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ABSTRACT: The increase in the degree of public awareness regarding the impact of climate change on the environment 

has led architects and planners to design and build Lower Energy Design (LED) or even Zero Energy Design (ZED) 

buildings where local renewable sources of energy are integrated so that buildings would be self-sufficient in terms of 

energy. One of the technologies that have high potentials for integration within the built environment is roof mounted 

wind turbines. However, there is a state of uncertainty regarding the feasibility of these wind turbines. This paper argues 

that this uncertainty is attributed to uninformed decisions about the locations of installing urban wind turbines without 

considering the accelerating effect of different roof shapes, buildings’ heights and surrounding urban configurations. This 

paper aims to present the results of Computational Fluid Dynamics (CFD) simulations for the purpose of identifying the 

effect of different roof shapes on the energy yield and positioning of roof mounted wind turbines covering different 

buildings’ heights within different urban configurations under different wind directions. Results from this investigation 

suggests that if informed wind assessment above buildings’ roofs is carried out, roof mounted wind turbines would be 

mounted at locations where they can yield more electricity. 
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INTRODUCTION  

One of the potentially low-cost renewable sources of 

energy is the building-integrated micro-wind turbines [1] 

Despite their obvious potential, Ledo et al. [2] pointed 

out that the reasons behind the limited installation of 

micro-wind turbines in urban areas are the low mean 

wind speeds, high levels of turbulence and relatively high 

aerodynamic noise levels generated by the turbines. 

Blackmore [3] and Blackmore [4] asserted that if a 

turbine is sited in the wrong location on a dwelling 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 of 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 [5]. 

 

However, Peacock et al. [6] argued that with the 

increased awareness of the factors affecting the success 

of integrating wind turbines within the built environment, 

it is expected that more and more dwellings with 

integrated wind turbines will be built as sustainability 

becomes an increasing design driver for new dwellings in 

the future. One of the factors affecting the success of roof 

mounted wind turbines is the roof shape of the building 

where a wind turbine is to be mounted [7]. Rafailidis [8] 

demonstrated that the wind flow and turbulence intensity 

at the roof level were strongly dependant on the roof 

shape. It is obvious that the shape of the roof affects 

airflow around the mounted wind turbine [9] and 

buildings have a speed up effect on wind. Accordingly, 

Dutton et al. [10] recommended the investigation of the 

locations of the acceleration effects over different roof 

shapes to take advantage of the increased wind speed 

which translates into more energy yield. 

 

Although Blackmore [3] acknowledged the 

importance of roof shapes in the performance of roof 

mounted wind turbines, there have been limited previous 

studies in the field and 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. Sara Louise [11] confirmed 

Blackmore’s [3] assertion and added that very little CFD 

work has been undertaken to study wind flow close to 

buildings’ roof for applications of roof mounted wind 

turbines. 

 

On the other hand, Ledo et al. [2] studied wind flow 

around pitched, pyramidal and flat roofs under three 

wind directions (0, 45 & 90 degrees) for the purpose of 

roof mounting wind turbines, they concluded that the 

power density above the flat roof is greater and more 



PLEA2012 - 28th Conference, Opportunities, Limits & Needs Towards an environmentally responsible architecture Lima, Perú 7-9 November 2012 

 

consistent than above the other roof types and they 

recommended extending the investigation to include 

other roof shapes. Phillips [12] investigated the mounting 

location for a single wind direction for a gabled roof and 

recommended extending the investigation to include 

more roof types and more locations with different wind 

directions. Mertens [13] analysed flow over a flat roof 

with a view to developing a small wind turbine siting 

guidelines focusing on the mounting height. 

 

This paper attempts to address these concerns by 

employing Computational Fluid Dynamics (CFD) to 

analyse air flow over a range of common building roof 

shapes to ascertain the most power productive location 

for a micro wind turbine.  The roof shapes will be fist 

considered as isolated development and then within an 

urban configuration. 

