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ABSTRACT 

This paper presents a numerical (CFD) analysis of 

wind flow above six different roof shapes, namely: 

flat, domed, gabled, pyramidal, vaulted and wedged 

roofs, for determining the optimum wind turbine 

mounting location and the optimum roof shape for 

mounting wind turbines. It was found that the vaulted 

roof is the optimum roof shape for roof mounting 

wind turbines as the integrated wind turbine would 

yield 56 % more electricity than a freestanding wind 

turbine in the same location under the same flow 

conditions. On the other hand, the wedged roof had 

the least accelerating effect on wind above it. 

INTRODUCTION 

The increase in the degree of public awareness 

regarding the impact of climate change on the 

environment and the harmful effect of dependency on 

fossil fuels has led to an increased interest in on site-

generated electricity from renewable sources of 

energy. One of the potentially low-cost renewable 

sources of energy is the building-integrated micro-

wind turbines (Stankovic et al., 2009).  Despite their 

obvious potential,  Ledo et al. (2011) pointed out that 

the reasons behind the limited installation of micro-

wind turbines in urban areas are the low wind speeds, 

high levels of turbulence and relatively high 

aerodynamic noise levels generated by the turbines. 

Blackmore (2008) and Blackmore (2010) asserted 

that if a turbine is mounted in the wrong location on a 

house roof, it is possible for the power output to be 

close to zero for significant periods of time, even 

when the wind is blowing strongly. Another reason 

for the cautious integration of micro-wind turbines 

within urban areas is the negative reputation for 

urban wind energy due to the unconscious 

installations of rooftop wind systems as a signal of 

support for sustainability without adequate 

consideration of safety, structural building integrity 

or turbine performance. 

Sievert (2009), Blackmore (2008), WINEUR (2007), 

Dutton et al. (2005) and Rafailidis (1997) asserted 

that one of the main factors affecting the 

performance of roof mounted wind turbines is the 

building roof shape. However, most of the published 

work is for the purpose of studying natural 

ventilation inside buildings, wind loads structural 

analysis or pollutant dispersion in street canyons 

(Ayata, 2009; Huang et al., 2009; Asfour and Gadi, 

2008; Kindangen et al., 1997).  

Ledo et al. (2011) studied wind flow around pitched, 

pyramidal and flat roof under three wind directions, 

they concluded that the power density above the flat 

roof is greater and more consistent than above the 

other roof types and they recommended extending 

the investigation to include other roof shapes. 

Mertens (2006) analysed flow over a flat roof with a 

view to developing small wind turbine sitting 

guidelines focusing on the mounting height. Phillips 

(2007) investigated mounting location for a single 

wind direction for a gabled roof and recommended 

extending the investigation to include more roof 

types and more locations under different wind 

directions.  

This paper presents the results of CFD simulations of 

flow patterns, turbulence intensities and streamwise 

velocities above six different roof shapes, namely 

flat, domed, gabled, pyramidal, vaulted and wedged 

roofs (Figure 1) which represent the shapes of the 

most commonly used roof shapes in urban areas. 

CFD validation is performed based on comparing the 

results with published wind tunnel tests for the flat 

roof case. Results showed that wind flow 

characteristics are strongly dependant on roof shapes. 

In addition, the results set the guidelines for 

positioning wind turbines above the investigated roof 

shapes under different wind directions. 

To investigate the effect of wind direction, 

simulations were run with different wind directions 

(0, 45, 90, 135& 180 degrees) and flow variables 

where recorded at 15 different location above the 

roofs (Figure 1). However, for brevity, only the wind 

direction perpendicular to roof profiles (0 degree) 

was included in details in this paper and a summary 

of predicted performances under other wind 

directions is included at the end of this paper. 

SIMULATION MODEL 

The simulation conditions used in this study was 

extracted from Blocken et al. (2010), Franke et al. 

(2007), Chen and Zhai (2004), Wit (2004) and 

Sørensen and Nielsen (2003). One of the main factors 

affecting the consisitency of the CFD simulation is 

the horizontal homogeneity of atmospheric boundary 
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layer (ABL) profile throughout the computational 

domain (No streamwise gradients in the velocity, 

turbulence dissipation rate and turbulence intensity).  

