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1. INTRODUCTION 

1.1 Project Background  

1.1.1 The Proposed Development is located at Wang Chiu Road, Kwun Tong.  

1.1.2 Ramboll Hong Kong Limited has been commissioned by Hong Kong Housing Authority 

to undertake the CFD Simulation for the proposed housing development to show 

compliance with credit SS 8c under BEAM Plus New Buildings version 2.0. 

1.2 Objectives 

1.2.1 The objective of this document is to ensure the microclimate around and adjacent to 

the building has been adequately considered, and where appropriate, suitable 

mitigation measures are provided. 

1.3 Subject Site and its Environs 

1.3.1 The current status of the Subject Site is WIP (Working in Progress). The terrain near 

the Subject Site is generally flat with around 5-6mPD. 

1.3.2 The Subject Site is zoned R(A) under Ngau Tau Kok & Kowloon Bay Outline Zoning Plan 

(OZP No. S/K13/30) gazetted under Section 9 on 08/05/2020. 

1.3.3 Figure 1 shows the location and the environs of the Subject Site.  
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2. DEVELOPMENT SCHEMES TO BE STUDIED 

2.1 Baseline Scheme 

2.1.1 The Baseline Scheme is referenced to the layout identified in previous AVA EE report 

dated September 2016. There are two domestic blocks with main roof at height of not 

more than 120mPD. Also, there’s one storey height podium (about 5.65m high) 

accommodating retails, social welfare and ancillary facilities. Appendix 1 shows the 

layout of the Baseline Scheme.  

2.2 Proposed Scheme 

2.2.1 Appendix 2 shows the layout of the proposed scheme for assessment purposes. The 

proposed scheme comprises two high-rise residential blocks (including Podium Level 1 

linking Block 1 and Block 2 and Podium Level 2 at Block 2 serving as social welfare   

such as elderly centre, pre-school rehabilitation, etc.), with the rooftop at 120mPD.  
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3. SITE WIND AVAILABILITY 

3.1 Regional Atmospheric Modelling System (RAMS) 

3.1.1 According to the Planning Department’s website, a meso-scale Regional Atmospheric 

Modeling System (RAMS) was used to produce a simulated 10-year wind climate at the 

horizontal resolution of 0.5 km x 0.5 km covering the whole territory of Hong Kong.  

The simulated wind data represents the annual, winter and summer wind conditions at 

various levels, i.e. 200 m, 300 m, and 500 m above terrain. 

3.1.2 It is considered an acceptable starting point to use the simulated RAMS data for site 

wind availability.  The use of RAMS data (grid: X:087, Y:045) is preferred over 

measurement data at Waglan Island as it can reflect the effect of topography to wind 

availability. 

3.1.3 The relevant annual windrose for the district under concern has been extracted from 

the Planning Department’s website for Subject Site wind availability data.  Figure 2 

shows the relevant windrose diagram (at 500 m) representing the frequency and wind 

speed distribution of the district concerned for both summer and annual conditions.   

3.1.4 Table 2.1 summarized the simulated wind availability data including probability of 

occurrence.  The wind directions with highest probability of occurrence are selected for 

AVA purpose. A total of 11 wind directions have been selected (as highlighted in Table 

3.1) with overall frequency of occurrence equivalent to 77% and 81.9% respectively 

of the time in a year (for both annual and summer conditions). 

Table 3.1 Summary of RAMS Data and Wind Direction 

Wind Direction Probability for Annual Condition (%) Probability for Summer Condition (%) 

N 2.8 0.9 

NNE 5.7 1.0 

NE 8.0 1.4 

ENE 11.9 2.6 

E 19.8 8.5 

ESE 10.8 9.3 

SE 8.5 8.2 

SSE 4.9 8.3 

S 4.4 8.9 

SSW 5.8 13.0 

SW 6.5 15.3 

WSW 4.1 10.4 

W 2.6 5.5 

WNW 1.5 3.0 

NW 1.2 1.9 

NNW 1.5 1.3 



Air Ventilation Assessment Public Housing Development at Wang Chiu Road Phase 2 

    

 8  
 

4. QUANTITATIVE ASSESSMENT METHODOLOGY  

4.1 Atmospheric Conditions 

4.1.1 Simulated wind profile curves are extracted from the Planning Department’s website 

using RAMS site wind availability data and would be utilized for quantitative AVA 

according to the selected wind directions in Table 2.1. Figure 5 shows the wind profiles 

curves for grid X:087, Y:045. 

