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Abstract

INVELOX is a wind delivery system suitable for wind power harnessing. One of its innovative features is its capability of
incorporating multiple wind turbine generator system in the venturi section. It’s first innovative feature is the elimination of
tower mounted turbine. Secondly, INVELOX captures wind flow through an omnidirectional intake or multi-unidirectional
intakes and thereby there is no need for a passive and active yaw control to orient the wind turbine. Third, it accelerates the flow
within a shrouded venturi section which is subsequently expanded and release into the ambient environment through a diffuser.
When two or three turbines are in the venturi section, the wind power harnessed by second and third turbine is lesser than the
first turbine power conservation. The modified venturi section result shows that it is possible wind power using multistage
turbine is higher. Therefor the total harnessed power of the system increases. Also doing Analysis in ANSYS software.
Keywords: Multiple wind turbine, wind energy, venturi

I. INTRODUCTION

Wind energy conversion systems have existed from more than 3000 years. Since the appearance of the ancient Persian vertical
axis windmills 3000 years ago, many different types of windmills have been invented. Initially, wind energy was used to induce
a function, such as moving boats using sail, cooling houses by circulating outside air, running machinery in farms, and even
small production facilities. Nowadays, people have expressed strong opposition to the traditional windmills due to harm to
human health from high-decibel low-frequency sound waves, propeller noise, optical flickering, and visual nuisances of large
wind power plants. The patented INVELOX is simply a wind capturing and delivery system that allows more engineering
control than ever before [1]. While conventional wind turbines use massive turbine-generator systems mounted on top of a tower,
INVELOX,by contrast, funnels wind energy to ground based generators.

Il. PROBLEM IDENTIFICATION

The Multiple wind Turbine INVELOX Technology system shown in figurel is modeled in this work. It’s capture, accelerate,
concentrate are the three words express the essence of Multiple wind Turbine INVELOX Technology system approach to wind
power generation. The name INVELOX was born of this dedication to increase the velocity of wind, and what the technology
promises - energy that is affordable, abundant, safe, and clean. The fundamental innovation of the Multiple wind Turbine
INVELOX Technology system is that it eliminates tower-mounted turbines. In Multiple wind Turbine INVELOX technology
available mass flow rate at second and third wind turbine is much lower as compared to first turbine in venturi duct. The velocity
drops at the exit of first turbine then after it enter into second turbine & third turbine, As in case the second and third turbine
could not generate more power at lower rotating speed.Then this stream of kinetic energy is used to drive a generator that’s
installed safely and economically at ground level.
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Fig. 1: Multiple Wind Turbine INVELOX system

. Description of the Multiple Wind Turbine Invelox Delivery System

The five key parts of INVELOX are shown in Fig. 1. These key parts are (1) intake, (2) pipe carrying and accelerating wind, (3)
boosting wind speed by a Venturi, (4) wind energy conversions system, (5) diffuser. Control volume analysis for conservation of
mass, axial and angular momentum balances, and energy conservation for inviscid, incompressible axisymmetric flows yields
[4]:

1) Continuity Equation :
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The fundamental characteristic of the Multiple wind Turbine INVELOX system is that it captures a large portion of free
stream air flow greater than 1 m/s. In multiple wind Turbine INVELOX system place more then one turbine in venturi section for

produce more power output. Increase the mass flow rate of wind by making tapered shape venturi section.

I11. BASIC CALCULATION
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Fig. 2: Dimension of Multiple wind turbines INVELOX system
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Fig. 3: Modeling of Multiple wind turbine INVELOX system

Modified Multiple INVELOX Technology System’s Specifications:

INVELOX Technology system
System Turbine1l | Turbine2 | Turbine 3
Model Sunforce Sunforce Sunforce
Rotor Diameter [m] 1.6 1.3 1.0
Rated free stream wind speed [m/s] 4.51 4.51 451
Rated Power [W] 600 600 600
Voltage [V] 24 24 24
Rated load current [A], max. 35 35 35
Generator 3 - Phase 3 - Phase 3 - Phase
Free stream wind Cut-in 1.0 1.0 1.0
stream [m/s] Survival 35.0 35.0 35.0
No. of blade 3 3 3
Blade material Fiber glass | Fiber glass | Fiber glass
Resistive load bank [ohms] 10 10 10
Tower height [m] 18.3 18.3 18.3
Over - speed braking [rpm] 1400 1400 1400