 
 

Horizontal Homogeneity of the ABL profile 

Modelling an equilibrium ABL in a 3D empty 

computational domain of dimensions X * Y * Z = 

126m * 36m * 36m was carried out. The mesh used 

is an equidistant structured mesh with spacing of 0.5 

m in X, Y and Z directions giving 1306368 

hexahedral cells. It should be noted that Yang et al. 

(2009) and (Hargreaves and Wright (2007) asserted 

that the horizontal homogeneity of the ABL profile is 

independent of mesh resolution. 

The simulation was performed using the commercial 

CFD code Fluent 12.1. The inlet boundary condition 

was specified using a user defined function (UDF) 

satisfying equations 1, 2 and 3 for the velocity    , 
turbulent kinetic energy   ) and turbulent dissipation 

rate   ) respectively (Blocken et al., 2007). 
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where    is the friction velocity,   is the von Karman 

constant,    is the aerodynamic roughness length and 

   is the turbulence model constant. The bottom 

boundary condition was specified as a rough wall and 

standard wall functions were used, the roughness 

height (ks) and roughness constant (Cs) were 

determined according to the relationship between ks, 

Cs and    derived by Blocken et al. (2007) satisfying 

equation 4. In addition, a wall shear stress of 

0.58pascal was assigned for the bottom boundary 

satisfying equation 5 for the shear stress (   . 
According to Blocken et al. (2007), specifying a wall 

shear stress at the bottom of the computational 

domain associated with the ABL profiles satisfying 

equations 1, 2 and 3 would result in a good 

homogeneity for both wind speed and turbulence 

profiles. The top and side boundary conditions were 

specified as symmetry while the outlet boundary 

condition was specified as pressure outlet. 

   
       

  
              (4) 

                    (5) 

The realizable k- turbulence model was used for the 

closure of the transport equations. The SIMPLE 

algorithm scheme was used for the pressure-velocity 

coupling. Pressure interpolation is second order and 

second-order discretisation schemes were used for 

both the convection and the viscous terms of the 

governing equations. The solution was initialised by 

the values of the inlet boundary conditions. The 

chosen convergence criterion was specified so that 

the residuals decrease to 10
-6

 for all the equations. 

The solution converged after 499 iterations and 

velocity; turbulent dissipation (TDR) rate and 

turbulent kinetic energy (TKE) were plotted along 

five equidistant vertical lines in the streamwise 

direction of the domain (X= 0, 31.5, 63, 94.5 and 

126m). Horizontal homogeneity was achieved for 

both velocity and TDR. As for the TKE, streamwise 

gradients in the vertical TKE profile was observed. 

According to Yang et al. (2009), the measures taken 

by  Blocken et al. (2007) improved the level of 

horizontal homogeneity to some extent. However, 

Yang et al. (2009), argued that better results can be 

achieved if the mean velocity profile is represented 

by the logarithmic law (equation 1), turbulent kinetic 

energy   ) and turbulent dissipation rate   ) 

represented by equations 6 and 7 respectively. 
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where C1 and C2 are constants obtained from fitted 

curve of the k profile from wind tunnel tests and 

equal to -0.17 and 1.62 respectively. In addition, they 

modified the constants of the k- turbulence model so 

that   = 0.028, C1 = 1.5, C2 = 1.92, σk = 1.67 and σ 

= 2.51. All other simulation parameters were the 

same as those in  Blocken et al. (2007) except that 

the ground boundary condition was set as a non slip 

wall with roughness height equal to 0.4m and 

roughness constant equal to 0.75 satisfying equation 

4.  The solution converged after 687 iterations. Both 

the velocity and TDR showed very good 

homogeneity in the streamwise direction of the 

domain, as for the TKE the results were improved 

largely. However, small streamwise gradients in the 

vertical TKE profile were noticed near the ground. 

