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This document is a rewrite of the April 2015 preprint "Simplified theory of an active lift turbine with
controlled"(lecanu:hal-0130053). The first version of the active lift turbine with a crankshaft system had
radial displacements. The relative speed that creates an induced force on the profile depends on the
profile’s rotational speed, the fluid’s speed, and the radial displacement speed. The latter speed reduces the
angle of incidence and therefore reduces the induced force. In the 2015 preprint, there was a version in
which the profile’s trajectory was close to a circle but which required a complex mechanism. The turbine
presented in this document has significant radial displacement. To compensate for the reduction in the
angle of incidence, a mechanism has been added to increase the angle of incidence. The design is simple
and robust.

Keywords Betz-limit Betz’s-law Wind-turbine Tidal-turbine HAWT VAWT ALWT

1  Nomenclature

This list is an enumeration of the main symbols used in this article.
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Symbol | Designation Unit
R Radius m
c Chord length of blades m
R Mean radius m
R @ &
r Dimemensonless radius

i a 5
€1 Geometric parameter for radius variation

€ Geometric parameter for the variation of the angle of incidence —
T Tangential force N
N Normal force N
i Angle of incidence without blade pitch control rad
a Angle of incidence with blade pitch control rad
Voo free stream velocity -
Vu Upstreamwise velocity at the turbine =
Va Downstreamwise velocity at the turbine o
Ve Streamwise velocity at the turbine o
Vi Streamwise velocity in the far wake =
v Dimemensonless velocity =
w Velocity relative o
w Dimemensonless velocity relative —
P Pressure Pa
Pum Atmopheric pressure Pa
A Tip speed ratio -
b Plenitude speed ratio -
Cr Tangentiel coefficient -
Cn Normal coefficient -
T Tangentiel force N
N Normal force N
Cp Coeffient power -
Cor Tangentiel coeffient power =
Cpn Normal coeffient power —
ALWT | Active lift wind turbine =

1.1 Patent of the Active Lift Turbine (ALWT) :

New patent filed for the new lift turbine concept. FR2506916 jun 2025

1.2 Geometry and power of the Active Lift Turbine (ALWT) :

The active-lift turbine is a connecting-rod-crank system. Turbine blades have a circular trajectory
with radial displacement. The radius varies with the angle of rotation.
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Figure 1: Geometry of ALWT.

R : radius R= % R : meanradius
ot
R() = R (1+ecos(f) R = —eRsin(h) b (1)

€; constant positive number
Dimensionless radius

"5 = " = racosp)  r = asin(p) § 2)

T(p)

Torque

Figure 2: Torques of ALWT

The powers produced by force T and force N are
Powerr (f) = T(H)R(P) p Powern (f) = N(B) R(p) (3)

The principle of the creation of the central torque Torque y due to the forceN is not described
in this article.
For a Darrieus turbine

R(p) =R  R(p) =0

m
N

Powert (f) = T(B) RS Power y (B) = OW
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1.3 Geometry of blade pitch control (ALWT):

The speed of radial movement of the blade reduces the angle of incidence. A mechanism not
described in this article, allows the profile orientation to be modified in order to increase the
angle of incidence.

: relative speed

X
0]
Figure 3: Increased angle of incidence
v(p) = € sin(f) with e, numerical constant (4)
V(B) = e cos(B)p (5)

Figure 4: Velocities triangle

velocities triangle

— - - > .V c
Uy X Wyt AJ+HTI+ -1

r‘>>y£—1 4

c
1 negligible value

The Naca profile follows a deformed circular trajectory during one rotation.
oysinf + 7 =wy,sini vycosf + A =wy,cosi

The relative speed can be defined by this approximate formula

w(f) = A + o(p)cosf (6)
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By using equations (1),(2), (23),(25) and also the above equations.

o) %1 Jsin()  va() ~ 1~ sin(p) o

1-2sin(B) if 0<p<n
b . (8)
1-="sin(f) if m<p<2n

v(p) ~

0 v(B)

