DOI: 10.21005/pif.2021.46.C-04

WIND RESOURCES IN THE URBAN STRUCTURE — CFD NUMERICAL
ANALYSIS. POSSIBILITIES OF USING WIND ENERGY ONTHE EXAMPLE OF
THE St ONECZNEINBBCZRCINE

ZASOBY WIETRZNE W STRUKTURZE MIEJSKIEJ — ANALIZA NUMERYCZNA
CFD.MOZ L | WOWYKORZYSTANIA ENERGIIWIATRUNA PRZYKLtLADZI E
OS|I EDLA St ONEW 32CEEEDIIE

Raf at Obuchowi cz
Eng. architect
Aut hor 6s Or ci ©003-41381286K : 0000

West Pomeranian University of Technology, Szczecin
Faculty of Architecture

ABSTRACT

The issue of wind in an urbanized structure, considered in the context of benefits, forces to under-
take activities across multiple disciplines. The lack of understanding of the aerodynamic phenome-
na in heterogeneous space may lead to failures in implemented projects. The article presents the
general scope of issues related to the urban wind turbine and the numerical CFD simulation of air
flows in the Sgoneczne housing estate in Szczecin,
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1. INTRODUCTION

The policy of the ever more restrictive climate regulations that have been introduced in the world in
recent years, in particular those covering the countries of the European Union, successive thresh-
olds for reducing greenhouse gas emissions and ever shorter deadlines for achieving them make
the problem of obtaining energy from renewable sources be considered important in places where
it has been neglected so far. Wind resources, used in non-urbanized areas, in the urban environ-
ment are not taken into account, or used to a small extent. Wind-related phenomena in the city,
often associated with discomfort, are rarely considered in terms of benefit, such as city ventilation
corridor systems or a renewable energy source. These factors lead to the view of wind as an ener-
gy source that is constantly present in the urban fabric and ready to be used.

From a historical point of view, the methods of wind energy conversion can be divided into several
periods defined by qualitative changes in technology. We find traces of the first conscious use of
wind for energy purposes about five thousand years ago in the Mediterranean region (Leather T.
M. 2017, p. 130), where it was used to propel boats. The structure of the units allowed to decom-
pose the wind force vector into a useful component allowing to steer the boat along a marked
course and a parasitic component causing undesirable drift. Another change, the documented
traces of which have survived to this day, took place in the areas of ancient Persia in the 7th centu-
ry BC. (Leather T. M. 2017, p. 131). It uses mechanics derived from the sail shell, mounting it on
a rotating structure that allows stationary operation. The functioning of a turbine constructed in this
way has not changed to the present day, and modern constructions, with the exception of a few
experimental devices, work on the same principle. The transformations which structures have un-
dergone over the centuries concerned mainly technology and brought significant quantitative
changes to the efficiency of energy machines. The Charles Brush device, built in 1888 in Cleve-
land, Ohio, can be considered the first wind turbine constructed using the principles of a systema-
tized scientific approach (Fig. 1). The 12 kW generator was fully automatic, it had a wind overload
steering and protection system, an intermediate gear with a generator, current regulation and bat-
teries (Lynn P. A. 2017, p. 13). All these elements are involved in contemporary constructions.

1.1. Purpose of the article

The main aim of the research was to check the possibility of using wind machines in built-up space.

1.2. Conducted research

The presence of wind machines, which in the past was a frequent element of the settlement sys-
tem, generates the need to analyze the possibilities and purposefulness of their modern use. The
energy aspect, as obvious and intuitively accepted, becomes more than one in the urban structure.
The aerodynamics of the housing estate as the test area is also considered in terms of the comfort
of users, and a strong wind is considered an undesirable phenomenon. The installations of small
wind turbines considered in this context, by taking over some of the wind energy, become not only
devices generating electricity, but also consciously designed, they can serve to control and shape
mesoclimatic conditions. From the point of view of fluid mechanics, a wind installation, in a simpli-
fied manner, can be treated as a porous structure that slows down the flow, and if it is properly
located, similarly to trees, it influences the local wind conditions. On the other hand, the high re-
qguirements of turbines as regards the work environment are connected with the necessity of high
specialization of the design process and knowledge of aerodynamic phenomena occurring in the
urban environment.

The wind conditions in the built-up zone diametrically differ from those in the open space. Due to
terrain obstacles, they are distinguished by a large variation in wind speed and the presence of
numerous turbulent flows. Turbines operating in installations must meet a number of stringent con-
ditions, in particular, be characterized by low speeds: starting and for nominal power, have a short
reaction time and high fatigue resistance. The most common criterion for the division of wind gen-
erators used in urbanized areas is the position of the rotor axis of rotation, according to which we
distinguish two types of devices:
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i with a horizontal axis of rotation i Horizontal Axis Wind Turbines (HAWT),
i with a vertical axis of rotation i Vertical Axis Wind Turbines (VAWT).
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This division, despite its obvious advantages, does not reflect the entire problem and is too limited
to the assessment of the usefulness of devices operating in an urban environment. The typification
introduced by Abohela, which defines the degree of integration of the wind device with the devel-
opment or local spatial system, is more adequate (Abohela I. 2012, pp. 83-94). According to this
classification, we distinguish four systems:

i Building Integrated Wind Turbines (BIWT) i stand-alone wind turbines operating close to build-
ings and taking advantage of the increase in wind velocity due to the surrounding buildings. Of-
ten installed in existing buildings or incorporated into new urban projects. This type of integra-
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tion in a built environment is typically implemented where there are open spaces such as
squares, sports fields.

Building Mounted Wind Turbines (BMWT) i structures directly mounted on the building as their
basis and used to increase the wind energy going to the turbine. They are used both in the de-
sign of wind systems on existing and newly built buildings, most often installed on the roof, less
often on the edges. Integrations implemented in this way do not affect the functional layout of
the building.

