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Abstract:

Momentum theory, in this paper, is presented in a more consistent
form. Besides considering axial and rotational velocity of the
slip stream (general momentum theory), the present treatment also
includes drag. The different results belonging to the different
theories (approximations)are reproduced from the general expres-
sion of the present paper, when the corresponding approximations
are applied (perturbative formalism). The implications of the
results, deduced above from analytical treatment, are narrated
geometrically.
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Introduction:

The present 'interest of search of alternative energy resources to
supplement or replace the fossil energy, has increased the effort
to utilise the wind energy. This has-motivated a very wide acti-
vity for the windmill théory in terms of more minute and detailed
study, appllcatlon and further development through research

In the present work, we study a- very important theory for wind-
mill called Momentum Theory or actuator disc theory. Momentum
theory makes it possible to assess. the average power output of a
windmill or windturbine or often: termed as rotor, without the
knowledge of its geometry. The wind turbine, in momentum theory,
is assumed to'be a fictive mechanism,the actuator disc, which absor-'
" bes energy from the wind resulting 'in its slowing down. This
slowing down of the wind velocity (ax1a1)produces a divergence of
the streamlines in the flow directions and causing air to spil
.over the tip of the turbine, see fig. 1. We also see that there
is a discontinuity in pressure across the disc plane; this is a
necessary condltlon for energy. transfer to the w1nd turbine.
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Fig.l. (a): .1deallsed (laminar) flow lines, (b):axial velocity
curve along the rotational axis of. the turblne and (c)
pressure curve along the rotatlonal axis.,

~In the windmill problem, the determination of the induced axial

and rotational velocity is essential; the induced velocity affects
the mass flow through the disc plane, and the rotational velocity
of the wind behind the disc plane, termed as slipstream, determi-
nes the torque acting on the turbine. These induced velocities
are expressed by interference factors a and a', defined by

,-v_.'=(1-’a)v__°° and w=2a"'Q

The rotational velocity imparted to the slip-stream is given by
a'fl. The rotational velocity of the slip-stream is termed as w.
Since oneé half of w is induced to the slip-stream by the rotor,
w/2=a'fl. This implication comes from the demand, that the air-
flow upstream from the rotor plane has no rotational component.



One important result of the momentum theory is that the axial velo-
city on the disc plane is the average of the axial velocities far
up and down stream. In other words half of the total slowing

down of the axial velocity is reached at the disc plane.

“Besides the loss of axial velocity, the wind behind the turbine
acquires rotation also due to conservation of angular momentum.

The momentum theory exist at ‘different level of approximations.

- The level of approximation, where only slowing down of the axial
wind velocity is taken into consideration, is called AXIAL MOMEN-
TUM THEORY. In the next level, where rotation of the slipstream
“is also considered it is termed as GENERAL MOMENTUM THEORY. 1In
textbooks (1,2,3), the two theories are treated seperately and
independently as two different theories.

But we know that we have only one theory. The present paper de-
duces expressions for the momentum theory in general form, and
then reproduces the results, belonging to the different theories,
.axial, general momentum theory, by insertion of the respective
approximations (perturbative presentation). Besides this genera—
lisation, the present paper makes an extension by including drag.
The present paper presents the results in a more comprehensive
manner, making it possible to study the characteristic of the im-
portant variables and parameters through analysis.

In contradistinction to standard litterature (1,2,3), the present
paper includes the equation of the conservation of energy. This
enables us to express the unknown variable, rotation of the slip-
stream, through other known and unknown variables, like v__, v_,

i etc.

After deduction of the results and discussion of their behaviour
analytically, the present paper further treats the various re-
sults geometrically to make the implication of the inclusion of
the different factors (rotation of the slipstream, drag) more com-
prehensive. We know that as we include factors, like rotation,
drag, it results in a decrease in the power potential of the tur-
bine. Geometrically, we observe this by looking at the force com-
ponent in the disc plane, which is directly proportional to the
power. As we include the respective factors (rotation, drag), the
force component in the disc plane is reduced. '

The geometrical treatment concludes with a drawing of a series of
curves for the thrust coefficient CT as a function of A, parame-

trised by efficiency n, where A, termed as tip-speed ratio, is
given by r{i/v__. From this graph, it is possible, for example, to

read how much pressure thrust is required to get a definite effi-
ciency for a given A for a windturbine.