0 T 21

with b=133 A1=25

Figure 5: Fluid speed at the turbine

o . . 3b
o(f) must have a positive value, which imposes 27 < 1

3.5

— w(p

T 2r

(=)

with b=133 A=25

Figure 6: Relative speed at the turbine

Incidence angle The angle of incidence « being small, the cosine of this angle is approximately
equal to 1. w can be simplified by this expression By using 9 and 4

a(f) = i(p) +y(B)  a(p) = sin(a(p))
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i : angle of incidence without blade pitch control
a : angle of incidence with blade pitch control

o(B)sin(B) +#(B)

=T

y(B)

[v(ﬂ) —e A+ e(A+u(p) cos(ﬂ))] sin(f)
A+0(p) cos(p)

a(ﬂs A, €1, 62) =

The figure 7 is a graphical representation of the angle of incidence «.
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with

€1 #0 € # 0 ALWT with blade pitch control
€1 #0 € =0 ALWT without blade pitch control
€1 =0 ¢€; = 0 Darrieus turbine

Figure 7: Angle d’incidence «

For a graphical representation, Cy and Cr can be expressed as

Cr = 21 a(f)? Cn = =21 a(p)

The figure 8 is a graphical representation of the coefficient Cr.

a(f,A=25,¢ =0.1,6, = 0.2)

a(f,A=25,¢ =0.1,€;, = 0.0)

a(f,A=25,¢ =0.0,e, =0.2)

a(f,A=2.5,6 =0.0,e; =0.0)
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Cr : B

€1 #0 € # 0 ALWT with blade pitch control
€1 #0 € =0 ALWT without blade pitch control
€1 =0 ¢; = 0 Darrieus turbine

Figure 8: Coefficient Cr

The figure 9 is a graphical representation of the coefficient Cy'.

Cr(B,A=25€ =0.1,€ =0.2)

----- Cr(B,A=25€ =0.1,€ = 0.0)

........... Cr(B,A =256 =0.0,6; =0.2)

----- CT(IB,A = 25, €1 = OO, €y = 00)
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CN(ﬁ,A = 25, €1 = 0.1,62 = 02)
CN T CN(ﬁ,A = 2.5, €1 = 0.1,62 = 00)

........... CN(ﬁr/‘l = 25’ 61 = 00, 62 = 02)

----- CN(B, A =256 =0.0,e = 0.0)

with b=1.33

€1 #0 € # 0 ALWT with blade pitch control
€1 #0 € =0 ALWT without blade pitch control
€1 =0 ¢€; = 0 Darrieus turbine

Figure 9: Coefficient Cy

Dimensionless forces are

dfy = FiFTd = 2 [o() - ek + &1+ 0() cos(B)] sin’ () (12)
dfy = 5 = Lol - e+ a+o(f) cos(B)] s (2 + (B cos(p] ()

Deflection of the streamtube by referring to paragraph 5.0.0.6
The forces acting on the blades are N and T.(Concours d’admission 2013 : epreuve de physique
fliliere PSI 2013)

1 1 N,Rd N,Rd
T=Cr-pW?dH N =Cn-pW?dH dT =—> 1 g = NeRaP
2 2 2R 27R

W = wVy

The wind force is

1 9 1 _ 5
Fring = Epswept_arean = Ep 2RdH VDo

Due to the reduction in fluid velocity, there is a deflection of the streamtubes (see figure 10).
The deviation of the angle of the streamtube d¢ is of the same order as the variation in angle of
dp. by defining dAx, as dAx, = M, the normal and tangential forces are
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Y
s
R,dBy,”
ud‘ Xe % Rdp sin B
fa L X dp.+dp
— Rucos[ﬂu - qu]
Radpfa
dAxd
Figure 10: deflection of the streamtube
dAx, V, = dAx,V, = dAx; Vy
dAx, Ve dAxy Ve dAx, 1, Ve Ve 2V, Vy
= — = — => = —[—+—] => Ve =
dAx, Vi dAx, Va dAx, 2'V, Vg Vu+Vy
dAx, _ 2V, dAxy _ 2V,
dAx,  Vy+Vy  dAxe Vi, +Vy
dAx, 1 dAx, AZ S 2V, -
R,dp = = dAx, = Rd Rydp = Rd
udp sinf sinf dAx. e Vu+Vy P 24p Vu+Va g
coefficient Power calculation by using (3) dP7 = dT R f dPy = dNR the