Building Augmented Wind Turbines (BAWT) i this type of integration subordinates the building
architecture to maximize the efficiency of the wind installation. The aerodynamic shape of the
structure is used to provide concentrated wind energy to drive the turbine. In such projects, the
architect plays a major role in shaping the body of the building based on aerodynamic aspects.
Comprehensive knowledge of wind energy concentration and conversion systems is required
from him. Projects in line with this approach are particularly effective. The best known are: SE1
loss (Fig. 2) in London, Bahrain World Trade Center, or Pearl River Tower in China.

Ducted Wind Turbines (DWT) i type of built-up turbines operating in a specially designed chan-
nel. Used where there is a large pressure difference at the ends of the channel. The shape of
the inlet and outlet play an important role, as well as spoilers that help to concentrate the ener-
gy obtained from the wind. In the case of too high flow velocities inside the channel, shutters
are activated to protect the turbine against damage. These installations, apart from energy con-
version, can be used to support the building's ventilation system.
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Fig. 2. Strata SE1, London.
(Wikimedia Commons)
Ryc. 2. Strata SE1, Londyn.
(Wikimedia Commons)
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Interpretation of wind conditions in isolation from the above-mentioned design approaches leads to
erroneous conclusions and is the cause of frequent failures of undertaken projects. Effective use of
wind energy in an urbanized environment requires taking into account many factors that do not
exist in open areas for turbines operating in a free air stream.

2. CHOICE OF THE RESEARCH AREA, METHODOLOGY

The choice of the object was limited to Szczecin buildings. In the first phase, eight groups with fea-
tures favoring the occurrence of useful wind phenomena were selected. Then the object for numer-
ical analysis was selected from among this group.

The analysis of the geometric structure of the urban layout in terms of favorable conditions for wind

farms indicated high-rise housing estates. These are housing complexes mostly composed of high-

rise buildings, Xl - XIlI. storeys and complementing their urban layout of buildings with the height of

the IV - V storeys. These estates, made in the reinforced concrete prefabricates technology, were

built in Szczecin in the 70s, 80s and 90s of the last century. The problem of high wind, considered

in this study as a phenomenon that may bring benefits under certain conditions, has been dealt

with from the very beginning of the emergence and settlement of the discussed settlements. The

authors of the studies pay attention to undesirable phenomena related to the local microclimate,

such as troublesome drafts between buildings (Wojtkun G. 2014, p. 80), very strong winds, or tur-

bulences referred to by residents as whirlwinds (Wojtkun G. 2014 , p. 105). The initial selection

selected eight Szczecin estates with similar spatial conditions, height stratification and the technol-

ogy in which they were created. Housing estates
Ksi NUNt Pomorskich, Majowe, Sgoneczne and Zdwadzki
ing morphology such as height, cubature of buildings and their proportions, show significant differ-

ences in aerodynamic characteristics resulting mainly from the spatial arrangement of buildings,
orientation in the field, number and distribution of open zones within the considered assumptions.

The distances between individual units and the angles of their elevation planes in certain places

favor local acceleration of air mass flows, while in others they create dead zones, free from wind.

The aforementioned estates were assessed in terms of the features determining the occurrence of
aero-dynamic phenomena that may be considered as favorable or excluding the functioning of wind
micro-installations in the environment of a residential complex. On the other hand, the subject of
interest was the possibility of limiting unfavorable phenomena, such as excessive local acceleration
of air masses, wind blows resulting from the occurring turbulence, which can be leveled by means
of wind installations absorbing the kinetic energy of the wind and dampening the flows in critical
places.

The introduced evaluation criteria assume a division into a global (macro) system, which is the
entire housing estate, and a local (micro) system, where individual elements such as buildings and
their mutual relations, narrowings, shades, openings, etc. are taken into account. - varying the
height and plan of the estate into the general aerodynamic characteristics determining the possibil-
ity of free air flow, where parallel structures like long streets with relatively compact buildings allow
local winds to move smoothly (wind-permeable system). It is disturbed by closed building systems
("impermeable" to the wind), forming polygons or closed loops (...) causing the air to stop and swirl
(Zielonko-Jung K. 2013, p. 45). Considering the phenomena acting locally, several patterns were
distinguished describing the behavior of the wind in the urban environment depending on the ge-
ometry of the building development and its mutual relations (Flaga A. 2008, p. 333). The following
have been distinguished here: the bar effect - this is the case in the case of medium-high buildings
with a length of at least eight times greater than the height. The phenomenon arises when the wind
direction forms an angle close t o 45 A wi t h A$ ahresultbroostlofdtiie rig maasesi s .
around the building flows over it and descends on the leeward side, causing an increase in the
stream velocity and numerous swirls. The flow constriction effect also known as the venturi
effect - arises in the case of two buildings whose wall planes form an acute angle with each other,
and the wind direction is close to the bisector of this angle. The height of the planes must be at
least five stories high, and the sum of their lengths must not be less than 100 m. The phenomenon
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arises when the width of the outlet is two to three times smaller than the inlet and is characterized
by significant wind accelerations in the outlet zone. The gap effect - a phenomenon characteristic
of housing estates, where a long building collides with a communication route, for which a commu-
nication passage is created on the ground floor, the gate or building is supported on poles. With the
wind perpendicular to the facade and the building height of five or more storeys in the opening
strip, the air masses accelerate significantly due to the large pressure difference between the
windward and downward sides of the building, and the effect intensifies with increasing building
height. The phenomenon is quite common and perceived as unfavorable due to the discomfort of
residents. Corner effect - is related to the formation of a pressure difference around the corners of
buildings, resulting from the pressure of air masses from the windward side and suction from the
leeward side, resulting in a zone with increased wind speed. The disturbance is closely related to
the height of the building. It begins to play a significant role in buildings over five storeys, and it
becomes a particular problem for high-rise buildings. The effect of swirls in the aerodynamic
wake - the wind lines, after meeting the building, merge only at a certain distance behind it, creat-
ing an aerodynamic shadow zone with reduced static pressure on the leeward side. Due to the
existing pressure differences, this phenomenon can be considered as particularly advantageous for
wind installations integrated with the building. The channel effect - sometimes called the suction
effect, occurs in the case of parallel systems, e.g. a street with dense strings of buildings on both
sides and the height of buildings three times greater than the width of the street. The system cre-
ates a channel for the air stream and creates anomalies in combination with e.g. strong turbulence.
The downwash vortex effect - is created in the case of buildings with a significant difference in
height, adjacent to each other at a short distance, approximating to the height of the lower building.
The axes of the buildings are mutually parallel and the wind direction is perpendicular to them.
Behind the windward, lower building, a turbulence area of the flowing air is created, and in the cor-
ner zones of the tall building there are significant increases in wind speed. The screening effect,
also known as the shelter effect, inverts the pattern of the whirling down effect, with an obstacle of
greater height on the windward side. The lower object remains in the aerodynamic shadow of the
higher one in the zone of turbulence and lowered pressure. We deal with such a situation in the
case of shading by tall buildings, road screens, green belts. The aforementioned aerodynamic pat-
terns, occurring simultaneously, can create complex relationships, multiplying or eliminating each
other.

