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INTERACTION OF SEVERAL DARRIE WIND TURBINES WITH
AIR FLOW

This paper considers mathematical two-dimensional model of interaction
between a carousel type wind turbine and a stationary airflow. Its working blades
of the turbine are replaced by vortex contours for calculating the aerodynamic
parameters of a carousel type wind turbine [1-3]. The working blade creates a
disturbance to the stationary airflow and these perturbations are replaced by vortex
systems [3,4]. The working blade is replaced by a system of vortices called
attached vortices and the perturbation along the flow takes place from the end of
the blade (in the track) and it is called a vortex sheet. The aerodynamic parameters
of the working blade: the velocities at infinity, the angle of attack and the angular
velocity of rotation, which is assumed to be known.

In the article we do not consider boundary effects arising at the end of the
wing (such as the flow of the medium from the upper part of the wing to the lower
part, as well as other discontinuous and non stationary flows), so we can assume
that the vortex intensity distribution is constant along the vortex segment [3-6]. By
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making such restrictions we can determine the intensity of a vortex over a
specifically defined wing profile. Then due to vortex systems they are considered
as the velocity field, which will be changing across the whole region. This process
Is described by the Biot-Savart formula in the form of integral relations of a
complex variable.

The components of the velocity of the air flow field of the inner and outer
parts of the contour of the vortex layer are calculated by the Biot-Savart formula.
So the Biot-Savart law can find the velocity of the element located at a point at a
distance s from the induced vortex layer yd/ for the plane case:

I .drxr

V=— :
4ch r (1)
This identity can be expressed in terms of the resisting velocity and the
complex variable z.
P yd?
q(z)=u-iv Pl (2)

Here z' - gdf is the coordinate of the vortex layer element and z’'=Re"® for
the attached vortex layer for d¢=Rd6 from eq. (2) we obtain:

%)= 3 I ©

Applying this relation for the attached vortex and using a circular vortex
layer of intensity -y and a semicircular layer of intensity in the right half-plane,it is
possible to get

'_V{n—Zarctgé}M >R,
z
qB = T . (4)
—I—y2arctg£,|z| <R.
nZ R

Consider the formulation of the vector R and its vector characteristic
quantities, the value of the principal vector is equal to the production of the density
of the fluid, the values of the flow velocity and the values of the circulation.

ISE A (5)
And its direction (as shown in Figure 1 a, b) rotating at an angle 90° relative

to the flow directionof the velocity V,in the clockwise direction if T'>0,
counterclockwise if T'<0.
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Fig. 1. Scheme for determining the direction of circulation

To determine the direction of the circulation for each individual case we
must find the sign of I".

This fact satisfies the entire case a plane-parallel irrotational ideal
incompressible fluid profile is acted upon by one force its direction is
perpendicular to the flow, and it is called the lifting force, so this force ensures the
airplane lifts into the air and helps to fly further horizontally [4-7].

The component of full speed in the direction of "Ox"":

2

u=W+ﬁ%ﬂN& o (X2 y»HV+C)mmm Ry

- - (6)
- arctg(y;R )) +2w°xyLn /% +2w°Rx}

The component of full speed in the direction of "Oy":

o (X =y )+ (V, + Z»Lqii&ﬂﬁ»
+(y-R)? ©)

y;R))+2m2Ry}

- Zmzxy(arctg(ﬂ) —arctg(
X

Using this developed method of calculating the location of the carousel wind
turbine, in particular formulas (6) and (7) compiled, a calculation program in the
language of Visual Fortran carried out series of calculations. The results are shown
in Figures 2 and 3. Figure 2 the graph of the velocity fields of wind turbine
interaction with the wind flow is obtained for the values of the vortex contour y =
2. Figure 3 the graph of the velocity fields of wind turbine interaction with the
wind flow is obtained for the values of the vortex contour y = 4. If we compare the
data in Fig. 2 and 3, then in 3 we can see the effect of the vortex contour vy is twice
larger, and this is evident from the deviations of the velocity motors thatin Fig. 3 a
deviation of the velocity vector larger than in Fig. 2
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Fig. 2. The velocity field in the Fig. 3. The velocity field in the
interaction of the wind flows with the wind interaction of the wind flows with a wind
turbine with superimposed vortex contour turbine with a superimposed vortex contour

(Voo =10,y =2) (Voo =10,y =4)

Having studied this numerical method for calculating the flow around one
Darrie wind turbine | was interesting to carry out the calculation of the flow of
several wind turbines by the airflow. How do they interact with the airflow while
the same direction rotation and in different directions.

