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ABSTRACT

Economic and usable benefits from the proper land development may be programmed as early as
at the stage of designing by forming structures that are both economic and comfortable, which is in
accordance with assumptions of architechnology. This work presents the method of calculating
particular aerodynamic parameters of the urban complex Sustainable Tower Island in Kobylnica-
Ligowiec. The article analyses the wind speed and its pressure on walls of buildings depending on
the height above ground level. Knowing these parameters allows optimisation of the location of
devices collecting energy from renewable energy sources.
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1. ASSUMPTIONS OF URBAN AERODYNAMICS

Significant height and low percentage of the designed development create opportunities for effec-
tive use of moving masses of air by a properly designed urban layout. The speed of wind is the
prime parameter that determines numerous beneficial phenomena. Once the speed of wind is
known, it is easy to calculate its derivatives, such as wind pressure on walls (including working
elements of energy converters), the amount of filtered air pollution or water collected from air (with-
in defined time units). Basing on urban aerodynamics, architechnology? can effectively apply new
tools of optimisation of architectural composition.

Urban aerodynamics is based on methodology applied in meteorology. It may be used to calculate
average speed of wind blowing within the structure at a certain height [Kozaczko 2018]. Wind pres-
sure is the derivative of wind speed. Both these parameters are essential from the point of view of
energy and economy, and therefore, they are the subject hereof. They refer to average values of
wind speed and pressure calculated for the particular urban layout. Knowing these parameters at a
certain height in the designed layout makes it possible to e.g. optimise the system of energy collec-
tion by placing wind generators in proper locations (taking into consideration the changing direction
of air mass movement through that structure). The analysed urban layout is presented in Figure 1.

Fig.1. Kobylnica-Ligowiec. Concept of Sustainable Tower Island [Rosolski S., 2019]
Rys. 1. Kobylnica-L i gowi ec. Koncepcj a SW0py wieU [Rosol ski

2Architechnol ogy (Authorés definit i dimyknovdedge dasedioh integration sfci pl i ne

achievements of contemporary architecture, construction, environmental engineering, economics, sociology, psychology
and ecology reflecting the strategy of sustainable development.
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In case of tall buildings, the foot layer of the so called gradient wind (which is essential for calcula-
tions and is also a multiple of the height of the analysed complex) is located at the height which is
a multiple of the structure height. That is why it can reach up to 300-500 m. The gradient wind is a
reference point for calculation of wind speed that significantly reduces when the flow proceeds
downstream. The decrease of speed progresses according to the norms defining the so called
vertical wind profile. It is characteristic for the particular land development and other elements of
infrastructure that complement the urban composition.

2. AVERAGE WIND SPEED IN THE ANALYSED STRUCTURE

The calculation was based on the following average output parameters of wind in Kobylnica-
Ligowiec (obtained on the basis of long-term weather forecasts): SW wind direction, output speed 5
m/ s = 3eB ( mode nnatd RBeaufoit scale). &artairdyr thid is the speed of wind that is
not disturbed by any land development, i.e. the wind that blows high (the gradient wind). The wind
in the analysed structure will blow with different speed: starting from the foot layer, it will decrease
downstream and reach its minimum just above ground.

3. STARTING POINT: WIND SPEED AT THE STANDARD HEIGHT

Having calculated the speed of the gradient wind in Kobylnica-Ligowiec, it is possible to calculate
the speed Vs of the wind blowing in the analysed structure of Sustainable Tower Island at the
standard height hs, which was assumed at 10m above ground level [Lorenc 1992]. The speed is
defined in the following equation: Vs = Va(hs/Hg)Y ., where Vs is the wind speed at the standard
height hs (which is a reference point for calculations), Vs is the speed of the gradient wind (here:
Ve = 5 m/s), He is the foot layer of the gradient wind (the lowest characteristic height for a given
land, empirically substantiated, where there are no wind disturbances caused by the landform) and
UL is an exponent depending on the so called

4. WIND SPEED AT ANY HEIGHT

Once Vs at the standard height hs is specified, it is possible to calculate the wind speed v at any
height above ground (the speed in various terrains is presented in Table 2).

