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Abstract

The purpose of this article is to present in a simple principle of the
turbine ’active lift turbine’ and to realize a calculation approximation of
the couple produces by this turbine. For a calculation more elaborate, it
is necessary to read the preprint.|[6]

The active lift turbine which has been the subject of several patent[2, 3, 7].



List of symbols

: turbine center.

: central gear center.
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A

B : satellite gear center.
C : pivot connection between rod and crank.
D : pivot connection between rod and slide.

FE : fixation point of the blade.

Ex : central gear eccentricity (OA = —Exz).
Ry, : radius of the crank (BC = Rb).

R, : radius of the central gear or satellite gear (AB = 2Rg).
R : radius of the turbine.

C' : blade cord.

H : blade height.

Sl : length of the slide.

Ro : length of the rod.

A @ tip speed ratio.

p ¢ fluid density.

o : blade solidity.

1 : angle of incidence.

Cp : power coefficient.

CpBet. ¢+ Betz coefficient(Cper, = ;—g ~ 60%). [1]
Cyq : sectional drag coeflicient.

C) : sectional lift coefficient.

Vitwia @ fluid speed.

V¢ : fluid velocity at the turbine Vy = %‘/fluid- (1]



2 The calculation of power coefficient

2.1 Geometry of the Active Lift Turbine :

The point O is the main axis of the turbine. The central gear (center A) is
not coincident with the main axis O. The central gear is fixed relative to the
direction of flow. The satellite gear (center B) is turning without sliding around
the central gear (center A). The slide support (DE) is one of the turbine’s arm
and turns around the axis O. The profile (blade) is fixed with the slide bar in
E. The slide bar has a reciprocating translatory motion with a low speed of
movement. The rod is connected to the slide bar by a pivot connection in D
and is connected to the satellite gear by a pivot connection in C. The slide bar
is driven in rotation by the slide support.

Fluid direction

Figure 1: geometry



2.1.1 Purpose of the central gear eccentricity

A car engine is a "rod-crank” system for which the piston has an alternat-
ing translational movement. When the piston is at the top dead, the force is
maximum and the torque produced is zero(5). The turbine is also a rotating
rod-crank system for which the rotation center of the crank has an alternating
translational movement. When the force is maximum and the torque produced
is optimized(figure 4). With the eccentricity of the central gear, The trajectory
of the blade follows almost the trajectory of a circle(figure 2), as for a Darrieus
turbine [5]. The radial velocity of the profile is practically zero. Without eccen-
tricity, this velocity isn’t zero and it is no longer negligible(figure 3).

Rpazi for 8 =0 ou 180 degrees

Rinazi(0 degrees) = — E;+ 2 Rg+ Ry+ Ro+ S
Rinazi(180 degrees) = — Ey, — 2 Rg+ Ry — R, — S
|Rimazi(0 degrees)| = |Rimaxi (180 degrees)| => E, = Ry (1)

With a mathematical approach

R(B) = (Ry — E,) cos(B) + 2Ry + /R2 — (R + E.)sin(B))2 + S

dRB) _ p gy (Ry + B;)sin(B)
ag B B ) e e Bsin ()2
dR(B)
T —0 when
and @ —0 R, >> (Rw+E;)



Figure 2: With the eccentricity

Figure 3: Without eccentricity



Figure 4: Active lift turbine : torque optimized

Figure 5: motor system ”rod-crank”: no torque



2.1.2 rapid and simplified calcul

Lift force : Tunnel tests of the tunel profiles define the lift and drag co-
efficient. For symmetric naca profiles type naca0012, with angles less than 13
degrees, the drag coefficient Cy is negligible and one can make an approximation
of the lift coefficient by this formula C; 2 0.1¢ (i : incidence angle in degrees).

