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1 EXECUTIVE SUMMARY 
In November 2009, Hyder Consulting Ltd (HCL) was commissioned by the 
Architectural Services Department (ArchSD) to undertake an Air Ventilation 
Assessment (AVA) Initial Study for the Tin Shui Wai Hospital at TSW Area 32, at Tin 
Tan Street, Tin Shui Wai, to assess air ventilation performance of the building design 
and its impacts to the surrounding pedestrian accessible locations. Finding from the 
AVA Initial Study undertaken are documented in this report and summarised in the 
following section. Computational Fluid Dynamics (CFD) simulation was employed as 
the assessment tool for quantitative ventilation performance evaluation in the study. 

Local AVA simulated results computed by analysing the group of overall test points and 
perimeter test points, and Site AVA results evaluated by considering perimeter test 
points only are summarised in the tables below and graphically illustrated overleaf. 

Local Air Ventilation Assessment Results (LVR) 

Prevailing 
Wind Direction 

Prior to Construction of 
Tin Shui Wai Hospital

Subsequent to Construction 
of Tin Shui Wai Hospital 

VR 
Change 

NNE (22.5º) 0.112 0.095 -0.017 

NE (45º) 0.118 0.101 -0.017 

ENE (67.5º) 0.099 0.089 -0.010 

E (90º) 0.109 0.096 -0.013 

ESE (112.5º) 0.102 0.093 -0.008 

SE (135º) 0.095 0.086 -0.010 

SSE (157.5º) 0.164 0.140 -0.024 

Overall 

(weighted) 0.111 0.098 -0.013 

Table 1-1 Summary of Local Velocity Ratios for Tin Shui Wai Hospital under 
Prevailing Wind Directions 

Site Air Ventilation Assessment Results (SVR) 

Prevailing 
Wind Direction 

Prior to Construction of 
Tin Shui Wai Hospital

Subsequent to Construction 
of Tin Shui Wai Hospital 

VR 
Change 

NNE (22.5º) 0.118 0.088 -0.029 

NE (45º) 0.129 0.097 -0.032 

ENE (67.5º) 0.109 0.088 -0.021 

E (90º) 0.123 0.096 -0.027 

ESE (112.5º) 0.111 0.094 -0.016 

SE (135º) 0.100 0.079 -0.021 

SSE (157.5º) 0.171 0.126 -0.045 

Overall 

(weighted) 0.121 0.094 -0.027 

Table 1-2 Summary of Site Velocity Ratios for Tin Shui Wai Hospital under 
Prevailing Wind Directions 
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Prevailing 
Wind 

Direction 

Prior to Construction of Tin 
Shui Wai Hospital 

Subsequent to Construction of 
Tin Shui Wai Hospital 

NNE (22.5º)

NE (45) 

ENE (67.5)

E (90º) 

Table 1-3 Velocity Ratio Plots for Tin Shui Wai Hospital under Prevailing Wind 
Directions 
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Prevailing 
Wind 

Direction 

Prior to Construction of Tin Shui 
Wai Hospital 

Subsequent to Construction of Tin 
Shui Wai Hospital 

ESE (112.5º) 

SE (135) 

SSE (157.5º)

Table 1-4  Velocity Ratio Plots for Tin Shui Wai Hospital under Prevailing Wind 
Directions 

CFD simulation results of the LVR from above reveal that ventilation performance of 
adjacent pedestrian access areas within the vicinity of the site will be predominately 
unaffected by the construction of Tin Shui Wai Hospital. The change in weighted LVR 
is 0.013 and this is equivalent to a speed reduction of less than 0.1 m/s at pedestrian 
level which should be deemed insignificant and acceptable. 

 
As predicted from the qualitative ventilation performance evaluation in Section 3.3, high 
rise obstructive buildings are situated at northern and southern directions to the site 
which cause wind blockage and impact upon ventilation performance. As a result of 
this, even prior to construction of the Tin Shui Wai Hospital, wind availability of the 
project site and its surrounding community is inherently limited with a weighted LVR of 
0.111 which is equivalent to wind speeds of less than 0.9 m/s at nearby pedestrian 
areas. 

N N 

N N 

N N 
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As explained in Section 3.3, surrounding topology of the site creates a wind corridor 
along Tin Wing Road from the eastern direction and wind is directed towards the site 
and surrounding communities. Coupled with this wind corridor, the erection of the 
hospital building induces wind paths at northern and southern directions to the site. 
Open spaces are present at the eastern and western direction of the development. 
Roads around the hospital building act as a linkage between these two open spaces in 
such a way to form air paths. Prevailing Wind from the major breezeway along Tin 
Wing Road could therefore penetrate pedestrian areas through these air paths as 
illustrated below. The general principle of this “air path” effect in urbanised areas is 
provided in Figure 1.2 overleaf for reference. 

On the above basis, ventilation impacts from construction of the hospital building is not 
significantly reduced under eastern quadrant prevailing winds, resulting in LVR 
reductions ranging from 0.008 to 0.013 (equivalent to less than 0.1 m/s velocity 
reduction) under ENE, E, ESE and SE directions. 

 

Figure 1-1 Wind Paths Created around the Hospital Building to Minimise Air 
Ventilation Impacts 
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Figure 1-2 Open spaces (coloured in green) are linked by road such that air 
paths are created around buildings (prevailing wind directions are 
coloured in yellow) 

Under northern and southern quadrants of prevailing wind directions, the construction 
of the hospital building induces a barrier effect with LVR reductions ranging from 0.017 
and 0.024 for NNE, NE and SSE prevailing winds. Although ventilation impacts under 
these directions appear to be more sever but in absolute terms, the associated velocity 
reduction is less than 0.2 m/s. 

In summary, the overall weighted VR change in the local Air Ventilation Assessment 
from the construction of Tin Shui Wai Hospital is not substantial (less than 0.013 which 
is equivalent to 0.1 m/s wind velocity reduction) and its impact upon ventilation 
performance of potential pedestrian areas is deemed insignificant.  Therefore, it can be 
concluded that the design and erection of Tin Shui Wai Hospital is unlikely to have a 
significant adverse wind impact on pedestrian level ventilation performance. 

The ventilation performance of the site perimeter as a result of the Tin Shui Wai 
Hospital construction is summarised in the table below (Site Perimeter Velocity Ratio 
for each prevailing wind direction is summarised in the SVR results in table 1-2). Using 
the same CFD simulation data, local and site velocity assessments findings are also 
summarised below: 

 Before Development After Development 
LVR (Overall Test Points) 0.111 0.098 
SVR (Perimeter Test Point) 0.121 0.094 

Table 1-5 Summary of Local Velocity Ratio and Site Velocity Ratio for Tin Shui 
Wai Hospital under Prevailing Wind Directions 

The construction of the Tin Shui Wai Hospital involves erection of vertical structures 
which would ultimately lead to reduced wind permeability at pedestrian levels within the 
project site area (originally entirely exposed). Therefore, as shown by the velocity ratios 
in the table above, the Tin Shui Wai Hospital development would generally have some 
impact upon the wind availability of these test points, as expected. However, a SVR 
reduction of 0.03 (0.2 m/s reduction in wind velocity) for the hospital building can be 
considered as relatively insignificant and acceptable. 
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The AVA study findings reveal that the construction of the Tin Shui Wai Hospital 
Development is unlikely to have an adverse ventilation performance impact upon 
pedestrian areas at nearby sensitive communities and within the site. The design and 
erection of the hospital building leads to ventilation performance results of LVR change 
= 0.013 (equivalent to less than 0.1 m/s wind speed reduction) and SVR change = 
0.027 (equivalent to less than 0.2 m/s wind speed reduction), all of which are deemed 
to be insignificant and acceptable. 

It should be noted, however, in the interest of continual improvement, an additional 
AVA study should be considered at later project stages to investigate and identify 
opportunities to further enhance pedestrian level ventilation performance around the 
Tin Shui Wai Hospital Development, as possible. 
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2 Introduction 

2.1 Background 

The Planning Department (PD) completed a Feasibility Study for Establishment of Air 
Ventilation Assessment System (AVAS) for Hong Kong in 2005. As a way forward from 
the study, the Housing, Planning and Lands Bureau (HPLB) and the Environment, 
Transport and Works Bureau (ETWB) jointly issued the Technical Circular No. 1/06 – 
Air Ventilation Assessments (AVA). This technical circular provides guidelines on 
undertaking AVA for developments in Hong Kong with the core objective of assessing 
impacts on pedestrian wind environment. Technical Circular No. 1/06 – AVA is 
provided in Appendix A for reference. 

In November 2009, Hyder Consulting Ltd (HCL) was commissioned by the 
Architectural Services Department (ArchSD) to undertake an Air Ventilation 
Assessment (AVA) Initial Study for the Tin Shui Wai Hospital at TSW Area 32, at Tin 
Tan Street, Tin Shui Wai, to assess air ventilation performance of the building design 
and its impacts to the surrounding pedestrian accessible locations. 