The calculation is based on a power-law equation®. It is used to define the wind speed v at any
height h in the surrounding with aerodynamic characteristics U

V =Vs (h/hs)l:J (1)

where h is height above ground, hs is the standard height = 10 m, v is the wind speed [m/s] at
height h, Vs is the wind speed [m/s] at the height = 10 m, U= 0.24 + 0.096 log (zo) + 0.016 (log zo)?;
the variable zo is the terrain roughness index [Regulation of the Minister of Environment, December
5, 2002] and depends on the type of urban structure. Values applied in calculating the wind speed
according to the power-law equasion are presented in Table 1.

3 The wind speed depends on such structure parameters as percent coverage of the terrain (pc) correlating with variable
height of structures. In applied aerodynamics, the set of those spatial features of the structure is defined as the parameter of
terrain roughness [rdBuapoitf.a et al . 2006, Lo

cl ass

“Powerl aw equation is also called Archibaldodés Law [Kopcewicz 195
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Tab.1l Standard types of development analysed in Kobylnica-Ligowiec (the terrain roughness index z,

FORNMA

%18 2021

and exponent

a defined on the basis of Schedule 1 to [Regulation of the Minister of Environment, December 5, 2002] and the European

Norm [EN 1991-1-4, 2005]; Source: N N527 348934).

1 2 3 4 5

Type of development Type of | zgindex Exponent Standard speed
terrain U Vs [m/s]

Open area, low vegetation, single buildings O 0.05 0.142 2.358

Medium-height buildings, in cities up to 10 thousand | K1 2.0 0.27 1.166

residents

Tall buildings, in cities up to 100i 500 thousand residents | K2 3.0 0.289 0.724

In Table 1, pursuant to Polish and European Norms®, there are three types of development to be
considered (type 1: open area of the existing airport in Kobylnica-Ligowiec and types K1 and K2,
which show significant discrepancies in the wind speed, depending on the qualification of the struc-

ture designed for Kobylnica-Ligowiec).

\ } L 3 a8 L I ] LI ] L I ]
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\

Fig. 2. Kobylnica-Ligowiec i urban layout. Two analysed locations (marked with numbers 1 and 2). An exemplary aerody-
namic situation on October 20, 2021: SW wind direction (from number 1 to number 2); wind speed at the hight = 1 m above
ground: in location 17 1.7 m/s, in location 2 i between 0.63 m/s and 0.37 m/s, speed of gradient wind i 5 m/s.

Rys. 2. Kobylnica-Ligowiec - u la@
dowa sytuacj a
na wysokoSci 1 m
gradientowego i 5 m/s

nad

5 Compare: European Norm EN 1991-1-4, 2005.
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Column 5 presents calculated wind speeds Vs at the standard height of 10 m above ground®, at-
tributed to particular, theoretical types of development. Formula (1) allows calculation of the speed
of wind blowing in a certain type of terrain, at any height. Columns 2-7 in Table 2 compare calcu-
lated wind speeds for seven types of terrain stipulated in meteorology (where types 2-6 are city
structures of A-E types and O, K1 and K2 types reflect the analysed structure in Kobylnica-
Ligowiec).

Wind speeds presented in columns 2-7 of Table 2 can be presented on a chart as so called vertical
wind profiles (as in Fig.3 i left side). The vertical wind profile provides data on the wind speed at

the certain height above ground (profile coordinate y: height, profile coordinate x: wind speed at the
fiyo height)

Tab. 2 Wind speeds v in various types of terrain at the height of 1, 25 and 55 m above ground. The darker font shows the
analysed structure, the lighter font presents parameters calculated for other types of terrain: 2(A), 3(B) and 4(C) (source: N
N527 348934).