4.1.2 For elevation from 0 to 10 m where wind profile information is not available, the wind 

speed is assumed based on fitted Log Law and measured wind speed value at 10 m 

from the RAMS site wind availability data for each wind profile curve. 

4.2 CFD Code and Major Parameters 

4.2.1 A quantitative assessment based on the requirement for Initial Study stipulated in the 

relevant Technical Guide has been conducted for the purpose of comparing the air 

ventilation performance between the Proposed and the Baseline Schemes. 

4.2.2 The quantitative assessment is conducted by using a commercial CFD code, FLUENT. 

FLUENT model has been widely applied for various AVA research and studies 

worldwide. The accuracy level of the FLUENT model is well-accepted by the industry 

for AVA application. 

4.2.3 Realizable K-epsilon turbulence providing better prediction of separation and vortexes 

has been adopted for air ventilation assessment as recommended in COST action C14. 

4.2.4 The assessment area is determined by the height (H) of the highest building within the 

surrounding area (i.e. tallest building within Subject Site). Therefore, the assessment 

area shall be at least 1H (with H=120 m) from the project site boundary. 

4.2.5 The domain covers the model area of over 550m. The surrounding area is determined 

by 2 times the height of the highest building within the model area which  is equivalent 

to at least 2H of the highest building (i.e. >2H where H=120 m) from the project site 

boundary. It is confirmed that all major noise barriers, elevated structures, and 

planned / committed / existing developments in the model area have been modelled 

in the simulation.  

4.2.6 The domain dimension is about 3300m x 3300m and with an elevation of 1000m. More 

than 7,470,000 grid cells have been defined to simulate the air flow. Given the large 

domain adopted in this assessment and the physical limitation on the computational 

resources of the CFD model, the horizontal and vertical grid size employed in the CFD 

model in the vicinity of the Project Area is taken as a global minimum size of 2m,  and 

the size of the grid cells further away from the Project Area is increased by a growth 

ratio of 1.3. The global maximum size of cells is 32m while smaller cells size of 0.5m 

were used. Besides, four layers of prism cells (each layer of 0.5m thickness) are 

employed above the terrain of Subject Site. The blockage ratio is less than 3%. 

4.2.7 The windward boundary is defined as inflow with the wind profile defined. The leeward 

boundary is defined as outflow. The sky and lateral boundaries are defined as a 

symmetric boundary condition. 

4.2.8 The advection terms of the momentum and viscous terms are resolved with the second 

order numerical schemes. The scaled residuals are converged to an order of magnitude 

of at least 1 x 10-4 as recommended in COST action C14. 
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4.3 Test Point Location 

4.3.1 A total of 80 test points are proposed including 30 numbers of perimeter test points 

defined along the boundary of the Subject Site and 50 numbers of overall test points 

within the assessment area. The overall test points generally represent important 

pedestrian areas. 

All test points located at 2m above ground level. Figure 4 shows the test points 

selected for quantitative air ventilation assessment. 
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5. KEY FINDINGS 

5.1 Spatial Average Wind Velocity Ratios 

5.1.1 The velocity ratio under a specific wind direction at a test point is calculated by dividing 

the simulated wind speed at the test point under this wind direction with the velocity 

at gradient height under the same wind direction. All test points are located at 2 m 

above ground level. 

5.1.2 Table 5-1 Error! Reference source not found.shows the Application Sites spatial 

average velocity ratio (SVR), local spatial average velocity ratio (LVR) during both 

annual and summer condition for the Baseline Scheme (BS) and the Proposed Scheme 

(PS). 

5.1.3 The SVR cover all perimeter test points and it gives a hint of how the development 

proposal impacts the environment of its immediate vicinity. On the other hand, the 

LVR cover all perimeter and overall test points and it gives a hint of how the 

development proposal impacts the wind environment of the local area.  

5.1.4 Appendix 4 shows detailed simulation results of the Baseline Scheme and the 

Proposed Scheme respectively. 

5.2 Assessment Result 

5.2.1 The simulated wind velocity ratio after development of the 10 selected wind directions 

is illustrated in Table 5-1. All test point results are taken at 2m above pedestrian level. 

Contour and vector plots at pedestrian level are shown in Appendix 3.  

