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Abstract. This study aims to develop an approach which integrates the concept of climate-sensitive 

design with housing community design for the design of better residential buildings fitting into local wind 

environment. Employing research methods involving field investigation and computational fluid 

dynamics (CFD) simulation, the ventilation environment of four typical community atrium spaces were 

examined and compared in this study. Through a combination of CFD simulation and scenario-based 

design studies, the research results reveal that the typical long-shape building blocks with high-density 

housing development lead to poor natural ventilation in atrium open spaces. The research also indicates 

that if the openings of building masses and atrium can match the prevailing wind direction, the ventilation 

in community atrium open spaces will be significantly improved, but the overall effects are also affected 

by several design factors such as the distance between buildings, the size and shape of urban blocks, 

organization of building masses, and whether or not the wind corridor effect is effectively utilized. It is 

suggested for further research that more detailed issued-based CFD simulations (e.g., various land use 

controls or user preferences) of the relationship between wind environment and various design strategies 

should be conducted in the early stage of the entire design process to obtain the improvement in 

ventilation environments. 

Keywords: computation fluid dynamic (CFD); housing design; ventilation; wind environment; thermal 

environment 

Introduction 

Given the impacts of global climate change and the urban heat island effect, 

sustainable design methods by which to create a community environment that better fits 

into the local microclimate characteristics has become an important research issue in 

both urban design and community design (Mirzaei and Haghighat, 2010; Jan et al., 

2013; Hsieh et al., 2016; Yang et al., 2017). Climate change and the negative effects of 

urbanization on the living environment, such as high temperatures, increases in PM 2.5, 

and increases in the heat island effect, make the aerodynamic properties of urban areas 

increasingly important in architectural and urban design, especially in hot and high 

density urban areas (Chao and Ng, 2014; Yim et al., 2014). Wind passing from rural 

areas into a city provides cleaner and cooler air into urban canopy layers in summers 

and good ventilation has been noted as one of the possible mitigation solutions to 

improve urban air environments and mitigate the impact of heat island effect (Hang, 

2013; Hsieh and Wu, 2012). Good ventilation not only helps eliminate pollutants, it also 
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improves outdoor human comfort by accelerating heat exchange, as well as enhances 

the natural ventilation capacity of interior spaces (Givoni, 1998; Ishida et al., 2005; Xie 

et al., 2006). 

Urban wind corridors can result from roads, open spaces, and passages through 

which air reaches the interiors of urbanized areas (Suder and Szymanowski, 2014). 

Over the years, urban wind research has investigated turbulent flow conditions in 

different street canyon models (Shi et al., 2015; Allegrini et al., 2015). Building blocks 

with limited open spaces between them, uniform building heights, and large podium 

structures have led to lower permeability for urban air ventilation at the pedestrian level 

(Ng, 2009; Yuan and Ng, 2012). High density housing development patterns and 

improper building layout in many dense urban areas have affected the ventilation of 

residential buildings as well as the comfort of residents (Walton et al., 2007; Du et al., 

2017). These kinds of studies have shown that there are significant impacts of site 

planning and building layouts on the resulting wind environment around buildings. 

Therefore, it has become a great challenge for both urban designers and architects to 

determine how to better utilize the wind environment and natural ventilation to improve 

the outdoor wind environment as well as to enhance air quality in urban areas (Hsieh 

and Huang, 2016; Peng et al., 2017). 

Previous studies have also revealed the importance of carrying out an environmental 

assessment of the available alternatives in the design stage of urban and building 

projects (Asfour, 2010). However, in spite of the fact that some research effort has been 

made, the lack of good interaction between urban wind environment researchers and 

urban space designers, together with a shortage of easy-to-use and easy-to-understand 

simulation tools for evaluating design alternatives in the design process has limited the 

practical application of related research. In terms of methodology and analytical tools, 

the effects of the urban building arrangement on the wind environment have been 

investigated through wind tunnel experiments or numerical simulations, such as 

Computational Fluid Dynamics (CFD). CFD has become a commonly used numerical 

simulation method and analytical tool for studying the wind environment (Takahashi et 

al., 2004; Mochida and Lun, 2008; Hu and Ryuichiro, 2013). It has some important 

advantages over wind tunnel testing. For example, wind tunnel measurements are 

generally performed at a few selected points under similar requirements in urban 

models. CFD, on the other hand, is conducted at full scale and provides whole-flow 

field data and information on the relevant parameters at all points of the computational 

domain (Blocken et al., 2012; Mirzaei and Caemeliet, 2013) Moreover, CFD is being 

increasingly used to assess pedestrian-level wind conditions in urban areas (Wu et al., 