According to Blocken et al. (2007) and Hargreaves 

and Wright (2007), these near ground streamwise 

gradients can be eliminated if the outlet profile of a 

similar simulation in a longer domain (10000 m and 

5000 m respectively) is used as the inlet profile of the 

 

 

Figure 1 Top: Different investigated roof shapes, 

Bottom: Locations of measurements and wind directions 
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same domain. However , for limited computational 

power available, simulation was run for the same 

domain but with double the length in the streamwise 

direction leading to a domain of dimensions 252m * 

36m * 36m. When comparing the results with the 

results from the previous two simulations, it was 

noticed that horizontal homogeneity for velocity, 

TDR and TKE profiles were achieved throughout the 

computational domain (Figure 2). The outlet profile 

was written to be used as the inlet profile for the rest 

of the simulations. 

Problem setting 

The same simulation conditions used for achieving a 

horizontally homogeneous ABL profile were used for 

the simulations in this paper. The flat roof case (the 

cube) was used for the validation and mesh 

independence test. To save computational time, the 

mesh had to be coarsened in areas away from the 

cube and refined in areas close to the cube. In order 

to determine the dimensions of the refinement area, 

the velocity pathlines in the vertical central plan and 

at ground level were plotted to determine the area of 

influence of the cube on the flow. It was found that 

this area extends 9m (1.5H) in the windward 

direction, the sides and above the cube (where H is 

the height of the building). In the leeward direction 

of the cube, this area extends to 18m (3H). 

A new multi- block mesh was constructed where the 

area around the cube extending 18m in the leeward 

direction and 9m in the windward direction, sides and 

above the cube was assigned a resolution of 0.3m in 

the X, Y and Z directions. As for the rest of the 

computational domain, the mesh resolution was set to 

1.2m in the X, Y and Z directions. To assess the 

effect of the newly constructed mesh on the accuracy 

of the simulation, the results from the multi-block 

mesh were compared to those from the single block 

mesh. Vertical velocity pathlines, horizontal velocity 

pathlines and pressure coefficients along the 

centreline of the windward facade, roof and leeward 

facade were plotted. It was noticed that coarsening 

the mesh in areas away from the cube did not affect 

the accuracy of the results quantitatively or 

qualitatively. Both the vertical and horizontal 

velocity pathlines were identical for the multi-block 

mesh and the single block mesh. The same results 

were observed for the values of the pressure 

coefficients along the centreline of the cube in the 

flow direction along the windward façade, roof and 

leeward façade. 

Computational mesh 

A mesh independence study was carried out to 

determine the dependence of the flow field on the 

refinement of the mesh. Two other meshes were 

used. The first mesh had a resolution of 0.2m around 

the cube and 0.8m throughout the rest of the 

computational domain. The second mesh had a 

resolution of 0.1m around the cube and 0.8m 

throughout the rest of the computational domain. The 

three meshes where then compared to each other; 

qualitatively the main flow features which were 

exhibited in the velocity pathlines plots for the 0.3m 

mesh are the same as in the 0.2m and the 0.1m mesh. 

The same agreement was noticed for the pressure 

coefficients plot along the streamwise centreline 

along the windward facade, roof and leeward faced 

of the cube. Very small discrepancies on top of the 

cube were noticed in the pressure coefficients plot. 

Thus, it can be concluded that the 0.3m mesh is 

sufficient for running a mesh independent simulation. 

CFD validation 

(Franke et al., 2004) confirmed that wind tunnel 

measurements have to be used for CFD results 

validation, as they use steady-state boundary 

conditions which comply with the underlying 

definition of the statistically steady Reynolds 

averaged Navier Stokes equations (RANS) results. 

However, a wind tunnel facility was not available, 

thus the simulation results were compared with 

published wind tunnel tests. The cube was chosen for 

the validation study because a 3D cube immersed in a 

turbulent channel flow is the most widely studied 

flow problem. This is due to the simplicity of the 

shape and the complexity of flow phenomena around 

the cube. The cube immersed in a turbulent channel 

flow is extensively investigated in existing literature 

and used in many CFD studies to validate the 

simulation work. The simulation was run for a 

surface mounted cube of characteristic length 6m in a 

domain of dimensions X * Y * Z = 126m *  66m * 

36m. The simulation conditions were the same as 

those mentioned previously for achieving a 

horizontally homogeneous ABL. To assess the 

accuracy of the simulation the velocity magnitude 

vectors, velocity magnitude streamlines for both the 

central vertical plan and ground plan were plotted 

and compared to wind tunnels tests results by 

Murakami and Mochida (1988). In addition, pressure 

coefficients along the streamwise vertical centrelines 

on the windward faced, roof and leeward facade were 

plotted and compared to 15 wind tunnel tests 

mentioned in Yang (2004). 