When making the selection between the settlements, apart from the occurrence of conditions po-
tentially favorable for wind installations, the aerodynamic and spatial differentiation of the structure
allowing for demonstrating the complexity and correlation between the described aerodynamic
phenomena was taken into account. For numerical analysis, computational fluid dynamics (CFD),
the buildings of the Sgoneczne hdRigs3). itiganedateavithe i n Szcze
the greatest wind potential. The height differentiation and development plan indicate the possibility
of numerous accelerations and damming of the wind line. The buildings are dominated by: from the
west - windward side, the central layout, consisting of three high, thirteen-storey buildings on
a three-pointed star plan, surrounded by an almost closed circle formed by five-storey buildings,
and a linear layout, consisting of two thirteen-storey buildings from the leeward side. High buildings
with free spaces generate very different flows. Numerous aerodynamic shadows creating large
pressure differences and the presence of gates cause local increases in flow velocity, useful due to
the possibility of using wind energy sources.

The map of the local wind conditions of the estate was made with the use of CFD modeling, includ-
ed in the calculation methods of wind engineering. The simulation of conditions in the building
model shows the fluctuations in the velocity of air masses, and the vertical component of the wind
speed Vz, distinguished on the next map. The qualitative assessment of the flow allows the identifi-
cation of areas of acceleration, damming up and stagnation, on the basis of which the occurrence
of potentially favorable zones for the location of wind installations can be estimated.
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3. AIR FLOW RESEARCH

The conducted study is qualitative in nature. Its purpose was to indicate places with increased val-
ues of air flow velocity and areas of stagnation (zones of silence). The most common wind direction
for a given area is adopted. The values were marked as relative to the average wind speed in the
studied area and were presented as a percentage scale. In the morphology of buildings, three
groups of objects characterized by the consistency of features essential for generating characteris-
tic aerodynamic phenomena were distinguished. These are: group | of three tall buildings - thirteen-
storey on the plan of an isosceles star, Il - a complex of two parallel thirteen-storey buildings with
slightly shifted axes, forming a wall 390 meters long with a gap in the middle, and complex Ill,
which consists of buildings medium-high, five-storey, forming segments of circles on the projection.
The areas that were assessed had to meet the criteria of the technical possibility of installing wind
generators in the existing development and the presence of favorable wind conditions (Fig. 4).

The general relationships that were observed for the entire development complex are the decrease
in the velocity of air masses inside the modeled system combined with its increase at the extreme
points; increase in wind speed with increasing height above ground level; and a greater tendency
to change the direction of air movements in low layers. The greatest differentiation of wind condi-
tions occurs in the lowest studied cross-section, 5 meters above the ground. There are five zones
of increased flow and three areas of strong turbulence on it. The buildings of complex Il play an
important role in shaping the flow at this height. The incoming air, depending on the angle created
in a given place with the facade running in a circle, picks up in front of the building, creating the
effect of a flowing vortex behind it, or flows around it, creating the effect of an elongated barrier.
The constrictions created by the buildings of complexes Il and Il are responsible for the Venturi
effect and rapid wind acceleration. Complexes | and Ill form two zones of local acceleration, and
due to the irregular development plan, the phenomena generated by them show a high complexity.
The buildings of complex II, with a total length of 390 meters and a height of 35 meters, create
acompact, al most perpendicul ar (81A) obstacle for
buildings is a place of strong acceleration of the air masses due to the pressure difference up-
stream and downstream of the obstacle. The stream acceleration zone marked there, due to the
complexity of the geometry (eccentric shift of the building axes) and the intensity of the occurring
aerodynamic phenomena, has the highest energy potential for wind installations in a given area. In
the case of the upper parts of thirteen-story buildings in complex | and Il, in the edge areas of their
walls and roofs, the simulation showed local accelerations caused by the corner effect. The zones
for renewable energy sources were also marked there (Fig. 5).
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Fig. 4. CFD simulation of the flow velocity in the tested model. The areas marked with colors assume air velocity values
within the ranges described on the scale. The value of 100% corresponds to the nominal wind speed. Source: author
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An important aspect of the study was the separation of the vertical component from the vector of air
mass velocity (Vz), visualized on the charts. This element in urbanized conditions plays a signifi-
cant role, and its omission leads to numerous failures in the implemented installations. The zones
of increased vertical movements can be observed mainly in the adjacent areas of buildings and at
a considerable distance behind complex Il. It is caused by the damming of the wind lines through-
out the entire development and sucking it through the area of lowered pressure behind the housing
estate - the effect of turbulence in the aerodynamic shadow. We observe a similar situation on
a smaller scale, analyzing individual buildings separately. In the case of high, thirteen-storey build-
ings, the air that meets the building on its way, up to about one third of its height, takes a negative
Vz value, creating a recirculation zone in the low parts of the building, while above this height it
goes up, obtaining the highest vertical velocity in the gable parts, having a significant participation
in shaping the aerodynamic characteristics of the roof. The range of the influence of vertical
movements should be assumed as considerable. This is illustrated by the impact of group Il in
layer 5D, the height of which above the ground level is more than twice the height of the buildings
causing the phenomenon. The isolation and analysis of the Vz component should be considered
a necessary condition when assessing the windiness of the system under study, as it shows how
important the vertical component is in an urbanized area.
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Fig. 5. CFD simulation, vertical component of the flow velocity Vz. Designation on a gradient color scale - values according
to the scale in the drawing. Source: author
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the use of analytical methods, are presented in the monograph Housing estate in the structure of
the city of the 20th century by G. Wojtkun (Wojtkun G. 2014, p. 76). Numerical modeling fully con-
firmed the above-mentioned research and supplemented it with a vertical element.