2013). Because of these advantages, CFD is being increasingly used to study a wide 

range of wind-related environmental problems in urban areas, such as urban air 

pollution and natural ventilation of community building design (Gromke et al., 2015; 

Mora-Pérez et al., 2015; Wang and Li, 2016). 

It is also worth mentioning that, thanks to the development of numerical simulations, 

a more efficient design approach and design project evaluation has been made possible. 

Generally speaking, the entire design process normally includes three stages: a pre-

design stage, a design stage, and various post-design stages. In an age when digital 

simulation tools have not been widely applied in design practice, many conceptual 

design ideas have been difficult to put into practice because they could not be validated 

before being mass produced. Also, in a design age that is heavily reliant on drawing 

tools such as pens and papers, it is quite often the case that many design products have 



Wu – Hsieh: Computational fluid dynamics application for the evaluation of a community atrium open space design integrated with 

microclimate environment 

- 1817 - 

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 15(4):1815-1831. 

http://www.aloki.hu ● ISSN 1589 1623 (Print) ● ISSN 1785 0037 (Online) 

DOI: http://dx.doi.org/10.15666/aeer/1504_18151831 

 2017, ALÖKI Kft., Budapest, Hungary 

been manufactured without pre-design evaluations. Although sometimes post-design 

evaluations or post occupancy evaluations (POEs) have been conducted to help identify 

some design mistakes, it is often too late to make any adjustment because the products 

or buildings have already been manufactured. 

Similar cases in community housing design, systematic considerations of the topic 

are limited and normally not included in decision-making at the pre-design and design 

stage in community planning and design. In spite of these effects being noticed by 

researchers, relatively few efforts have been made by urban designers and architects to 

integrate the effects of natural ventilation into block-level community housing design. 

In high density Asian cities for example, in order to allocate the maximum number of 

housing units or maximum Floor Area Ratio (FAR), natural ventilation is normally not 

seen as a key consideration in organizing housing layout and building masses. 

Moreover, local building codes in many Asian cities also have failed to take the effect 

of the wind corridor into consideration in arranging building setback and design 

guidelines for community open spaces. 

Unlike the past approach, current applications of digital simulation tools such as 

CFD, enable design problems to be identified in the pre-design stage or sketch design 

stage. Moreover, with the help of computer simulations, an integrated product 

evaluation process that links the design stages, simulations, and assessments can be 

established before products are actually manufactured. For example, the development of 

CFD has resulted in the widespread use of this technique not only as an environmental 

research tool but also as an architectural design tool. In view of this dilemma, this 

research is an attempt to address the issues indicated above by using four prototype 

building layouts in Tainan City, Taiwan as case settings. The practical applications of 

wind engineering (CFD modeling) on architectural design and community open space 

design are discussed to together with considerations of housing market requirement. 

This study is aimed toward changing traditional experience-based design methods 

toward more scientific wind environmentally-sensitive architectural design an 

community design, in order to ensure that the surrounding wind environment of the 

proposed residential buildings is adequately considered. Employing research methods 

involving field investigation and CFD simulation, this study is an attempt to explore 

two research issues: (1) how to systematically analyze the influence of community 

building layouts and atrium designs on the ventilation of community outdoor spaces and 

(2) how to suggest suitable building layouts and open space design principles that 

strengthen the coordination between the local wind environment and the design of 

community open spaces. Based on our empirical approach, the effect of building 

arrangements on average ventilation efficiency is numerically evaluated in selected 

residential areas at the pedestrian level, and practical design suggestions are proposed to 

serve as a guide for better urban ventilation design. 

