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100 Definition of aerodynamic characteristics wind turbine to Darrieus of system troposcino

Let's find the moment of force developed two
blade by the turbine to Darricus, executed in a kind
troposcino which at us is replaced by a parabola (2).
With that end in view we will define in the
beginning components of a vector of speed of attack
in the M point on the bent element of a wing of
infinitesimal length System of co-ordinates it is
located so that the direction of speed of a wind
coincides with a direction of co-ordinate at, and a
vertical axis of rotation wind turbine — with an
axis z.

Method of research

Direction rotation wind turbine with some
angular speed we will choose so that if to take a
detached view of the turbine of a positive direction
of an axis z, rotation will be counter-clockwise. We
will consider instant position of blades developed
concerning an axis x on a corner & (Fig. 1 see). For
simplification of the analysis (Fig. 2 see) we will
choose three mutually perpendicular straight lines.
Two of them are tangents to a blade surface in M.

This is AA point - a tangent to a parabola line,
defines a blade bend, that is a corner y between a

straight line 44 and a vertical NN, and BB - a
tangent in the M point To a circle described in
radius at rotation of the turbine. And, at last, the

third straight line represents CC a normal to the
blade surface, directed to the M.

The point vector V of speed of attack represents
a resultant from addition of two vectors. One of
them is normal to a surface of the blade a

component of a vector of speed of a wind U and is
equal Usin@ cosy (Fig. 2), the second sece - is

directed on a tangent BB and represents the sum:
linear speed of rotation of a point (¥ x @) of M plus
a component of speed of the wind, designed on a

direction BB (U cos®). As a line on BB which
total speed 7 x @ + U cos@, and CC on which the
normal component of speed of a wind

U sin @ cos y operates, are mutually perpendicular,
their equally effective it is equal

Figure 1 - Wind turbine with the turbine to
Darrieus of system troposcino

(17' = \/U2 sin®@cos’ y + (ro+U cos0)* (5

Also gives value of speed of attack of an air
stream in point M the answer an angle of attack it
will be defined by expression

s Usinf@cosy
ro+Ucos6

(6)

From (5) and (6) it is ecasy to establish
connection between an angle of attack and a blade
angle of rotation:

Vecosa =U(y +cost) @

Vsina =Usin@cosy.

The moment created tangential making carrying

power R,, is cqual M = rR, = r[k,‘sina.
Carrying power I-é, is directed perpendicularly to a

vector of speed of attack and connected with last
means of factor of carrying power. Counteracting

force is resistance of air to blade movement ‘R D‘ .

International Journal of Mathematics and Physics 7, Nel, 99 (2016)
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102 Definition of aerodynamic characteristics wind turbine to Darrieus of system troposcino

! where z = o

| H/
\ %
| Dependence on cos y co-ordinate to find easy.

With that end in view we will write down the
equation for a tangent in any point of a parabola:

|

|

| dx z +l-cos’y
| Br=osdes—
| cosy

‘f1+9 22 (15)
cosy

Substituting (15) in (13), we will receive
2 2

dM,, = Qm‘{rmepU—sinz 01—
2 2 ey

& (16)

And, integrating last expression on z, we will
receive size of the rotary moment of the blade

sin HI
1/1+

M, fﬂHr epU* - (17)

dM,, = —er(z)

Tabular integral

dz =137 .
1+9

Thus, for two blade turbines we will have:
2M,, =0,685V2msr, HpU?sin> 6. (18)

Average value of the rotary moment at one turn
of the turbine we will receive, having integrated

2M,, from zero to 27 and having divided on 27 :

27 2z
M, =1 [M,,d6=0,685v26r,, HpU® [sin’ ado
i 0 0
2

M, = 1,37\/§7zer”meU7 (19)

Let's address now to the second problem (11). If
to take out from a bracket and to take into
consideration (5) and (7) expression (11) will
become:

Before to pass to the further procedure of the
decision (20), we will receive some additional
parities and communications. First of all we will
notice that in a case troposcino degree of rapidity of
the turbine changes on height

2(2) =“”"T(Z) 1)