1 2 3 4 | 5 | 6 | 7
Wind speed \ [m/s]

Type of terrain 3
(0] 2 (A) 3(B) 4 (C) K1 K2
h[ m] g 5(D) 6 (E)
1 1.7 1.38 1.14 0.9 0.63 0.37
25 2.69 2.57 2.27 1.94 1.49 0.94
55 3 3 2.68 2.35 1.85 1.19

5. WIND PRESSURE IN THE ANALYSED STRUCTURE

Once the wind speed profile in a given structure is known, it is possible to define the wind pressure
on walls of buildings and other elements that can take advantage of it (e.g. wind turbines).

Tab. 3. Wind pressure Dp in various types of terrain at the height of 1, 25 and 55 m above ground. Source: N N527 348934.

1 2 | | 3 | 4 | 5 | 6 | 7
Wind pressure Dp [Pa]
Type of
terrainrn (0] 2 (A) 3(B) 4 (C) 5 (K1) 6 (K2)
hl m] &
! 4.22 2.77 1.9 1.17 0.57 0.2
25 10.5 9.66 7.5 5.51 3.25 1.3
55 13.2 13.1 10.5 8.04 4.99 2.05

Wind pressure Dp is calculated according to Weisbach-Hagen equation [tenczykow!
1987, p. 58]:
Dp=v2X &g 2
where
v is the wind speed at the height h in front of the barrier,
X - constant aerodynamic coefficient (which equals 1.86 for facilities in the size of a single building
and 1.25 for the whole or fragmentary city structure),
g is fixed value of air density and
g is the universal gravitational constant.

6 Bear in mind that the wind speed in all cases is 5 m/s.



176 space & FORM | przestrzer FORMa &8 2021

Hence, X @g has a fixed value of 21.72 kg/ m2A %for a single building and 14.6 kg/m2A &for the
whole city fabric. Table 3 presents values of wind pressure calculated according to Weisbach-
Hagen equation.

Data from Tables 2 and 3 can be presented as charts (see Fig.3). It shows two groups of curves.
The curves on the left are profiles of wind speed in various types of city structures, whereas curves
on the right are profiles of wind pressure. The light font indicates particular types of terrain: 1, A-E.

Comparison of the values of wind pressure (the right side of the chart in Fig. 3) proves that on eve-
ry tower from the south-western side (e.g. in location 1), at the height of about 60 m above ground,
the amount of collected energy is six times larger than the amount of energy collected in location 2
(data from October 20, 2021).
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Fig.3. Profiles of wind speed and wind pressure in various types of city structures. Source: Arch N N527 348934, data:
tables 2 and 3. The Y axis defines height at which the wind blows with speed and pressure of value defined on X axis
(speed i to the left, pressure i to the right; (source: N N527 348934).
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Profiles of wind speed and wind pressure in Kobylnica-Ligowiec are presented with bold lines
marked with numbers 1 and 2 (respectively for locations 1 and 2 i see Fig. 2).

6. SPECIFICS AND LIMITATIONS OF THE PROPOSED METHOD

The above considerations refer to average wind speed and pressure in the whole analysed struc-
ture. As Fig. 4 shows, however, aerodynamic effects of forming an urban structure differ in places
that are not located far away from each other. Charts on Fig. 4 present profiles of power available
for systems relying on wind force. The composition of development accounts for the fact that in
case of mild or moderate wind, the towers located on the windward edge of the whole layout are six
times more efficient than the buildings inside the layout (in relation to the wind direction), located on
the leeward edge. Since there are difficulties resulting from local fluctuations of wind pressure, the
real air flow among buildings should be tested on scale models of the layout in order to obtain pre-
cise results for a given location. In particular, it is essential when an analysed layout departs from
the typology applied in meteorology, as in the case of Kobylnica-Ligowiec.