Materials and methods 

Study area 

Tainan City (23°0’16’’N, 120°13’10’’E) is located in a tropical climate zone, 

considerably close to the Tropic of Cancer which divides the subtropical zone and 

tropical zone. Known as the fourth most populated city in Taiwan, Tainan City is also 

highly urbanized. The heat island intensity, defined as the maximum air temperature 
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difference between the urban and rural areas of Tainan City during the nighttime and 

daytime, is 3.4 °C and 3.2 °C, respectively (Lin et al., 2005; Lu, 2008). 

According to data from years 2001-2016, the average temperature from June to 

September was more than 28.5 °C. Among them, the temperature in July was the 

highest, recorded as 29.6 °C during the summer season (Hsieh et al., 2016). 

Furthermore, Tainan City is close to the sea and therefore having high humidity in 

summer. The wind environmentally-sensitive architectural design which consider how 

the natural ventilation can be utilized becomes an crucial step to improve the outdoor 

wind environment. The above weather characteristics, make Tainan City a good 

candidate for wind environment analysis, one of the main objectives of this study. It is a 

common issue in the southern part of China and also the Southeast Asia areas, 

especially for those places with the similar weather characteristics of high air 

temperature and humid in summer (Feriadi and Wong, 2004; Nguyen and Reiter, 2014; 

Priyadarsini et al., 2014; Sharmin et al., 2017). 

 

Field measurement design 

To achieve the purposes of this research, a representative residential neighborhood 

next to Barclay Park in Tainan City, Taiwan (a subtropical climate zone) was selected 

as the empirical case setting. The residential neighborhood includes four types of 

housing communities with different building masses and building layouts. Each of them 

is a complete block development, and the buildings are typical housing types in Taiwan. 

Given that there are four prototypes of residential building layouts appearing in the 

same microclimate environment, this residential neighborhood provides an excellent 

case for addressing the relationship between the outdoor wind environment and building 

layouts as well as the effects of atrium design. The location and current situation of 

study area is shown in Fig. 1. 

 

 

Figure 1. Location map of study area 

 

 

The famous Barclay Ecological Park is located on the east side of the study area, and 

a large agricultural experimental farm was located on the south, which has been just 

rezoned by the Tainan City Planning Commission as a new urban development site, but 

new land development has not occurred yet. To the north is a 40-M main road, and to 

the west are a large parking lot and some low-rise houses. Given that the prevailing 

wind direction in summer of the study region is mostly southerly, it can be assumed that 

the impact of the surrounding buildings on the local wind environment is small. 

http://www.baidu.com/link?url=MpZCko9yoAGCZbf7FsqEBUM9CquT0A7ZRF09ACk-I5cZcz9sm7k_9qoUwx8tW5gl886v62WkRB1MNB3kG8rSRK0iOWnmOpNRtlxjRuembOL7AnVoo2dNgYG5CJngZWLt
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The selected residential neighborhood (the study area) contains four different types 

of atrium housing communities (Figs. 2 and 3). Type A Community contains one 63 m 

high-rise elevator building complex (three sets of connected 20-story apartment 

buildings), which has a small-scale unilateral open atrium facing the south. Type B 

Community contains two blocks; each has several connected 7-story apartment 

buildings, with a height of 24 m and a narrowed atrium with two unilateral openings. 

Type C Community is a townhouse residential community shaped by 4 unit building 

complexes with a building height of 16 m. It contains two residential blocks; each has a 

ribbon-shaped atrium open space with three openings. Type D Community is a row 

house residential community shaped by connected 5-story buildings (16 m), with the 

opposite side opening into a ribbon-shaped atrium in each block. All the blocks are 

densely developed in order to obtain the maximum number of housing units, and this is 

a common situation in land development practice in Taiwan in order to increase 

economic profit. 