Notétion:

" V_wr Ver V ‘:Vvelbcity far in front, behind and on the disc plane.
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rotational velocity far behind and on the rotor plane.
rotational velocity of the windturbine and slipstream.

p+p' : pressure far infront, behind, just infront and

dL, dp,e,¢ :

Hup' Hdown

A, b
a, a'
da

_Cx _

differential area

just behind the disc plane.
axial thrust and coefficient

‘Power and power'coefficient and efficiency.

1ift, drag, tans=dD/dL and\¢ is the ahglé of theé re-

lative incoming wind velocity with the disc plane.

total pressure head in infront and behind the disc

plane. . : R '
= rQ/v__ and b=1-tanetan¢

axial and rotational interferencé factors

-0

force component (tangehtial),along the rotor plane




As mentioned before, in momentum theory, the windturbine is repla-
ced by an imaginary energy absorbing machine, called the actuator
disc. The windturbine is smeared equally all over the disc area.
.For such a representation, the geometry of the windturbine plays
no part in the theory (2).

In order to deduce the de51red expres51ons, the follow1ng theorems
are utilised:

1.0 Bernoulli:s‘equation

2. Conservatlon of momentum

3. Conservation of angular momentum

4. Conservation of energy

1. Bernoulli's equation:

We may write Bernoulli's equation as

'g/z‘V2- + P =f Y - ' (1) ' S

where § is the fluid density, v is the velocity and p is the pres-
sure of the fluid; ‘H is the total pressure head, which is constant

along a flow line.

Since the actuator disc slows the wind, Bernoulli's equation im-
plies that pressure will increase. Calling Hup and Hdown being

‘the total pressure heads in front and behind the disc plane (abbre-
viated as H, and Hd), the power P is given by :

((ug-nayvdn @

Equation (2) implies that in order to have a non zero power (Hu#Hd)

a discontinuity either in v or in p is required across the disc
plane.

From the demand on validity of the equation of continuity

vdA, = v,dA, = vdA 4 (3)

the axial velocity is required to be continuous across the disc
plane (p is assumed to be constant). Thus a discontinuity in
pressure is a neccessary criterion (see fig. 2)

Bernoulli's equation in front and behind the disc plane is written
as:
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'f;om equation (4f_and (5), we get : )
?. =g/2_(v°°"‘ —oo) + -_g/?_k\/wtoo “V\'Ob) ‘\' (Pm‘.\"-@) _ (6)

Veot. s normally small-oompared to v__ and vw', therefore v __.
-may be considered of flrst order. Justification of this statement

A 2 2 ' ) )
is- shown experlmentally (2) Thus Vot = Vrot

ilected Since p__ and p_ are the pressure far infront and behind

(=0(3)) may be neg-
the disc plane, they are- of the same magnltude. It may also be
shown (3) that P_,~P,%0. Thus .

2 - v2 =20 and

vrotoo rot
_ , : (7)
Py” P =0 |
Thus , : ' . A
(A 2 4 ‘ . ‘
:g/a(\lu,-\/-&,) | (8)

and the thrust dT on a dlfferentlal area dA on the dlSC plane, due
to the change in- veloc1ty, is given by -

- g/2' (Voo - Vo) o

Thus from Bernoulll s theorem, we have deduced one 1mportant
equatlon

AT = 5 (WEDNAA ) o



2. Momentum theorem:

.The pressure thrust (axial) due to the change in velocity from v__
far infront to v far behind the disc with a mass flux pvdA, on

“a small area dA on the -disc plane is given by .

(10)

dT= P AR = §V (Veor Voos)dfl
3.-Angular momentﬁmﬁl |
Cohsérvétion of aﬁgulaf mbméntum,giVeg
Vot T LoV rotow (11)
The tbrque is given by. , dt = brvatVdA , and. .

the :power is given by dPI=§2dT = TV vdAQ), or

] 12)
AP, = &¥.Cw Va 2Tr A e
The subscript I indicates, that the expression is based upon the
torque. . ‘

4. Drag
|

From hydrodynamical analysis it may be shown, that when an airfoil-
is exposed to a fluid flow, causing a change in the flow lines,

the airfoil is acted upon by a force, termed as 1lift dL, L to the
direction of the undisturbed flow. The presence of the drag, dD,
tries to draw the airfoil along with the flow, therefore the drag
is defined along the incoming flow line, although there are compo-
nents in other directions, but they are small. Thus the total
force the airfoil experiences is the vector sum of d%. and dﬁ, see

fig 3.