 

Table 5-1  Summary of Spatial Average Wind Velocity Ratios (VR) – 

Baseline Scheme and Proposed Scheme 

Spatial Average Wind 
Velocity Ratio (VR) 

 
Test Points 

 

Annual Condition Summer Condition 

BS PS BS PS 

SVR P01-P30 0.19 0.20 0.12 0.12 

LVR P01-P30, T01-T50 0.21 0.21 0.17 0.17 

Note:     Highlighted in red where VR is higher in the Proposed Scheme 

5.2.2 According to Table 5-1, the SVR is improved in the Proposed Scheme under annual 

condition. While the SVR under summer condition and the LVR under both annual and 

summer conditions are comparable between two design options. It is believed that the 

ventilation performance improved near to the site boundary under annual condition. 
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6. CONCLUSION 

 

6.1.1 The proposed development located at Wang Chiu Road has been evaluated from an air 

ventilation assessment. 

6.1.2 The SVR is improved in the Proposed Scheme under annual condition as there is more 

permeable design at ground floor. While the SVR under summer condition and the LVR 

under both two conditions remains the same. It is believed that the ventilation 

performance improved near to the site boundary.    

6.1.3 CFD model under both annual and summer condition has been demonstrated. For 

annual condition, one of these two ratios (i.e. SVR) increases while the other ratio (i.e. 

LVR) remains the same. For summer conditions, both the two ratios remains the same. 

Thus, the proposed building design complies with the air ventilation assessment 

requirements for BEAM Plus SS 8c v2.0 for New Buildings. 2 credits shall therefore be 

attained for this portion. 
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Appendix 1 

Master Layout Plan for the Baseline Scheme 
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Appendix 2 

Master Layout Plan for the Proposed Scheme 
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Appendix 3 

Captured Pictures of the CFD Model 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Ramboll 1

Domain View



Ramboll 2

Mesh



Ramboll 3

Baseline Scheme

North View East View



Ramboll 4

Baseline Scheme

South View West View



Ramboll 5

Proposed Scheme

North View East View
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              Appendix 4 

Contour and Vector Result of the CFD Simulation 

 

 

 

 

 

 

 

 

 

 

 
 

 
 
 

 



Baseline Scheme - Contour plot at pedestrian level under NNE Wind



Baseline Scheme - Contour plot at pedestrian level under NE Wind



Baseline Scheme - Contour plot at pedestrian level under ENE Wind



Baseline Scheme - Contour plot at pedestrian level under E Wind



Baseline Scheme - Contour plot at pedestrian level under ESE Wind



Baseline Scheme - Contour plot at pedestrian level under SE Wind



Baseline Scheme - Contour plot at pedestrian level under SSE Wind



Baseline Scheme - Contour plot at pedestrian level under S Wind



Baseline Scheme - Contour plot at pedestrian level under SSW Wind



Baseline Scheme - Contour plot at pedestrian level under SW Wind



Baseline Scheme - Contour plot at pedestrian level under WSW Wind



Proposed Scheme - Contour plot at pedestrian level under NNE Wind



Proposed Scheme - Contour plot at pedestrian level under NE Wind



Proposed Scheme - Contour plot at pedestrian level under ENE Wind



Proposed Scheme - Contour plot at pedestrian level under E Wind



Proposed Scheme - Contour plot at pedestrian level under ESE Wind



Proposed Scheme - Contour plot at pedestrian level under SE Wind



Proposed Scheme - Contour plot at pedestrian level under SSE Wind



Proposed Scheme - Contour plot at pedestrian level under S Wind



Proposed Scheme - Contour plot at pedestrian level under SSW Wind



Proposed Scheme - Contour plot at pedestrian level under SW Wind



Proposed Scheme - Contour plot at pedestrian level under WSW Wind
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              Appendix 5 

Detailed CFD Simulation Result for Selected Test Points 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 