 

 

Figure 2. Open spaces of residential community atrium in study area.(a) Community: elevator 

apartment with opening on one side. (b) Community: 7 stories apartment with two openings on 

one sides. (c) Community: belt atrium community with opening on two sides. (d) Community: 

belt atrium community with opening on the edge 

 

 

 

Figure 3. Measurement equipment 

 

 

The measurement time of our survey was between July 5th and July 28th of 2014. 

This three weeks period in Taiwan is when the weather is the hottest, and the impact of 

the urban heat island is the strongest. Therefore, a study on how to enhance the 

ventilation of atriums in such communities is critical in order to create a comfortable 

environment for outdoor activities. The microclimate measurement was conducted on 
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selected spots, at selected time periods in the mornings and afternoons during the three 

weeks (9:00-11:00 in the morning and 2:30-4:30 in the afternoon) when the weather 

conditions were typically torrid without obvious strong wind. The major factors 

examined in the survey were wind speed, temperature, humidity, and the perceived 

comfort of users of each atrium space. The measurement equipment included 

Cambridge Accusense UAS 1500 anemometers (Fig. 3), AM-4214SD anemographs, 

and HT3007SD hydro-thermal meters. The Cambridge Accusense UAS 1500 

anemometer, whose accuracy can reach 0.10~20 m/s ± 5 %, was assembled on a tripod 

1.5 m above the ground (the range of wind often affects pedestrian comfort). With 

regard to the arrangement of the measurement points (Fig. 4), the points were carefully 

selected to reflect the critical points that influencing atrium wind fields and user 

comfort, including points in the main nodes of outside activity spots and wind paths, 

and in the opening of the atriums. Effort was also made to keep the survey points 

equally and spatially distributed. Because the Type A Community is the highest 

building in the study area, a measurement point was set on the floor of the attic to 

measure the surrounding wind speed, which was imported into the CFD analysis later as 

a baseline parameter. 

 

 

Figure 4. Map of measurement points 

 

 

CFD simulation 

Computation fluid dynamics (CFD) numerical simulations were employed to analyze 

the surrounding wind environment of the buildings. In regard to the setting of boundary 

conditions for the CFD simulation, the velocity inlet was set to be the gradient wind, 

where the vertical wind speed distribution was represented by the power law profile 

(Eq. 1). The land surface was set to be a no-slip condition. 

 

 
( )

0 δ

zU z

U


 

  
 

 (Eq.1) 

 

where 

U0: wind speed (m/s) outside of boundary layer (also known as the gradient velocity) 

U(Z): the wind speed at the height of Z(m/s) 

Z: the reference height (m) (set to be the height of Building A = 60 m in this case) 

δ: the height of gradient (m) 

α: power law value (index) 
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In accordance with relevant research practices, the height and the power law value of 

the boundary layer was determined depending on ground conditions. The simulation 

area was dominated by middle-story buildings, so the power law value was set at 0.25, 

and the gradient height was set at 400 m. The remaining parameter settings are shown in 

Table 1. 

 
Table 1. Parameters of boundary condition settings 

Items Setting 

Wind direction S 

Wind velocity (m/s) 3.40 

CFD scheme Central difference scheme 

Governing equations Navier-Stokes equations 

Boundary volume (X×Y×Z) 1500 m(N-S)×1500 m(E-W)×450 m 

Total mesh number 7,957,000 meshes 

Reference height (δ) 60 m 

Power law value (α) 0.25 

 

 

In the case under study, the simulation area is surrounded mainly by a park, a large 

area of agricultural land and a large parking lot. Because there are no buildings of 

significant mass in the major wind directions of the study area, the influence of 

surrounding buildings on the wind environment was considered to be negligible in the 

model calibration. When calculating the flow field using a CFD model simulation, the 

setting up of a reasonable grid system and selection of suitable boundary conditions are 

key requirements for efficient computer calculation. Based on the experiences discussed 

in previous relevant studies, the boundary condition for the simulation was set to be 10 

times of the height of the main buildings, and the height of the calculation area was set 

to be 5 times of the height of the main buildings. A structural grid was used in order to 

enhance the simulation accuracy. Due to the fact that the fluid variation around the 

buildings is much larger than that around other areas, a more refined grid system was 

developed around the buildings in order to get more accurate simulation results. 