4. DISCUSSION

Wind conditions in a built-up environment differ significantly from those in an unimpeded flow envi-
ronment, such as an open field, where the wind pattern can be considered almost two-dimensional.
The turbulent nature of the wind field occurring in urbanized areas introduces the vertical element
as the third component of its speed, affecting the wind installation operating in urban conditions
(Anup K. C. et al, 2018, p. 5). In addition to the complexity of wind phenomena, their unpredictabil-
ity and stochastic nature are indicated that cannot be described by any known statistical distribution
(Zielonko-Jung K. 2013, p. 60), as well as an insufficient number of detailed field tests and meas-
urements that would help characterize the wind urban and understand its impact on turbines (Anup
KC et al, 2018, p. 6). Despite these obstacles, the authors show a number of benefits resulting
from the use of urban wind installations, including those going beyond wind energy conversion, and

t

he
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cover a number of issues related to the improvement of the quality of the area's functioning. The

most important include:

T Change in the characteristics of the windy space towards calming down, slowing down the oc-
curring drafts and gusts of wind. A wind turbine is a turbulating element and reduces the energy
of the air stream passing through it. The useful power generated in the wind turbine, taken from
the air stream, results from the difference in the kinetic energy of the air in front of and behind
the rotor. This is particularly advantageous in places where there has previously been trouble
with too much wind activity.

T The use of wind installations for integration with systems supporting the use of buildings, in
particular the use of wind for natural ventilation (Zielonko-Jung K. 2013, p. 72).

T With the increasing capacity to use wind resources in urban areas, small wind turbines (SWT)
intended for operation in an urban environment and turbines integrated with buildings are of
value for architects and designers due to the fact that the input coefficient of non-renewable
primary energy in the calculations is zero. energy performance of buildings, giving greater free-
dom in designing installations.

T Renewable energy wind farms are an excellent tool that provides enormous amounts of data on
the current conditions, useful for creating weather maps, forecasts, and managing "smart city"
systems.

i Diversification of energy sources, dispersion of the energy system, omitting transmission losses.

T Short implementation time of wind installations (Leather T. M. 2017, p. 8).

I The social aspect, currently indicated as particularly important, brings image benefits for the
region, local community and individual. Green buildings influence perception; a modern archi-
tectural object becomes a sign of a place using (...) the latest technologies (Czekiel-§ wi t al s k a
E. 2008, p.1), a positive identifier on the scale of the estate, district, city.

In the context of the expected profits, the fulfillment of high requirements can be considered justi-
fied. At the same time, assuming the complex conditions necessary to be met when designing ur-
ban wind turbine (UWT) installations (Anup K. C. et al, 2018, p. 2). Faced with the environmental
problems that we are currently struggling with, we must be aware that the problem of using wind in
the urban environment will have to be taken up, and that it is a forward-looking trend that requires
development (Zielonko-Jung K. 2013, pp. 77- 78).

5. CONCLUSIONS

The use of wind turbines in an urbanized environment requires an understanding of wind conditions
and its aerodynamic phenomena. Failures of attempts to use wind energy result from the fact that
devices not adapted to this are installed. Urban wind turbines operate in radically different condi-
tions from their commercial counterparts in the open or at sea, and their similarity is apparent.
Flows formed by obstacles have a very complex dynamics, which means that shaping the form of
the immediate vicinity of the turbine should be treated in a special way. The complexity of design
issues requires the cooperation of designers from various specializations.

The diagram describes the scheme of cooperation between design industries and defines the do-
mains that belong to the area of their activities. In addition to the architect / town planner, who de-
termines the main design assumptions and the conditions in which the installation will operate,
specialists in the field of construction and operation of machines, materials engineering, fatigue and
strength issues, energy and automation as well as aerodynamics play an important role. Their co-
operation should take place in all phases of the project.

Another problem is the indication of places favorable in terms of windiness for turbines in the de-
velopment. In the tested model, it is only 5.5% of its projected area. This fact illustrates how im-
portant it is to analyze the flows in the system and how easy it is to make a mistake in determining
the location for the generators. Therefore, the numerical analysis of flows should be consid-
ered a minimum requirement in the initial design phase. This approach will avoid mistakes and
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use the layout not as an obstacle, but as an element shaping the wind lines in a way favorable to
the installation. Providing optimal working conditions and guaranteeing maximum efficiency.
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Fig. 6. Diagram of the participation of industries in the design process. Source: author
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Brushoda zbudowane w 18 8GhioRyk ). Ge n@lreavt e@lranod , mowwy 12 kW

wpegni zaut omatyzowaney,owmrmnsiaa dia go cshyrsotneym pkriz e d przeciNU
przekdgadni poSredniczNcN z pr NduyincPNA. 2018 g.4d).acj n  pr Ndc
Wszystkie te elementy uczestniczN w konstrukcjach wsp-

1.1 Cel artykutu

Gg-wnym celem bada@Eebywypd| s wodwdzeastosowania maszyn W
strzeni zabudowane;.