Also by carrying out series of calculations for this case, compiled by the
program in the language of Visual Fortran, received the results, which are shown in
Figures 4-5.

Fig. 4. The velocity field in the Fig. 5. The velocity field in the
interaction of the wind flows with two interaction of the wind flows with two
adjacent wind turbines with a vortex contour adjacent wind turbines with a vortex contour
(Voo =10, y = 6) (Voo = 10, y = 6)

Figure 4 shows a graph of the flow velocity fields for two wind turbines with
a wind flow when both wind turbines are rotated in the same direction; In one
direction with the values of the vortex contour of both y = 6. In this case the flow
passing through the swept areas of these wind turbines deviates more strongly from
its direction.
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And in Figure 5 there is the obtained graph of the velocity fields of
interaction of the wind turbine with the wind flow with the same values of the
vortex contour y = 6. But here two wind turbines are rotated in different directions
when one in one-side rotation, the other in the other direction rotates. It is
noticeable that behind the wind turbines the velocity vectors of the flow do not
deviate strongly from their direction. In Figures 4 and 5 these two identical-sized
wind turbines are located side by side with respect to the flow direction and at
distances of one diameter from each other.

Figure 6 shows a graph of the flow velocity fields for two wind turbines
located one behind the other in the direction of the wind flow when both wind
turbines are rotated in the same direction; In one direction and with the value of the
vortex contour of both y = 6. Flow during flowing of two wind turbines rotating in
one direction is more strongly deflected from its direction.

And in Figure 7 in the resulting graph the interaction velocity fields with two
wind turbines located one behind the otherwith a wind flow with the same valuesof
the vortex contour y = 6. In the case of rotation of wind turbines in different
directions, when one in one direction rotates, the other in the other side rotates. The
developed calculation technique can also be used for the case of three carousel type
wind turbines with different configurations of location and rotation. The results of
a numerical calculation of the flow past three wind turbines of the carousel type are
shown in Figures 8 and 9.

15 e 15 ey

X X
Fig. 6. The velocity field in the Fig. 7. The velocity field in the
interaction of the wind flow with two wind interaction of the wind flow with two wind
turbines with a vortex contour (Voo = 10, y = turbines with a vortex contour (Voo = 10, y =
8) located one behind the other. 8) located one behind the other.
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Fig. 8. The velocity field in the Fig. 9. The velocity field in the

interaction of the wind flows with three wind interaction of the wind flows with three wind
turbines with a vortex contour (located side by  turbines with a vortex contour (located side by
side and one after another, Voo = 10, y = 4) side and one after another, Voo = 10, y = 6)

Figure 8 shows a graph of the flow velocity fields for three wind turbines,
their location from this figure is visible (two are located side by side, and the third
is behind it) when all three wind turbines rotate in the same direction; In one
direction and with a value of the vortex contour y = 4. The flow in flowing past
three wind turbines rotating in one direction is more strongly deflected from its
direction therefore the vortices value y = 4 is smaller than the previous ones.

In Figure 9 the resulting graph, the velocity fields of interaction of the wind
flow with three wind turbines with rotating in different directions.

The results of the calculations for the flow of four wind turbines are shown
in Figures 10, 11.

Fig. 10. The velocity field in the Fig. 11. The velocity field in the
interaction of the wind flows with four wind interaction of the wind flows with four wind
turbines with a contour (located squarely, Voo turbines with a vortex contour (located
=10,y=4) squarely, Voo = 10, y = 6)
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Figure 10 shows a graph of the flow velocity fields for four wind turbines,
their arrangement from this figure can be seen (square arrangement) when all four
wind turbines are rotated in the same direction; In one direction and with a value of
the vortex contour y = 4. Flow during flowing of four wind turbines rotating in one
direction is more strongly deflected from its direction in the direction of their
rotation.

In Figure 11 in the resulting graph of the wind speed interaction fields with
four wind turbines rotating in different directions, the top two in one direction, the
lower two in the other direction.

The direction of rotation for the four wind turbines is taken into account in
formulas (28) and (29) in the velocity components along the "Ox" and "Oy"
directions. A vorticity sign for four wind turbines rotating in one direction "plus-
plus-plus-plus” (the results are in Figure 10).

In the case of rotation of four wind turbines in different directions,
respectively, combinations can select the vorticity signs. The upper two are in one
direction and the lower two are in the other direction "plus-plus-minus-minus™ (the
results are shown in Figure 11).