WindPerfectDX was the software employed in this research. Its advantages include the 

capacity to develop a very fine grid system for a simulation as well as the ability to 

import the Sketch up 3D files easily and directly. Also, it has a strong visualization 

capacity for simulation results, which makes communication with developers and 

architects much easier. 

Results 

In order to validate whether the simulation results could be used for reference to 

community planning and design, a simulation model based on the current situation was 

first calibrated, and then the CFD simulation results were compared with the results of 

our microclimate survey conducted on the site. The model validation process involves 

making sure the CFD simulation model is reasonable and that the results are accurate 

and could be used for the evaluation of design plan. After the model validation process, 
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the proposed alternative plans were then analyzed and compared. The model validation 

was conducted using the measured wind speed and prevailing wind direction, which is 

southerly. The wind speed measured at point a2 on the roof of the Type A 20-story 

building was used as the initial inflow wind speed. 

The simulation results were compared with the actual measured results for the 

measurement points to examine the accuracy of the simulation model. Part of the results 

are shown in Fig. 5, which is a simulation based on southerly wind at an average speed 

of 1.3 m/s. The results indicate that the simulation values at points a6, b1, b5, c1, c8, d5 

were all very close to the measured values, indicating that the model was reasonable. 

The simulation results of measurement points a1 and d2 were slightly different from the 

measured values, but the differences were both within an acceptable level (less than 

0.09 m/s). In addition, a correlation analysis between the simulation values and 

measured values was conducted for all 30 measurement points, and the results showed a 

correlation coefficient r = 0.86, which indicates that the simulation results were close to 

the measured results. This further confirmed that the CFD simulation model could be 

used in the subsequent scheme assessment and analysis. 

 

 

Figure 5. Measurement point comparison between simulation analysis results and experiment 

results 

 

 

Evaluation of simulation results for community development plan on different blocks 

After confirming the reliability of the proposed simulation model, a CFD simulation 

was conducted to evaluate the atrium ventilation performance of the four types of 

housing communities. The main process of the analysis involves calculating the spatial 

distribution of wind speed at pedestrian height in the outdoor space of the four 

communities. The CFD simulation was conducted using the prevailing wind direction in 

the summer. According to a field survey and the information obtained from a local 

weather station, southerly wind was used as the prevailing wind direction. The 

simulation results are shown in Fig. 6. The results reveal that “the position in which 

buildings face the wind field” and “the form and position of the openings in the 

community atrium in relation to the wind field” are two key factors influencing the 

ventilation condition in the community atrium situation. For the assessment of human 

comfort from viewpoint of landscape architects and urban planners, the high wind speed 

(u ≥ 1.0 m/s) and low wind speed (u < 1.0 m/s) areas were defined (Hsieh et al., 2016). 

Moreover, pedestrian-level natural ventilation in the street canyon was assigned as the 
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stagnant (u < 0.3 m/s), poor (0.3 m/s ≤ u < 0.6 m/s), low (0.6 m/s ≤ u < 1.0 m/s), 

satisfactory (1.0 m/s ≤ u < 1.3 m/s), and good (u ≥ 1.3 m/s) in Hong Kong (Yuan and 

Ng, 2012). According to previous studies and the results of our interviews with 

community residents, a wind speed of pedestrian field between 1.0 m/s and 2.5 m/s is a 

more comfort wind range for community atrium open space design, and the atrium open 

spaces of the four selected housing communities in urban blocks were examined 

subsequently. 

 

 

Figure 6. CFD results of residential community environment (regional scale) 

 

 

The atriums, directly facing the direction of the summer prevailing wind, should 

have a better ventilation conditions compared to those of housing community type A. 