Qualitatively,  the flow patterns were the same as 

those mentioned in Mochida (1988) and Martinuzzi 

and Tropea (1993). As the flow approaches the cube, 

it divides into four main streams; the first stream is 

deviated over the cube, the second stream is deviated 

down the windward facade and the other two streams 

deviate to the two sides of the cube. At the point of 

deviation a stagnation point is formed with maximum 

pressure situated at that point. From that point the 

flow changes direction to lower pressure zones of the 

facade; upwards, sidewards and downwards. The air 

flowing downwards forms a standing vortex in front 

of the windward facade. Corner streams and flow 

separation areas are formed at the sides and on top of 

the cube due to the formation of three vortices, the 

corner streams subsequently merge into the general 

flow around the corners. 
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A low pressure zone is formed downwind the cube 

which results in the formation of a backflow or a 

recirculation area were the flow direction is opposite 

to the main flow direction. This backflow is 

responsible for the formation of slow rotating 

vortices behind the cube. Between these vortices and 

the corner streams an area with a high velocity 

gradient exists which is called the shear layer and 

these are situated at the cube’s corners where flow 

separation occurs (Figure 5 (a)). 

Quantitatively, for the pressure coefficients plots 

(Figure 3), there were good agreements between the 

simulation results and the average of the 15 wind 

tunnel tests (Figure 4) at the windward faced and the 

leeward facade. As for above the roof, the simulation 

results agreed well with wind tunnel test number 10 

but there were some discrepancies from the average. 

However, these discrepancies where repeatedly 

reported in similar published CFD simulations 

(Cóstola et al., 2009; Franke, 2007; Yang, 2004; 

Baskaran and Stathopoulos, 1994). 

RESULTS ANALYSIS 

This study has proven that different roof shapes have 

different effects on airflow above buildings. One of 

the main requirements for deciding about roof 

mounting wind turbines is to understand the wind 

flow characteristics such as flow patterns, turbulence 

intensity and wind velocity around different roof 

shapes. Visualizing the flow pattern around each roof 

shape help determine recirculation areas, stagnation 

points, flow separation and reattachment. 
  

 

Figure 3 Pressure coefficients along the streamwise 

vertical centrelines on the windward faced, roof and 

leeward facade 

 

 

Figure 4 Streamwise vertical centreline section 

pressure coefficients from 15 wind tunnel tests and 

the Silsoe full-scale test (Yang, 2004) 

 

This gives a qualitative assessment of the potential 

places above the roof where a wind turbine can be 

mounted. However, in order to determine the exact 

location for mounting a wind turbine, both the 

turbulence intensity and wind speed should be 

determined quantitatively. A rule of thumb is to 

avoid locations of high turbulence intensity and low 

wind speed.  In order to study wind flow 

characteristics around different roof shapes, 

streamwise velocity pathlines were plotted along the 

vertical central plan passing through the building, 

turbulence intensity and streamwise velocity were 

plotted for 15 different locations above the roof 

staring at 6m height (1H) up to 15m height (2.5H) 

(Figure 1). Each location is given a name composed 

of the first letter of the roof shape and the number 

referring to the location (‘C’ for cube or flat roof, ‘D’ 

for dome, ‘G’ for gabled, ‘P’ for pyramidal, ‘V’ for 

vault and ‘W’ for wedged). To be able to identify the 

accelerating effect different roof shapes have on local 

airflow, all plotted values were normalized against 

the values at the same locations in an empty domain. 