2.2 Objective 

Using methodology outlined in the Technical Guide for AVA for Developments in Hong 
Kong (Technical Guide) annexed in HPLB and ETWB TC No. 1/06 as a basis, the 
impacts of the proposed Tin Shui Wai Hospital at TSW Area 32, at Tin Tan Street, Tin 
Shui Wai on pedestrian level wind environment were analysed and investigated. 
Computational Fluid Dynamics (CFD) simulation was employed as the assessment tool 
for quantitative ventilation performance evaluation in the study. In essence, the main 
purposes of this assignment, echoing the technical guide include: 

 to assess characteristics of the wind availability (V∞) of the site; 
 to give a general pattern of the proposed design and a quantitative estimates      

of wind performance at pedestrian levels (at street level) reported using Wind 
Velocity Ratio (VR); and 

 to identify ventilation performance of the proposed design and areas of concerns 
in the neighbourhood. 

 
This report describes the AVA initial study undertaken for the proposed design of the 
Tin Shui Wai Hospital at Tin Tan Street and the remainder of the report is sectionalised 
as follows: 

Section 3: Site Wind Conditions and Expert Evaluation, Site Environs 

Section 4: Site Wind Availability 

Section 5: Assessment Methodology and Criteria 

Section 6: Results and Analysis 

Detailed AVA study data and results are given in Appendix C. 
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3 Site Wind Conditions and Expert Evaluation 

3.1 Site Environs 

The project site is located in the western region of Tin Shui Wai district at Area 32, Tin 
Tan Street and has an area of approximately 13,400 m2.  The site is bounded by high 
rise Tin Wai Estate and Tin Tan Street to its north, high rise Tin Sui Estate to its south 
and a drainage channel to its west. There is an open space car park situated at the 
east of the site. The subject site and its surrounding topography are illustrated below. 

 

Figure 3-1 Location of Tin Shui Wai Hospital and Surrounding Topography 

The proposed design of the Tin Shui Wai Hospital at TSW Area 32, at Tin Tan Street 
(TSW Hospital) is a 14-storeyed hospital building with a one-storey basement carpark, 
a two-storey podium housing the entrance hall, emergency services, diagnostic 
departments and back-of-house support facilities, and 11 levels of clinical 
departments/in-patient wards/offices above the podium. 
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3.2 Project Area, Assessment Area Boundary and 
Surrounding Area Boundary 

The project area is defined by project site boundaries including all open areas for which 
pedestrian are likely to access. For the purpose of this study, the project area is 
therefore equivalent to the project site area as illustrated (by the shaded area) below. 

The assessment area (encoded by green boundary line) includes the site’s surrounding 
environment up to a perpendicular distance of H (where H is the height of the tallest 
building within the project site) as shown below. For the project site, H is 66 metres.  

The surrounding area should normally be up to a perpendicular distance of 2H from the 
project site boundary, which is 132 meters for this study. However, since there are 
bulky and obstructive developments immediate outside the assessment area regions, 
the surrounding area for this AVA study has been enlarged as shown below (encoded 
by black boundary line) for eastern and southern incoming winds and these are 
modelled in the CFD simulation described in Section 5. Project site area, assessment 
area and surrounding area boundaries are all shown below. 

. 

 

Figure 3-2 Project Site Boundary, Assessment Area Boundary and Surrounding 
Area Boundary 
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3.3 General Prevailing Wind Conditions and Expert 
Evaluation 

Air ventilation assessments would generally be affected by wind availability under all 
wind directions and frequency of occurrence of individual wind directions, and in 
particular predominated by prevailing wind flows. With regards to the project site, 
based on the site wind availability data provided by the Planning Department for the 
immediate vicinity of the project site in Tin Shui Wai region (see Section 4 for more 
details), north-north-easterly to south-south-easterly winds occurrence exceed 75% of 
the time throughout the year. 

Potential wind barriers to the overall wind environment of the project site are high rise 
building blocks within close proximity. These include Tin Wai Public Housing Estate 
and Tin Chung Public Housing Estates located at north/northeast directions to the site, 
Tin Shui Public Housing Estate situated to the south and Chestwood Court Kingswood 
Villas erected on the east. A potential wind corridor is available along Tin Wing Road 
(shown by yellow arrows) under north-eastern directions as air circulation is directed 
towards the project site (see illustrated below). A large plot of scattered vacant lands 
and low-rise small villages are found at south eastern and south western directions to 
the site. The open nature of these non obstructive developments should encourage air 
circulation to the site. However, due to the relative low probability occurrence of these 
winds (less than 10% as deduced in Section 4.2), this wind enhancement effect is 
substantially diminished. As a result of congested and high rise nature of surrounding 
developments and topography, wind availability is likely to be limited and the inherent 
wind conditions on site should be relatively calm. 

 

 
Figure 3-3 Wind Corridor Directing Air Circulation toward Project Site 
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The erection of a hospital building on the project site could potentially block northern, 
eastern and southern winds available to pedestrian areas within close vicinity. The 
extent of these impacts is unknown since wind availability at these areas is inherently 
limited. The ventilation impact of the hospital building to the surrounding community 
was investigated by CFD simulation and explained in Section 6. However, under ENE 
and ESE prevailing winds, the development could form corridors with surrounding 
buildings, along Tin Wing Road and thus potentially reducing wind availability impacts 
to nearby pedestrian areas. 
 
Using CFD simulation as the assessment tool, quantitative ventilation performance 
evaluation of proposed design of Tin Shui Wai Hospital and its surrounding community 
was undertaken, with methodology adopted described in Section 5 and results 
explained in Section 6. 

3.4 Focus 

Wind availability of individual areas within the site and close proximity are verified in 
the study as detailed below: 

 Whether the building height and disposition design of the Tin Shui Wai Hospital 
has significant impact on surrounding areas; and 

 Whether air ventilation performance will deteriorate after construction of the 
hospital development. 

Specifically, the ventilation performance of pedestrian areas within close proximity to 
the project is the main focus of this AVA study. 
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4 Site Wind Availability 
4.1 Simulated Site Wind Data 

Site Wind Availability Data for Hong Kong obtained from the Planning Department 
website was used for the AVA study in this report. The simulated wind data were made 
available by Planning Department (PD) using simulation model - 5th Generation NCAR 
/Penn State Mesoscale Model (MM5). 

One set of data from the site wind availability data representing the immediate vicinity 
of the project site (Tin Shui Wai District) was extracted for simulation as the black 
square shown below. 

 

Figure 4-1 Location of Project Site 

4.2 Wind Rose and Probability in 16 directions 

Relevant wind rose and wind probability table were also obtained from the Planning 
Department (PD) website (http://www.pland.gov.hk/pland_en/misc/MM5/index.html). 
The wind rose result indicates dominance of each of the 16 wind directions and 
distribution of wind speed. The figure below shows relevant wind rose for the 
assessment area. The wind probability table showing simulated wind speed of the 
selected region at infinity (596m above the terrain) shown in Appendix B. Individual 
wind direction occurrence is directly extracted from the wind probability table. The 16-
wind direction occurrences in percentage for the project site and assessment area are 
also shown in the table overleaf. 
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Figure 4-2 Relevant Wind Rose for Tin Shui Wai District 

4.3 Simplification of Wind Data for the Study 

According to the Technical Circular No. 1/06 – AVA, probability of wind coming from a 
reduced set of directions exceeding 75% of time would normally be considered 
adequate. The seven most frequent wind directions with accumulative occurrence 
percentage of approximately 75.2% are shown below. The table below shows the 
selected wind direction with corresponding average speed at infinity height, 596m 
(using raw data extracted from PD website: http://www.pland.gov.hk/pland_en/misc/MM5/index.html).  
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Angle (O) Wind Direction 
Wind Speed at infinity, 596 m 

(m/s) 
Probability 

67.5 ENE 8.49 17.30% 

75.20%

45.0 NE 7.87 13.40% 

90.0 E 7.43 12.90% 

22.5 NNE 8.63 9.40% 

112.5 ESE 6.23 9.30% 

135.0 SE 5.71 6.50% 

157.5 SSE 6.22 6.40% 

202.5 SSW 6.89 5.40% 

225.0 SW 5.90 4.60% 

180.0 S 4.89 4.40% 

0.0 N 5.30 3.20% 

247.5 WSW 4.75 2.60% 

270.0 W 3.21 1.40% 

337.5 NNW 3.15 1.30% 

315.0 NW 2.25 1.00% 

292.5 WNW 2.78 0.90% 

Table 4-1 Wind Data for Tin Shui Wai District 
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5 Assessment Methodology and Criteria 

5.1 CFD Software 
The numerical simulation undertaken for the study involved complex 3-dimensional 
turbulence flow for the assessment area. The CFD software employed for this 
assignment is the PHOENICS-2008 <CORE> module. 