1.2 Przeprowadzone badania

ObecnoSi maszyn wiatrowych bidNcych w przeszgoSci czifs
go generuje potrzebn analizy moUl wykerdstania. Aspekte | owo Sci i
energetyczny, jako oczywisty i przyj mowany intuicyjnie
dynym. Aerodynamika osiedla mieszkani owego jako obszar
jest r-wnieU pod kNt ew ko nsfidrntyu wiChyttrk omznniskwany | est za
dane. Rozpatrywane w tym kontekScie instalacje magyct
ener gii wiatru, staj N sifn nie tylko urzNdzeni ami wyt w
Swi adomi e amreqj etkdaNW s JuUyi kantwaorluinki- wk snezagt ¢ wnaniyc z n
Zpunktu widzenia mechani ki pgyn-w instalacja wiatrowa
moUe byl jak struktura porowata spowalniajNca przepgyw
jak zadr zewienie wpgywa na | okalne warunki wi etrzne. Z

do Srodowiska pracy wi NON sifn z koniecznoSci N wysoki e]
jomoSci N zjawi sk aerodynamicznych.zachodzNcych w Srodo

War unki wi atrowe w strefie zabudowanej] W spos-b di amet
t ej przestrzeni. Z powodu przeszk-d terenowych wyr . - UOni
wiatru i wystfApowaniem |licznych pugBpgyw- wnsuababtpathy
ni i muszN szereg rygorystycznych warunk:- - w, w szczeg-|I|n
koSciami: startowN i dla mocy nominalnej, posiadal ni
zmnczeni owa. NajcznSci epjodszp atgwk agneynme rvi @t e owymh St os o w:
wobszarach zurbanizowanych | est pogoUenie osi obrotu

dwa rodzaje urzNdzeE:
i z pozi omN ®@AWT -ary.rHorizantal Axis Wind Turbines),
i z pionowN @AW -ang.Vertical Axis Wind Turbines).

Podziag ten, mi mo oczywistych zalet nie oddaje cagoSc
oceny przydatnoSci urzNdze@® pracuj Ncych w Srodowisku r
wadzona przez Apahekaées&l aypcaastopie®& integracij.l ur z N

dowN, czy |l okal nym uKkAQohdad.ra01p 6.83904)Wed§ungy k|l asyfi kacij.i t e
r-UOniamy cztery ukgady:

i BIWT (ang. building integrated wind turbines) i wo | n o ttwhinN wiattowe pr acuj Nce
wpobliUOu budynk-w i wykorzystuj Nce wzrost prhAadkoSci
j NcN zabwochawNvane cziisto w juU istniejNcej zabudowie
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jekt-w obszar-w miejskich. Ten r odmym jiest zwyklee gr ac j
wdraUany tam, gdzie dosthipne sN tereny otwarte, |
i BMWT (ang. building mounted wind turbines) i konstrukcje bezpoSrednio
budynku bnAadNcym dla nich podstawN i sguUNcym do

turbiny. Wykorzystuje sifn e zar-wno w projekt
istniejNcych jak i nowo budowanych, najcznSciej

Tak realizowane integracje nie wpgywajN na rozkyg:

i BAWT (ang. building augmented wind turbines) it en r odz aj i ntegracij.i podr
tekturn budynku maksymali zacij.i wydajnoSci i nst
budowl i sgulUy do dostarczania skoncent r\Witegone,j en
typu projektach architekt odgrywa ggd-wnN roln w
aspekty zwi Nzane z aerodynamikN. Wymaga sin od 1
system-w koncentraciji i konwer sji omdej Gicii ewmi atan €
do szczeg- | ni eNajmfdzekznamavto: yStdia. SE1 (Ryc. 2) w Londynie, Bahrain
World Trade Center, czy Pearl River Tower w Chinach.

i DWT (ang. ducted wind turbines) i r od z a j turbin zabudowanych, pr e
zaprojektowanym kanale. St osowane t am, gdzie mamy do czynier
wmi ej scach zakolzet®t kamalgii. odgr ywaj N ksztagt wl
pomagaj Nce skoncentrowal energifi uzyskiwanN z wi
przepgywu wewnNtrz kanagu uruchamiane sN przesgo
Instalacje te, poza konwersjN energii, mogN byl

tylacji budynku.

I nterpretacja warunk-w wietrznychSWw odejwabbwyol
do bgndnych wniosk-w i j est przyczynN czAsto spot
sifiwziAl. Ef ektywne wykorzystanie energi.i wiatru
niecznoSci N uwzglfidnieni ajWMcglkh owzymmiehawhnioe was t
cuj Ncych w swobodnym strumieniu powietrza.

22WYBOR OBSZARU MEAGDAKA

Wyb-r obiektu ograniczono do zabudowy szczeci GBski e
g-w o cechach sprzyj aj Nxrnyychh wzyjsa wiipsokwawii ait ruddwy cehc. N
tej grupy wytypowano obiekt do analizy numerycznej.