However, our analysis results show that the type A residential buildings in the back of 

building blocks perform better in terms of outdoor atrium ventilation. A possible 

explanation for this phenomenon is that the building blocks facing the windward side 

(building blocks on the outside of south facade) in type B and type C housing 

communities did not provide a corresponding opening on the windward side, so the 

airflow has to get in from the side entrances and the atrium entrance on the back side of 

the buildings, which leads to poor atrium ventilation. As for housing community type D, 

although these have openings on the windward side, the size of the opining is relatively 

small, and the atrium is too narrow and long, so the wind corridor effect can not expand 

to the entire atrium, which therefore leads to poor ventilation of the entire outside open 

space. 

The research results also reveal that if there are sufficient openings provided in linear 

atrium communities (housing community type C), or if the position of the atrium 

opening is helpful for enhancing the airflow convection of the atrium (housing 

community type B), the outside ventilation condition will be significantly improved in 

areas that can be affected by air convection. In addition, our empirical results also 

indicate that “the relationship between the axial building layout and the wind corridor” 

and “the separation distance between buildings” both have obvious influences on 

community outdoor ventilation. For example, the arrangement of the long axis in 

housing community type C caused failure to match the prevailing wind direction and 

thus contributed to a weak effect of the wind guiding function. Similarly, housing 

community type D has only a narrow opening facing the windward side, which also 

limits the wind guiding effect of the passing wind corridor. 
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Discussions 

After exploring the possible reasons leading to poor atrium ventilation in the study 

cases, two alternative community design plans were proposed, and a CFD simulation 

was used to evaluate the effects of each plan. By considering consumer demand, 

housing development and local housing market trends (the demand for maximization 

of total floor area and the total number of housing units in order to make significant 

profit) as well as the principles of community ventilation design, two refined 

alternative plans were provided: one is a minor adjustment plan, and the other is a 

complete block redesign plan. Together with the plan of “business as usual” (the 

current one), there were a total of three plans to be simulated and compared. The 

architectural perspectives and selected elevation views of these plans are shown in 

Figs. 7 to 9. 

The two alternative plans have different planning goals and considerations. The 

minor adjustment plan (community residential building plan 2, Fig. 8) adds ventilation 

openings and vents in selected buildings, while trying not to reduce the total floor area 

and total housing units in order to meet the expectations of developers who are 

seeking profit. 

 

(a) 

(b) 

Figure 7. Community residential building plan 1 (current situation). (a) Perspective view. (b) 

The south elevation view 

 

 

(a) 

(b) 

Figure 8. Community residential building plan 2 (slightly-adjusted situation). (a) 

Perspective view. (b) The south elevation view 
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(a) 

(b) 

Figure 9. Community residential building plan 3 (climate-sensitive adjustment situation). (a) 

Perspective view. (b) The south elevation view 

 

 

The design methods of the plan included adding one opening on the south side of the 

buildings of Community Type B, and then transferring the decreased floor area resulting 

from the new opening to the top floor of the buildings on both sides of the community 

entrance. This creates double effects: it maintains the total floor area on the one hand, 

while creating an enhanced image of the community entrance. A similar approach was 

used in Community Type C, where several air vents were added to the three connected 

building units in the middle building complex facing south, while the decreased floor 

area was added to the top floor of the buildings near the community entrance to create 

enhanced visual effects. As for Community Type D on the left, air vents were placed at 

the junctions of the building units on the four corners, and the decreased floor area was 

added to the top floor of the buildings next to the community entrance to enhance the 

entrance image. 

The above-mentioned minor adjustments were made on the basis of a planning goal 

to add ventilation openings and vents to existing building forms and building masses, 

while trying not to decrease the total floor area and the number of housing units. Based 

on our interviews with the local land developers, this approach was highly accepted by 

them. The actual effect of the improvement atrium ventilation in this approach, 

however, will need to be examined based on the results of the simulation analysis. 