Test Point  NNE NE ENE E ESE SE SSE S SSW SW WSW Annual Summer

P01 0.41 0.42 0.44 0.38 0.12 0.05 0.02 0.03 0.05 0.12 0.22 0.28 0.12

P02 0.36 0.38 0.39 0.37 0.15 0.06 0.03 0.03 0.04 0.18 0.17 0.27 0.13

P03 0.28 0.31 0.34 0.33 0.15 0.06 0.05 0.02 0.02 0.15 0.08 0.23 0.11

P04 0.28 0.28 0.36 0.31 0.19 0.16 0.12 0.03 0.01 0.10 0.04 0.24 0.11

P05 0.26 0.25 0.40 0.37 0.28 0.25 0.17 0.07 0.01 0.05 0.05 0.27 0.14

P06 0.07 0.23 0.34 0.30 0.27 0.26 0.20 0.07 0.01 0.01 0.04 0.23 0.12

P07 0.18 0.18 0.26 0.30 0.29 0.25 0.20 0.03 0.01 0.01 0.05 0.22 0.12

P08 0.33 0.16 0.18 0.33 0.33 0.22 0.17 0.01 0.02 0.01 0.04 0.23 0.12

P09 0.35 0.45 0.35 0.42 0.37 0.15 0.15 0.03 0.02 0.06 0.07 0.31 0.14

P10 0.28 0.55 0.41 0.48 0.39 0.27 0.18 0.07 0.05 0.07 0.05 0.36 0.17

P11 0.33 0.45 0.39 0.36 0.33 0.03 0.19 0.07 0.06 0.08 0.08 0.28 0.14

P12 0.25 0.32 0.33 0.25 0.19 0.09 0.21 0.08 0.08 0.07 0.09 0.21 0.12

P13 0.27 0.23 0.39 0.14 0.07 0.20 0.27 0.10 0.11 0.04 0.06 0.18 0.11

P14 0.24 0.27 0.42 0.20 0.16 0.19 0.28 0.10 0.10 0.05 0.06 0.21 0.13

P15 0.32 0.18 0.41 0.13 0.03 0.19 0.25 0.08 0.11 0.04 0.02 0.18 0.10

P16 0.30 0.09 0.44 0.05 0.09 0.16 0.24 0.13 0.12 0.05 0.10 0.16 0.11

P17 0.21 0.30 0.36 0.10 0.09 0.19 0.28 0.12 0.02 0.04 0.06 0.17 0.10

P18 0.06 0.25 0.13 0.02 0.08 0.19 0.24 0.03 0.15 0.11 0.15 0.11 0.12

P19 0.06 0.13 0.07 0.07 0.11 0.23 0.21 0.03 0.13 0.10 0.13 0.11 0.12

P20 0.48 0.35 0.21 0.04 0.08 0.19 0.21 0.05 0.18 0.16 0.20 0.18 0.14

P21 0.07 0.33 0.17 0.06 0.07 0.17 0.21 0.01 0.07 0.17 0.18 0.13 0.12

P22 0.12 0.29 0.27 0.05 0.05 0.13 0.14 0.06 0.06 0.29 0.11 0.14 0.12

P23 0.03 0.06 0.07 0.02 0.01 0.06 0.03 0.03 0.11 0.11 0.08 0.05 0.06

P24 0.12 0.07 0.07 0.06 0.05 0.12 0.13 0.07 0.24 0.36 0.10 0.11 0.16

P25 0.26 0.16 0.15 0.05 0.04 0.12 0.19 0.08 0.16 0.33 0.16 0.13 0.16

P26 0.35 0.27 0.13 0.08 0.15 0.26 0.09 0.07 0.05 0.24 0.22 0.17 0.15

P27 0.33 0.23 0.06 0.07 0.15 0.27 0.14 0.06 0.07 0.26 0.14 0.15 0.15

P28 0.28 0.19 0.08 0.08 0.13 0.18 0.12 0.07 0.13 0.21 0.23 0.14 0.15

P29 0.25 0.20 0.25 0.01 0.10 0.05 0.03 0.02 0.08 0.13 0.27 0.12 0.09

P30 0.32 0.29 0.39 0.26 0.03 0.04 0.04 0.03 0.03 0.05 0.25 0.19 0.09

Average SVR 0.25 0.26 0.28 0.19 0.15 0.16 0.16 0.06 0.08 0.12 0.12 0.19 0.12

T01 0.12 0.40 0.34 0.39 0.21 0.35 0.14 0.13 0.02 0.05 0.23 0.28 0.17

T02 0.26 0.30 0.42 0.48 0.29 0.14 0.06 0.09 0.02 0.12 0.26 0.31 0.17

T03 0.13 0.37 0.38 0.46 0.25 0.34 0.12 0.08 0.01 0.01 0.22 0.30 0.16

T04 0.20 0.28 0.40 0.47 0.29 0.18 0.05 0.12 0.01 0.08 0.22 0.30 0.16

T05 0.10 0.35 0.42 0.50 0.29 0.31 0.09 0.06 0.02 0.02 0.20 0.32 0.16

T06 0.10 0.38 0.29 0.19 0.02 0.12 0.45 0.24 0.06 0.08 0.26 0.17 0.16