Analiza struktury geometrycznej ukgadu wurbanistyc
warunk-w dla instalacj.i wi atrowychWwyswekiaegjpagaabhad @wi
to zespogy mieszkam$Soiwej z obodygn kiaickeydggoacyjngch , X1
iuzupegniaj Ncych icthudkdmad wu rob avi i sktndymaji.yOdiedla te,
wykonane w technologianei bYgppiatowegepni bubawzeci ne
ubieggego wieku. Z problematykN duUej wietrznoSci,
zjawi sko mogNce w pewnych warunkach przynosili kor
wania i zasiedlania omawi anych osiedl i. Autorzy opracowa@E zwr a
wiska zwi Nzane z |l okalnym mikrokl i mat e gWojtkankG.,uci NUI
2014, s.80) , bardzo silne wiatry, czy zawirowania okre
wie t r z(Wa@tkun G. 2014, s.105). Wst i pna wglj®khdcjga osiem szczeci Esk
dobnych wuwarunkowaniach przestrzennych, stratyfi k:
wstagy. Osiedla ArkoGEski e, Bandur skkiicehg, o ,MaB uokwewe , S gt
ne i Zawadzkiego pomimo wsp:-lnych cech morfologidi
obi ekt - w i ich proporcje, wykazujN znaczne r-Unice
W ggdg- - wnej mi erze z ukgady egr zoesiternzearcnegow ztaeeh uweda vey,,
otwartych wewnNtrz rozpatrywanych zagoUeG. Odl egd
ik Nty jakie tworzN pgaszczyzny ich el ewacij.i w okre
szeni om prnzaesp gpyowivet r z a, natomiast w innych tworzN
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Wymi eni one osiedla poddano ocenie pod kNtem cech war un
dynamicznych mogNcych byl rozpatrywanymi jako sprzyj aj
mkr oi nstalacji wiatrowych w Srodowisku zespogu mieszka
tem zainteresowania byga moUli woSi ograniczania zjawi
|l okalne przyspieszenia mas powietrzaj Nuydeh zeani hulweé md jri
mogNce byl niwelowane za pomocN instalacij.i wi atrowych

[ powoduj Nc tgumienie przepgyw-w w miejscach krytyczny

Wprowadzone kryteria oceny zakQ'&m)ajhkﬂnquta:(hzgieagosriaedulegjad

il okalny (mikro), gdzie brane sN pod uwagn poszczeg-In
ich relacje, przewnUeni a, przesgonincia, otwory itp. W
ni cowania wysokoSci i pIaeuySSybﬂIaenadngamh&znhawakun
|l i woSi swobodnego przepgdyw powietrza, gdzie struktury
zwartej zabudowi e umoUI|W|aJN l okal nym wiatrom pgdgynny

Zakg-caj N gok Jzaadnyk nziaribtued owvy ( Ani eprzepuszczalneodo dla wi:
zamkni nt(e pmmtoldasj N zatrzymani e iZelbrkawlung &.v2@18,is.45).powi et r z a
Rozpatruj Nc zjawi ska d2|agaJNce l okal nie wanedribniono
sin wiatru w Smozvdozmallsekwnorﬁ;lcejsokm geometri.i zabudowy i
(Flaga A. 2008, s.333). Wy r - Uni o efoe ktutwvaydt uz o n dapg babeffetty inZe gja-
wi skiem mamy do czynienia w przypmaddkguu gloBSay n kc-ow nSarjentnnii
oSmiokrotnie wifdnkszej od wysokoSci . Zjawisko powstaj ¢
dynku kNt zbliUOUony do 45A. Powoduje to, Ue wifdnkszoSi o
pgywa nad nim i opada pdustNcomwize ozawipetidkom&jci pewr ugi i
przeweze (angaVepuriefe@)i powst aje w przypadku dw-ch b
-rych pgaszczyzny Scian tworzN ze sobN kNt ostry, a
oaSiWpg@aszczyzn musi odpowi adal co najmniej wys
g byl nie mniejsza ni 0O 100 m. Zjawisko powstaje
y mniejsza od wlotu i charakt er y z ufrefiewylotaivej.z nac z ny mi
otworu (ang. gap effect) i zjawisko charakterystyczne dla osiedli mieszkaniowych, gdzie
ugi budynek koliduje z ciNgiem komunikacyjnym, dl a
saU komunikacyjny, brama Ishuplecdhyneek zwsiiena zei rmoms
ewac;j i i wysokoSci budynku wynoszNcej pi fi i wi ncej
acznych przyspiesze® mas powietrza wywoganych duUN
etrznN i zawietrznN budynku, a wraz z rosnNcN wysok
st doSi powszechne | odbierane jakto miekoka@Estwe 2ze¢
ekt nang. ootnar effect) i zwi Nzany jest z powstawaniem r-Unicy
dynk-w, wynikajNcych z parcia mas powietrza od stron
w wyniku czego powst aijdek osStcrie fwa aa rpma d wyalbsuzr azreenji ep rj e ¢
z wysokoSci N budynku. ZnaczNcN roln zaczyna odgr
ygnacij i, a szczeg-Ilny problemem Etake zawi dowambudy
adzie aer oidip@wimatczmymo spotkaniu z budynkiem gNczN
ggoSci za nim tworzNc po stronie zawietrznej stre
ci Snieniu statycznym. Ze wzglndu na wystfpuj Nce r-Unic
wane jako szc zeg- |l ni e korzystne dla instalacji FEfektatrowych z
wgs ki ego (&g rchahneal effect) T nazywany niekiedy efektem zassani a
przypadku ukgad-w r-wnoleggych, np. ul i canaché zwartymi
wysokoSci budynk-w trzykrotnie wifdnkszej ni U szerokoSi
powi etr za, a anomalie tworzy w pBfjdlkzespbywajnpcesgd | wiyr
(ang. downwash vortex effect) i t wor zy si n Pkzwpadkoabodeg]j r-UOnicy wy
sNsiaduj Ncych ze sobN w niewielkiej odleggdoSci, przybl
Osie budynk-w sN wzajemnie r-wnoleggde, a kierunek wiat
ni Uszym budynki ezmart woarwiyr oswani@E opbrszepgywaj Ncego powietr z
budynku wysokiego dochodzi do wy rEffenkytc hz ansgangonsite-cwi apr i d |
shetler effect) zwany teU efpoktegm s@ahrodnw - ceni u ukgadu wystnp
padku efektu s pgywaj Ncego wiru, przeszkoda o winkszej wy s o k
wietrznej . Obiekt niUszy pozostaje w cieniu aerodynami
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ni Uonego ci Snienia. Z sytuacjN takN mamgwdakieczyni
budynki, ekrany drogowe, pasy zieleni. =~ Wy mi eni one schematy aerodynamic
czeSnie, mogN twor zydwizgloddomet rziad jeNdn olSwchi ni wel uj Nc
Dokonuj Nc selekcj.i pomi ndzy osigpgodbaamni evini waoumplodw u
cjalnie korzystnych dla instalacij.i wi atrowych, zr -
dowy daj Nce moUliwoSi wykazania zgoUonoSci i kore

micznymi. Do analizy numerycznej (ang. computational fluid dynamics - CFD)wy br ano zabudov
osiedla Sgoneczngycold)WeSzctreciosiedl e o najwinkszym