 

 

THE MODELLED PARAMETERS 

In order to specify the optimum roof shape for mounting 

wind turbines, the CFD commercial code Fluent 12.1 

was used to simulate wind flow above six different roof 

shapes covering a cubic building whose edge height is 

six meters, these roof shapes are flat, domed, gabled, 

pyramidal, barrel vaulted and wedged roofs which 

represent the basic shapes of most commonly used roof 

shapes in urban areas (Fig. 1). To investigate the effect of 

wind direction, simulations were undertaken with 

different wind directions (Fig. 2), with direction 0
0
 is 

perpendicular to the main axis of the building (parallel to 

the roof profile). To understand the effect of each roof 

shape on air flow above it, streamwise velocity path lines 

are plotted along the central plan parallel to the wind 

direction and to determine the optimum location for 

mounting a wind turbine on top of each roof, both the 

turbulence intensity and streamwise velocity were plotted 

along different locations above each roof extending from 

directly above roof to a height of 1.5H (H = Height of the 

of the 6m cube). All roof shapes cover a building of 

square cross section 6m x 6m and height 6m. 

Accordingly, the optimum mounting location for each 

roof type under different wind directions is specified and 

the results are compared to each other to determine the 

optimum roof shape for mounting wind turbines. 

 

In order to investigate the effect of building height on 

wind flow above the building, the optimum roof shape is 

used to cover the same building but increasing the height 

to reach 12m then 24m respectively. Then the three cases 

(6m, 12m and 24m) are compared to each other in terms 

of flow pattern, turbulence intensity and streamwise 

velocity and the effect of height is identified. For 

investigating the effect of urban configuration and height 

on wind flow above the roof of a building, the optimum 

roof shape is used to cover a 4.5m, 6m, 12m and 24m 

building placed in an array of cubic buildings whose 

edge height is 6m, the cubes are arranged in an urban  

 

 

 
 

 
 

Figure 1 Roof shapes modelled, from top left flat, domed, 

gabled, pyramidal, barrel vaulted and wedged 

 

 

 
 

Figure 2 Investigated wind directions 

 

canyon configuration and another time in a staggered 

urban configuration. Then all the results are compared to 

each other to identify the effect of roof shape, wind 

direction, building height and urban configuration on the 

mounting location and the energy yield of roof mounted 

wind turbines. The location of the mounting position is 

given by a grid superimposed onto the roof plan and is 

shown in Fig. 3. 

 

 
Figure 3 Location of measurement points superimposed on the 

roof plan 
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RESULTS 

The presence of the building within the free stream 

causes two affects, the first is an acceleration of the 

streamwise velocities around the building and the second 

is the increase in the turbulence intensity in the vicinity 

of the building.  The greater the free stream velocities the 

greater the potential to extract useful power from the 

micro turbine (energy yield is directly proportional to the 

cube of the wind speed) but the greater the turbulence 

intensity the less efficient are these turbines.  Hence there 

is a need to consider both parameters when positioning 

the turbine. 

 

 The first series of simulations had the wind direction 

perpendicular to the main face of the building, in the case 

of the wedged roof, striking the lower edge of the roof 

and for the gabled and barrel vaulted roof perpendicular 

to the ridge. 

 

 For all roof shapes the maximum turbulence 

intensities were recorded on top of the roof, directly 

above the roof to a height above the roof of 1.3H. This 

area should be avoided when mounting wind turbines on 

the top of these roof shapes. These results agree with 

both the Encraft Warwick Wind Trials Project [14], 

which recommends that the lowest position of the rotor 

should be at least 30% of the building height above the 

roof level, and the recommendations of WINEUR [9], 

which states that for a wind turbine to be mounted on top 

of a roof, it should be positioned at a height from 35% to 

50% of the building height. 

 

 When analysing the streamwise velocities, values in 

the zone of maximum turbulence intensity were ignored, 

hence only maximum streamwise velocities above 1.3H 

were considered.  Table 1 presents these results. The 

streamwise velocities are normalised against the 

streamwise velocities that would have occurred if the 

building was not in the modelling domain.  When these 

values are greater than 1.0, this means an acceleration of 

the streamwise velocity over the roof shape has occurred.  

 

 
Table 1: Maximum normalised velocities and locations for 

wind direction perpendicular to the roof shape. 

