind speed is lower than 0.7m/s. Figure 5 (b) shows that even 

keep all the windows and doors open, wind still will not blow into any of 

four houses of the courtyard. Figure 5 (c) illustrates that the average DRT 

differential between the inner courtyard and outdoor environment is 2.5℃, 

and the differential between the indoor space and outdoor environment 
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achieve approximate 6℃. Equally obvious is that the wind-protection and 

thermal environmental performance of courtyard house is eligible, thus the 

heating energy consumption can be reduced.  

 

Figure 4. Wind and thermal environment of courtyard house in summer: (a) wind velocity 
field at the 2m height level (m/s); (b1) N-W section view and (b2) W-E section view of wind 

velocity (m/s); (c) DRT at the 2m height level (℃)  

 

Figure 5. Wind and thermal environment of courtyard house in winter: (a) wind velocity field 
at the 2m height level (m/s); (b1) N-W section view and (b2) W-E section view of wind veloci-

ty (m/s); (c) DRT at the 2m height level (℃).  

4. Further Parametric Study based on Previous Research 

As mentioned in the literature review that the previous study of wind envi-

ronment still needs to be continued deeply, three parametric studies were 

conducted further.  

4.1. THE WIDTH-TO-LENGTH RATIO (W/L) 

Previous study puts forward that by increasing the total area of the central 

courtyard, uncomfortable high wind speed appears in central courtyard can 

be retrained. However there is quantitative suggestion about how to increase 

and how much area should be increased. Regarding to this part, in this para-

metric study, Width-to-Length Ratio (W/L) of the central courtyard was 

adopted.  

Wind environment in five central courtyards with different W/L ratio 

(range from 0.5-2.0) under summer and winter condition were simulated 

separately. Figure 6 shows the parametric simulation results comparison. 

Taking the W/L ratio of 1.0 (original ratio of basic conventional courtyard 

house) as the baseline, we can see that increasing the W/L ratio will slightly 

increase wind speed in the courtyard both in summer and in winter, but the 
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effect of wind speed change on people is indistinguishable; when decreasing 

the W/L ratio, the wind speed change is distinct, the maximum value in win-

ter is far beyond the comfort threshold. In a courtyard where the W/L is 

equal to 0.5, even the average wind speed almost reaches the comfort 

threshold. Therefore, when architects attempt to design an enclosure court-

yard space, quadrate shape whose W/L ratio approximates 1.0 is preferred. 

Long and narrow space along with the prevailing wind direction should be 

avoided. 

 

Figure 6. Comparison of wind speed in central courtyards with different W/L ratio (m/s). 

4.2. THE BUILDING HEIGHT LAYOUT (H1/H2) 

The second parametric study is regarding to the building height layout of the 

courtyard space, which is often ignored by the architects after arranging the 

space from plan view. Considering the prevailing wind direction both in 

summer and in winter, also taking the different wind environment demands 

in different season into account, the north building (H1) and the south build-

ing (H2) are selected as the study objects. The north building height-to-south 

building height ratio (H1/H2) is the variable in this parametric study. 

Six different H1/H2 ratios were simulated for comparison range from 1.0 

to 2.0 under both of summer and winter condition (Figure 7), taking the orig-

inal H1/H2 ratio of conventional courtyard house (1.2) as the baseline. Under 

summer condition, courtyards with the H1/H2 ratio of 1.2, 1.4 and 1.6 have 

basically same performance better than others (H1/H2 = 1.0 and 2.0). They 

have appropriate average wind speed for ventilation, and meanwhile the 

peak value doesn’t affect peoples’ activities negatively. However in winter, 

the H1/H2 ratio of 1.6 have totally unacceptable mean and maximum value of 

wind speed which will decrease the thermal comfort level and increase the 

heating energy consumption. Thus, the H1/H2 ratio from 1.2 to 1.4 is the pre-

ferred choices for creating courtyard space.  
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Figure 7. Comparison of wind speed in central courtyards with different H1/H2 ratio (m/s). 

4.3. THE OVERALL SCALE 

As the wind profile and pedestrian level keep unchanged, buildings with ex-

actly same shape but different overall scales will create different wind envi-

ronments for building occupants. Appropriate building and courtyard shape 

with wrong overall size may not provide an adaptable and satisfying envi-

ronment under certain climate condition.  

 

Figure 8. Comparison of wind environments in different courtyard building scales (m/s). 

Using the conventional courtyard house original size as 1X scale, setting 

the control group by amplifying the courtyard blocks shape model from 2X 

to 5X, total 5 scales were tested. Comparison of the wind velocity at the pe-

destrian level height plan in different scales reveal the following facts: alt-

hough amplifications of enclosure courtyard house form change the wind 

flow pattern inside the courtyard space and increase the wind speed at pedes-

trian level slightly, wind environment in all different scaled courtyard space 

are comfortable for peoples’ activities both in summer and in winter. Indeed, 

the real problem is not in the courtyard but at the surroundings. Amplifying 

the building overall scale increase the wind speed around the building signif-
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icantly. In winter, the mean values of the wind speed inside courtyards with 

different scales almost remain unchanged, but the peak values of wind speed 

around the building are almost doubled (Figure 8). What should be con-

cerned carefully when enlarging the scale of traditional building form is the 

wind around the building. Both the building occupants and pedestrians 

around the building should be considered. 

5. Case Studies 

Two cases were selected for the case study part, the first one is a transformed 

courtyard house called “Sihelou”, the overall scale and building layout are 

kept unchanged, but all buildings surrounding the central courtyard were 

changed from original height of 1-storey to 2-storeys, this design was at-

tempted to keep the traditional elements of the Beijing courtyard house as 

much as possible so that the traditional urban fabric and cultural context can 

be preserved. Simulation result (Figure 9) shows that this design basically 

preserved the wind environment features of traditional courtyard, although 

the increased building height weakens the natural ventilation to some extent, 

the wind environment still keeps eligible. Meanwhile, the wind-protection 

performance in winter enhanced.  

 

Figure 9. Simulation result of wind environment in Case 1-"Silhelou". 

The second case is a large scale commercial and office mixed-functional 

building group, which includes several enclosed courtyards shaped public 

space, the building height range from 5-storey to 6-storeys, the overall scale 

is 5-times larger than the original form. Beside the plan fabric and the direc-

tion of the entrance, the architect also kept the H1/H2 at about 1.2, and tried 

to avoid long and narrow enclosure space despite that the shape of these 

space was already transformed and skewed. It has been proved that the de-

sign is successful. Except a few surrounding areas appear excessive wind 

speed in winter (Figure 10), all courtyard public spaces show satisfying wind 

and thermal condition both in summer and in winter, and people enjoy to 

stay in those spaces. 
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Figure 10. Simulation result of wind environment in Case 2. 

6. Conclusions 

This study improve the previous qualitative understanding of the bioclimatic 

architectural design of the Chinese vernacular courtyard building to quantita-

tive level. The optimized courtyard shape which has the width-to-length ratio 

of 1.0 and the north building height-to-south building height ratio of 1.2-1.4 

is given. The study results also show that when the overall amplification of 

courtyard building scale is three times of the original scale or more, appro-

priate precautions on wind-proof design must be taken to keep the pedestrian 

level wind environment comfort around the building. However, there are still 

limitations is that, for now, all the findings in this study  can be only used for 

new building design interventions. Therefore, to explore how can the similar 

identified design problems in the existing buildings be tackled via design in-

terventions will be the future work of this study. 
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