power coefficients are

dP
dCPr = L
FwindVoo
dP
dCPy = N
FwindVoo
By using (10),
dT, R, B
dCPTu = %
2P 2RAH V3,
dT; Ry B
dCPrd = %
2P 2RAH V3,
dNu R
dCPNu = %
2P 2RAH V3
dNd R
dCPnd = A= —
3P 2RAH V2

dCPru = b[vu—61/1+62(A+vucos(ﬂ))]zsin2(ﬁ)g %d dp

Uy +0g
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dCPrd = b[vd—el)t+eg(/1+vdcos(ﬁ))] smz(ﬂ)—

dp

u+Z)

dCPnu = —¢ b[vu —eA+e(A+o, cos(ﬁ))] (A +vycos(p)) sin

dCPnd = —¢ b[vd —eiA+e(d+uy cos(ﬂ))]()t+vdcos(ﬁ)) sin®(fB " Z:l

dCP, = dCPru+ dCPnu dCP; = dCPrd +dCPnd

The coefficient power is

Cp = Cpr + Cpn with
T 2
CPT = / dCPTu + / dCPTd
0 T

4 2
CpN = / dCPNu + / dCPNd
0 4

4 -b . -b . 2 . 2 1"’731115
Cpr = / b[(1+—smﬁ—61/1+ez(/1+(1+—smﬁ)cosﬁ)] sin ﬁ dp+
0 4 4 +—smﬁ+1+ smﬁ

(14)

1+—smﬁ

2 _ —
/ bl(1+ T%sinﬁ— ed+ e+ (1+ st sin §) cosﬁ}]zsinzﬁ

+—smﬁ+1+ 3bsmﬁ

1+—smﬁ

CpN:/Oﬂbel[(1+_Tbsinﬁ—el)k+ez()k+(l+_Tbsinﬁ)cosﬁ)][/1+(l+_Tbsinﬂ)cosﬂ] sinZ,B1 smﬁ+1+ smﬁ

1+ =32 smﬁ

am -3b -3b
bei[(1+ ——sinf — e A + e2(A + (1 + — sin f) cos 8] sin?
/,, i« 4 f-a 2 4 Prcospl ﬁ1+—s1n,6+1+ sm,B

(15)

For a Darrieus Turbine (¢, =0 ¢€; =0)

9rb? 4b &
-+
128 3 2

Chparrious = /0 b(1+ 2 sin f)(— sin ) sin’ B df = b

Using Mathcad 15 software to calculate equations 14 and 15, the following results are obtained:
(figures 12 and 12)
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(T

2 1+ = -b<sin(6)
CpTu(El ,ez,x,b) = b“:l + %b-sin(ﬁ) TR 52(1 + %b-sin(ﬁ) + X«cos(ﬁ))} ~sin(6)2} 4 dg
1+ ;b«sin(B) + (1 + ﬂ~sin([3)]
4 4
2.1
b 3b 2 1+E-sin(ﬁ)
Cprg(e1.€2.2.b) = b»“:l + T»sin([j) —gp A+ 52-[1 + == sin(B) + x»cos(@)ﬂ »sin(ﬁ)2:|< g
4 1+ —-sin(B) + (1 + 3—'b~sin(ﬁ))
4 4
Y
Cpr(eq.€2. %) := Cppy(eq.€5.X.b) + Cppg(eq.€2.2.b)
TC
b b b (1 + %sin(ﬁ))
Cpny(e1:62:30) = b-e][l +—sin(B) — €N+ e X+ [1 + _—»sin([j))-cos(ﬁ)}[)\ + (1 + _—-sin(ﬁ)]»cos(ﬁ)ﬂ-sin(ﬁ)z-
4 4 4 (1 + ;b~sin(6)) + (1 + 73'b~sin(ﬁ))
4 4
2-T0
b .
1+ Z-sm(ﬁ)
Cde(el ,ez,x,b) = b~al-[1 + ﬂsin(ﬁ) —epNteEy N+ (1 + ﬁsin(ﬁ))»cos(ﬁ)}l}\ + [1 + ﬁ»sin(ﬁ))cos(ﬁ)ﬂ»sin(B)2~
4 4 4 1+ Z<sin(ﬁ) + (1 + Z—b-sin(ﬁ)j

™
Cpn(e1-€2:X.b) = Cony(€7.€2.,b) + Cong(eq.€2:N.b)
CpPparricus(® ) = Cp7(0,0,X,b)
Chalwi(€1-€25X.b) = Cop(eg. €2, N, b) + Coy(e.62.0.b)