“stanesiQ¢

Thus dD/dL = tane , where € is small

dT = dL.cos¢
dQ dL.sin¢

dT is perpendicular and dQ is
parallel to the disc plane.

AT =dT 1 dLtaneSind = 4T (I+tan eto/ncb) (13)



dQ dQ stome_cQSq> AQQ tu.nECot<b> ) f

d;P _Qo\’\’ ..O_‘("dQ

= d.Px_ gV.Q_‘(‘ O)dﬂ(\ tomeCotqg (15)

.5 “Energy '

From the theorem of conservation of energyr ‘we find that the energy T
absorbed by the rotor, through an area dA, on the disc plane,
" during a time dt, is given by (assumlng P_.*P.)

AE = g/9_(\/._0& ".\/oo-‘f\/‘-o\._m \/dtdﬂ - d—ﬁ-&’/_lc’\t‘da_

C Thus the power, which is'the time rate of change of AE is given by:

af =% oo-\/ \/mo,,)vo\ﬂ- d. \770\9

' see fig. 3. The,subsoript-E«indicates,'the expression dPﬁ is
‘baSed on energy. Since v2 - v2 "= (0 (see equation 7),
. A rote rot. : _ i :
we may write:. : . ~ \
v2 = v2
rote® rot

af = S,V NE-NEGV AR - dB.Nd  as

, thus

= %(vf';v:-f?;&)vc\a ‘-»\/,staneCogb(tanct) +Cot)dR

> 'd%:%_(\‘/. —V wco)vcm VdL Sect tane ot dh

(17)

The above equatlons (9-12) belonglng to sections 1- 3 without the
- energy equation, belonging to section 5, makes basis for the so

called General Momentum theory (3). The evolution of momentum

theory began with the. axial momentum theory, in which rotatlon was

not taken 1nto account.



Setting dPE = dPI (eq. (15)=(17)) and

_ Calling > : \ - '\:QN\G C-Q)‘\:@ ., we ggt

WA Wb = (\1 N2 no) d\_swp(\ ~b)

YW 7_\%&1@0 ~ [\/.Zm- Veo -2/§.°\LS€°¢<\"°>]:0

>W= m{;hij 6ler- H

> Q_):SZ\)K?}_‘%‘_ j\+XZBZBW} (8)

where 7\:\-&/\!‘“ : \3 = \- 'E-QV\Q C-thb
Crob-(MAre) A= 2 SecqU-b)

and ‘B — CT—A

Observe the minus sign is omitted.
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e

-ar = p/2v2,C dn

dap

3 ' .
D/ZVfwdACP B (19)

o/2v3 _aa__n

=2

dap

Since weAare intereéted in studying the geometrical implications,'
-we have taken the absolute value of 4T . (note dT is ‘negative). '

The diffefence between the power. coefficient C, and the efficiency'
'n is giyen in the,following way: for CP_an area dA on the disc
‘pPlane is prolonged linearly to far in front of the disc plane;

whereas for efficiency, the area dA on the disc plane is prolonged'
- to far'in‘front along the Stream lines, see fig. 4 below. o

" Inserting the eXpressions of dT and dp in’eqﬁation (19), we get

Cp = 1- vorv_)?
Cp = 2(v/v_m)(rn/v_w)(rw/v_w)(1-tanetan¢) (20)
n = 2(rQ/v_w)(fw/v_m)(1—tanetan¢)

Inserting eq. (18) in eq. (20), we get‘

G A NI — e
- Cp :2(\//\:’_60>7\b4—1+l\v+7(2\528 o
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For analysis and approximation, series (taylor) expansion is done.