T07 0.25 0.38 0.36 0.24 0.06 0.19 0.31 0.17 0.04 0.08 0.29 0.21 0.16

T08 0.30 0.31 0.27 0.22 0.13 0.32 0.27 0.21 0.00 0.07 0.27 0.21 0.17

T09 0.33 0.11 0.07 0.22 0.25 0.32 0.31 0.24 0.03 0.06 0.24 0.18 0.19

T10 0.23 0.23 0.07 0.20 0.22 0.14 0.37 0.25 0.21 0.04 0.21 0.17 0.19

T11 0.30 0.43 0.42 0.32 0.28 0.09 0.19 0.09 0.08 0.09 0.09 0.28 0.14

T12 0.23 0.39 0.38 0.22 0.18 0.14 0.19 0.09 0.06 0.08 0.08 0.23 0.12

T13 0.29 0.20 0.33 0.06 0.08 0.21 0.29 0.09 0.07 0.08 0.10 0.15 0.11

T14 0.27 0.25 0.21 0.04 0.04 0.14 0.17 0.08 0.01 0.08 0.11 0.12 0.08

T15 0.11 0.57 0.43 0.50 0.41 0.40 0.12 0.08 0.08 0.06 0.03 0.38 0.19

T16 0.14 0.52 0.43 0.49 0.39 0.43 0.13 0.08 0.08 0.05 0.00 0.37 0.18

T17 0.13 0.51 0.41 0.45 0.35 0.44 0.14 0.08 0.08 0.04 0.04 0.35 0.18

T18 0.10 0.50 0.33 0.39 0.22 0.38 0.18 0.08 0.06 0.05 0.03 0.29 0.15

T19 0.16 0.35 0.22 0.27 0.11 0.34 0.64 0.22 0.05 0.19 0.06 0.23 0.21

T20 0.16 0.31 0.13 0.23 0.03 0.07 0.31 0.06 0.16 0.44 0.11 0.18 0.19

T21 0.30 0.23 0.26 0.37 0.05 0.12 0.27 0.12 0.40 0.47 0.14 0.27 0.27

T22 0.35 0.27 0.35 0.34 0.22 0.30 0.40 0.35 0.39 0.37 0.30 0.32 0.34

T23 0.32 0.24 0.37 0.28 0.31 0.45 0.35 0.43 0.39 0.39 0.21 0.33 0.35

T24 0.33 0.48 0.32 0.14 0.35 0.53 0.62 0.47 0.45 0.43 0.20 0.34 0.40

T25 0.30 0.28 0.12 0.05 0.34 0.52 0.74 0.51 0.53 0.44 0.24 0.27 0.42

T26 0.36 0.37 0.18 0.05 0.38 0.59 0.76 0.49 0.50 0.38 0.28 0.29 0.42

T27 0.35 0.30 0.06 0.15 0.28 0.61 0.62 0.43 0.43 0.29 0.15 0.27 0.36

T28 0.37 0.36 0.12 0.17 0.33 0.62 0.71 0.44 0.45 0.34 0.28 0.30 0.41

T29 0.15 0.17 0.01 0.16 0.24 0.57 0.58 0.44 0.38 0.25 0.18 0.22 0.34

T30 0.38 0.29 0.15 0.11 0.26 0.54 0.42 0.16 0.32 0.04 0.22 0.23 0.24

T31 0.29 0.20 0.10 0.02 0.05 0.12 0.10 0.10 0.16 0.28 0.14 0.12 0.14

T32 0.17 0.11 0.08 0.05 0.06 0.17 0.27 0.11 0.15 0.29 0.01 0.11 0.15

T33 0.30 0.14 0.16 0.02 0.04 0.04 0.08 0.03 0.05 0.25 0.03 0.10 0.08

T34 0.32 0.33 0.37 0.00 0.05 0.08 0.05 0.01 0.12 0.21 0.11 0.16 0.09

T35 0.03 0.28 0.19 0.02 0.06 0.10 0.05 0.02 0.05 0.16 0.05 0.10 0.07

T36 0.11 0.27 0.23 0.07 0.08 0.14 0.22 0.08 0.04 0.08 0.05 0.12 0.09

T37 0.13 0.30 0.02 0.15 0.12 0.25 0.42 0.08 0.10 0.04 0.07 0.14 0.14

T38 0.14 0.26 0.32 0.11 0.11 0.15 0.17 0.12 0.15 0.08 0.11 0.16 0.12

T39 0.18 0.24 0.13 0.11 0.07 0.23 0.49 0.14 0.12 0.05 0.09 0.14 0.15

T40 0.18 0.25 0.25 0.15 0.12 0.17 0.14 0.04 0.02 0.01 0.13 0.15 0.09

T41 0.26 0.30 0.22 0.20 0.02 0.22 0.55 0.19 0.14 0.05 0.11 0.18 0.17

T42 0.20 0.27 0.29 0.03 0.15 0.25 0.24 0.12 0.08 0.11 0.09 0.16 0.13

T43 0.20 0.26 0.25 0.27 0.13 0.23 0.53 0.15 0.11 0.06 0.01 0.21 0.16

Baseline Scheme(VR)



