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Abstract

Small wind turbines are developed to help harvest clean wind energy within the built environment and
to avoid energy losses and negative environmental effects associated with wind farms. A common issue
is that the wind speed in the urban environment, especially at low altitude, does not necessarily meet the
minimum speed required by the microturbines. Since the production power of the turbines has a direct
relationship with the speed of the wind, it is necessary to place the turbine in a place with maximum
wind speed. The purpose of this article is to identify the optimal location of the microturbine between
and on the roof of buildings, so that by using the maximum available wind speed, the microturbine can
show optimal performance. By comparing the wind speed at various points in 6-, 12- and 18-meters
wide corridors between buildings in Qazvin City with relatively good wind potential, as well as three
points on the middle axis of the rooftop, CFD simulation and 3D profiles show that it is possible to
locate areas in corridors between low-rise buildings where the wind speed gets accelerated by up to
43%, which creates an opportunity for on-site use of renewable wind energy.

Keywords: Small wind turbine, Distributed generation, Natural ventilation, Computational fluid
dynamics (CFD) simulation, Qazvin.
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Extended Abstract

Introduction

Small wind turbines have entered the market to help harvest clean wind energy on the site of
consumption in urban environments. The dimensions of these microturbines are between 3 and 10
meters wide and their production capacity varies between 1 and 20 kW. Despite their utility in urban
areas, issues such as limited wind, the turbulence between buildings, and high level of aerodynamic
noise produced by the turbines, have held off a rush towards this technology. So far in most cases, turbine
installation has been demonstrative in nature, and the buildings have been built without considering
microturbines in their design stage by architects.

The location of the microturbine in the building is one of the key factors in efficiently harvesting the
clean energy. In the majority of scientific literature, the wind flow on the rooftop and in few cases
between two low-rise buildings have been investigated separately. In general, three turbine positions can
be considered in buildings: 1) rooftop 2) space between two buildings 3) on the facade of the building.
This study uses Computational Fluid Dynamics (CFD) to do a comparative analysis of air flow between
two low-rise buildings as well as on flat rooftops in terms of the amount of wind speed variations in the
corridor between two buildings as well as different points on the rooftop. The simulation is based on
information provided by Shoorjeh meteorological station in Qazvin City, where an average annual wind
speed of approximately 6 m/s has made the city a place with high potential for utilizing wind energy.

Materials and Methods

In order to optimize the use of wind turbines, it is essential to first evaluate the average speed of wind
at a given location. Wind energy potential for wind turbine installation at average speed less than 4 m/s
is considered as being weak, at 4 to 5.5 m/s as being moderate, at 5.5 to 6.7 m/s as good to very good,
and at above 6.7 m/s as being excellent. The annual wind speed at a height of ten meters from the ground
in Jarandagh and Shoorjeh stations in Qazvin are reported as 5.96 and 5.95 m/s, respectively, which is
considered to be a suitable speed for moving a microturbine. Moreover, in order to determine the optimal
location of microturbines in buildings, Ansys Fluent software was used in this study to simulate the wind
flow between two buildings as well as on the rooftop. This simulation follows a two-step process in
parallel, in such a way that various measures of the width of the wind corridor between the two buildings
are evaluated for a better understanding of the wind behavior, and on the other hand, different points on
the roof are also simulated to determine the optimal location, and finally, by determining the optimal
width of the wind corridor and the optimal point on the rooftop, these two locations are compared (Figure
1). According to the information provided by meteorological stations, the prevailing wind in Qazvin
blows from the northeast and at an angle between 0 and 22.5 degrees. In our simulation, the space
between the two buildings is modeled in line with the same angle and with three different widths; first,
the minimum width of the wind corridor according to the municipal regulations for distance between
buildings that stands at 6 meters, and in the next alternatives, the width of 12 meters and 18 meters as a
commonly practiced standard in the local urban development.

Due to the fact that each floor house has two units and based on the general principles of space
placement, the dimensions of the building are considered to be 10 x 20 meters. The simulation is done
on the rooftop at three points of facing the wind, the center point, and the point against the wind on the
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Figure 1: The Research Process Diagram
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main axis of the building. This simulation is done on a single building and in the same direction as the
prevailing wind.

Modeling has been done in Spaceclaim environment by drawing a wind tunnel to analyze the speed and
flow of the wind around the building, as well as drawing mesh in Ansysmeshing software and using
Patch Conforming Method algorithm.

Discussion

a) Analysis of the width of the wind corridor between two buildings

By examining the wind flow between two buildings that are placed at distances of 6, 12 and 18 from
each other, we witnessed that in all three cases, as the wind enters the corridors, the speed of it begins
to increase significantly compared to the initially reported average (Table 1). Since the performance of
microturbines in the wind speed above 6.7 m/s is evaluated as excellent, it is expected that all three
corridors can provide a suitable space for placing the microturbine. In the following, the details of the
information obtained in all three samples will be discussed.