   

Roof Shape Maximum 

Normalised 

velocity 

Location 

Flat 1.095 2-3 at 1.45H 

Domed 1.12 3-3 at 1.3H 

Gabled 1.05 5-1 at 1.6H 

Pyramidal 1.05 4-2 at 1.3H 

Barrel Vaulted 1.16 3-3 at 1.3H 

Wedged 1.03 5-1 at 1.45H 

 

Table 1 show that all roof shapes cause an increase in the 

streamwise velocity, with the dome and the barrel vault 

having the potential to produce significantly more energy 

than the other roof shapes. The domed roof would yield 

40.5% increase in power whilst the barrel vaulted roof 

would yield 56.1% increase in energy. For these two 

shapes, these maximums were achieved above the centre 

of the roofs. Fig. 4 shows the streamwise velocity 

pathlines above the barrel vaulted roof with the proposed 

locations of the roof mounted wind turbine.  

 

 

 
 

Figure 4 Streamwise velocity pathlines above the vaulted roof 

 

 

For wind directions other than perpendicular to the 

main axis of the building, symmetry of the roof shapes 

simplifies the analysis. For the flat, domed and pyramidal 

roofs, only two directions were modelled; perpendicular 

and at 45
o
.  The wind directions for the gabled and barrel 

vaulted roof were perpendicular, 45
o
 and 90

o
, all other 

directions being symmetrical.  Only the wedge roof 

shape was modelled in all wind directions. 

 

 For a wind direction of 45
o
 for the flat, domed and 

pyramidal roof shapes, the maximum normalised velocity 

were 1.12, 1.14 and 1.08 and the locations were 2-2, 3-3 

and 4-4 respectively.  The gabled and barrel vaulted roof, 

for a wind direction of 45
o
 had maximum normalised 

velocities of 1.09 and 1.14 at locations 3-5 and 3-3 

respectively.  And for the 90
o
 wind direction, here the 

wind direction is perpendicular to the gable ends; the 

maximum normalised velocities were 1.075 and 1.083 at 

locations 2-3 and 2-2 respectively. For the wedge shaped 

roof the maximum normalised velocities at 45
o
, 90

o
 135

o
 

and 180
o
 were 1.07, 1.075, 1.14, 1.08, at locations 5-5, 2-

4, 3-2, 2-1 respectively. 

 

 The pattern established for the wind direction 

perpendicular to the building is repeated with both the 

domed and barrel vaulted shapes providing higher 

potential energy yields in all wind directions.  The dome 

has a more consistent profile, whilst the barrel vault has a 

weakness when the wind is perpendicular to the roof’s 

gable end. 
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 Having established the performance of the roof 

shapes for a 6 metre high building, further simulations 

were undertaken to investigate how the building’s height 

changes the roof performance in terms of accelerating 

wind.  As the barrel vaulted roof, with the wind direction 

perpendicular to the vault had the highest increased wind 

velocities above it, this was chosen as the test case to 

investigate the influence of building height.  Two 

building heights were modelled; one of 12 metres and the 

other of 24 metres, both are compared to the 6 metre 

case. 

 

 In all three cases the maximum turbulence intensity 

and maximum streamwise velocity occurred at the same 

locations. However, there was an increase in the 

turbulence intensity with increase in the height of the 

building, which suggests that there is a relationship 

between the building height and the turbulence intensity.  

 

 The normalised streamwise velocities for the 6 metre 

and 12 metre cases at 1.3H were similar, whilst the 24 

metre case gave a value of 1.175 at 1.3H.  This shows 

that relationship between building height and the ground 

starts to become less significant the higher the building 

but the building does need to dominate the surroundings 

to increase energy yields. 

 

 The results presented so far have been for an isolated 

building, with the wind accelerating around the building, 

a rural scenario.  However, within an urban context the 

building would be surrounded by other buildings and the 

wind flow patterns and the intensity of the wind modified 

significantly. Indeed the challenge for micro wind 

turbines is to generate useful levels of power within the 

urban environment, close to its users of that power.  To 

start to understand the performance of roof shapes in an 

urban context, a final series of simulations were 

undertaken within two different urban configurations.  

 

These two configurations were the street canyon and 

the staggered street, the former representing an ordered 

layout of the urban environment and the latter a more 

chaotic configuration.  Fig. 5 shows the two urban 

configurations, in the centre of these configurations a 

barrel vaulted building is inserted, whose height was 

altered between 4.5 metres, 6 metres, 12 metres and 24 

metres.  