Flow Pattern 

In this section the flow patterns above the six roof 

shapes are discussed. For the flat roof (Figure 5(a)) it 

was noticed that corner streams and flow separation 

areas are formed above the building due to the 

formation of a small vortex, the corner streams 

subsequently merge into the general flow around the 

corner. The recirculation area above the building is 

-1.5

-1

-0.5

0

0.5

1

 
Figure 2 Horizontal homogeneity (left to right) for velocity magnitude, turbulent dissipation rate and 

turbulent kinetic energy along the streamwise direction of the computational domain 

 

Distance over cube 

Cp 
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located at the windward half of the roof and the area 

above it is characterised with high streamwise 

velocities which make it a potential area for 

mounting a wind turbine. For the domed and the 

vaulted roofs (Figure 5 (b) & (e)), unlike the flat roof 

case, it was noticed that the flow was strongly 

attached to both roofs and no recirculation areas were 

formed above the roof. In addition, the area of 

maximum streawise velocities was noticed to be 

directly above the highest points of the two roofs. For 

the gabled and the pyramidal roof (Figure 5 (c) & 

(d)) the flow was strongly attached to the windward 

part of the roof but large recirculation areas were 

formed at the leeward part of the roof. The centre of 

the recirculation area of the gabbled roof was formed 

at the same height of the ridge of the roof which for 

the pyramidal roof it was slightly above the roof’s 

eave. The areas of maximum streamwise velocities 

for both cases were both located at the leeward parts 

of the roofs. As for the wedged roof (Figure 5 (f)) the 

flow was strongly attached to the roof and no 

recirculation area was formed on top of the roof and 

the area of maximum streamwise velocities was 

formed beyond the roof on top of the recirculation 

area at the leeward direction of the building. 

Turbulence intensity (TI) 

The presence of a building in a free stream affects the 

turbulence intensity in its vicinity. The shape of the 

building is one of the main factors affecting how 

much the turbulence intensity increases due to the 

interaction between the flow and the building. 

Accordingly, the roof shape would play an important 

role in how much turbulence the roof mounted wind 

turbine would be subjected to. In this section, the 

turbulence intensities around the six roof shapes will 

be investigated to determine where are the areas of 

maximum turbulence intensities to be avoided when 

mounting wind turbines on top of roofs. Table 1 

shows the range of maximum increase in TIs, and the 

location of maximum recorded turbulence intensity 

for each roof. All roof shapes resulted in an increase 

in turbulence intensities above them.  The minimum 

increase in turbulence intensity was recorded on top 

of the domed roof which reached 1.2 TI at location 

D1-1 at height H and the maximum increase in 

turbulence intensity was recorded on top of the flat 

roof which reached 2.8TI at location C1-3 at height 

1.12H. For all roof shapes the maximum turbulence 

intensities were recorded on top of the roofs from 

directly above the roof, reached its maximum at 

height 1.12H and started to decrease after height 

1.3H.  Thus, the area above all roof shapes extending 

to a height of 1.3H should be avoided when roof 

mounting wind turbines due to high levels of 

turbulence intensities. 

Streamwise velocity (U) 

The main factor affecting the energy yield of a wind 

turbine is the wind velocity. The importance of wind 

speed is that the energy yield is directly proportional 

to cube the wind speed. So that if the wind speed 

doubles the energy yield increases eight times 

according to equation 8. Thus, one of the main 

factors affecting the economic potential of urban 

wind turbines is the average wind speed (Stankovic 

et al., 2009; Blackmore, 2008; Eriksson et al., 2008; 

Joselin Herbert et al., 2007). 

  
 

 
     

              (8) 

Where P is the extracted power from the wind, CP is 

the power coefficient,   is the density of the air, A is 

the swept area of the turbine and u is the wind speed. 

The power coefficient represents the aerodynamic 

efficiency of the wind turbine which differs from one 

turbine to another. Table 1 shows the range of 

maximum increase in streamwise velocities, and the 

location of maximum recorded streamwise velocities 

for each roof, in addition to the maximum recorded 

streamwise velocities above the area of maximum 

turbulence intensities (> or equal to 1.3H).  