Table 1- The maximum speed reported in three samples with an input speed of 5.96 m/s

Distance between the two buildings Max. Speed (m/s) Acceleration rate
6-meter corridor 8.5 %43
12-meter corridor 8.1 %37
18-meter corridor 7.8 %31

In order to analyze and determine the optimal location for the microturbines, it is necessary to check the
speed of the wind in the corridor on all three axes. Simulating the flow of the wind at different heights
helped us conclude that the wind speed of the 6-meter corridor reaches its maximum at a height of 12.5
meters from the ground and as the height is increased, the wind speed would relatively decrease until
reaching the roof at 20 meters. In general, maximum wind speed occurs at the heights of between 5.5 to
12.5 meters, while a speed of more than 8 m/s can be expected from the height of 2.5 meters from the
ground up to the top of the building.

Horizontally and along the corridor in the direction of the wind flow, at the distances from 3 to 9 meters
from the point of entry the wind speed is generally above 8 m/s. More specifically, the distances between
6 and 7 meters form a range and at a distance of one meter from both sides of the wind flow axis, the
wind speed is reported to be above 8 m/s, which creates a good space for placing the microturbine.

In the case where the two buildings are located at a distance of 12 meters from each other, it is also
possible to consider an area in the corridor, where the wind speed is above 8 m/s at all points. The highest
speed reported in this example is 8.15 m/s, which, like the 6-meter model, occurs in the point of entry
of the wind and in the first half of the flow path. The important point in this example is that, unlike the
6-meter corridor, the wind speed in the axis in the middle of the corridor is almost constant up to a two-
meter distance from both sides.

In the 18-meter corridor, the wind speed decreases with the increase of the distance between the two
buildings, which, of course, considering the maximum speed of 7.8 m/s and the 31% acceleration rate,
still creates a suitable environment for the use of microturbines. Due to the increase in the distance
between the two buildings, the behavior of the wind is very different in this case compared to the
previous two examples. Unlike the 6- and 12-meter corridors where the maximum wind speed occurs at
the point of entry and on the middle axis of the corridor, in the 18-meter corridor it is advisable to choose
an area on both sides of this axis for the optimal location of the microturbine, so that the turbine is placed
in the first half of the corridor at a height of 5-10 meters and at a distance of 4-5 meters from the main
axis of the corridor.

b) Analysis of wind speed on the rooftop

The changes of wind speed on the roof at the windward point (point 1), the central point (point 2) and
the point against the wind (point 3) on the main axis of the building have been investigated. At the
beginning of the wind flow path on the building, the maximum wind speed occurs at the edge and at a
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low height. As the flow approaches the end of the building, it is necessary to increase the height of the

microturbine to receive the high-speed wind. Also, in the whole path of the wind flow on the rooftop,

the wind speed is very low at the height near the roof, and for the optimal performance of the
microturbines at any point of the roof, a suitable height should be considered for them. The comparison
of wind behavior in these three points is as per the following:

- At point 1, the wind speed on the rooftop (at the height of 20 meters) is zero and increases up to a
height of 23 meters and reaches a maximum value of 7 m/s and then starts to decrease. Therefore, the
height of 3 meters above the rooftop is a suitable place for placing the microturbine at point 1.

- At point 2, the wind speed at a height of 8 meters from the roof reaches its maximum value of 7.16
m/s, which is higher than the maximum speed of point 1. Therefore, the height of 8 meters above the
roof is a suitable place for placing the microturbine at point 2.

- At point 3, in general, the maximum wind speed is lower than the first two points and reaches 6.9 m/s
at a height of 9 meters above the rooftop.

Conclusion

The wind flow around low-rise buildings has a low speed due to the presence of many obstacles in the
urban environment. Our findings show that adjusting the distance between buildings can effectively
increase the wind speed for use in microturbines in low-rise residential buildings. For example, by
examining the behavior of the wind between two buildings located at distances of 6, 12 and 18 meters
from each other, the simulation shows that the 6-meter corridor can help accelerate the wind speed by
43%, allowing it to reach 8.53 m/s, that can provide very favorable conditions for the use of
microturbines in the urban environment. Since the production power of turbines has a direct relationship
with the wind speeds, a 1.43 times acceleration in the speed of the wind through the 6-meter corridor
translates into nearly tripling the output of the microturbines. In addition, the 12 and 18-meter samples
can also offer optimal locations that can be used by architects as next priorities, with acceleration rates
of 37% and 31%, respectively.

Our simulation and analysis of the wind behavior and its varying speed on the rooftop of the building
on three points of entry (point 1), the middle point (point 2) and the end of the path (point 3) showed
that in all points, the wind speed is very low and tending towards zero in the area closer to the roof, and
the speed increases at higher points above the roof top (7m/s at 3 meters above the rooftop).

In comparison, we argue that in order to maximize the chance of utilizing the energy from the wind, the
6-meter corridor is the best option for use in architecture among the three investigated corridors. At the
same time, placing the turbine between the buildings in a narrower corridor always yield better results
compared to rooftop installation; even at point 1 which is the best roof option, the acceleration rate is
17% only with the wind reaching a speed of 7 m/s. Should it not be possible to install microturbines in
corridors between the buildings, rooftop installation at Point 1 can be considered as the second-best
option.
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