Figure 11: Using Mathcad 15 software, calculate the power coefficient using equations 14 and 15

4
CpPparrieus(2-5- 1) = 0.458 b= 0,0.1..;

0.8] T T

Cpp(0.1,0.2,2.5,b)
bazazad

Cpp(0.1,0,2.5,b) 0.6|
Fazazad

Cpp(0.1,0.2,2.5,b)
Laad

Cpp(0.1,0,25,b) 0.4
Laad

CpDa.rrieus(2'5 »b)

CPypyi(0-1,02,2.5,6)0.2
1)

Cpalwt(sl ’52’>"b) = CPparrieus> ) b
CpPparrieus(»:?)

gai“Darrieus(‘gl €20, b) =

gainnygprieys(0-1,0.1,1.5,1) = 4.02:% CPylt(0-1,0.1,1.5,1) =47.678% ainpyyrrieus(0-1,0.2, 1.5,1) = 35.485-% CPyli(01,0.2,1.5,1) = 62.101%
Dy rieus(0-1,0.1,2.5,1) = 1L041:%  Cpyp(0.1,0.1,2.5,1) =46313% ainDy, reus(0-1,0.2,2.5,1) = 53.143-% CPyli(0.1,0.2,25,1) =70.194%
2Dy rious(0-1,0.1,3.5,1) = 6.629%  Cpype(0.1,0.1,3.5,1) = 48.874% 23Dy reus(0-1,0.2,3.5,1) = 91.363-% CPylwt(0.1,0.2,35,1) = 87.712%

Figure 12: Using Mathcad 15 software, ploted and gain obtained from the equations of figure 11

An approximation of the power coefficient calculation can be used to give a rough idea.

9rb?> 4b =&
Chalwe approx = 1+e)b(—— - —+-)

128 3 2

remark

Since the Reynolds number is sufficiently high (R, = 1.7 10°) the theoretical part considers
the fluid to be an perfect fluid. At the blade surfaces, this is not true and there is vortex shedding.
The theory does not take these phenomena into account. The geometric coefficient epsilon;
chosen is 0.2. A lower epsilon; coefficient would increase the tangential force and reduce the
normal force. Optimization work needs to be carried out. The aim of this article is to prove that it
is possible to effectively improve the efficiency of a wind turbine.
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2 Conclusion

Controlled angle of incidence allows curves similar to those of a Darrieus turbine to be obtained.
Without angle of incidence control, the results are disastrous. This is why the active lift turbine
with an off-center axis was developed. This version of the turbine is mechanically complex to
manufacture. The active lift turbine with controlled angle of incidence controled exceptional
results (see figure 12 ) with simple and robust mechanics. The study was conducted with a low
lambda value. A conventional offshore wind turbine with a A > 4, for example, 2 MW could
produce more than 3 MW with an ALWT (with blade pitch control) turbine. It’s a huge power
gain
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3 Theory on vibrations :

3.1 Resonant modes

The relative velocity is not uniform during each turn. This generates velocity variations of the
rotational velocity and induced vibrations. By using Lagrange equations (virtual powers), we will
estimate these vibrations

The velocity variations are

f has been considered as constant f = w = constant

The rotational angular velocity w follows the variations.

In order to take into account these variations, the angular velocity can be defined as

,B = ,B_ +,B ,B_ = w = Mean constant velocity

The velocity variations compared to the mean velocity are corresponding to the terms ﬁ
First approximation is giving ,B by a f a being a constant
p=B+af=w+af