PROFILES OF WIND SPEED

il
Il

PROFILES OF WIND PRESSURE

58

55

52 ...................... {

49

46

43

40

37

10

HEIGHT ABOVE THE GROUND [m]

/
=
|

— 7
\ 4 S
N A \ \ /
L | | |\\\ \_Bﬁ\ 1 f{
T‘rw' | TP TT S~ } 1]
3,0282624222,0181,614121,0080,604 0,2 0 24 334444 554 664 774 884
WIND SPEED [m/s] PRESSURE OF WIND [unit/sq.m]

Fig. 4. Profiles of wind speed and available power obtained from wind (at two edges of the urban layout of Sustainable
Tower Island in Kobylnica-Ligowiec; charts 1: towers on the windward edge, charts 2: towers inside the layout).

The area between the charts on Figure 4 shows the range of available power at the height of 50-60
m above ground. Undoubtedly, locating wind turbines on the edge of the layout would be more
effective than placing them evenly in the whole area. However, the problem is far more complicated
as it is not certain how the whole layout would react to strong winds that blow here quite often. In
such cases the technical and acoustic regimes in which the turbines operate might be exceeded
which would make the turbines stop in places where the wind is stronger and thus, exclude the
greatest energy benefits. Certainly, in order to effectively manage wind power, it is necessary to
empirically test and program the system, i.e. precisely calculate local wind speeds (in particular
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points of the urban layer). Thus, a device that will precisely program benefits of aerodynamics of
Sustainable Tower Island in any location and with changing meteorological conditions seems to be
a must.

Fig. 5. Photo of the model of Tower Island. Source:ar chi ves of Autorska Pracownia Projektowa
Rys. 5. Zdjnhncie makiety Wyspy WieU. tr-dgo: archi wum Autorskiej

7. SUMMARY

Urban aerodynamics makes architechnology capable of using new tools of optimisation of architec-
tural composition.

A properly programmed method of land development creates various ways of using wind power by
the urban layout. Once the wind speed in the gradient layer is known, calculating other parameters
is far easier. This includes, for example, the energy generated by the wind pressure on blades of
generators which constitute an integral part of the urban structure. The location of generators can
also be optimised i they can be located to create an effective system of power collection. Moreo-
ver, the degree of air purification from particulate matter (the weight of filtered pollution) could be
precisely stipulated, which would be possible thanks to properly located elevation elements.
Amount of water collected from air flowing through the structure can also be calculated, depending
on applied technology.

Nevertheless, characteristic features of air (elasticity and density) cause chaotic turbulences which
hinder metering of the particular structure. That is why theoretical calculations should be verified
empirically. Methods of architechnology may be additionally empowered by proper tools which
allow obtaining precise results at any point of the designed urban composition.”

" The concept of this tool is based on research conducted in the environment other than air, which is burdened by the exist-
ence of Kelvin-Helmholtz instability which would cause significant distortion of results of research conducted in nearly every
wind tunnel (except for tunnels with cross sections of 25 x 25 m or more)

S g e
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AERODYNAMICZNA OPTYMALIZACJA ZABUDOWY.
ZR¢ WDIWAt ONA WYSPA WI Et

1.ZAGOt ENI A AERODYNAMI K| URBANI STYCZNEJ

DuUa wysokoSi projektowanej zabudowy w powi Nzaniu
szanse na efektywne wykorzystanie przemieszczaj Nc
zaprojektowany ukj ad ur bani styczny. Parametrem pierwotnym,
nych zjawisk jest tu priadkoSi wiatru. Znaj Nc pradk
np. nap-r wiatru na Sciany (w tym robocza talkthent
il oSi odfiltrowywanych =z powietrza =zanieczyszczedCE
okreSl onych | edArchethkologid$, cza spgmocN aerodynami ki ur
skutecznie posgugi wal si B n oompanyjcjiarchitekonicdneji ami  opt ym