As for the second alternative plan (community residential building plan 3, Fig. 9), it 

involves a large adjustment in which building blocks and building type mix are 

redesigned based on the concept of climate-sensitive design and the consideration that 

without significantly reducing the allowed floor area ratio of land development. The 

original two long narrow shaped blocks in Community Type B, Community Type C and 

Community Type D are combined into one block for each community. The size of the 

new block is about 80 m ×100 m, which is a block size good for human walkability and 

a better arrangement for building layout. The building types and arrangement of the 

building masses are also redesigned, and the scale of atriums, the building 

configuration, and the distances between buildings are all reconsidered so as to try to 

obtain the optimal atrium ventilation. Moreover, what is worth mentioning is that a 

combination of town houses and mid-rise apartment buildings are adopted in the 

building forms of Community Type C and Community Type D. The combination of 

different housing types and sizes reflects different housing prices and market demand, 
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which is helpful to introduce households with various socio-economic backgrounds, and 

therefore contributes to the diversity of the population in these communities. 

The simulation results for the three plans using CFD software are shown in Fig. 10. 

Fig. 10 shows an enlarged image of the four communities. These results reveal that the 

two refined schemes, to various degrees, enhanced the natural ventilation of the atrium 

open spaces. 

 

(a) 

(b) 

(c) 

Figure 10. The CFD analysis result comparisons among three community building setting plans 

(partially enlarged drawing) (a) Current Plan. (b) Slightly-adjusted plan. (c) Climate-sensitive 

adjustment plan 

 

 

For the minor adjustment plan (Plan 2), improvement of outdoor natural ventilation 

can be found in the areas close to the added ventilation openings or vents, such as those 

areas in housing Type B. However, for the community Type C, because the distance 

between the buildings is too short, and the linear atrium is too narrow and long, the 

effect of the three newly added ventilation vents was found to be very limited, and the 

effect of wind guiding and natural ventilation resulting from the vents was not able to 

expand to the full scope of the atrium. Similar situation occurred in Community Type 
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D, where the newly added ventilation vents in the four corners partially improved the 

natural ventilation of the nearby areas on the windward side. However, given that the 

community has a very closed narrow-shape atrium with only two small openings to the 

outside wind corridor, the effect of the newly added vents on the improvement of 

natural ventilation in the atrium were also found to be very limited. 

In terms of the complete adjustment plan (climate-sensitive adjustment plan) (Plan 

3), which redesigns the building blocks, housing types, building layout, and atrium 

openings based on the characteristics of the local wind corridor and the design 

principles of outdoor natural ventilation, the results of the CFD simulation met our 

expectations. As indicated in Fig. 10, for all the Housing Types B, C, and D 

communities, the CFD simulation results the natural ventilation of their atrium open 

space to be significantly improved, both for the entire atrium and for partial areas in the 

atrium. For the case of climate-sensitive adjustment plans, it was showed from the 

simulation results that the wind speed areas in the stagnant and poor wind speed classes 

were largely decreased. This indicates that in order to obtain the optimal effect of 

natural ventilation for a community open space, it requires a comprehensive 

consideration of the size of the building block, organization of building types, building 

masses, building layout, and the community atrium openings. Also, a careful study of 

the relationships between these design factors and the local wind corridor is 

indispensable. 

Similar with the climate characteristics of high hot and humid in South-East Asia, 

this study area also has similar climate, and therefore the design issue of ventilation are 

needed to be considered. In Vietnam, natural ventilation was found a better choice for 

passive cooling due to its hot and humid climate (Nguyen and Reiter, 2014). In 

Jogjakarta, people seemed to prefer higher wind speed and showed a tendency of 

creating higher air movement to modify the hot and humid living environment (Feriadi 

and Wong, 2004). 

Recent studies have shown that the geometry and aspect ratio of urban canyons play 

a crucial role in moderating the microclimate at the street level (Xie et al., 2006; Asfour, 

2010; Du et al., 2017). Heights and layouts of building group were found to influence 

ventilation, and step up configuration can distribute the wind evenly and allow the wind 

to reach the leeward side of each building. It was shown very effective in improving the 

overall natural ventilation and thermal comfort at pedestrian level (Rajagopalan et al., 

2014). Another research in Dhaka used H/W ratios as an index originally to represent 

uniform and diverse geometric character of different sites (Sharmin et al., 2017). In our 

study, we also found the building arrangement, building layout and atrium openings 

were important design issues for a good ventilation. However, only few openings facing 

the windward side was found limited for ventilation improvement. The different height 

of buildings in an urban block such as the combination of town houses and mid-rise 

buildings shown in this study were one of the better design criterion to create a better 

wind environment. 