And it brings serious difficulties in the decision
of a problem (10). They can be overcome if to take
into consideration that the basic contribution to
resistance of the air environment to blade movement
is brought by the central part troposcino. And it
occupies about 85 % of length of the blade. Really,
from (2) follows

2 = 2 2 2 0 D 2
pU x(1+0’014sm Ocos” y+(y +cosd) Jx sin” @ cos” y(y +cosB)dS

S 1 . (20
sin” @cos” y \/sinz 000527/+(,1'+c056?)2
z
H/2 .
r(z)

where 7 =
"

m
From here it is possible to estimate z, for
example, at reduction 7 in 3 times

z =4/0,7 = 0,85. (23)

In view of (21), (22) it is possible to express
dependence through size of rapidity of elements of
the turbine y(z)

Z = I—Z s (24)
where ¥ = —Z(Z), X, = i

Zm m U :

International Journal of Mathematics and Physics 7, Nel, 99 (2016)
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104 Definition of aerodynamic characteristics wind turbine to Darrieus of system troposcino

dz The problem (27) also easily gives in to the
5 =cosy, and decision. For this purpose on the basis of (2) and

(24) we will write down

E:%:\/I—_:,/l—} (29)

’ pU*
dM,, =-0,0146r(z) 5 (cos@+ y,7) dS. (27)

The decision of the first problem (26) to be

reduced to already known decision (18) problems e i
(12) and looks like Then (27) it is led to 2(1] 2md
» =—0,014 i
2M,, =-0,577r,6H p v cos26). (28) dM,, =—0,014er,rp (c0s6’+zm r)’ -
dm,, :—0,014%rmpU2(1—22)[c0s6’+;(m(1—22)]2 /1+%52d2 (30)

Let's open square brackets in the second degree

dM,"z:—0,007ermel; Ez)—Z,{mx(cos¢9+;(m)32(l—72)+lj?‘(I—Ez] l+%§zdz" (31)

For integration we will result (31) in a kind

3— 0,007

|

i

dM,2 =A0(Al+A2y2+A3y4+A4y6)vl+y2dy,
where y:az, A, :—’TermeUz, A =(cosO+y,)’,

4, = ‘g(cosz 0+4y,cos0+3y,),

16 64
A, =—Q2y cosO@+372), A, =—— 2.
Integration leads to tabular integrals
/J07
j J1+y2dy =3,12;
%F
Y1+ y*dy =1,43;
0
o7
1,=2 jy4,/1+y2dy=2,36;
Jo7

I,=2 J'y\/l+y dy =334.

International Journal of Mathematics and Physics 7, Nel, 99 (2016)
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106 Definition of aerodynamic characteristics wind turbine to Darrieus of system troposcino

3

U
stFpT. (37)
Thus
N 0,028 y
=—th O " eHy (177-2,727%). (38
4 - sp Tl Xm)- (38)

6

From last formula we will define value y, ,at

which the maximum value coefficient wind power
uses is reached. & With that end in view we will

max

equate the first derivative & on y, zero

£:177—8,16;(,f,=0 (39)
g,

From here y, =4,66.

The area surfaces F we will find under the
known formula for rotation bodies

Having substituted expression for;(;) under the
formula (2), we will define

1
F= g _[(1—22) 1+252 %
8 4

: 3—
Let's enter a new variable y = : z. Then

7 %
F :%2 Jz.,/l%ryzdy—”fg[2 iy2\/1+y2dy.
0 0

Again we come to tabular integrals /,and /,

(see 28). Calculating these certain integrals, we will
receive

F=0337zH". (40)

Substituting expressions (39) and (40) in the
formula (38), we will find

& = 0,363 (41)

Value & and size y, at which it is

reached é’max , lie close enough to the known data
resulted on Fig. 4. On Fig. 4 skilled values of factor
for f various types and designs wind turbine
depending on degree their rapidity’s taken

|

= % from [1,2] are resulted.

coeticient

Savous
o4

nselil wind epeggy

Drstehs fosn bladed
windwhez]

specHtic steed

Figure 4 — Dependences of operating ratio of wind power x
for various types and designs wind turbine from degree
of their rapidity c.
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