Za podstawin aerodynamiki ur banistycznej sgulUy met c
ciem moUna obliczyl Sredni N priadkoSi wiatru wiejHK
[ Kozaczko 2018]. Z kowiedt rpw cjheodtn Nj @egaidkioaiparci a.
istotne choiby z energetycznego i ekonomicz
h docieka® DotyczN one Srednich wartoSci opr
nego bukgasdwcuemego. Znaj Nc oba parametry pa
] owanym ukgadzi e, moUna np. optymalizowal s
wgaSci wy spos-b generatory wiatrowe (z uwzgln
powi etrza przez tn strukturn). Rozpatrywany u

x
k
0

¢
o S

Yy,
yc
et
kt

(@D ™ N —

W przypadku zabudowy wysokiej, nstpwedgwa(sswpt hygwd,]I
istanowi Ncy wielokrotnoSi wysokoSci badaamreagwi Nceesjp o
wielokrotnoSi wysokoSci zabudos30.m War@gedientowy sta-s i 1gal
nowi punk-t odniesienia dla obliczani anie pu Ziethk o Sc i
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warstwy gradientowej spada emem,wroaszi Neg ayyNsco knoi Shciimiu n
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3.PUNKT WYJSCI AOSIPRNDW RU NASWYSOKANDARDOWE]J

Ustaliwszy priadkoSi wiatrulLigroamtiug ntioaigrgeo parsilKiobd§il r
wiatru wiejNcego w badanej strukturze Wyspy wi eUO 1
nal0m nad terenem [Lorenc 1992]. £rvaoMe Sigdzie:ws-okr eS|
pridkoSi wiatru na wy$eskaSowi itapdaudawejodhicesi eni
-pridkoSi wiatru gg=a5di/sg Hdiswe glo w(atrasutgragientamego (usta-

lona empirycznie yasayozlhazdl ahdanakgerterenu wysokoS

8Architechnologia (definicja Autora): specjalnoSi naukowa kre
osi Ngnifl wsp-gczesnej architektury, budowni ct wa, inUynierii {
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180 space & FORM | przestrzer FORMaQ &8 2021

jN zakg-cenia priadkoSci wiatru spowodwmwgaeniuksgotiftowa
gowy zaleUny od tzw. °klasy szorstkoSci terenu

4 PRNDKOSL WI ATRWOINME D WYSOKOS$CI

Dysponuj Nc pwidkaoSciwieyNcego na wymmobkmascob Isitamyiar o e
koSl powi etrza voma do woolwyylne jp opzoidigdo Ltha r(-pUrnfiydckho Sacair utnek - w
terenowych 1 zestawiono w tabeli 2).

Obliczenia umoUli wia flavequatign®. p &tjiudywaeSiap miwa opkrriidk o Sci
wiatru v na dowol nej wys okyst®geaerodynamiczoeflbczeni u o charakt

V = Vs (h/hs)Y 1)
gdzie:hi wy s o knadStérenem,
hsiwysokoSi standardowa wynoszNca 10 m,
vipridkoSi wiatru [m/s] na wysokoSci h,

VsipridkoSi wi at okuo §cm/ s1]0 ma, wy s

U= 0,24 + 0,096 log (zo) + 0,016 (log z0)?;

zmienna zot 0 wsp-gc~zynnik aerodyna[RozponegNdzensektBoi st eaet
wiska 5.12.2002], zaleUny od typu struktury wurbanistycznej. W
prAadkoSci v przy padmmwigrathbelalnugy Ar ch

Tab. 1. Standardowe typy pokrycia terenu, analizowane w Kobylnicy-Li g owec u ( ws p - gczynni k aerodynamiczne,
terenuzoor az wykgadni k a wwiemagNoanryi knaa mprodlstdo [ Rozp. Min. $rod. 5.12.2
skiej [EN 1991-1-4, 2005]; ¥ r - dNdNB27 348934)