5.1.1 Assessment Methodology and Assumption 
Wind environment within the assessment area prior to and subsequent to construction 
of the hospital development on the project site was simulated using PHOENICS-2008 
<CORE> under the impact of the with seven selected wind directions (ie NNE, NE, 
ENE, E, ESE, SE, SSE). The methodology as stipulated in Technical Circular No. 
1/06 – AVA was adopted, with the assessment and surrounding areas as previously 
described, and these were modelled and analysed using the PHOENICS-2008 
<CORE> CFD simulation with computer specify with 64-bits quad-core of 2.93GHz 
Xeon CPU and 12.0GB of RAM. 

3-Dimensional Modelling 

In this study, 3-dimensional models within the surrounding and assessment area were 
built in order to conduct CFD simulation as shown below. The blockage ratio for 5H 
(where H is 66 meters) around the area of interest is 2%. 

 

Figure 5-1 3 – Dimensional Virtual Model Prior to Construction of the Tin Shui 
Wai Hospital Development 

    

 

N

Subject Site Area
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Figure 5-2 3 – Dimensional Virtual Model Subsequent to Construction of the Tin 
Shui Wai Hospital Development 

 

Computational Fluid Dynamics (CFD) techniques employing Reynolds Averaged 
Navier-Stokes (RANS) method using turbulence models to solve ensemble-averaged 
Navier-Stokes equations. 

 

Wind Profile 

Although the site wind speed at infinity (terrain height = 596m) were provided, 
appropriate wind speed were input to the program for our CFD simulation. Vertical wind 
profile is determined using the Power Law: 

 
Where different power law exponents ( ) are chosen for the estimation of wind profile 
of different prevailing direction based on the roughness length of the surrounding area 
of the subject site. A high value of  implies a high surface roughness of the area that 
the incoming wind flows through. Alpha Coefficient ( ) in this study is set at 0.5 for all 
NNE, NE, ENE, E, ESE and SE prevailing wind directions analysed in this study as the 
terrain in these directions around the project site are of urban and city nature. Due to 
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the suburban topology of scattered vacant lands and mid rise housing to south east of 
the project site, an Alpha Coefficient of 0.35 is set for SSE. Wind profile drawings for 
each CFD simulated prevailing wind direction is provided in Appendix B. 

 

Table 5-1 Alpha Coefficient in different topography 

Turbulence model 

The Chen-Kim Turbulence Model (Chen K-Epsilon Model, Chen - Model) is adopted 
in the CFD simulation of this AVA study. This is one of the modifications of the 
standard - Model in the high Reynolds Number Form. The Standard - Model is a 
two-equation model of turbulent kinetic energy  and dissipation rate  as explained 
below. 

For turbulent kinetic energy  

 
For dissipation rate  

 

where the dimensionless constant  CCC ,, 21  and the Prandtl Numbers   , are 

 
The original - Model allows large variation in  when large eddies occur which will 
cause large degree of error in the CFD simulation.   

The modified Chen - Model contains a new transport equation with a small coefficient 

multiplied to the turbulent dissipation rate, so that turbulence distortion ratio (  /P ) 
can be varied and the production of turbulent kinetic energy increases. The Chen - 
Model differs from the standard high-Reynolds-Number Form of the - Model in that:  

 The following model constants take different values:   =0.75;   =1.15; 

1C =1.15; 2C  =1.9 ; and  

 An extra timescale  P/  is included in the -equation via the following 

 additional source term per unit volume: S  =   /*** 2
31 PCf  

where 3C  =0.25, P  is the volumetric production rate of  and 1f  is the Lam-
Bremhorst [1981] damping function which tends to unity at high turbulence Reynolds 
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numbers. The above modifications permit Chen-Kim Turbulence Model to be 
appropriate and adequately accurate for CFD simulation analysis in the AVA study. 

Domain Size 

Following is the domain dimensions employed and graphically illustrated below.  

 x-direction = 2,000 m; 

 y-direction = 2,000 m; and 

 z-direction = 600 m,  

H is height of tallest building within subject site which is 66 m. 
 
 

 

Figure 5-3 Birds View of Domain Dimension

 
 

 

Figure 5-4 Side View of Domain Dimension 
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Simulation Meshing 

Cell meshing is set an adequate resolution to ensure accurate simulation results:  

Average size in: x-direction = 12m (largest one near boundary is 25m); y-direction = 
13m (largest one near boundary is 42m); z-direction = 7m (largest one near boundary 
is 26m).  

Areas of interest (test points) around and within subject site at ground level: x-
direction = 4m; y-direction = 4m; z-direction = 0.5m, with expansion ratio of 1 from 0 to 
5m above test points' level1. 

 

Figure 5-5 Birds View of Meshing Arrangement 

 

 
 

                                                      

1 Reference to Cost C14 

Figure 5-6 Side View of Meshing Arrangement
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Figure 5-7 Side Views of Meshing Arrangements at Area of Interest 
(Near Ground Level) 

 

Figure 5-8 Mesh Setting 

Other Variables 
Fluid velocity, pressure, temperature, turbulence KE, turbulence KE dissipation and 
turbulence viscosity are variables to be adjusted in order to obtain converging results 
for the CFD simulation. All of these components were calculated throughout the 
software domain. The CFD code captures, simulates and determines the airflow inside 
the domain under study, based on viscous fluid turbulence model employed, and 
solutions are obtained by iterations. CFD simulations are set to be completed at 
coverage = 0.1%2. Variable settings applied for the CFD simulation are tabulated in 
overleaf. 

                                                      

2 A converge solution is considered to be adequate and iteration for cells in each simulation stops when errors in all 

solved equations have fallen below this minimum threshold value.    
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Figure 5-9 Variables Control Settings Employed in CFD Simulations

 

Figure 5-10 Wind Profile Attributes in CFD Simulations 
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Test Points 

Test Points are the locations where Wind Velocity Ratio (VRs) is reported. Based on 
the VR of the Test Points, the resultant wind environment of the project can be 
assessed. Perimeter Test Points, special Test Points and local Test Points are 
distributed around the project site. In all instances, VR reported at test points are taken 
at 2 meters above ground level.  

Perimeter Test Points are distributed to areas around perimeters of the project site 
boundary including open spaces. Test Points in this group are named with prefix 'P' for 
labelling purposes (i.e. P1, P2...) as illustrated below. The distribution is shown in the 
followings as described in paragraph 27 of the Technical Guide for Air Ventilation 
Assessment for Developments in Appendix A. 

 

Figure 5-11 Perimeter Test Points 

Local Test Points are distributed on those potentially pedestrian accessible areas 
within the assessment area boundary and project site boundary. The local Test Points 
are lying within the assessment area boundary (coloured in green) and project site 
boundary (named by “Site”) as illustrated in the figures overleaf. Test Points in this 
group are named with prefix ‘L’ for labelling purposes (i.e. L1, L2…). The requirements 
of local Test Points are stipulated in paragraph 28 of the Technical Guide for Air 
Ventilation Assessment for Developments Appendix A. 
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Figure 5-12 Local Test Points 

Special Test Points are positioned at the ground floor entrance of the hospital building 
where these areas are likely to be frequent accessed by pedestrians as illustrated 
below. Test Points in this group are named with prefix ‘S’ for labelling purposes (i.e. S1, 
S2…). The distribution is shown in the followings as described in paragraph 29 of the 
Technical Guide for Air Ventilation Assessment for Developments in Appendix A. 

 

Figure 5-13 Special Test Points 
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5.2 Wind Velocity Ratio 
Wind velocity ratio (VR) is defined as Vp/V∞ (velocity at pedestrian level/velocity at 
infinity) and is adopted as the indicator of wind performance enjoyed by pedestrians at 
particular levels, taking into account of surrounding buildings, topography and the 
project site. In addition, VR can also be used for the purpose of objective comparison 
between ventilation performances of various building-massing scenarios. VR for all test 
points reported in this AVA are taken at 2 meters above ground level.  

V∞ captures the wind velocity at the top of the wind boundary layer and is taken as the 
wind availability of the site. MM5 Data from Planning Department website are used to 
determine velocity at infinity level for the project site. Vp captures the wind velocity at 
pedestrian level and is taken from CFD simulation results.  

Adopting this ratio method for analysing CFD results will determine the extent to which 
the new proposed development impact upon the wind environment of its immediately 
vicinity and local areas. In general, a higher VR means the proposed building design 
provides a better ventilation performance to the site and its surrounding environments. 
The higher the value of VR is, the lesser the impact of the proposed design to the wind 
availability of the site and its macro wind environment. However in some instances, too 
high VRs and uneven VR distribution could be a cause of concern and our analysis will 
address these issues as necessary. 
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6 Results and Analysis 
AVA study and CFD simulation results for the assignment are provided in Appendix C. 
Pedestrian level velocity ratios and plots for each test point described in Section 5.2, 
prior to and subsequent to construction of the Tin Shui Wai Hospital, for each of the 
seven prevailing wind direction are also tabulated in the Appendix C. Wind probability 
weighted VR for each test point is also provided in the same appendix. The following 
sections provide a summary and discussions upon study findings. 