 

The surrounding buildings were kept at a fixed height 

of 6 metres.  Hence the modelled building was below, at 

the same level and above its surroundings. Wind 

direction was as perpendicular to the main axis of the 

barrel vaulted roof (parallel to the roof profile), this wind 

direction had provided the maximum streamwise velocity 

over the isolated roof shape. 

 

The results from these last series of simulations need 

to be split into two groups to be understood, the first 

group is where the modelled building is below or equal 

its surroundings and the second group where the 

modelled building is above the surroundings.  In first 

group the surface roughness dominates the air flow, 

whilst in the second group the roughness effect is less 

marked. 

 

 

 
 

 
 

Figure 5: The two urban configurations modelled, top the street 

canyon and the bottom the staggered street, both show the 

barrelled vaulted building in the centre at a height of 6 metres 

 

 

For the 4.5 metre case, the turbulence intensity 

diminishes above 1.6H, and the maximum normalised 

streamwise velocities reach a maximum at 2.5H.  At this 

height the staggered configuration has a normalised 

stream velocity of 1.09, whilst the canyon configuration 

value is 1.07.  When the barrelled vault is at the same 

height as its surroundings, the roughness of the 

surroundings increases the turbulence and pushes the 

position of the maximum normalised streamwise velocity 

to 2.5H.  The values and order were identical to the 4.5 

metre case. 

 

As the barrel vaulted building rises above the 

surroundings (the second group) the roughness effects 

diminish, resulting in the turbulence intensity and 

normalised streamwise velocity profiles corresponding to 

the isolated building case.  For both building heights and 

urban configurations, the turbulence intensity becomes 

less significant above 1.3H, following the performance of 

the isolated building. For the 12 metres high case the 

canyon and staggered configuration have a normalised 
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streamwise velocities of 1.13 and 1.1 respectively at 

1.3H. And the 24 metre height case has normalised 

streamwise velocities of 1.15 and 1.13 for the canyon and 

staggered configurations respectively.  A reversal of the 

situation found in first group in that the canyon 

configuration has less impact on velocity than the 

staggered configuration, but for both cases the 

normalised streamwise velocities were less than the 

isolated building case. 

 

 

CONCLUSION 

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 roof mounted wind turbine should be 

positioned at a height equal to or more than 1.3 times the 

height of the building. 

 

 The best location for mounting a wind turbine on top 

of a flat roof when the wind is gusting parallel to the roof 

profile is at height of 1.45H at location 2-3, for the 

domed roof: 3-3 at 1.3H, for the gabled roof: 5-1 at 1.6H, 

for the pyramidal roof: 4-2 at 1.35H, for the barrel 

vaulted roof: 3-3 at 1.3H and for the wedged roof: 5-1 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. 

 

 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 barrel vaulted roof 

would yield 56.1% more power than a free standing wind 

turbine at the same location under the same flow 

conditions. On the other hand the lowest maximum wind 

velocity acceleration occurred on top of the wedged roof 

at location 5-1 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. 

 

 The direction of the wind had the least effect on the 

domed and flat roof shapes, whilst the wedge shaped roof 

experienced the greatest variation. For the building 

height variable, it can be argued that a roof mounted 

wind turbine has higher potentials if mounted on top of 

high-rise buildings than low-rise buildings. However, it 

should be noted that a wind turbine mounted on top of 

higher buildings would also suffer from higher levels of 

turbulence which should be kept in mind when choosing 

a specific wind turbine model as it should be able to 

withstand the higher levels of turbulence. 

When comparing the flow patterns of the urban 

canyon configuration to the staggered configuration; for 

a building height less than or equal to its surroundings, it 

was noticed that the staggered configuration had less 

effect on the flow patterns around the investigated 

buildings than the urban canyon configuration. This can 

be attributed to the larger distance in front of the studied 

building in the staggered configuration than the urban 

canyon configuration which gives the flow the chance to 

develop and exhibits similar features to those of the 

isolated buildings cases.  However this phenomenon is 

reversed when the building height exceeds its 

surroundings. 

 

This analysis has shown that careful positioning of a 

roof mounted wind turbine, for a particular roof shape, 

can maximise the energy harvesting from the 

acceleration of the wind around the building but does 

require CFD modelling in the early design stages to 

achieve this objective. 
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