1 2 3 4 5

Rodzaj pokrycia terenu Typ terenu | Ws p@zynnikk Wy k adWPridk. st an

Zo [m/s]

teren otwarty, niska roSl 0 0,05 0,142 2,358
zabudowa Srednia, w miast K1 2,0 0,27 1,166
zabudowa wysoka w miastach 1007 500 tys. mieszk. K2 3,0 0,289 0,724
W tabeli 1 wyszczeg- | ni ono,Iskinhai eupopeislachly wzy estotmedur mat yw- w p
typy pokrycia terenu (typ 1: otwarte tereny obecnego lotniska w Kobylnicy-Ligowcu oraz typy K1 3 .
iK2, wykazuj NbeeUsbSBthewrpendkoSci wiatru, w zal eUnoSc
nej w Kobylnicy-Ligowcu struktury).
Dal ej , positeregektygmnym typom pokrycia terenu przypor:
koSl wspanuj ¥cN na wysokoSci srenam (kaumdadb)?e ] W2 Or m( bad t e
pozwala obliczyl prnindkosSlI wi enti rey wniae jddooweod on ey  onvkyrseo Klodsrey

PriidkoSi wiatru zaleUOy od takich paerenume (percencosetagey kt wsp - fdki wghpRai k
cy wraz ze zmiernNdowyys.okWSaéeNoadynamice stosowanreehjstrukieysjgst § tych prze:
okreS| any mi anem parametru sea 2098 koexop.citf.er enu [ Gumuga

©Otzw.prawoArc hi bal da [ Kopcewicz 1959, Trepi Gska 2005])
11 Por. 7 Norma Europejska EN 1991-1-4, 2005
Zpami ftaj Nc o tym, Ue [(kichsglagaShwynoesi®mn/ss u we wszys
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beli 2 w kolumnach2-7 zest awi ono do®$diczwinat pu fidl a si édmi u t
nionych w met eor ol oiako miejske steukturyayjpuINAGE tiy pwy r2- Uni aj Nc

K1 i K2 odpowiadaj Nce badldgowey). strukturze w Kobyl ni
PridkoSci wiatru z tabembUna x®06 Uyinaoh omowekpdides i e w
wiatru (jak narys. 37 strona lewa). Zprof i | u wi atru moUna oSdcizNy tvailej ez wi
na okreSlonej wysokoSci nad ziemi N.

Tab. 2. PrhAdkoScUnwilmtruypach polk$Sgicaahteredt nhaSWymekr -w nad t
czcionka dotyczy badanej struktury, czcion k a j a Sintice j pa&raamet ry wyliczone dla pozostag
2(A), 3(B) NN5R{(388934 Fr -dgo:
1 | 2 | 3 | 4 | 5 | 6 [ 7
p r i d k ov  [m&] I w i
t t
yp eren o K1 K2
h[ m] & 5 (D) 6 (E)
1 1,7 0,63 0,37
25 2,69 1,49 0,94
55 3 1,85 1,19
551 GA NAPORU WBARANEDNSTRUKTURZE
Znaj Nc rozkgad prndkoSci wiatru w danej snybus kKt ur z e
dynk - - w i inne el ementy sguUNce jego wykorzystaniu

Tab. 3. Si gaDpwaporOnywihattrypach pokrycia terenu erae negms o(K¥orScd gacc:h
N527 348934)

1 [ 2 | 3 | 4 | 5 | 6 | 7
Si ga naporbDp [Raatru
typ ter
h[ m] ¢ o 2 (A) 3(B) 4(C) 5 (K1) 6 (K2)
1 4,22 2,77 1,9 1,17 0,57 0,2
25 10,5 9,66 7,5 5,51 3,25 1,3
55 13,2 13,1 10,5 8,04 4,99 2,05

Wiel koSi si gyDpakpe8uawwat rHagdwai(tsebnacczhyak o ws k87; 19BR 70, s
s. 58):

Dp =Vv*x k29 2)
voznacza tu priadkoSihpwizaetd up rnzae gwyosdolk,o Sc i
Xistagdy wsp-gdczynnik adcypdghamobizelt ddmeczagp puadnd Sci p
ku wart oSl 1,86, a dla cagéwatkasBki 1mRasta | ub | ej
gistaga gnstoSi powietrza,
gistaga wiel koSl przyspieszenia ziemskiego.
Zatem wyXxBdreaiset agN war t @A Sdlapgetlyndzeyo budynkmi 14,6 kg/m2A %
dla cagej t ki ntkda berdiiej3 kze$tawi ono wartoSci si gy n

Weisbacha i Hagena.