Local AVA results computed by analysing the group of overall test points and perimeter 
test points and Site AVA results evaluated by considering perimeter test points only are 
summarised in the tables below and graphically illustrated overleaf. 

Local Air Ventilation Assessment Results (LVR) 

Prevailing 
Wind Direction 

Prior to Construction of 
Tin Shui Wai Hospital

Subsequent to Construction 
of Tin Shui Wai Hospital 

VR 
Change 

NNE (22.5º) 0.112 0.095 -0.017 

NE (45º) 0.118 0.101 -0.017 

ENE (67.5º) 0.099 0.089 -0.010 

E (90º) 0.109 0.096 -0.013 

ESE (112.5º) 0.102 0.093 -0.008 

SE (135º) 0.095 0.086 -0.010 

SSE (157.5º) 0.164 0.140 -0.024 

Overall 

(weighted) 0.111 0.098 -0.013 

Table 6-1 Summary of Local Velocity Ratios for Tin Shui Wai Hospital under 
Prevailing Wind Directions 

Site Air Ventilation Assessment Results (SVR) 

Prevailing 
Wind Direction 

Prior to Construction of 
Tin Shui Wai Hospital

Subsequent to Construction 
of Tin Shui Wai Hospital 

VR 
Change 

NNE (22.5º) 0.118 0.088 -0.029 

NE (45º) 0.129 0.097 -0.032 

ENE (67.5º) 0.109 0.088 -0.021 

E (90º) 0.123 0.096 -0.027 

ESE (112.5º) 0.111 0.094 -0.016 

SE (135º) 0.100 0.079 -0.021 

SSE (157.5º) 0.171 0.126 -0.045 

Overall 

(weighted) 0.121 0.094 -0.027 

Table 6-2 Summary of Site Velocity Ratios for Tin Shui Wai Hospital under 
Prevailing Wind Directions 
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Prevailing 
Wind 

Direction 

Prior to Construction of Tin 
Shui Wai Hospital 

Subsequent to Construction of 
Tin Shui Wai Hospital 

NNE (22.5º)

NE (45) 

ENE (67.5)

E (90º) 

Table 6-3 Velocity Ratio Plots for Tin Shui Wai Hospital under Prevailing Wind 
Directions 

 

 

 

N N 

N 

N N 

N N 
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Prevailing 
Wind 

Direction 

Prior to Construction of Tin Shui 
Wai Hospital 

Subsequent to Construction of Tin 
Shui Wai Hospital 

ESE (112.5º) 

SE (135) 

SSE (157.5º)

Table 6-4 Velocity Ratio Plots for Tin Shui Wai Hospital under Prevailing Wind 
Directions 

6.1 Local Air Ventilation Assessment Findings 
CFD simulation results of the LVR from above reveal that ventilation performance of 
adjacent pedestrian access areas within the vicinity of the site will be predominately 
unaffected by the construction of Tin Shui Wai Hospital. The change in weighted LVR 
is 0.013 and this is equivalent to a speed reduction of less than 0.1 m/s at pedestrian 
level which should be deemed insignificant and acceptable. 

 
As predicted from the qualitative ventilation performance evaluation in Section 3.3, high 
rise obstructive buildings are situated at northern and southern directions to the site 
which cause wind blockage and impact upon ventilation performance as illustrated 
overleaf. As a result of this, even prior to construction of the Tin Shui Wai Hospital, 
wind availability of the project site and its surrounding community is inherently limited 
with a weighted LVR of 0.111 which is equivalent to wind speeds of less than 0.9 m/s 
at nearby pedestrian areas. 

N N 

N N 

N N 
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Figure 6-1 High Rise Obstructive Buildings Creates Wind Barriers to 
Subject Site and Surrounding Environment under Northern and 
Sothern Quadrant Winds 

As explained in Section 3.3, surrounding topology of the site creates a wind corridor 
along Tin Wing Road from the eastern direction and wind is directed towards the site 
and surrounding communities. Coupled with this wind corridor, the erection of the 
hospital building induces wind paths at northern and southern directions to the site. 
Open spaces are present at the eastern and western direction of the development. 
Roads around the hospital building act as a linkage between these two open spaces in 
such a way to form air paths. Prevailing Wind from the major breezeway along Tin 
Wing Road could therefore penetrate pedestrian areas through these air paths as 
illustrated in Figure 6.2 overleaf. The general principle of this “air path” effect in 
urbanised areas is provided in Figure 6.3 overleaf for reference. 

On the above basis, ventilation impacts from construction of the hospital building is not 
significantly reduced under eastern quadrant prevailing winds, resulting in LVR 
reductions ranging from 0.008 to 0.013 (equivalent to less than 0.1 m/s velocity 
reduction) under ENE, E, ESE and SE directions. 
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Figure 6-2 Wind Paths Created around the Hospital Building to Minimise Air 
Ventilation Impacts 

 

Figure 6-3 Open spaces (coloured in green) are linked by road such 
that air paths are created around buildings (prevailing wind 
directions are coloured in yellow) 
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Under northern and southern quadrants of prevailing wind directions, the construction 
of the hospital building induces a barrier effect with LVR reductions ranging from 0.017 
and 0.024 for NNE, NE and ESE prevailing winds. Although ventilation impacts under 
these directions appear to be more sever but in absolute terms, the associated velocity 
reduction is less than 0.2 m/s. 

In summary, the overall weighted VR change in the local Air Ventilation Assessment 
from the construction of Tin Shui Wai Hospital is not substantial (less than 0.013 which 
is equivalent to 0.1 m/s wind velocity reduction) and its impact upon ventilation 
performance of potential pedestrian areas is deemed insignificant.  Therefore, it can be 
concluded that the design and erection of Tin Shui Wai Hospital is unlikely to have a 
significant adverse wind impact on pedestrian level ventilation performance. 

 

6.2 Site Air Ventilation Assessment Findings 
The ventilation performance of the site perimeter as a result of the Tin Shui Wai 
Hospital construction is summarised in the table below. Using the same CFD 
simulation data, local and site velocity assessments findings are also summarised 
below: 

 Before Development After Development 

LVR (Overall Test Points) 0.111 0.098 

SVR (Perimeter Test Point) 0.121 0.094 

Table 6-4  Summary of Local Velocity Ratio and Site Velocity Ratio for Tin Shui 
Wai Hospital under Prevailing Wind Directions 

The construction of the Tin Shui Wai Hospital involves erection of vertical structures 
which would ultimately lead to reduced wind permeability at pedestrian levels within the 
project site area (originally entirely exposed). Therefore, as shown by the velocity ratios 
in table 6-4, the Tin Shui Wai Hospital development would generally have some impact 
upon the wind availability of these test points, as expected. However, a SVR reduction 
of 0.03 (0.2 m/s reduction in wind velocity) for the hospital building can be considered 
as relatively insignificant and acceptable. 

The Site Perimeter Velocity Ratio for each prevailing wind direction is summarised in 
the SVR results table 6-2. With reference to these simulated results, a similar 
ventilation performance trend to LVR is apparent. As a result of wind paths created to  
northern and southern directions to the site, the erection of the hospital building will 
have least ventilation impacts under NNE, NE and SSE directions with SVR reductions 
of less than 0.03 (equivalent to less than 0.2 m/s wind velocity change). Wind 
availability impacts under NNE, NE and SSE directions are more adverse with up to 
0.045 SVR reduction which is equivalent to less than 0.3 m/s reduction in wind speed. 

In essence, in terms of overall ventilation performance of site perimeter areas with 
respect to impact from construction of Tin Shui Wai Hospital, a SVR reduction of 0.027 
(0.20m/s reduction in wind velocity) for the subject assessment can be considered as 
relatively insignificant and acceptable. 
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6.3 Air Ventilation Performance of Special Test Points 
 
The ventilation performance of special test points within Tin Shui Wai Hospital as 
extracted from CFD simulation results are tabulated below. 
 

Special Air Ventilation Assessment Results 

Prevailing 

Wind Direction 
Prior to Construction of 
Tin Shui Wai Hospital 

Subsequent to Construction 
of Tin Shui Wai Hospital 

VR 
Change 

NNE (22.5º) 0.113 0.103 -0.010 

NE (45º) 0.129 0.140 0.011 

ENE (67.5º) 0.110 0.134 0.023 

E (90º) 0.123 0.157 0.033 

ESE (112.5º) 0.112 0.130 0.018 

SE (135º) 0.075 0.075 0.000 

SSE (157.5º) 0.166 0.052 -0.114 

Overall 

(weighted) 0.120 0.122 0.002 

Table 6-5 Summary of Special Velocity Ratios under Prevailing Wind Directions 

The construction of Tin Shui Wai Hospital involves erection of building with height of 66 
meters which would ultimately lead to reduced wind permeability in these areas 
(originally entirely exposed). However, as the special test points are designated only 
along the Tin Tan Street wind corridor, wind is directly towards these areas under 
almost all prevailing wind directions as illustrated below.  
 