Conclusions

In this paper a method is developed for calculating a 2D model for the flow
of several wind turbines with different locations and directions of their rotation. A
vortex model describes the mathematical model of the interaction of a wind turbine
with a stationary airflow the flow throughout the region is considered steady. A
series of numerical experiments were developed by the developed calculation
procedure and graphs were constructed on the basis of the computations obtained:

* the velocity field in the interaction of the wind flow with the wind turbine
(atVvV=10m/s, y=2,4,6,8) i.e. With a vortex circuit.

* the velocity field in the interaction of the wind flow with two, three, four
wind turbines with different arrangements (V =10 m/s, y = 2,4,6,8), also with a
vortex contour for the same parameters and with directed and counter-directed
rotations.

The constructed graphs from the obtained numerical calculations give a
good physical representation of this problem. The results obtained from the
calculation are useful for an in-depth, extended theoretical and experimental study
of the design of the locations of several Darrie wind turbines i.e. in the whole wind
station.
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KOJJIOUAHBIE KBAHTOBBIE TOUKH CdSe: OITUYECKHUE
CBOHCTBA U OCOBEHHOCTH CUHTE3A

BBenenne. lHTepec K CHHTE3Y M UCCIEAOBAHUIO HAHOPA3MEPHBIX
MOJTYTIPOBOHUKOBBIX YaCTHII, TaK Ha3biBaeMbIX KBaHTOBbIX Touek (KT) cBsizana c
W3YYEHHEM HX DHEPreTUYECKUX  CIEKTPOB M TMEPCHEKTUBHBIX MPAKTUYECKUX
npuMeHeHui [1].

KntoueByto posnb B ontuueckux cBoictBax KT wurparor KBaHTOBO-
pa3mepHbie 3(PGEKThI, MO3BOJISIONINE YIPABISATh JJIMHOW BOJHBI ONTHYECKOTO
MOTJIONIEHUS WJIM TOJOCOW JTIOMUHECLECHIIMU BapbUpysl JTUHEUHBIMH pa3zMepamu
HaHOYacTull. B 3aBUCMMOCTM OT YCJIOBUH CHHTE3a MOYHO IOJYYUTh
JIFOMUHECHHUPYIOIIYIO HAaHOYaCTHUIY c 3aIaHHBIMU CIIEKTpaJIbHBIMU
XapaKTepUCTUKAMU, HAIIPUMEP NIPU U3MEHEHUU TeMIEpaType U BPEMEHU CHUHTE3a,
1no100pa XUMUYECKUX PEareHTOB, YCIOBUU 3aMOPO3KH MOTy4yaeMbIX HAHOYACTHUI] U
Ip. 3aBUCUMOCTh AHEPreTUYECKOTO CIIEKTpa MOJTYTIPOBOJHUKOBBIX
HAaHOKPHUCTAJUIOB OT €€ pa3Mepa [J1aeT OrPOMHBIM TMOTEHIMaNl M HX
MpaKTUYECKOro nmpumeHeHus [2, 3]. B HacTosmel pabote U3I0KeHbI Pe3yIbTaThl
uccnenoBanuii KT CdSe Hareli rpymimoi.

JKcnepuMeHTadbHaa 4actb. J(ns cunteza KT CdSe wucnonbsyercs
Mou(UITIPOBaHHASMETOIMKANIpYBeAeHHAss B pabore [4]. CuHTE3 KBAaHTOBBIX
TOYEK npoBoauiics mpu 170 °C, 200 °C u 240 °C. Hns Bcex cuntesupyembix KT
OepyTcsi anukBOTHI HeOousbioro odwvema (~0,1 M) Bo Bpemsi pocra uepes
peryJyisipHbple TPOMEXKYTKH BPEMEHHM TOCIe HWHXKEKIUU MpeKypcopa celieHa U
pa30aBIsAIOTCS B TOJyoJie. [[71s m3ydeHus] ONTHYECKUX XapaKTEPUCTHK AIMKBOT HE
MPUMEHSUINCH TOCTIpenapaTUBHbIE MIPOIEAYPHl OUUCTKHU.

Xapakrepusanus. Bce ontrudeckre u3aMepeHus BBIOJIHEHBI B TeueHue 2-4
yacoB 1mocie cuHTe3a. DOTOTOMUHECHEHTHbBIE W3MEPEHHUsI BBINOJHEHBI Ha
cnexktpoduryopumerpe CM2203 mMO3BOJIAIONIEM HU3MEPSTHh CIIEKTPHI BO30YXICHUS
¥ WCITyCKaHUS B IMIUPOKOW criekrpainbHO obmactu oT 200 mo 820 uM. CrieKTpsl
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