Assuming A-2b-23<1, we have

-4 - : -G ¢ 1
’2(\, ))\\D[ZL\DB -}2-:\—7\ \{,‘B?‘J«lzg-% 5663~.--]<22>

2m+0\

The set of equations, belonging to sections 1-5, makes the'basiéf

for a theory, we call EXTENDED MOMENTUM THEORY. Let us recollect
~the different expressions:

6. Set_of equations in Momentum theory deduced so far including drag

Bernoulli: ) ] ,

| » e N BN

AT (anial) = %/z(vw-v_c,) AR (A)
Momentum: |

AT, = S (Voo~V-e) V A & (8)

Angular Momentum:

40, = QUOTWAA U- tomkamd) @ o

Energy:

Adf. = g/zﬁ\ffm— \/:;, -t ool)\l A Q- &LSecCp(}-b) (D)

W = Q-4+ 1+ 6B (&)
= 20’/\1—«:)7\ b KT l—\f\—\-f‘glg—‘x )
Ce "‘Q,/V—OJBK}—Zi(—\)“-‘ -1 kz“ -0 ?\]

Ln 4|
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Equation (24 A-G) are the most general expressions possible, with
in the domain' of our work containing information of axial, rota-
tional velocity and drag. From this set of unified expressions,

we are able to reproduce results, belonging.to the theorles, known
as axial momentum theory and general momentum' theory. The requi-
red results, belonging to the respective theories, are received

by successive. introduction of the corresponding approximations;
this mode of presentation is termed as perturbative representation.

7. Axial momentum theory:

No rotatioh and nb drag or .w=0,A is large and b=1, B = CT

Bernoulll- - . P o ' '

T dTa= %, (Ve-vidda @

Meéeasgm? | . . | L .

- ATy = SWe=Vovd @ (25)
B dfe =85(Vh Ve)VAA @
ngez_gggiiés.l.gr_ls- Ce= (V/V_oc.} QT (D)

AFrom equation (25 A-B)., we find
R =(v_;+ v,)/2

which means that one half of the total slowing down of the wind,
in the ax1a1 dlrectlon has been. reached on. the rotor-plane.

4 2
From eq. (25 C), we see that energy lost by the wind ;(V w V)
is absorbed by the turbine at a rate_p/ZV(VEw—vi) This must. be

the upper limit or the ideal turbine.

8. General momentum theory:

Rdtation bﬁt no dfag; or w#0 and b=1, B=C,
114 N _ 2 P 3 o
Bernoulli: AT g (axial) = S’QVw—vfw)dg (A

Momentum: ; ' _ : -~ (26)

AT = SWer V-c)VAA ()



— = . L = . = == == == == =
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Angular momentum:

AP = QQNCTWAR o @9

Energy:

AP = g/i(.\/_%—\r&Ac"‘QL)\ldﬂ (D)

W :QK: L+ )+ XZC:\-‘-l (E)

Power coefficient:

C e :1(\//\[-@))}‘}\ + \/r+ X—ZC-‘:l | (F)

oo | '
= (VA N 2V NS O T )=t 4=t N
Chveatr (/\Hp) A YE? 20n4H! Ny @

from equation (26 A-B), we find again

—. V- Ve
N = 2

From equation (26 D), we see that energy absorption by the tur-
bine is diminished due to rotation in the slip stream. From eqg.
(26 E), we have -

W = Q-1+ ix Viejaqcr )

_ For a given Cp, we see that as @ gets large or A1 gets small, w is
small, Thus ~ ag

)L —> 0o : '(;3-——d> 0.

Qualitatively this phenomenon may be understood by appreciating
the fact, that the faster the turbine rotates, the less effective-
ly the wind feels the presence of the blade at a certain place. In
other words the faster the the turbine rotates, the more effec-
tively the blades move away from the wind, as it approaches the
disc plane, causing the wind to pass the rotor (turbine) plane
undisturbed. Thus from designing point of view, we should strive
for attaining as high a  as possible.

From eq. (26 F), we also see that as A+»0: CP+0.




From eq.-(26 G), we have.

S -K\’ Q \—2 —0“‘uw -1\
v Ao TK- 2-\ .1QV\+\)\7\ Cv

CP QMLMDK} 2?_(::0 | 'Lzmqq ,)\ZV\CTn (.26‘)
' et 2t |
qpto 2nd orderf

Q._‘(a.’:;’ cem,\'ng'- izi»"icﬂ_ S

We see that power absorption ‘is reduced due to rotatlon of the
slip stream. As A gets large, which is equivalent to rotation
of the slip stream gets small, C +C (axlal)

9. Extended momentum theory:

with rotation and dfag; or w#0 and b<1
See equation (24 A-G)

R From‘. equal?:ion (24E)- W= -Q-\DEl +‘/\+ 7:'2 \52 Bj] ‘-

we find that w(without drag, b= 1)'<'m(w1th drag, bél) Assuming
v and v_are unchanged (this is not a bad assumption), we see thus
from eq (24D), that dP (without drag) > dP (w1th drag).