Besides hot and humid environmental analysis considered in this study, the other 

aspects that most of the above papers were not discussed is that we took land 

development, urban planning and residential type preferences into consideration. It was 

shown even under the premise of housing preferences and economic profits of land 

development, it is still possible to enhance ventilation environment of the external space 

of communities. All the above findings can be applied to other tropical cities. 
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Conclusion 

In order to provide a useful methodology and a suitable operational tool to integrate 

housing community design with climate-sensitive urban design, this study demonstrated 

a research approach which improves the natural ventilation of community atrium open 

spaces on an urban block scale with the help of a CFD simulation. Based on a review of 

related theories and literature as well as the analyses of current situation and suggested 

design alternatives, the study results show that this methodology has practical value in 

assisting community housing planning and design and is particularly useful for 

developing draft evaluations of strategic planning and design in determining building 

layouts and masses on site planning, where the simulation outcomes from this method 

could be used to modify design concepts and strategies. Moreover, by utilizing the 

proposed CFD simulation to analyze suggested scenario-based design alternatives to the 

natural ventilation of blocks and residential buildings as well as comparing the 

simulation results of the proposed improvements, this research shows that the method 

may enhance the scientific base of the traditional urban design approach because it can 

diagnose planning and design problems in the early stage of the design process and 

therefore guide the modification of design schemes on a timely and cost-efficient way. 

Referring to practical community planning and design, the study analyzed and 

compared four typical types of housing community design and their atrium ventilation 

conditions. After a review of relevant literature, the CFD simulation parameters in our 

modeling approach were verified through on-site field survey of the microclimate 

situation. Subsequently, the atrium ventilation performance of four different housing 

communities in the selected four adjacent blocks was examined and compared through 

CFD simulations. This provides an operational method to integrate the consideration of 

climate-sensitive design approach into community design process. 

Under the simulation condition with a prevailing wind from the south (long axis of 

the buildings facing prevailing wind), the research results indicated that the typical 

long-shape urban blocks with high density in southern Taiwan have poor natural 

ventilation in their atrium open spaces. The research also shows that if the openings of 

building masses and atrium could be arranged according to the prevailing wind 

direction, the community atrium ventilation could be improved greatly. It was also 

found from a comparison of the results of various design schemes that the natural 

ventilation in community atrium open spaces can be significantly optimized by properly 

controlling design factors including: the size and shape of urban blocks, the distances 

between buildings, organization of building masses, and the coordination of the 

openings of buildings and atrium open space with the direction of wind corridors. 

Furthermore, the results show that if a consideration of wind environment can be 

conducted in the early stage of community planning and design process, together with a 

proper CFD wind simulation approach, improvement in community external ventilation 

environments can be obtained without significantly reducing the expectation of 

developers who often attempt to meet the requirements of taking full use of all allowed 

Floor Area Ratio (FAR) and build more housing units to generate economic benefits in 

land development. In fact, this study reminds us that a good ventilation environment in 

community atrium open spaces will lead to a comfortable residential environment. If 

this concept can be accepted by developers and home buyers as well as be capitalized 

into property values, and subsequently lead to some adjustments in housing design 

preferences which take the concept of wind-sensitive design into consideration, more 
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and more residential communities will be built with good ventilation environments, and 

therefore the goal of climate-sensitive urban design will be realized sooner than later. 

Finally, it is worth mentioning that this paper provides a methodology and 

operational approach to integrate the concept of wind-sensitive design with community 

outdoor space design within the requirement local housing market practice and the 

expectation of land developers. But there are still many issues and limitations needed to 

be addressed in local housing market environment as well as in zoning, urban design, 

and building code regulations. It is suggested that more detailed and issued-based 

simulations of the relationship between wind environment and various design strategies 

and alternatives which meet local context and content should be conducted before 

setting up real design guidelines in conducting urban design control. 
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