H. The basic calculation for Multiple wind turbine place in venturi section of INVELOX system.

From fig. (2)
Bernoulli’s equation

pai-paz=1/2%p*(V1-V2) .o e
And, Continuity equation
A1V1 = Asz ..................................................... (2)
Here, D1=4m D,=1.6m
A= TI/4*D Ao =T1/4*D;

=12.56 =2m?
In Ahmedabad annual average wind speed is measured around 4.51m/sec.
So take the V1 = 4.51 m/sec.
From eqgn (2),
12.56*4.51 =2* V;
V, =28.32 m/sec.
11 Density, p = pa*n/(R*T)
p=101221%29/(8.314*293)
=1.205 kg/m?3
Power calculate at starting point of the system,
Power = 1/2 * p * A1 *V{3

=1/2 *1.205 * 12.56 * (4.51)3
=744.48 watt

Power calculate at venturi section,

a) First turbine,

Power 1 (venturi) = 1/2 * p * A2 *V,®
= 1/2*1.205* 2 * (28.32)®
P, = 27500 watt
b) second turbine,
Diameter at the second turbine is 1.3 m.
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Upstream velocity -V,
Downstream velocity - Vs
From Eq" (3),
Vi =1/3*V,
=1/3*28.32
=9.44 m/s
Area At Second Wind Turbine As
As = [1/4 * D?
=T11/4 * (1.3)2
=1.33 m?
bUt, AoV = A3V,
(1.6)2*9.44 = (1.3)2* V4
V=143 m/s

V. is the upstream velocity of Second turbine.

Power at second wind turbine
P2 =12*p*As *\/ 3
=1/2*1.205 * 1.33 *(14.3)3
= 2337.34 watt
C) Third turbine,
Upstream velocity -Vs
Downstream velocity - V7
Vs =1/3*V,
=1/3*14.3
=4.767 m/s
Avrea at third turbine Ay,
Ay =T1/4 * D?
=T11/4 * (1)
=0.785 m2
But, AsVs=A4Vs
(1.3)2*4.767 = (1)2 * V¢
Ve = 8.056 m/s
P3 = 1/2 * [Y) * A3 *Ve3
=1/2 * 1.205 * 0.785 *(8.056)°
= 247.278 watt
So, the total theoretical power at venturi is,
power P = P1+P2+P3
= 27500 + 2337.34 + 247.278
=30084.62 watt
=30.085 KW
71 Actual Power

The ducted turbine has an estimated Cp of 0.41.

Therefore,

Power Pt = Total power * Cp
= 30084.62 * 0.41
= 12334.69 watt
= 12.335 KW

€. Tables of upstream velocity, power output, Tip Speed Ratio and Torque of different turbines:

1) Table of upstream velocity of turbines:

2) Table of Power Output of Turbines:

Table - 4.1
Upstream Velocity Results of Turbines
Turbine 1 | Turbine 2 | Turbine 3
Existing INVELOX Technology | 28.32m/s | 9.44m/s | 3.147 m/s
Modified INVELOX Technology | 28.32m/s | 143 m/s | 8.056 m/s
Table - 4.1
Power Output Results of Turbines
Turbine 1 Turbine 2 | Turbine 3
Existing INVELOX Technology | 27369.49 W | 1013.69 W | 37.566 W
Modified INVELOX Technology | 27369.49 W | 2337.34 W | 247.278 W
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3) Table of Tip Speed Ratio of Turbines:
Table - 4.2
Tip Speed Ratio Results of Turbines

Turbine 1 | Turbine 2 | Turbine 3
Existing INVELOX Technology 1.77 5.322 15.96
Modified INVELOX Technology 1.77 2.85 3.90
4) Table of Torque of Turbines:
Table - 4.3

Torque Results of Turbines

Turbine 1 Turbine 2 Turbine 3
Existing INVELOX Technology | 178.68 kg.m/s | 6.014 kg.m/s | 0.250 kg.m/s
Modified INVELOX Technology | 178.68 kg.m/s | 15.34 kg.m/s | 1.688 kg.m/s

. Comparison of Power Output, Tip Speed Ratio and Torque of Existing Multiple INVELOX Technology With Modified
Multiple INVELOX Technology:

1) Comparison of Upstream Velocity:

Comparison of Upstream velocity of Turbines
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Chart 4.1: Result Comparison of Upstream Velocity

1) Comparison of Power Output:

Comparison of Power output
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Chart 4.3: Result Comparison of Power output
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) Comparison of Tip Speed Ratio:

Comparison of Tip Speed Ratio
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Chart 4.4 Result Comparison of Tip Speed Ratio

4] Comparison of Torque:

Comparison of Torque
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Chart 4.5 Result Comparison of Torque
E. Comparison of Existing and modified CFD (Computational Fluid Dynamics) Models

The dimensions and geometry of unidirectional INVELOX modeled. This model uses double nested cone concept with 360-
degree wind intake capability. This unit is scaled to fit a 1.8 m (6 ft) to 1.22 m (4 ft) diameter wind turbine at the Venturi
location, and to be erected to a height of 18 m (60 ft). Because INVELOX has no rotor/hub on the top, the height of the tower is
measured from the center of the intake to the ground level. If the free stream wind speed is 4.51 m/s, the speed at the location of
the turbine (Venturi) will be equal to 28.32 m/s. The intake is composed of two nested cones. The top cone is the guide directing
wind into the lower cone. The intake of the INVELOX tower was also fitted with four fins oriented at 45 degree angle as shown
in Fig 3. Here in the Modified INVELOX system change the diameter of the venturi part of the system from constant 6 ft to
variable from 6 ft to 4 ft for improvement of the velocity inlet at second and third turbine in multiple wind turbine INVELOX
system.
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Fig. 4: Velocity Magnitude of the Existing System
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Fig. 5: Pressure Distribution of the Existing System

Here from the figure 4 shows the velocity magnitude of the Existing multiple wind turbine INVELOX system. Velocity
magnitude of the system high at the venturi part of the system. From the fig.4 the velocity distribution in existing multiple wind
turbine INVELOX system is constant throw the venturi part. Fig.5 shows the pressure distribution of the existing multiple wind
turbine INVELOX system. Pressure at the venturi part is low compared to Inlet and outlet of the system. So the natural air flow

from the system is exerted.
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Fig. 6: Velocity Magnitude of Modified System
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Fig.6 shows the velocity magnitude of the modified multiple wind turbine INVELOX system. Here doing the CFD analysis of
the Modified INVELOX system. From the velocity magnitude figure shows that the velocity is higher at end of the venturi part
of the modified multiple wind turbine INVELOX system.
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Fig. 7: Pressure Distribution of the Modified System

Also the pressure distribution over the system is shows in Fig.7. Here the compare the Existing multiple wind turbine
INVELOX system and Modified multiple wind turbine INVELOX system by velocity magnitude and pressure distribution over
the system.

Table—1
Velocity magnitude in (m/s)

Existing INVELOX System

Modified INVELOX System

Inlet of Venturi 28.4m/s 28.4 m/s
Outlet of Venturi 28.4 m/s 72.16 m/s
Table -2
Pressure distribution in kPa
Existing INVELOX System | Modified INVELOX System
Inlet of Venturi -70.328 kPa -70.328 kPa
Outlet of Venturi -66.276 kPa -169.97 kPa

Table No.1 shows the Velocity magnitude of the system at venturi inlet and venturi outlet of the both Existing wind turbine
INVELOX system and Modified wind turbine INVELOX system. Also the Table No.2 shows the comparison of pressure
distribution of the existing and modified INVELOX system. From the comparison of both system shows that pressure difference
exerted in the modified multiple wind turbine INVELOX system is higher so, the mass flow rate of the system is higher
compared to the Existing multiple wind turbine INVELOX system. Also the velocity comparison of both system shows the
velocity at outlet of the venturi part is higher in modified multiple wind turbine INVELOX system as compared to Existing
multiple wind turbine INVELOX system.

1VV. CONCLUSION

—  From the literature review, I come to know that, omnidirectional Multiple wind turbine INVELOX System can capture a
wind from all direction. In Multiple wind turbines INVELOX System, We can placed more than one in the venturi section
for more power harness.

—  After reviewing all research paper, | found that the extracted wind power P can increase by increasing the mass flow rate or
total pressure drop across the turbine.

— From the comparison of the both system, outlet velocity of the Modified multiple wind turbine INVELOX system is higher
than Existing multiple wind turbine INVELOX system. Also the pressure drop in the Modified INVELOX system is higher
so the power produced by the Modified INVELOX system is higher.

— When we decrease the existing diameter of venturi section from 6ft to 4ft, Upstream velocity at second and third turbine
increases respectively 9.44 m/s to 14.3 m/s and 3.147 m/s to 8.056 m/s.

— Also the Power output at second and third turbine increases respectively 1013.69 W to 2337.34 W and 37.556 W to 247.278
W.
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