182 space & FORM | przestrzer FORMa &8 2021

Dane z tabeli 2 i 3 moUna zgoUyli w wykresy, jak na rys
Krzywe z | ewej strodklo$dianwidgd\ymmahwniejskicrestryktarikrzy-

we ze strony prawej to profile sigy naporu wiatru. Ja
terenu: 1, A-E

Jak widal z por-wnania wartoSci si gy napmBunawi atru (ro
kaUde|j wi ey od pogdgudni owego zachodu (np. w |l okalizac
terenem pozyskal szeSciokrotnie wifhcejidaneedmai i od ener
20 patdziernika 2021 r

PROFILE PREDKOSCI WIATRU 58PROFILE SItY NAPORU WIATRU
[ 1

\[L1]

WYSOKOSC NAD POZIOMEM TERENU [m]

p——

LI

|
}‘{1 i l ]
302826242220181614121 0080604 02 0 114 224 334 444 554 664 774 884
PREDKOSC WIATRU [mls] NAPOR WIATRU [iedn./m.kw.]

Rys. 3. Profirlae pi lg(ykcmﬁcpioAru wiatru w r (- {iingyoc: h tNGREAHEIB4], sleng ukt ur mi ej s k
iportab. 2 i 3. O0S Ayo okreSla wysokoSi, na kt-rej wieje wiatr z prifdl
Axod (piwdke®b,iwnapg amwo; NISRT3489p :
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Profile prhindkoSci i naipgowc wi ak azmujwN Kmdgrl mbdicoyne k
cyframi 1 i 2 (odpowiednio dla lokalizacji 1i 27 por. rys. 2)

6. SPECYFIKA | OGRANICZENIA PROPONOWANEJ METODY

PowyUsze mrioazwlolkayczN Srednich prindkoSci i naporu w
nakUjpeak widalianear ordyysnamli czne skut ki ksztagtowani a
sifn mindzy sobN w miejscach od siebi e offeimeoydo eggyc
sthAapnej dla systemu wykorzystUJNcego sign wiatru.
nawi etrznej, na obrzé@awhrua@ag wkgandu sBabego | 1
szeSciokrotnie bardziej e f e k duywstosunku do kierurdwwiakru), w  we wn
pogoUonych na AzaW|etrznycho jego obrzeUach. Trudn
wiatru powoduj N, Ue chcNc wuzyskal precyzyjne dl a
przepgyw powietmlzamimilﬁuaidal’ buaypomni ejszonych mode
istotne zwgaszcza wW sytuaciji, bieby od aypddogiiistosowaaep a f or

w meteorologii, jak to ma miejsce w przypadku Kobylnicy-Ligowca.

S . 4. Profile pnepkmScy poayskiowarne ] z wiatru (w dw-ch skra
gadzie Wyspy MWigmvth; wykrekyolh wi eilJey od nawi etirg reedje, wwykjriieosy uk adu) .

Pole mindzy wykresami na rys.modc yu knaaz uw yes66r kooesbci i i t 5005
terenem. Z cagN pewnoSci N obrzeUna | okalizacja ur
tywna od r-wnomiernego rozmieszczenia turbin wiat:
nak bardziej skomplikowany. Nie wiadomobowi e m, |jak zachowywagby si i cag

tu sytuacjach, gdy wiatr jest saiklursyt .y cWnwc z avs krte Uiy