Zr - Unicowanie wysokoSciowe i plan zabudowy wskazuj
spiesze@® i ispwinattrrzue E W imabudowi e dominmwji 8t radept ud
centralny, skgdadajNcy sifn z trzech budynk-w wysoki
dy tr-jramiennej, otoczonych prawie domkni iddy-ym okr
gnacyj ne, oraz ukgad Il iniowy, t worzony przez dwa
wietrznej. Wysoka zabudowa z wol nymi przestrzeni ar
Liczne cienie aerodynamiczne tworaNeepdné@wnteknpowe
l okalne wzrosty prhAadkoSci przepgyw- w, uUyteczne ze
wych Fr-deg§ energii

Mapn | okalnych warunk-w wiatrowych osiedla wykonal
nego do met od omliiead dniwiwetjr oiwe(y Symul acja warun
przedstawia fluktuacje prndkoSci mas powietrza, o]
pionowy pridkad&%dkioSwii atwau o\ zmma warl me may ws k azani e ob
spiesze®E spistitagnacij i, na podstawie kt-rych moUna

cjalnie korzystnych dla lokalizaciji instalacji wiatrowych.

3.BADANI A PRZEPWNEWRIA PO

Przeprowadzone badani e ma char alkiger cjealmSdiyggwy . wskazani e

szonych wartoSciach prindkoSci przepdjywu powietrza,

to najcznSciej wysthpujNcy kierunek wiatru dla dar
w stosunku do Sredniej prfidkoSci tawiona w skali procentob a dan vy |
wej,. W morfologii zabudowy wyr -Uniono trzy grupy obi
cech istotnych dla generowania charakterystycznych z j awi sk aerodynamicznych.
trzech budyn ki tamynastgkendygriacyjhy ch na pl ani e gwiazdy r - w
zesp-§ dw-ch r-wnoleggych budynk-w trzynastokondy
t worzNcych Scianid o d@gugdlSwi S3cwehibmeresjs pv & Iplrlz, na
daj N sifi budwyskdk oSSrceidnipeijici okondygnacyjne, twor zN

Obszary jakie poddano ocenie spedgni al musiagy kryt
generator-w wiatrowych w istniejNcej zabudowi e o
wietrznych (Ryc. 4).

Og-lne zaleUnoSci jakie zaobserwowano dla cagego
powi etrza wewnNtrz model owanego ukgadu podgNczony z
pridkoSci wiatru wraz ze wzrbsestemuwyso&apSwi nkadap:

zmi an kierunku ruch-w powietrza w warstwach ni sk

wietrznych wysthnpuje w najniUszym badanym przekr o]
Oznaczono na ni ej pi ndp Gytwue fi wzrmwoyd omtesggmarpyr zsi | nych
waniu przepgywu na tej wysokoSci duUa roln odgrywa
w zal eUnoSci od kNta tworzonego w danym miejscu z
budynkiem,t wor zNc za nim efekt spgywaj Ncego wiru, bNd
bariery. Prareavoirlde nprazdav budyrnKil oapmovg-awaljIN za pov

Venturi dego riz ygswa getsozvennei ap wi bt  ut wid g bhloyghwpizyspies t r e f
sze®& a ze wzglndu na nieregularny plan zabudowy,
zgoUonoSi. BuboyMicizdnigee®giu 390 i wysokoSci 35 metr
cego powietrzaz war t N, prawi e )pmpogtecpkddgN. ( NiAwiel ka przel
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k a mi j est mi e
przeszkodN. O
Srodowe przeb
posiada naj wi
ku wyUszych p
Scan i dach-w

m silnego przyspieszenia mas powietr
zona tam strefa akceleracji strugi, :
kiw) oBi intensywnoSI wystfipuj Ncych zj
y potencjag energetyczny dla instalac
i budynk-w trzynastokondygnacyjnych z
ulacja wykazaga | okalne przyspieszeni
nych ®ZE)Byw.®»). ener gi i (

I stotnym aspektem badania bygo wydzielenie skgadowe] p
trza (Vz), zobrazowane na planszach. Element ten w warunkach zurbanizowanych odgrywa zna-
czNcN roln, a pomijanie go prowadzi do licznych n po
wzmoUonych ruch-w pionowych zaobserwowal mbuna gg- wni
dynk-w oraz w znacznej llaoadI|SoppijwSicomiwanae 7 espgodemspi Atrzal
przez cage zagoUenie i zasysaniem go pliefekezawi-bszar obni
rowa@® w cieniu aerodynamicznym. moidejpsNejsyskiakin ambaslei
oddzielnie poszczeg-Ilne budynki. W przypadku zabudowy
wietrze spotykaJNce na swej drodze budynek, do okogo
ujemnN wartoSi Vz, tavio r za&lwu dvo wyi skti rcehf yparrdadyar kul acj i, n
wysokoSC| kieruje sifn ku g-rze uzyskujNc w partiach s
maj NcN znaczny udziag w ksztagtowaniu charakterystyki
nia rucbwwchionzyj mowal nal eUy j ako zgnyancaznniya zQebsrpaozguuj N
Il wwarstwie 5D, kt - rej wysokoSi n apdnagpdwakiomiengrzekracza wg s ak o S
zabudowypowoduj Nce,j Wyadv istkroi eni e i analizn kamponentu Vz
nek konieczny przy ocenie wietrznoSci badanego ukgadu,
tem w obszarze zurbanizowanym jest skgdgadowa pionowa.