  

Figure 6-4 Air Path Effect causes Ventilation Improvements to Special Test Points
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On this basis, under NE, ENE, E, ESE, SE prevailing winds, ventilation performance of 
special test points is enhanced with VR improvements ranging from 0.011 to 0.033 
which is equivalent to wind speed escalation of up to 0.3 m/s. The wind barrier and 
obstructive nature of the site under extreme northern and southern wind directions 
leads to adverse ventilation impacts at NNE and SSE prevailing winds with reductions 
of up to 0.114 VR which is equivalent to wind speed change of 0.8 m/s. Taking into 
account of annual probability occurrence of prevailing winds, there is a weighted VR 
improvement of 0.002 (equivalent to wind speed escalation of 0.02 m/s). In terms of 
overall pedestrian level ventilation performance of special test points on site, this level 
of VR change is deemed to be insignificant and satisfactory. 

6.4 Overall Conclusion 

The AVA study findings reveal that the construction of the Tin Shui Wai Hospital 
Development is unlikely to have an adverse ventilation performance impact upon 
pedestrian areas at nearby sensitive communities and within the site. The design and 
erection of the hospital building leads to ventilation performance results of LVR change 
= 0.013 (equivalent to less than 0.1 m/s wind speed reduction) and SVR change = 
0.027 (equivalent to less than 0.2 m/s wind speed reduction), all of which are deemed 
to be insignificant and acceptable.  

It should be noted, however, in the interest of continual improvement, an additional 
AVA study should be considered at later project stages to investigate and identify 
opportunities to further enhance pedestrian level ventilation performance around the 
Tin Shui Wai Hospital Development, as possible,  
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Technical Guide for Air Ventilation Assessment for 
Developments in Hong Kong 
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Appendix B 

MM5 Wind Speed/ Probability Data and Wind 

Profile Drawings 
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Wind Probability and Wind Profiles 

Using Tin Shui Wai region raw MM5 data for the subject site, wind speed and probability under prevailing 

direction are computed as follows: 

Angle (O) Wind Direction Wind Speed at 

infinity (m/s) 

Probability

67.5 ENE 8.49 17.30% 

75.20% 

45.0 NE 7.87 13.40% 

90.0 E 7.43 12.90% 

22.5 NNE 8.63 9.40% 

112.5 ESE 6.23 9.30% 

135.0 SE 5.71 6.50% 

157.5 SSE 6.22 6.40% 

202.5 SSW 6.89 5.40% 

225.0 SW 5.90 4.60% 

180.0 S 4.89 4.40% 

0.0 N 5.30 3.20% 

247.5 WSW 4.75 2.60% 

270.0 W 3.21 1.40% 

337.5 NNW 3.15 1.30% 

315.0 NW 2.25 1.00% 

292.5 WNW 2.78 0.90% 

Using infinity wind speed (terrain height = 596m) from above, vertical wind profiles were evaluated at each 

prevailing direction through adoption of the Power Law: 
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Where different power law exponents ( ) are chosen for the estimation of wind profile 

of different prevailing direction based on the roughness length of the surrounding area 

of the subject site. A high value of  implies a high surface roughness of the area that 

the incoming wind flows through. Alpha Coefficient ( ) in this study is set at 0.5 for all 

NNE, NE, ENE, E, ESE and SE prevailing wind directions analysed in this study as the 

terrain in these directions around the project site are of urban and city nature. Due to the 

suburban topology of scattered vacant lands and mid rise housing to south east of the 

project site, an Alpha Coefficient of 0.35 is set for SSE. 
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Appendix C 

Wind Velocity Ratio Simulation Results 

Before and After Construction of Tin Shui Wai Hospital 
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Wind Direction NE (45˚ ) 

Prior to 

Construction of 

Tin Shui Wai 

Hospital 

Development 

Subsequent to 

Construction of 
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Wind Direction ENE (67.5˚ ) 

Prior to 

Construction of 

Tin Shui Wai 

Hospital 

Development 

Subsequent to 

Construction of 
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Wind Direction E (90˚ ) 

Prior to 

Construction of 

Tin Shui Wai 

Hospital 

Development 
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Wind Direction ESE (112.5˚ ) 

Prior to 

Construction of 

Tin Shui Wai 

Hospital 

Development 

Subsequent to 

Construction of 
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Wind Direction SE (135˚ ) 

Prior to 

Construction of 

Tin Shui Wai 

Hospital 

Development 

Subsequent to 

Construction of 

Tin Shui Wai 

Hospital 

Development 
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Wind Direction SSE (157.5˚ ) 

Prior to 

Construction of 

Tin Shui Wai 

Hospital 

Development 

Subsequent to 

Construction of 
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Wind Velocity Ratio of Perimeter Test Points in NNE direction 

 NNE Perimeter Test Point 

Before Development After Development VR difference 

Test Point Velocity Ratio Test Point Velocity Ratio

P1 0.113 P1 0.037 -0.08 

P2 0.116 P2 0.056 -0.06 

P3 0.116 P3 0.076 -0.04 

P4 0.117 P4 0.069 -0.05 

P5 0.116 P5 0.087 -0.03 

P6 0.116 P6 0.099 -0.02 

P7 0.116 P7 0.129 0.01 

P8 0.117 P8 0.068 -0.05 

P9 0.117 P9 0.048 -0.07 

P10 0.118 P10 0.082 -0.04 

P11 0.119 P11 0.103 -0.02 

P12 0.122 P12 0.136 0.01 

P13 0.126 P13 0.133 0.01 

P14 0.132 P14 0.111 -0.02 

P15 0.131 P15 0.048 -0.08 

P16 0.129 P16 0.038 -0.09 

P17 0.128 P17 0.038 -0.09 

P18 0.126 P18 0.031 -0.10 

P19 0.122 P19 0.017 -0.10 

P20 0.118 P20 0.068 -0.05 

P21 0.109 P21 0.176 0.07 

P22 0.101 P22 0.197 0.10 

P23 0.101 P23 0.150 0.05 

P24 0.112 P24 0.126 0.01 

P25 0.111 P25 0.114 0.00 

P26 0.118 P26 0.105 -0.01 

P27 0.119 P27 0.095 -0.02 

P28 0.117 P28 0.080 -0.04 

P29 0.114 P29 0.073 -0.04 

P30 0.109 P30 0.057 -0.01 

Average 0.118 Average 0.088 -0.03 

Max 0.132 0.197

Min 0.101 0.017
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Wind Velocity Ratio of Special Test Points in NNE direction 

NNE Special Test Point 

Before Development After Development VR difference 

Test Point Velocity Ratio Test Point Velocity Ratio

S1 0.103 S1 0.110 0.01 

S2 0.116 S2 0.104 -0.01 

S3 0.120 S3 0.094 -0.03 

Average 0.113 Average 0.103 -0.01 

Max 0.120 0.110

Min 0.103 0.094
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Wind Velocity Ratio of Local Test Points in NNE direction 

NNE Local Test Point 

Before Development After Development 
VR difference 

Test Point Velocity Ratio Test Point Velocity Ratio

L1 0.122 L1 0.123 0.00 

L2 0.128 L2 0.130 0.00 

L3 0.115 L3 0.119 0.00 

L4 0.006 L4 0.007 0.00 

L5 0.052 L5 0.053 0.00 

L6 0.148 L6 0.155 0.01 

L7 0.100 L7 0.106 0.01 

L8 0.108 L8 0.102 -0.01 

L9 0.006 L9 0.007 0.00 

L10 0.167 L10 0.172 0.00 

L11 0.103 L11 0.092 -0.01 

L12 0.153 L12 0.142 -0.01 

L13 0.137 L13 0.116 -0.02 

L14 0.146 L14 0.122 -0.02 

L15 0.151 L15 0.127 -0.02 

L16 0.090 L16 0.082 -0.01 

L17 0.139 L17 0.107 -0.03 

L18 0.130 L18 0.134 0.00 

L19 0.121 L19 0.130 0.01 

L20 0.102 L20 0.150 0.05 

L21 0.118 L21 0.127 0.01 

L22 0.085 L22 0.088 0.00 

L23 0.079 L23 0.075 0.00 

L24 0.093 L24 0.079 -0.01 

L25 0.104 L25 0.079 -0.02 

L26 0.081 L26 0.066 -0.02 

L27 0.032 L27 0.025 -0.01 

L28 0.124 L28 0.115 -0.01 

L29 0.117 L29 0.104 -0.01 

L30 0.112 L30 0.108 0.00 

Average 0.106 Average 0.101 0.00 

Max 0.167 0.172

Min 0.006 0.007
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Wind Velocity Ratio of Perimeter Test Points in NE direction 