Test Point  NNE NE ENE E ESE SE SSE S SSW SW WSW Annual Summer

Baseline Scheme(VR)

T44 0.14 0.13 0.03 0.15 0.13 0.42 0.02 0.05 0.19 0.16 0.04 0.16 0.14

T45 0.12 0.14 0.01 0.14 0.05 0.03 0.13 0.15 0.30 0.32 0.06 0.12 0.17

T46 0.24 0.11 0.04 0.14 0.01 0.04 0.07 0.09 0.30 0.27 0.05 0.12 0.14

T47 0.10 0.21 0.04 0.05 0.11 0.30 0.45 0.26 0.22 0.29 0.02 0.14 0.21

T48 0.03 0.06 0.04 0.11 0.14 0.33 0.62 0.45 0.04 0.15 0.05 0.11 0.21

T49 0.07 0.28 0.23 0.12 0.13 0.32 0.55 0.41 0.05 0.04 0.05 0.16 0.18

T50 0.19 0.12 0.11 0.16 0.14 0.34 0.58 0.42 0.15 0.23 0.10 0.17 0.25

Average LVR 0.22 0.28 0.25 0.20 0.17 0.23 0.26 0.14 0.13 0.15 0.13 0.21 0.17



Test Point  NNE NE ENE E ESE SE SSE S SSW SW WSW Annual Summer

P01 0.46 0.43 0.46 0.41 0.13 0.07 0.07 0.06 0.06 0.08 0.06 0.29 0.11

P02 0.29 0.29 0.38 0.39 0.16 0.03 0.08 0.09 0.07 0.09 0.06 0.25 0.11

P03 0.28 0.28 0.41 0.40 0.16 0.03 0.06 0.09 0.08 0.14 0.11 0.26 0.13

P04 0.31 0.32 0.43 0.41 0.19 0.10 0.16 0.09 0.01 0.11 0.08 0.28 0.13

P05 0.32 0.27 0.44 0.44 0.25 0.11 0.11 0.12 0.02 0.01 0.00 0.28 0.11

P06 0.23 0.09 0.40 0.45 0.27 0.03 0.03 0.10 0.01 0.00 0.01 0.25 0.10

P07 0.32 0.15 0.43 0.48 0.33 0.11 0.01 0.09 0.02 0.00 0.01 0.29 0.11

P08 0.41 0.36 0.37 0.45 0.34 0.20 0.17 0.07 0.03 0.01 0.02 0.31 0.14

P09 0.40 0.43 0.35 0.45 0.34 0.14 0.21 0.03 0.03 0.03 0.04 0.31 0.14

P10 0.35 0.54 0.37 0.46 0.34 0.36 0.20 0.05 0.04 0.04 0.04 0.35 0.17

P11 0.37 0.45 0.39 0.41 0.26 0.05 0.21 0.06 0.04 0.05 0.04 0.29 0.12

P12 0.36 0.38 0.38 0.32 0.14 0.15 0.26 0.07 0.03 0.05 0.05 0.25 0.12

P13 0.37 0.33 0.38 0.11 0.14 0.22 0.27 0.11 0.06 0.05 0.04 0.20 0.11

P14 0.32 0.34 0.37 0.18 0.07 0.23 0.29 0.09 0.03 0.05 0.05 0.20 0.11

P15 0.38 0.14 0.41 0.18 0.15 0.16 0.20 0.12 0.09 0.01 0.02 0.20 0.10

P16 0.35 0.09 0.43 0.06 0.11 0.15 0.18 0.15 0.11 0.02 0.01 0.16 0.09

P17 0.27 0.22 0.30 0.14 0.10 0.22 0.37 0.09 0.13 0.03 0.02 0.17 0.12

P18 0.06 0.20 0.05 0.09 0.11 0.29 0.37 0.07 0.16 0.03 0.02 0.12 0.13

P19 0.06 0.15 0.06 0.10 0.12 0.27 0.28 0.03 0.05 0.04 0.03 0.11 0.10

P20 0.41 0.24 0.18 0.09 0.11 0.24 0.23 0.04 0.07 0.21 0.14 0.17 0.14

P21 0.15 0.32 0.17 0.04 0.08 0.09 0.07 0.12 0.25 0.33 0.26 0.15 0.18

P22 0.09 0.22 0.16 0.03 0.07 0.09 0.04 0.09 0.20 0.33 0.25 0.12 0.16

P23 0.05 0.10 0.03 0.02 0.04 0.08 0.02 0.02 0.05 0.04 0.03 0.04 0.04