From eq. (24 G), taking upto the Ist order, we find

Co Ce(“*\*)[ LXS'B ] |
. which shows, that when drag is 1ncluded (b<l), CP is edditionally

reduced. 4

- 10. Geometrlcal analysis of the three situaions: axial, axial +
rotatlon and axial + rotation + drag, dlscussed above

Axial: (w=0 b=1)

When we consider a. model, where only the axial component of the
wind is slowed: down, then the turbine observes the wind to approach

the rotor plane with an axial component v and a tangential compo-
nent rf}, see flg 5.

y
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The only force, we have, is 4L, which
makes an angle y with the rotor axis.

The force parallel to the rotor plane, A
which we are most interested in, is =~ _ X . -
dQ = dLsiny . \ ‘
In this case y=¢  and - ¥ d” A
: i
- 2 = AR - ‘
tany tan¢ =—3 (2.7) ¢ :dQ
e S : - ¥ - ‘d'>
Axial + rotation: (u#0, b=1) : o aT "Y

When rotation in the slip stream is
considered, but otherwise the rest is
unchanged, then only the tangential
component gets-an additional compo-
nent rw/2 see fig. 6. This results

in the force dL, having an angle ¥
with the y axis, is rotated to a
smaller angle y', such that the new
component dQ', parallel to the rotor
(disc) plane, gets reduced.

dQ' = dL'siny"’

From eq. (26B-C ) we find

dQ' = pryvdA and

ar’ pv(v_,- Vv, )dA

Inserting the value of (), from equation (26 E), we get

TomY' =

2

Considering A~ Cp <1, we may write

I ) LV AVAPS ~4 q
tmx - \"VW/V. \'\"\-&-)\ C'_Y ‘2_ 7\ C_-\-'\' ""]
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._ V-« '*\/m 1, C | .- f.'
T ;\1._ XD 4 VT/7\L+ | -.\

<Vl S ]

up to 2nd.. order in l/)\

Hod = Vai- X e

> }cvwx‘ = EO\/V_\\([_\?\/L;.)\-'C:Y] " (2_,9’,’

Equatlon (29), shows approx1mately how v is reduced to y'.. In ,
other words we see, that in order to get maximum power, we should _
be 1nterested 1n making y or y' as large as p0551b1e ‘

: Ax1al + rotatlon + drag (w#O}'bﬁlf
\ . ] . 1
' dL tanecos¢

From flg 7 we see, -that . | ' _ {
d& dQQ\ &Mec&c@) ——  atane
| ‘ PN
where dQ' = dL'sing’ | o\
'o\'T_ = acv'(\—\—‘cwe‘cmd) | a&

where dT'= dL'cos¢'

Thus

~ i \—tomecetd)
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Thus we see that due to drag y' is additionally reduced to ?
through the equation (30), which according to the above discussion,
expresses additional power reduction. Thus from equation (28)
taking up to 2nd order, we find

5(,0«/\/\(:(/ = JCOW\\G’C\ /4)\C ) —’\'.OW\E_Q\;Q' (31)

H’\‘J \ T rametand
axial rotation .drag
Dlscus51on

The equatlon set (24), deduced in the present work, makes the basis
for what we have termed as extended momentum theory. The equation
set contains slowing down of the axial velocity, rotation of the
slipstream and drag.

In-the:original caleulation, all the variables are given positive
values, so that at the end of the calculation the direction or the
sign of the variables (4T, v, v, etc.) automatically falls out.
Such calculations shows that the pressure force 4T is negative,
which is obvious. 1In text books (1), the calculations are started
with assuming that dT is negative or that there is a pressure fall
across the disc plane, so that in the real calculation the numeri-
cal value of dAT is considered.