NE Perimeter Test Point 

Before Development After Development 
VR difference 

Test Point Velocity Ratio Test Point Velocity Ratio

P1 0.126 P1 0.028 -0.10 

P2 0.126 P2 0.014 -0.11 

P3 0.126 P3 0.037 -0.09 

P4 0.126 P4 0.040 -0.09 

P5 0.126 P5 0.056 -0.07 

P6 0.126 P6 0.070 -0.06 

P7 0.127 P7 0.122 0.00 

P8 0.127 P8 0.081 -0.05 

P9 0.127 P9 0.074 -0.05 

P10 0.127 P10 0.095 -0.03 

P11 0.129 P11 0.119 -0.01 

P12 0.133 P12 0.167 0.03 

P13 0.137 P13 0.172 0.04 

P14 0.141 P14 0.158 0.02 

P15 0.138 P15 0.031 -0.11 

P16 0.138 P16 0.052 -0.09 

P17 0.136 P17 0.044 -0.09 

P18 0.135 P18 0.038 -0.10 

P19 0.130 P19 0.011 -0.12 

P20 0.129 P20 0.036 -0.09 

P21 0.125 P21 0.158 0.03 

P22 0.124 P22 0.198 0.07 

P23 0.126 P23 0.169 0.04 

P24 0.130 P24 0.151 0.02 

P25 0.129 P25 0.146 0.02 

P26 0.130 P26 0.142 0.01 

P27 0.130 P27 0.135 0.01 

P28 0.127 P28 0.124 0.00 

P29 0.125 P29 0.117 -0.01 

P30 0.124 P30 0.132 0.01 

Average 0.129 Average 0.097 -0.03 

Max 0.141 0.198

Min 0.124 0.011



Construction of Tin Shui Wai Hospital at TSW Area 32, at Tin Tan Street, Tin Shui Wai --- Initial Air Ventilation 
Assessment 
Hyder Consulting Limited-Company Number 126012 Page C12
k:\eb000612 ta for tin shui wan hospital\f-reports\ava\ready to be submitted\appendix a+b+c.docx 

 

Wind Velocity Ratio of Special Test Points in NE direction 

NE Special Test Point 

Before Development After Development 
VR difference 

Test Point Velocity Ratio Test Point Velocity Ratio

S1 0.127 S1 0.145 0.02 

S2 0.131 S2 0.141 0.01 

S3 0.129 S3 0.133 0.00 

Average 0.129 Average 0.140 0.01 

Max 0.131 0.145

Min 0.127 0.133
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Wind Velocity Ratio of Local Test Points in NE direction 

NE Local Test Point 

Before Development After Development VR difference 

 
Test Point Velocity Ratio Test Point Velocity Ratio

L1 0.139 L1 0.136 0.00 

L2 0.128 L2 0.128 0.00 

L3 0.109 L3 0.111 0.00 

L4 0.024 L4 0.021 0.00 

L5 0.040 L5 0.042 0.00 

L6 0.135 L6 0.142 0.01 

L7 0.105 L7 0.114 0.01 

L8 0.049 L8 0.051 0.00 

L9 0.007 L9 0.007 0.00 

L10 0.185 L10 0.199 0.01 

L11 0.075 L11 0.066 -0.01 

L12 0.139 L12 0.134 0.00 

L13 0.147 L13 0.163 0.02 

L14 0.147 L14 0.146 0.00 

L15 0.150 L15 0.143 -0.01 

L16 0.087 L16 0.080 -0.01 

L17 0.142 L17 0.112 -0.03 

L18 0.135 L18 0.122 -0.01 

L19 0.127 L19 0.121 -0.01 

L20 0.130 L20 0.155 0.02 

L21 0.111 L21 0.114 0.00 

L22 0.054 L22 0.060 0.01 

L23 0.103 L23 0.103 0.00 

L24 0.099 L24 0.099 0.00 

L25 0.113 L25 0.109 0.00 

L26 0.112 L26 0.104 -0.01 

L27 0.031 L27 0.039 0.01 

L28 0.134 L28 0.125 -0.01 

L29 0.126 L29 0.111 -0.02 

L30 0.124 L30 0.115 -0.01 

Average 0.107 Average 0.106 0.00 

Max 0.185 0.199

Min 0.007 0.007
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Wind Velocity Ratio of Perimeter Test Points in ENE direction 

ENE Perimeter Test Point 

Before Development After Development 

VR difference 

Test Point Velocity Ratio Test Point Velocity Ratio

P1 0.110 P1 0.130 0.02 

P2 0.108 P2 0.090 -0.02 

P3 0.106 P3 0.073 -0.03 

P4 0.104 P4 0.065 -0.04 

P5 0.099 P5 0.061 -0.04 

P6 0.096 P6 0.053 -0.04 

P7 0.089 P7 0.051 -0.04 

P8 0.093 P8 0.032 -0.06 

P9 0.096 P9 0.044 -0.05 

P10 0.100 P10 0.048 -0.05 

P11 0.104 P11 0.057 -0.05 

P12 0.112 P12 0.095 -0.02 

P13 0.114 P13 0.126 0.01 

P14 0.113 P14 0.168 0.06 

P15 0.111 P15 0.153 0.04 

P16 0.113 P16 0.127 0.01 

P17 0.114 P17 0.114 0.00 

P18 0.115 P18 0.049 -0.07 

P19 0.116 P19 0.026 -0.09 

P20 0.118 P20 0.039 -0.08 

P21 0.118 P21 0.045 -0.07 

P22 0.117 P22 0.043 -0.07 

P23 0.118 P23 0.071 -0.05 

P24 0.117 P24 0.078 -0.04 

P25 0.116 P25 0.096 -0.02 

P26 0.113 P26 0.113 0.00 

P27 0.110 P27 0.142 0.03 

P28 0.111 P28 0.144 0.03 

P29 0.112 P29 0.123 0.01 

P30 0.113 P30 0.194 0.14 

Average 0.109 Average 0.088 -0.02 

Max 0.118 0.194

Min 0.089 0.026
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Wind Velocity Ratio of Special Test Points in ENE direction 

ENE Special Test Point 

Before Development After Development 
VR difference 

Test Point Velocity Ratio Test Point Velocity Ratio

S1 0.115 S1 0.116 0.00 

S2 0.110 S2 0.136 0.03 

S3 0.106 S3 0.149 0.04 

Average 0.110 Average 0.134 0.02 

Max 0.115 0.149

Min 0.106 0.116
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Wind Velocity Ratio of Local Test Points in ENE direction 

ENE Local Test Point 

Before Development After Development VR difference 

 
Test Point Velocity Ratio Test Point Velocity Ratio

L1 0.084 L1 0.071 -0.01 

L2 0.057 L2 0.048 -0.01 

L3 0.047 L3 0.049 0.00 

L4 0.018 L4 0.018 0.00 

L5 0.148 L5 0.135 -0.01 

L6 0.015 L6 0.015 0.00 

L7 0.072 L7 0.058 -0.01 

L8 0.140 L8 0.126 -0.01 

L9 0.022 L9 0.024 0.00 

L10 0.074 L10 0.095 0.02 

L11 0.014 L11 0.016 0.00 

L12 0.088 L12 0.088 0.00 

L13 0.109 L13 0.148 0.04 

L14 0.076 L14 0.105 0.03 

L15 0.086 L15 0.098 0.01 

L16 0.080 L16 0.085 0.00 

L17 0.105 L17 0.143 0.04 

L18 0.120 L18 0.107 -0.01 

L19 0.124 L19 0.096 -0.03 

L20 0.129 L20 0.065 -0.06 

L21 0.127 L21 0.097 -0.03 

L22 0.063 L22 0.061 0.00 

L23 0.122 L23 0.127 0.01 

L24 0.116 L24 0.131 0.01 

L25 0.115 L25 0.140 0.03 

L26 0.117 L26 0.128 0.01 

L27 0.071 L27 0.075 0.00 

L28 0.105 L28 0.110 0.00 

L29 0.110 L29 0.113 0.00 

L30 0.105 L30 0.094 -0.01 

Average 0.089 Average 0.089 0.00 

Max 0.148 0.148

Min 0.014 0.015
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Wind Velocity Ratio of Perimeter Test Points in E direction 

E Perimeter Test Point 

Before Development After Development 
VR difference 

Test Point Velocity Ratio Test Point Velocity Ratio

P1 0.122 P1 0.114 -0.01 

P2 0.121 P2 0.074 -0.05 

P3 0.121 P3 0.051 -0.07 

P4 0.120 P4 0.043 -0.08 

P5 0.118 P5 0.040 -0.08 

P6 0.116 P6 0.035 -0.08 

P7 0.113 P7 0.074 -0.04 

P8 0.114 P8 0.077 -0.04 

P9 0.115 P9 0.083 -0.03 

P10 0.116 P10 0.085 -0.03 

P11 0.120 P11 0.096 -0.02 

P12 0.126 P12 0.141 0.01 

P13 0.130 P13 0.165 0.04 

P14 0.131 P14 0.184 0.05 

P15 0.127 P15 0.088 -0.04 

P16 0.129 P16 0.107 -0.02 

P17 0.128 P17 0.090 -0.04 

P18 0.127 P18 0.043 -0.08 

P19 0.125 P19 0.011 -0.11 

P20 0.127 P20 0.016 -0.11 

P21 0.125 P21 0.066 -0.06 

P22 0.127 P22 0.120 -0.01 

P23 0.128 P23 0.128 0.00 

P24 0.127 P24 0.127 0.00 

P25 0.127 P25 0.138 0.01 

P26 0.125 P26 0.149 0.02 

P27 0.123 P27 0.161 0.04 

P28 0.122 P28 0.158 0.04 

P29 0.122 P29 0.140 0.02 

P30 0.123 P30 0.208 0.09 

Average 0.123 Average 0.100 -0.02 

Max 0.131 0.208

Min 0.113 0.011
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Wind Velocity Ratio of Special Test Points in E direction 