P24 0.05 0.14 0.02 0.06 0.12 0.23 0.06 0.05 0.25 0.34 0.26 0.13 0.19

P25 0.05 0.06 0.13 0.06 0.10 0.21 0.25 0.15 0.21 0.34 0.26 0.13 0.21

P26 0.28 0.16 0.15 0.12 0.12 0.14 0.13 0.05 0.14 0.27 0.20 0.16 0.16

P27 0.34 0.20 0.09 0.14 0.15 0.18 0.21 0.10 0.14 0.19 0.14 0.16 0.16

P28 0.32 0.21 0.14 0.07 0.03 0.03 0.02 0.03 0.01 0.01 0.01 0.09 0.02

P29 0.35 0.24 0.13 0.07 0.06 0.10 0.01 0.04 0.04 0.05 0.03 0.12 0.05

P30 0.42 0.33 0.03 0.05 0.04 0.11 0.02 0.04 0.06 0.04 0.03 0.11 0.05

Average SVR 0.28 0.26 0.27 0.22 0.15 0.15 0.15 0.08 0.08 0.10 0.08 0.20 0.12

T01 0.15 0.25 0.33 0.39 0.30 0.16 0.18 0.08 0.01 0.08 0.06 0.26 0.14

T02 0.30 0.23 0.40 0.44 0.33 0.10 0.02 0.14 0.06 0.08 0.06 0.29 0.14

T03 0.15 0.24 0.36 0.45 0.33 0.04 0.15 0.01 0.02 0.08 0.06 0.26 0.13

T04 0.22 0.21 0.38 0.43 0.35 0.20 0.07 0.09 0.02 0.10 0.08 0.29 0.15

T05 0.10 0.24 0.39 0.48 0.37 0.04 0.11 0.03 0.03 0.05 0.02 0.28 0.13

T06 0.11 0.34 0.28 0.16 0.03 0.19 0.45 0.27 0.07 0.08 0.05 0.17 0.15

T07 0.21 0.31 0.27 0.28 0.10 0.12 0.32 0.23 0.05 0.08 0.07 0.20 0.14

T08 0.28 0.28 0.17 0.36 0.18 0.25 0.27 0.29 0.00 0.07 0.06 0.23 0.17

T09 0.32 0.25 0.07 0.16 0.23 0.40 0.33 0.34 0.03 0.09 0.03 0.19 0.18

T10 0.30 0.27 0.05 0.21 0.12 0.16 0.41 0.37 0.18 0.10 0.01 0.17 0.18

T11 0.35 0.41 0.42 0.38 0.24 0.03 0.17 0.07 0.05 0.06 0.04 0.28 0.12

T12 0.31 0.39 0.37 0.25 0.15 0.07 0.16 0.09 0.06 0.06 0.04 0.22 0.10

T13 0.33 0.28 0.35 0.14 0.12 0.25 0.24 0.11 0.05 0.06 0.05 0.20 0.11

T14 0.34 0.26 0.23 0.21 0.13 0.22 0.17 0.08 0.05 0.07 0.05 0.19 0.11

T15 0.28 0.56 0.39 0.49 0.34 0.45 0.12 0.06 0.05 0.05 0.03 0.37 0.17

T16 0.13 0.53 0.39 0.48 0.31 0.47 0.11 0.07 0.07 0.04 0.02 0.35 0.17

T17 0.09 0.55 0.40 0.45 0.27 0.45 0.15 0.09 0.08 0.04 0.03 0.34 0.17

T18 0.07 0.49 0.32 0.39 0.16 0.35 0.08 0.09 0.08 0.05 0.06 0.28 0.14

T19 0.14 0.35 0.22 0.27 0.07 0.28 0.61 0.22 0.02 0.15 0.13 0.21 0.20

T20 0.20 0.38 0.16 0.25 0.03 0.42 0.18 0.07 0.03 0.44 0.33 0.23 0.23

T21 0.31 0.25 0.28 0.37 0.07 0.53 0.24 0.07 0.18 0.45 0.34 0.31 0.29

T22 0.33 0.22 0.36 0.33 0.29 0.53 0.40 0.38 0.33 0.36 0.27 0.34 0.36

T23 0.32 0.20 0.35 0.11 0.34 0.60 0.52 0.42 0.32 0.37 0.28 0.30 0.36

T24 0.34 0.49 0.33 0.07 0.36 0.69 0.67 0.46 0.45 0.43 0.32 0.34 0.43

T25 0.30 0.30 0.11 0.16 0.32 0.49 0.71 0.54 0.52 0.31 0.24 0.28 0.40