For angles less than 13 degrees, it is considered that the force created by the
fluid on the profil is perpendicular to the direction of the fluid and its value is:

1
F=0.1z§pHCVflmﬂ

i :angle of incidence in degrees p : fluid density

C :cord profil H : height profil Vipa @ fluid velocity

Fiipe

Vituid if ) "
drag

Figure 6: profil test

chord : According to the Betz theory, the fluid velocity at the turbine is
Vi= %Vfluid- 1]

The coefficient A : tip speed ratio’ verify that the angle of incidence remains
less than the maximum angle of incidence (13 degrees)

A= % w=2m60rpm + <tan(10 degrees)

o is the stiffness coefficient. o =
In principle, the product ¢ A must be less than 0.75. (o < &75) [6] [4]
The chord of the profile is C' < — OBR

A numberyiade

numberyiade C

(e

C
—

Figure 7: blade chord



Velocity relative W :

W cos(i) = w R+ Vy cos(B) W sin(i) = Vi sin(B)

. Vi sin(B) . 1 180
tan(z) = o R—:i ‘/j COS(B) Lapproximate = X sm(ﬁ) ? degrees
W2 = (wR+ Vs cos(8)® + (Vy sin(B)?  Wapprosimate = AV <1+"°§<B ))

Figure 8: Velocity triangle

..... approximate value

B (0 — 360)

Figure 9: Relative velocity

..... approximate value

B (0 — 360)

Figure 10: Angle of incidence



Force created by the fluid on the profil :
1
F(i,W)=0.1i 3P HCW? 1 in degrees

180 1 1
Fappromimate(i,W) = OlT(X sm(ﬁ)) 5 P HC [/\ Vf (1 4 COS/\(ﬁ) )]2

This force can be decomposed into an axial force and a normal force.

Fogiat (i, W) = F(i, W) sin(i) = F(i, W) i Foormai(i, W) = F(i, W) cos(i) ~ F(i, W)

180 1 . cos
Fazialfapprozimate(ﬂ,vf) - 01 T P H O sz (— szn(ﬁ))z (/\ (1 =+ )\(ﬂ)))2

A
(3)

1 cos(p)

. 2 2 (s 2
(5 stn(B))” (A (1 + =) = (sin(B))
180 o
Famial—appromimate (Bu Vf) ~ 0.1 ? P HC Vf (sm(ﬁ)) (4)
Fuormat agprosimare(i, W) = 01 20 o 11 0'V7 (5 sin(8) (n (14 2222

Forces
......... approximate normal force

—. — . — approzimate azial force (3)
~~s — — — approximate axial force (4)

B (0 — 360)

Figure 11: Axial and normal force

Torque creates by the axial force : The axial couple is similar to the
torque generated by a typical Darrieus turbine.

numberyiqde

27T
Ta;m'a = Famia ., W)Rd
! 5 /0 1(i, W)Rdj

2T
R~ —FE, +2R;+ Ry, + R, + S, / (sin(B))%dB = m
0

0.1 numberyigqe 180
2

_2

Tawial = TDarrieus = P HC Vf2 R Vf 3 Vfluid
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Torque creates by the normal force : System crank rod
y = Ry cos(B) + R, cos(a) cos(a) = 1

Power =TB3=Fj  §~fRysin(8) T ~F R, sin(f)

A
W

Figure 12: Crank rod

b ade 2w
Tnormal — nu,ngﬂ/ Fnormal (7’7 W)Rb Sln(ﬁ)dﬁ
m 0

Lain(@? (0 (1 + 22 o in())?
Tormal = ”um;’% /0 o % % H CVE AR, sin(3)2d8
Thormal = %bemade 1i0 HC Vf A Ry Vi = ; Vitwia
Rate increase :
TammlT jzi7ormal 1 %

By usinglor2 E;,=Ry

Tozial + 1, T ieus + 1 E
- axial normal _ Darrieus normal 1+ )\_z
Ta;m'al TDarrieus R

3 Conclusion :
Although the calculation is simplistic, we find the same earnings as in the

preprint[6]. The yield of active lift turbine is clearly increased by report a
Darrieus turbine.
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