e

Analizy i opis zjawisk wietrznysponaNozord| metSgoamiczae
tycznymi,prze d st awi one z os t@sigdle meszhkanoiome g strakiturzeé miasta XX wieku

przez G. Wojtkuna (Wojtkun G. 2014, s.76). Model owani e numeryczne potwierdzi
wymi eni one badania, oraz uzupedgni go o el ement wertykal

4. DYSKUSJA

Warunki wi atrowe w Srodowi sku zabcwdaveanoydn wa rOnn kN- ws i wi  mzineaj ¢
oni ezakg-conym przepgywie, takich jak teren otwarty, g
dwuwymi ar owy . Turbulentny charakter pol awamic,at r u wystn
wprowadza el ement pionowy, jako trzeci N skgadowN jego
wi at roa®lujpNc N w warunkach miejskich (Anup K. C. | in.
wi atrowych wskazywana jest ichniyi efirazevitceyrwanlineo Sda jiNcsyt
sifi Uadnym znanym r oz Kiglenkbelung .t a2t0yls3t,y csz.n yén0 )(, a takUe n
czajNca iloSl szczeg:-gowych bada® i pomiar-w w tereni
wiatr miejski [ zrohlumnyeaAmlegoKwp@ywlnian1u2018 s. 6) .

autorzy WykaZUJN szereg k or zy S cjskichwngtalacik wigtrolyohc h  ze st 0s
wt ym r-wnlwg/lbllacgchpblza konwersjn energi.i wadhi e Ei obejn

dot ycz Ncrgwy jakopoip funkcj onowani a obszaru. Do naj waUni ej s:
I Zmiann charakterystyki wi etrznej przestrzeni w kieru
j Ncych przeci Ng-w i poryw-w wiatru. Turbina wiatrow:
ni OUgmNenergin strumienia powietrza przez ni N przecho«
w silniku wiatrowym, przejfita od strumienia powietr:
powietrza przed i za wirnikiem,. Jest wozes3cizejg- |l nie
wystipowagy kgdopoty ze zbyt duUN aktywnoSci N wiatru.
I Wykorzystanie instalacj.i wiatrowych do integracij.i z
budynk - w, w szczeg-lnoSci wykorzystanie An@tru do na:

K. 2013, s.72).
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i Przy zwifkszaj Ncej sin zdolnoSci wykorzystania :
mage turbiny wanmgdg.roswmal(ISWHi nd turbine) przeznacz
zurbani zowanym oraz turbiny zintegrowahet ektbudy
Iprojektant-w ze wzgliAndu na z anawianej emesgp piegwotaey n n i k
wobliczeniach charakterystyki energetycznej budy
waniu instalaciji.

i Zespogy wiatrowych OZE s N tdarsckzoanjaNjcyymm naalr bzriizdyzn i ech

na t emat aktualnie panuj Ncych warunk - w, przyda
prognoz, zarzNdzania systemami Ainteligentnego mi
i Dywersyfikacja ¥r-de§ energii, rozpr ostunaprzee syst
syle.

i Niewielki czas wdroUenia instalacji wiatrowych (1
T Aspekt spojgeczny, wskazywany obecnie jako szcze
wi zerunkowe dla regionu, s Bodinki preekoto§iazri e | m&jaM nwep § y
na postrzegani e; nowoczesny obiekt architektonic

(¢ ) najnowsze technologie (Czekiel-§ wi t al sk a E, poz2tpmdydn, idensyfikdtgrem
w skali osiedla, dzielnicy, miasta.

W kontekScie spmskziwvgwasmpyeomi eni e wysoko postawi onyc

uzasadnione. Przyjsnug Mgl ijkamaorce eBan @en ki konieczne
projektowania instalacji miejskich turbin wiatrowych (UWT - ang. urban wind turbine) (Anup K. C. |

in.2018, s. 2). Stoj Nc bowi em, wobec problem-w Srodo
trzeba mieli SwiadomoSi, Ue problem wykorzystania

byi podjftyt,endeliecijjaespr ztyos z o Sci o wZielonke-yumpkg 20i3Nca r o
s. 77-78).

5. WNIOSKI

Zastosowanie turbin wiatrowych w Srodowisku zurba
wietrznych i zjawi sk aerodynamicznych w nim zacho
energii wiatru wyrsitkadjoNvamn et esdNo,ur@eld zeni aMigiskie t e g o
turbiny wiatrowepr acuj N w di ametralnie odmiennych warunkac
k-w na otwartej przestrzeni, czy mor zu, a ich pod
przezprzeszkody terenowe maj N bagprdza =z@po thad N Uy wa sipkois -
traktowal ksztagfjowallsceed or myZd cozeomioa ¢t wrabgiandyn.i e n

wych pocigga za sobag konieczno$é¢ wspebjalipacjacy proj ek

Diagpamopi suj e schemat wsp-gpracy bran0U projektowych
ich dfRya@.a EObok architektal/urbanisty, AokreSIacheg

runki w jakich bndzie pracowagapecpnaktiabaicj a, zagkres
ieksploatacji maszyn, inUynierii -wyatreryimmioweji,owyad
getykiiaut omat yki oraz aerodynamiKki . Il ch wsp-gpraca p
projektu.

Kolejnym problemem jest wskazani e w zabudowi e miejsc korzystnych
dla turbin. W badanym modelu jest to zaledwie 5,5% powierzchni jego rzutu. Fakt ten obrazuje jak

istotna jest analiza przepdgyw-w w ukgadzie i | ak

generator - w. Wobamra lpiowegy Usumehyczng przeptywoéw nal
mi ni malny we wstepne.j FoadzeijeScpireo jteakktioewepgozwol i uni k
ukgad zabudowy nie jako przeszkodn, osechz kedreznyesnttn yk

instalacji. ZapewniajNc optymalne warunki pracy i
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