The kinetic energy is

1 , . 1 .
T. = Em{(Rﬁ)Z +R%} = EmRzﬁz{l +2€; cos B+ €5}

Considering the profil mass being in one point m for simplify calculations

The Lagrange equations terms at the kinetic energy level are

aT, .,

— = mR*B{1 + 2¢; cos f + €2}

op

d JT, _y 2 52 52 .:
a{a—ﬂ,} = mR*p{1 + 2¢; cos f + €5} — 2e;mR*f* sin

aT, vy

8_ﬁe = —e;mR*f* sin 8

d dT, al, _y o 52 /5
E{a_ﬂ'e}_ 25 = mR* {1 + 2¢; cos B + €2} — eymR2f? sin

4 Powers calculation
By using

1 =
F, = EpZRdHVOi

and using this approximate dimensionless force d fr(12) by

dfr(B) = N%%%[smz(mk%wr%sin(mk;—z)] with 0<k <N,

and using this approximate dimensionless force dfx(??) by

1 —b 1 2 1 2
dfy(B.k) = Fprl;ﬁ[sin(ﬁ+kﬁz)+§sin2(ﬂ+kﬁz)] with 0<k <N,

the force T by blade is T(k) = dfr(f, k)F,, and the force N by blade is N(k) = dfn(B,k)F.,
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The figure 13 is a graphical representation of the comparison of theoretical and approximate
dimensionless force dfr. The figure 14 is a graphical representation of the comparison of
theoretical and approximate dimensionless force d fy.. The figure 15 is a graphical representation
of approximate dimensionless force dfr(f, k) with different values of k. The figure 16 is a
graphical representation of approximate dimensionless force dfy (S, k) with different values of k.

dfr

0.1

with b=133 N,=3
€1 #0 € # 0 ALWT with blade pitch control

€1 =0 ¢€; = 0 Darrieus turbine

Figure 13: comparison of theoretical and approximate dimensionless force dfr

dfn
0.25

with b=133 N,=3
€1 #0 € # 0 ALWT with blade pitch control

€1 =0 ¢ = 0 Darrieus turbine

Figure 14: Comparison of theoretical and approximate dimensionless force dfy.

d

Nilf(ﬂ,/l =256 =0.2,6 =0.2)
L(pr=1,6=026=00)

dfTapprox(ﬁ, k=01=25)

dfTapprox (,B’ k=01=4)

%(ﬁ,/1 =25€=02¢6=02)
%(ﬁ>A =4,¢1=0.2,¢e = 00)
diapprox(ﬁ, k=0,1=25)

diapprox(ﬁ, k=0A= 4)
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dfr
0.1
- dfTapprox(,Bs k=0,1=25)
N TP S st UL dfrapprox(B.k = 1,1 = 2.5)
43 2
_____ dfTapprox(ﬂ, k=21=25)

with b=133 N, =3

Figure 15: Approximate dimensionless force dfr(f, k) with different values of k

dfn

0.2

- diapprox(,B, k=0,1= 2.5)

diapprox(ﬁ, k=11=25)

diapprox(ﬁa k=21=25)

with b=133 N, =3

Figure 16: Approximate dimensionless force dfx(f, k) with different values of k

Powerpriving = {NT+TJ} A {Ri+ TRBJ} = NR+ TRp

NR + TRS = N(—€,Rsin(f)f) + TRS = (—e;NRsin(p) + TRp) S

PowerResisting == CResisting B

CResisting : resisting torque due electrical generator , to the friction, etc

The lagrange equation terms of the power level are

Ap = | - e1NRsin(p) + TRS|
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F,,Rb
Ap = N, *
k=Np-1
k=0
2 1 2
m [ sinz(ﬁ + ké) + E sin(ﬁ + kF:)]
;L [ sin®(f + kz—ﬂ) + 1 sin(f + kz—ﬂ) cos(f + kz—ﬂ)]

+

€1 .9 2r, 1 . 54 2
sin(f+k—) + —sin’(f+k—)
1.9\/1[ g Np~ 2 ¢ Np ]

The Lagrange equation is

d dT, aT,

- =A
dt " op ap b

The Lagrange equation for a Darrieus turbine type (e, =0 ¢€; = 0)

k=N,-1
S Y o R 2r 1 o
== i +k—)+ —si + k=) = Crocicri
P= i, kZ; 5’8+ k) + 5 sin(P+ k)] = Crassting
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5 Darrieus turbine :

J{Voo Patm
Y
qu_..p:..+ Upwind zone
u
l |/ SOPTPIRIIRNN RO X Equilibrum velocity zone
lVd Downwind zone
J«Vw Patm

Figure 17: Velocity and pressure

5.0.0.1 The Bernoulli equations

- -

Voo = VooV with Voo <0

1 2 1 2
Patm + EpVoo = Py + Equ

1 2 1 2 1 2
Pu_+§qu =Patm+5PVe =Pd++§de

1 2 1 2
P;_+ Ede = Farm t+ EpVW

From these equations, we can defined these pressure differences
1 1
Pus =Py = 2p(Vg = Ve)  Par=Pa- = 2p(V = Vy) (17)