 

 

 

 

     

     
Figure 5 Vertical streamwise velocity pathlines along the central plan for the investigated roof shapes 

 

 

 

Flat (a) Domed (b) Gabled (c) 

Pyramidal (d) Vaulted (e) Wedged (f) 
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Table 1  

Turbulence intensities and streamiwse velocities above different roof shapes 

Turbulence Intensity (TI) Flat (Cube) Domed Gabled Pyramidal Vaulted Wedged 

Range of maximum increase in TIs 

values 

1.8TI to 

2.8TI 

1.2TI to 

2.2TI 

1.7TI to 

2.7TI 

1.2TI to 

2.35TI 

1.7TI to 

2.3TI 

1.15TI to 

2TI 

Vertical range of maximum TIs 

locations 

H to 1.5H H to 1.15H H to 

1.2H 

H to 1.2H H to 

1.15H 

H to 

1.15H 

Location of maximum recorded TI 

value 

C1-3 at 1.1H D2-3 at 

1.1H 

G3-1 at 

1.1H 

P3-3 at 

1.1H 

V2-2 at 

1.1H 

W5-1 at 

1.15H 

Streamwise velocity (U)       

Range of maximum increase in Us 

values 

1.05U to 

1.1U 

1.02U to 

1.18U 

U to 

1.06U 

1.01U to 

1.07U 

1.03U to 

1.24U 

1.0U to 

1.03U 

Vertical range of maximum Us 

locations 

1.3H to 

1.85H 

1.3H to 

1.6H 

1.6H H to 1.45H 1.1H to 

1.6H 

1.6H 

Location of maximum recorded U 

value 

C2-3 at 

1.45H 

D3-3 at 

1.1H 

G5-1 at 

1.6H 

P3-2 at 

1.15H 

V3-3 at 

1.1H 

W5-1 at 

1.45H 

Maximum recorded U value above 

maximum turbulence area (> or 

equal to 1.3H) 

1.095U at 

C2-3 at 

1.45H 

1.12U at 

D3-3 at 

1.3H 

1.05U at 

G5-1 at 

1.6H 

1.05U at 

P4-2 at 

1.3H 

1.16U at 

V3-3 at 

1.3H 

1.03U at 

W5-1 at 

1.45H 

 

As in the turbulence intensity, all roof shapes had an 

accelerating effect on the wind speed above them. 

This speed up effect was reported by Mertens (2006) 

for flat roofs. This also applies to the investigated 

cases in this paper. The maximum increase in 

streamwise velocity varied at different locations 

between a slight acceleration on top of the gabled and 

the wedged roof and 1.24U above the vaulted roof 

(where U is the streamwise velocity at the same 

location in an empty domain), the peak of streamwise 

velocities were mostly observed at heights between 

1.0H and 1.85H then it decreased gradually until the 

presence of the building had no effect at a height 

more than 2.5H. The maximum streamwise velocity 

was observed above the vaulted roof at location V3-3 

at a height of 1.45H (Figure 6). 
 

 

Figure 6 Comparison between normalized maximum 

recorded streamwise velocities above all roof shape 

for the 0 degree wind direction 

Other wind directions 

Figure 7 shows the plots for the recorded maximum 

streamwise vleocities for each wind direction. For the 

45 degrees wind direction the maximum streamwise 

velocity was 1.18U above the dome at location D3-3 

at a height of 1.3H. For the 90 degrees case, the 

maximum streamwise velocity reached 1.083U above 

the vault at location D3-3 at a height of 1.3H. Due to 

the symmetry of the shapes, the 135 and 180 degrees 

wind direction cases only apply to the wedged roof 

and the maximum stremwise velocities reached 

1.14U and 1.08U at location W3-2, height 1.3H and 

W2-1, height 1.4H respectively. As for the maximum 

recorded streamwise velocity for all roof shapes 

under different wind directions, it was the vault 

which showed maximum wind acceleration effect 

under wind direction perpendicular to the roof profile 

(0 degree).  
 

 
Figure 7 Normalized maximum recorded streamwise 

velocities for each of the wind direction 

CONCLUSION 

Wind flow around different roof shapes covering an 

isolated cubical building of height 6m has been 

investigated using CFD. Different effects of different 

roof shapes were observed through the flow 

characteristics in terms of wind flow patterns, 

turbulence intensities and streamwise velocities. 