E Special Test Point 

Before Development After Development 
VR difference 

Test Point Velocity Ratio Test Point Velocity Ratio

S1 0.127 S1 0.150 0.02 

S2 0.124 S2 0.160 0.04 

S3 0.119 S3 0.161 0.04 

Average 0.123 Average 0.157 0.03 

Max 0.127 0.161

Min 0.119 0.150
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Wind Velocity Ratio of Local Test Points in E direction 

E Local Test Point 

Before Development After Development VR difference 

 
Test Point Velocity Ratio Test Point Velocity Ratio

L1 0.122 L1 0.112 -0.01 

L2 0.085 L2 0.080 -0.01 

L3 0.032 L3 0.030 0.00 

L4 0.004 L4 0.011 0.01 

L5 0.141 L5 0.128 -0.01 

L6 0.041 L6 0.053 0.01 

L7 0.079 L7 0.081 0.00 

L8 0.098 L8 0.083 -0.01 

L9 0.013 L9 0.014 0.00 

L10 0.130 L10 0.157 0.03 

L11 0.020 L11 0.021 0.00 

L12 0.059 L12 0.067 0.01 

L13 0.133 L13 0.178 0.05 

L14 0.113 L14 0.138 0.03 

L15 0.106 L15 0.121 0.02 

L16 0.074 L16 0.077 0.00 

L17 0.124 L17 0.159 0.04 

L18 0.128 L18 0.083 -0.04 

L19 0.128 L19 0.086 -0.04 

L20 0.139 L20 0.096 -0.04 

L21 0.130 L21 0.105 -0.02 

L22 0.050 L22 0.044 -0.01 

L23 0.121 L23 0.127 0.01 

L24 0.117 L24 0.132 0.01 

L25 0.123 L25 0.146 0.02 

L26 0.129 L26 0.133 0.00 

L27 0.058 L27 0.063 0.01 

L28 0.119 L28 0.118 0.00 

L29 0.123 L29 0.117 -0.01 

L30 0.123 L30 0.109 -0.01 

Average 0.095 Average 0.096 0.00 

Max 0.141 0.178

Min 0.004 0.011
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Wind Velocity Ratio of Perimeter Test Points in ESE direction 

ESE Perimeter Test Point 

Before Development After Development 
VR difference 

Test Point Velocity Ratio Test Point Velocity Ratio

P1 0.113 P1 0.135 0.02 

P2 0.111 P2 0.093 -0.02 

P3 0.109 P3 0.075 -0.03 

P4 0.107 P4 0.068 -0.04 

P5 0.103 P5 0.064 -0.04 

P6 0.100 P6 0.057 -0.04 

P7 0.093 P7 0.054 -0.04 

P8 0.097 P8 0.035 -0.06 

P9 0.100 P9 0.048 -0.05 

P10 0.104 P10 0.053 -0.05 

P11 0.108 P11 0.063 -0.04 

P12 0.114 P12 0.101 -0.01 

P13 0.115 P13 0.136 0.02 

P14 0.113 P14 0.189 0.08 

P15 0.111 P15 0.190 0.08 

P16 0.114 P16 0.160 0.05 

P17 0.115 P17 0.100 -0.01 

P18 0.116 P18 0.018 -0.10 

P19 0.117 P19 0.055 -0.06 

P20 0.120 P20 0.055 -0.06 

P21 0.119 P21 0.053 -0.07 

P22 0.119 P22 0.043 -0.08 

P23 0.119 P23 0.074 -0.05 

P24 0.118 P24 0.084 -0.03 

P25 0.117 P25 0.099 -0.02 

P26 0.115 P26 0.114 0.00 

P27 0.112 P27 0.139 0.03 

P28 0.113 P28 0.146 0.03 

P29 0.114 P29 0.129 0.02 

P30 0.115 P30 0.202 0.11 

Average 0.111 Average 0.094 -0.02 

Max 0.120 0.202

Min 0.093 0.018
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Wind Velocity Ratio of Special Test Points in ESE direction 

ESE Special Test Point 

Before Development After Development 
VR difference 

Test Point Velocity Ratio Test Point Velocity Ratio

S1 0.116 S1 0.113 0.00 

S2 0.112 S2 0.131 0.02 

S3 0.107 S3 0.145 0.04 

Average 0.112 Average 0.130 0.01 

Max 0.116 0.145

Min 0.107 0.113
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Wind Velocity Ratio of Local Test Points in ESE direction 

ESE Local Test Point 

Before Development After Development 
VR difference 

Test Point Velocity Ratio Test Point Velocity Ratio

L1 0.081 L1 0.068 -0.01 

L2 0.055 L2 0.046 -0.01 

L3 0.068 L3 0.066 0.00 

L4 0.021 L4 0.020 0.00 

L5 0.167 L5 0.154 -0.01 

L6 0.011 L6 0.013 0.00 

L7 0.087 L7 0.071 -0.02 

L8 0.145 L8 0.130 -0.01 

L9 0.022 L9 0.023 0.00 

L10 0.087 L10 0.108 0.02 

L11 0.014 L11 0.016 0.00 

L12 0.092 L12 0.094 0.00 

L13 0.110 L13 0.151 0.04 

L14 0.083 L14 0.108 0.02 

L15 0.093 L15 0.106 0.01 

L16 0.082 L16 0.086 0.00 

L17 0.107 L17 0.139 0.03 

L18 0.122 L18 0.107 -0.02 

L19 0.125 L19 0.098 -0.03 

L20 0.131 L20 0.071 -0.06 

L21 0.129 L21 0.101 -0.03 

L22 0.070 L22 0.066 0.00 

L23 0.125 L23 0.130 0.01 

L24 0.119 L24 0.132 0.01 

L25 0.116 L25 0.144 0.03 

L26 0.119 L26 0.130 0.01 

L27 0.072 L27 0.076 0.00 

L28 0.107 L28 0.112 0.00 

L29 0.112 L29 0.115 0.00 

L30 0.105 L30 0.094 -0.01 

Average 0.092 Average 0.093 0.00 

Max 0.167 0.154

Min 0.011 0.013
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Wind Velocity Ratio of Perimeter Test Points in SE direction 

SE Perimeter Test Point 

Before Development After Development 
VR difference 

Test Point Velocity Ratio Test Point Velocity Ratio

P1 0.102 P1 0.136 0.03 

P2 0.100 P2 0.099 0.00 

P3 0.099 P3 0.089 -0.01 

P4 0.096 P4 0.085 -0.01 

P5 0.091 P5 0.085 -0.01 

P6 0.089 P6 0.085 0.00 

P7 0.082 P7 0.073 -0.01 

P8 0.087 P8 0.027 -0.06 

P9 0.090 P9 0.013 -0.08 

P10 0.094 P10 0.016 -0.08 

P11 0.097 P11 0.023 -0.07 

P12 0.100 P12 0.048 -0.05 

P13 0.097 P13 0.081 -0.02 

P14 0.092 P14 0.151 0.06 

P15 0.099 P15 0.156 0.06 

P16 0.099 P16 0.047 -0.05 

P17 0.102 P17 0.033 -0.07 

P18 0.106 P18 0.077 -0.03 

P19 0.110 P19 0.110 0.00 

P20 0.112 P20 0.119 0.01 

P21 0.112 P21 0.120 0.01 

P22 0.109 P22 0.076 -0.03 

P23 0.109 P23 0.019 -0.09 

P24 0.108 P24 0.034 -0.07 

P25 0.106 P25 0.047 -0.06 

P26 0.104 P26 0.061 -0.04 

P27 0.101 P27 0.085 -0.02 

P28 0.104 P28 0.108 0.00 

P29 0.105 P29 0.106 0.00 

P30 0.104 P30 0.169 0.06 

Average 0.100 Average 0.079 -0.02 

Max 0.112 0.169

Min 0.082 0.013
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Wind Velocity Ratio of Special Test Points in SE direction 

SE Special Test Point 

Before Development After Development 
VR difference 

Test Point Velocity Ratio Test Point Velocity Ratio

S1 0.103 S1 0.056 -0.05 

S2 0.099 S2 0.072 -0.03 

S3 0.097 S3 0.096 0.00 

Average 0.099 Average 0.075 -0.02 

Max 0.103 0.096

Min 0.097 0.056
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Wind Velocity Ratio of Local Test Points in SE direction 