5.0.0.2 The continuity equation along a streamtube
dAx,V,, = dAxyVy;  with dAx, = R,dp, sin p,dH dAx; = Rydf, sin pydH
dH : elementary height of the blade

Y

dAx,
< R,dp,

Pa X

Rﬁ%g

dAxd

Figure 18: Streamtube

We can define the relation between these two elementary surfaces

V
dAxy = dAx, — (18)
Va
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5.0.0.3 Forces on a blade crossing a streamtube

1
0<p<mn dFy,= Py —Py-)dAx, dFx, = (Pys— Pu_)dAxut—

anp
Vu Ve 1
m < B <2n dFyg = (Pgy — Py_)dAxy,— dFxg= (Pyy — Py_)dAx,— ——
Vi Vi tanp
By using(18), these equations become
1 2 2 1 2 _ 2 Vu
dFy, = Ep(Voo - V5)dAx, dFyg= Ep(Ve - Vw)dAxqu (19)
1 1 1 vV, 1
deu = Ep(vozo - Vez)dAxuW dF.X'd = Ep(‘/ez - V‘i)dAx”V:W (20)

5.0.0.4 Euler Equations

dFy, = (Voo — Vo)dm, dmy, = pV,dAx,
dFyg = (Vo =V, )dmg  dmy = pVydAxy (21)

By using(19) and the previous equations, we determine the following relations between the
velocities

V=2V, Ve  Vi=2(Vy—=V,)+ Ve
Finally, the Euler equations give
dFy, = 2(Veo — Vi) pVidA,, dFyg = 2(2V, — Vg — Vo) pVi,dAy, (22)

5.0.0.5 Projection of the aerodynamic force Induced velocity create an aerodynamic force
on the profile which can be decomposed into a lift and a drag force.

Figure 19: Lift and drag force and the blade

At the turbine level, it is important to know the decomposition of this force into a normal
force N, and a tangential force T.

Figure 20: Normal and tangential force and the blade
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Forces are set according to X and Y axis from the normal force N and the tangential force T.

Figure 21: Resolution of forces

Fy, =Nsinf —Tcos Fx, = Ncosf+Tsinf
T=Lsina—Dcosa N=Lcosa+Dsina

L= CL%pWZCdH D= CD%pWZCdH c : blade chord
T= CT%pWchH N = CN%pWchH

Thanks to mathematical approximation, drag and lift coefficients can be defined for a symmetrical
profile of a Nacaoo12 type and for low incidence values.

Cr =2rsina Cp = constant

Cp has avalue far below Cpintheorderof Cp < 10Cp, Cp =0

Cr =2rsina — Cp ~ 2xsin® a Cny = —2msinacosa (23)

cos f

sin f§
1

and Fyg = EpW;cdH sin B(Cy — Cr

1
Fy, = 5pw,fcdH sin B(Cn — Cr )

cos
sin 8

) (24)

5.0.0.6 Calculation of the value of Fy, For a two blades turbine, only one blade follows a
half-turn.(Reddy 1976)

u

dF,,

0 RB R(B+dp) Rm
Figure 22: Equality of surfaces

The following equation is given for a turbine with Np blades and by integration :

21

Npdp

N
dFy,Rr = FyuRd,Bé’ Fy, = dFy, Fyq = dFyg

21
di,B

By using the equations (22) and (24) and previous equations
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1 Npc cos
——W(Cy-C = (Voo = V)V,
8t R u(CN Tsin/i’) ( WV
1 Npe_ cos ff
— W;(Cny - C =2V, = Vi - V)V,
87 R d( N Tsinﬁ) ( u d )u (25)

using velocities dimensionless, the equations become

Vu Wu . R
U, = — W, = — y = —
T Ve YTV, Vo
1b , cos f3
——wi(Cy-C =(1-
8]T)qu( N Tsinﬂ) (1—0y,)0,
15 cos
T3V = Cr ety = (20, = 4= Da, (29
with

Y
A : velocity coef ficient A= V_ﬁ

NpcA

R

b : Plenitude speed ratio b=
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