From eq. (24F), we find

Co “Z(V/v_ )Kb{fﬁj\ﬂx \a BJ B=G-A

or for A" %b™2B<l A-Zo“_ Se“N b)
- - TN N
CP (V_')B 2(%; )B €y T P B

N=y
Expressing v and CT through interference factor a (see introduc-
tion), we get

Cpo= 2(\—0\)73§E1+ Jl—\rﬁzgz[zm&\—a)-@l (32)

or

C\:?-(\-a)%(k(\m-%l 2 ?‘%@f———?\ b“(f\a\\—&) F\ﬁ (33)
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Neglectlng drag or settlng b= l we get

CP 2(\ O\))\[]_‘\-J\—\—?\ 4a(1- &)J '(34)

or

CP L\OL(\ OQ[\ 2 ("\3 7200y iQ{YZ\Q(FQQ}Y\l(am

e 1(Y\+\)l

Drawing C as a function of A neglecting.drag, we,find that for A=0

—0, whlch is seen from eq. (34); as A gets large, Cp goes asymp-

totlcally to (V/Yw)C = 4a(l- a) (see eq. (25C)) .. It may be shown
“that C,=C for a=1/3, thus Cp . =16/27, which is well-known

‘P “Pmax
Aresult.' Thus. for 0<)\<>\id al’ we have a 51tuat10n, where rotation

of the slip stream is not negligible, see fig. 8

A,
, ideal
0 1 2 3 4 5 6 7 8 9 10 1l — e

fig. 8

Similarly we find that when drag, expressed through b€[0,1] is
included and gets more dominating, b-0, then C,+0. Thus some
important results, well-known and seen in the gext books, (1,2,3),
- are reproduced analytically- from one general equation.

The same phenomena are also shown geometrically. We see that the
most important parameter in this context is the force component
along the rotor plane. The basic objective is to make this force

- component C, as large as possible. Neglecting drag, we see that
the rotation of the rotor and that of the slip stream pulls the
incoming wind velocity (relative) more and more parallel to the
disc plane (¢ becomes smaller), resulting in diminishing the force
component C " Thus the slower the turbine rotates, the larger the
force component Cx becomes. But from the. output point of view, the
slower the turbin€ rotates, the less the power output gets. Thus
there is a definite value of C and A, for which the power is maxi-
mum. :
Inclusion of the drag draws the force even more in the direction of
y axis resulting in additional reduction of C Therefore we see,
there is direct relation between C and the power potential of the

wind turbine.
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Looking the equation (26E), we find

= Q[ung Q/w/vw)]x 1

Insertlng a and a', deflned as v (l—a)v w;iv =(l—2a)v_wandf
w=2a'Q, we find

o = [ 1+/l + 4&(\—&)7\ ] (36)

This is the solutlon of a well known equation,

7\(1,(|+Q.) = o.(\- O\,)

obtained geometrically, -

From eq.

(20), with the appllcatlon of equation of contlnulty and

neglecting drag, we get

n

= 2.2%[-1 + 1+xf2cT]'or cT = % [(/22% + 2 - 11 37

This is a useful equation, and the relation amongst A,n and C

is seen by drawing C
9.

fig.

as a function of A parametrlsed by n, see

T
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Conclu51on- ‘ .

- Momentum- theory is deduced w1th the. help of Bernou111 s, momentum,
angular momentum and energy theorem. The energy loss factor, drag,
is also included in the momentum theory to make an -extension of it.

. The application of the additional energy conservation theorem makes
it possible to express the unknown rotational velocity of the
slipstream with the help of the known and other unknown variables.
The different equations deduced, involving w, v and v, may also
be expressed with the help of interference factors a and a' to
identify them w1th the text books, see discussion.

The theory is’ presented in its most general form: then the dlffer-
ent momentum theories: axial, general momentum theories etc. are
reproduced by insertion of the corresponding approximations. . This
mode of presentation is known as perturbative presentation. - This
mode of presentatlon is- the reversal of that, given in standard
textbooks (1) and is con51dered to be more con51stent

AWlth a general expression, eq., (24E G), it is p0531ble to study
behaviour of the different variables under varied conditions.
Physically well known results are reproduced through analysis: for
example we saw analytically, how w varies asymptotlcally and for
dlfferent Values of Q. :

o

It is always sound to visualise physical phenomena and their im-

plications geometrically, although it is not always easy. In the
present work, it has been possible to show a direct relation bet#
ween the magnitude of the force Cy, along the rotor (xz) plane and
- the power. . Introduction of the dlfferent power absorbing factors
(rotatlon, drag) 1mp11es a. reductlon of C '

Graphlcal presentatlon of the eff1c1ency equatlon makes it p0551b1e :
to see, how the three variables~ Cop A and n are related to each
~other. This information may be’utilised-in connection with cons-
truction of a horizontal axis wind turbine,
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