SE Local Test Point 

Before Development After Development VR difference 

 
Test Point Velocity Ratio Test Point Velocity Ratio

L1 0.028 L1 0.023 0.00 

L2 0.020 L2 0.016 0.00 

L3 0.090 L3 0.092 0.00 

L4 0.027 L4 0.027 0.00 

L5 0.159 L5 0.144 -0.01 

L6 0.013 L6 0.016 0.00 

L7 0.113 L7 0.095 -0.02 

L8 0.169 L8 0.156 -0.01 

L9 0.026 L9 0.026 0.00 

L10 0.040 L10 0.056 0.02 

L11 0.008 L11 0.006 0.00 

L12 0.125 L12 0.124 0.00 

L13 0.086 L13 0.114 0.03 

L14 0.100 L14 0.106 0.01 

L15 0.112 L15 0.116 0.00 

L16 0.097 L16 0.099 0.00 

L17 0.106 L17 0.124 0.02 

L18 0.119 L18 0.124 0.01 

L19 0.121 L19 0.119 0.00 

L20 0.120 L20 0.114 -0.01 

L21 0.125 L21 0.115 -0.01 

L22 0.103 L22 0.098 0.00 

L23 0.116 L23 0.115 0.00 

L24 0.116 L24 0.114 0.00 

L25 0.107 L25 0.123 0.02 

L26 0.104 L26 0.118 0.01 

L27 0.082 L27 0.083 0.00 

L28 0.094 L28 0.102 0.01 

L29 0.098 L29 0.109 0.01 

L30 0.081 L30 0.080 0.00 

Average 0.090 Average 0.092 0.00 

Max 0.169 0.156

Min 0.008   0.006
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Wind Velocity Ratio of Perimeter Test Points in SSE direction 

SSE Perimeter Test Point 

Before Development After Development 
VR difference 

Test Point Velocity Ratio Test Point Velocity Ratio

P1 0.168 P1 0.192 0.02 

P2 0.165 P2 0.152 -0.01 

P3 0.163 P3 0.151 -0.01 

P4 0.162 P4 0.146 -0.02 

P5 0.153 P5 0.134 -0.02 

P6 0.146 P6 0.141 -0.01 

P7 0.123 P7 0.170 0.05 

P8 0.140 P8 0.139 0.00 

P9 0.153 P9 0.102 -0.05 

P10 0.169 P10 0.073 -0.10 

P11 0.162 P11 0.054 -0.11 

P12 0.130 P12 0.034 -0.10 

P13 0.170 P13 0.026 -0.14 

P14 0.193 P14 0.077 -0.12 

P15 0.199 P15 0.209 0.01 

P16 0.192 P16 0.169 -0.02 

P17 0.190 P17 0.172 -0.02 

P18 0.192 P18 0.190 0.00 

P19 0.193 P19 0.214 0.02 

P20 0.193 P20 0.234 0.04 

P21 0.193 P21 0.247 0.05 

P22 0.183 P22 0.155 -0.03 

P23 0.180 P23 0.076 -0.10 

P24 0.179 P24 0.047 -0.13 

P25 0.175 P25 0.038 -0.14 

P26 0.172 P26 0.030 -0.14 

P27 0.171 P27 0.046 -0.13 

P28 0.176 P28 0.068 -0.11 

P29 0.177 P29 0.097 -0.08 

P30 0.172 P30 0.202 0.03 

Average 0.171 Average 0.126 -0.05 

Max 0.199 0.247

Min 0.123 0.026
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Wind Velocity Ratio of Special Test Points in SSE direction 

SSE Special Test Point 

Before Development After Development 
VR difference 

Test Point Velocity Ratio Test Point Velocity Ratio

S1 0.166 S1 0.057 -0.11 

S2 0.164 S2 0.038 -0.13 

S3 0.167 S3 0.060 -0.11 

Average 0.166 Average 0.052 -0.06 

Max 0.167 0.060

Min 0.164 0.038
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Wind Velocity Ratio of Local Test Points in SSE direction 

SSE Local Test Point 

Before Development After Development 
VR difference 

Test Point Velocity Ratio Test Point Velocity Ratio

L1 0.045 L1 0.063 0.02 

L2 0.050 L2 0.037 -0.01 

L3 0.136 L3 0.154 0.02 

L4 0.049 L4 0.051 0.00 

L5 0.156 L5 0.126 -0.03 

L6 0.077 L6 0.082 0.01 

L7 0.191 L7 0.173 -0.02 

L8 0.230 L8 0.211 -0.02 

L9 0.031 L9 0.032 0.00 

L10 0.101 L10 0.073 -0.03 

L11 0.017 L11 0.012 0.00 

L12 0.253 L12 0.245 -0.01 

L13 0.210 L13 0.167 -0.04 

L14 0.219 L14 0.212 -0.01 

L15 0.243 L15 0.236 -0.01 

L16 0.176 L16 0.183 0.01 

L17 0.205 L17 0.211 0.01 

L18 0.215 L18 0.233 0.02 

L19 0.213 L19 0.232 0.02 

L20 0.200 L20 0.242 0.04 

L21 0.215 L21 0.227 0.01 

L22 0.207 L22 0.212 0.01 

L23 0.175 L23 0.151 -0.02 

L24 0.190 L24 0.136 -0.05 

L25 0.174 L25 0.152 -0.02 

L26 0.159 L26 0.176 0.02 

L27 0.148 L27 0.145 0.00 

L28 0.154 L28 0.164 0.01 

L29 0.149 L29 0.169 0.02 

L30 0.116 L30 0.135 0.02 

Average 0.157 Average 0.155 0.00 

Max 0.253 0.245

Min 0.017 0.012
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Weighted Velocity of Perimeter Test Point for all 7 Prevailing Wind Directions 

(NNE, NE, ENE, E, ESE, SE, SSE) 

Before Development After Development VR difference 

Velocity Ratio Velocity Ratio 

P1 0.120 0.104 -0.02

P2 0.119 0.076 -0.04

P3 0.118 0.071 -0.05

P4 0.117 0.066 -0.05

P5 0.113 0.068 -0.05

P6 0.111 0.069 -0.04

P7 0.106 0.090 -0.02

P8 0.110 0.062 -0.05

P9 0.112 0.059 -0.05

P10 0.116 0.067 -0.05

P11 0.118 0.078 -0.04

P12 0.120 0.112 -0.01

P13 0.126 0.131 0.00

P14 0.128 0.155 0.03

P15 0.127 0.116 -0.01

P16 0.128 0.100 -0.03

P17 0.128 0.084 -0.04

P18 0.128 0.054 -0.07

P19 0.127 0.047 -0.08

P20 0.127 0.064 -0.06

P21 0.125 0.110 -0.02

P22 0.123 0.116 -0.01

P23 0.123 0.104 -0.02

P24 0.125 0.100 -0.03

P25 0.124 0.106 -0.02

P26 0.123 0.112 -0.01

P27 0.121 0.125 0.00

P28 0.122 0.126 0.00

P29 0.122 0.116 -0.01

P30 0.121 0.168 0.05

Weighted 

average 
0.121 0.095 -0.026
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Weighted Velocity Ratio of Local Test Points for all 7 Prevailing Wind Directions 

(NNE, NE, ENE, E, ESE, SE, SSE) 

  

 

Before Development After Development
VR difference 

Velocity Ratio Velocity Ratio 

L1 0.096 0.091 -0.01 

L2 0.079 0.074 -0.01 

L3 0.078 0.080 0.00 

L4 0.019 0.020 0.00 

L5 0.119 0.109 -0.01 

L6 0.062 0.067 0.01 

L7 0.098 0.092 -0.01 

L8 0.123 0.113 -0.01 

L9 0.017 0.018 0.00 

L10 0.116 0.130 0.01 

L11 0.037 0.034 0.00 

L12 0.118 0.117 0.00 

L13 0.130 0.151 0.02 

L14 0.119 0.129 0.01 

L15 0.125 0.128 0.00 

L16 0.091 0.092 0.00 

L17 0.128 0.139 0.01 

L18 0.134 0.121 -0.01 

L19 0.132 0.117 -0.02 

L20 0.133 0.117 -0.02 

L21 0.131 0.118 -0.01 

L22 0.079 0.078 0.00 

L23 0.117 0.118 0.00 

L24 0.117 0.118 0.00 

L25 0.119 0.128 0.01 

L26 0.116 0.120 0.00 

L27 0.064 0.067 0.00 

L28 0.119 0.119 0.00 

L29 0.119 0.117 0.00 

L30 0.111 0.104 -0.01 

Weighted average 0.102 0.101 0.00 
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Weighted Velocity Ratio of Special Test Points for all 7 Prevailing Wind Directions 

(NNE, NE, ENE, E, ESE, SE, SSE) 

Before Development After Development VR difference 

Velocity Ratio Velocity Ratio 

S1 0.121 0.116 -0.01 

S2 0.121 0.122 0.00 

S3 0.119 0.129 0.01 

Weighted average 0.120 0.122 0.00 
 

 