T26 0.34 0.39 0.15 0.17 0.36 0.53 0.72 0.52 0.50 0.38 0.30 0.31 0.43

T27 0.27 0.21 0.03 0.16 0.30 0.44 0.69 0.43 0.40 0.15 0.12 0.22 0.32

T28 0.30 0.38 0.01 0.16 0.35 0.54 0.69 0.47 0.45 0.33 0.25 0.27 0.40

T29 0.15 0.14 0.04 0.14 0.27 0.43 0.64 0.46 0.38 0.25 0.19 0.20 0.34

T30 0.26 0.20 0.11 0.15 0.28 0.28 0.55 0.22 0.20 0.19 0.14 0.20 0.24

T31 0.17 0.17 0.12 0.01 0.09 0.21 0.11 0.08 0.20 0.38 0.29 0.13 0.19

T32 0.24 0.22 0.19 0.03 0.09 0.17 0.26 0.08 0.18 0.28 0.22 0.15 0.17

T33 0.31 0.20 0.22 0.07 0.04 0.09 0.07 0.01 0.12 0.29 0.22 0.14 0.13

T34 0.27 0.35 0.36 0.07 0.03 0.06 0.04 0.05 0.24 0.26 0.20 0.18 0.14

T35 0.13 0.27 0.16 0.07 0.06 0.11 0.07 0.07 0.08 0.26 0.21 0.13 0.13

T36 0.13 0.25 0.18 0.07 0.09 0.12 0.21 0.05 0.09 0.18 0.14 0.13 0.12

T37 0.18 0.26 0.03 0.15 0.14 0.27 0.49 0.06 0.04 0.03 0.03 0.14 0.13

T38 0.14 0.26 0.32 0.07 0.12 0.14 0.18 0.12 0.01 0.01 0.01 0.14 0.07

T39 0.21 0.26 0.09 0.13 0.09 0.26 0.50 0.15 0.08 0.09 0.07 0.15 0.15

T40 0.19 0.29 0.27 0.11 0.13 0.16 0.20 0.02 0.07 0.03 0.02 0.16 0.08

T41 0.27 0.35 0.22 0.19 0.06 0.26 0.52 0.18 0.14 0.06 0.01 0.19 0.16

T42 0.20 0.30 0.29 0.05 0.16 0.25 0.30 0.14 0.08 0.12 0.02 0.17 0.13

T43 0.22 0.30 0.23 0.33 0.14 0.28 0.49 0.16 0.13 0.02 0.04 0.23 0.17

Proposed Scheme(VR)



Test Point  NNE NE ENE E ESE SE SSE S SSW SW WSW Annual Summer

Proposed Scheme(VR)

T44 0.15 0.11 0.06 0.13 0.13 0.26 0.20 0.03 0.20 0.19 0.15 0.14 0.16

T45 0.11 0.08 0.08 0.13 0.02 0.02 0.11 0.17 0.27 0.32 0.24 0.12 0.18

T46 0.24 0.15 0.10 0.03 0.01 0.14 0.18 0.04 0.29 0.24 0.19 0.11 0.15

T47 0.11 0.24 0.04 0.03 0.10 0.29 0.55 0.39 0.19 0.33 0.26 0.13 0.27

T48 0.03 0.07 0.06 0.01 0.13 0.34 0.56 0.38 0.08 0.28 0.21 0.11 0.24

T49 0.07 0.29 0.19 0.06 0.13 0.32 0.56 0.43 0.09 0.02 0.02 0.14 0.18

T50 0.18 0.12 0.04 0.11 0.14 0.34 0.57 0.43 0.12 0.18 0.14 0.14 0.24

Average LVR 0.24 0.27 0.24 0.21 0.17 0.23 0.26 0.15 0.12 0.15 0.11 0.21 0.17
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              Appendix 6 

Screen Capture of CFD Model Input Parameter 

 

 

 

 

 

 

 

 

 

 

 

 
 
 



 

 

2. Boundary conditions: (take E wind as an example) 
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3. Turbulence model setting: 
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