Based on the investigation, the best location of 

mounting the wind turbine on top of each roof was 

1

1.3

1.6

1.9

0.9 1 1.1 1.2 1.3

c2-3

d3-3

g5-1

p4-2

v3-3

w5-1

1
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1.6

1.9

0.9 1 1.1 1.2 1.3

00 v3-3

45 d3-3

90 v2-2

135 w3-2

180 w2-1

Normalized streamwise velocity 

H Maximum-recorded 

streamwise 
velocities for 0 

degree wind 

direction: 

Maximum recorded 

streamwise velocity 
for all wind 

directions: 

Normalized streamwise velocity 

H 
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determined. For all investigated roofs, it was noticed 

that the region of maximum turbulence intensity 

extends from directly above the roof to a distance of 

1.3H which means that for all cases a wind roof 

mounted wind turbine should be positioned at a 

height equal to or more than 1.3 times the height of 

the building. This result agrees with both the Encraft 

Warwick Wind Trials Project (2009), which 

recommends that the lowest position of the rotor 

should be at least 30% of the building height above 

the flat roof level, and the recommendations of the 

WINEUR (2007) project which states that for a wind 

turbine to be mounted on top of a flat roof, it should 

be positioned at a height from 35% to 50% of the 

building height. Thus, it can be concluded that the 

best location for mounting a micro-wind turbine on 

top of a flat roof is at height of 1.45H at location C2-

3, for the domed roof: D3-3 at 1.3H, for the gabled 

roof: G5-1 at 1.6H, for the pyramidal roof: P4-2 at 

1.35H, for the vaulted roof: V3-3 at 1.3H and for the 

wedged roof: W5-1 at 1.45H. These locations are 

where the streamwise wind velocity reached its 

maximum which is greater than the streamwise 

velocity at same location without the building in the 

flow field. This means that all roof shapes have an 

accelerating effect on wind. However, this 

accelerating effect differs from one roof shape to 

another. 

When comparing those six positions to each other it 

can be noticed that the highest maximum increase in 

streamwise velocity occurred on top of the vaulted 

roof at location V3-3 at height of 1.3H and the 

velocity at that point reached 1.16 times the velocity 

at the same position in an empty domain. Since the 

energy yield of a wind turbine is directly proportional 

to cube the wind velocity, therefore mounting a wind 

turbine on top of a vaulted roof would yield 56% 

more electricity than a free standing wind turbine at 

the same location. On the other hand the lowest 

maximum wind velocity augmentation occurred on 

top of the wedged roof at location W5-1 at height of 

1.45H and the velocity at that point reached 1.03 

times the velocity at the same position in an empty 

domain, which means that mounting a wind turbine 

on top of a wedged roof would yield only 9% more 

electricity than a free standing wind turbine at the 

same location. However, the acceleration effect of a 

wedged roof is more pronounced in a region at the 

leeward direction of the building, which makes a free 

standing wind turbine at the leeward direction of a 

wedged roof isolated building (and not on top of the 

roof) more feasible in terms of taking advantage of 

the acceleration effect of the building. 

The case of mounting a micro-wind turbine above an 

isolated building is not so common within the built 

environment except for high rise buildings where the 

surrounding buildings would have a negligible effect 

on local wind flow above the roof. Due to the 

complexity of the built environment, simplification is 

needed for these studies where all the variables are 

fixed except for one variable to investigate its effect 

on local wind flow. However, similar studies should 

be conducted for same roof shapes within real urban 

contexts under different wind directions and for 

different buildings’ heights. Ongoing research by the 

authors investigates the accelerating effect of 

different roof shapes of buildings within different 

urban contexts and surrounded by taller, equal height 

or shorter buildings. However, it should be noted that 

the investigated cases in this study are ideal cases and 

detailed studies have to be done for each project and 

site. Other CFD techniques, such as Direct Numerical 

Simulation (DNS) and Large Eddy Simulation (LES), 

could be implemented if adequate computational 

power is available. 
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