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Using CFD to Predict the Performance of
Innovative Wind Power Generators

Topics

1. Motivation
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Wind Power Generation Market

Primary Market
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Energy Consumption by Buildings

En ergy CO nsum ptl on (Source: 2011 US Energy Information Administration Report)
Building Sector vs Industry & Transportation
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2. Possible Solutions

w
—falis

= I
8

SHEERWIND




Possible Energy Solutions

_ Typeof Power  Average Priceper  Public Public )
Line No. . Environment
Generation Plant MWh (1000 KWh). S Safetv Health
[0 Wind-INVELOX 9& $69.00 99 99 |

1 Hydro ) $89.90 > <

2 Natural Gas Fired & $92.84 = S

3 Wind ) $96.80 ) <

4 Geothermal & $9960 KA

5 AdvancedNuclear & $112.70 t 9

6 Coal ; $117.50 < <

7  Biomass @ $120.20 < )

8  SolarPV $15690 & J

9  Solar Thermal $251.00 < <

10 Wind — Offshore $330.60 ) <

W

SHEERWIN

\w,

Possible Solutions: Wind Technologies

Joby Energy

Traditional Wind Towers

Megenn Power

Wind Lens

(Ducted Turbines)

Altaeros Energies

qr_ $ ;Makani Power
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INVELOX Solves Traditional Wind Power Issues

Radar Low Frequency

Noise & Optical

Interference Flickering

. . Large Land Use
High Cut-in
Wind Speed

Turbine Reliability

Traditional Wind Towers

Distance from Grid High Cost

Bird Strikes

Visual Impact &
Wildlife
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INVELOX Solves Traditional Wind Power Issues
Minimizes No Low Freq
Radar Noise &
Interference Flickering M Reduced Land
Low Cut-in by 90%
Wind Speed
Improved Turbine No Icing
Rel|ab|l|ty (turbine blades not
(turbine & generator not exposed)
exposed)
Reduced Distance i 38% Less
from Grid Cost
No Bird Strike
[Improved Or Wildlife
Visual Impact issues
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INVELOX Operates Similar to Hydropower

Inside a Hydropower Plant
1. Water intake o

Powerhouse

2. Water is channeled

3. Water accelerates

4. Hydro power conversion system

5. Excess water discharged

SHEERWIND

INVELOX Operates Similar to Hydropower

1. Wind intake

P. Wind is channeled

3. Wind accelerates

l. Wind power conversion system

5. Excess wind discharged
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Design Parameters for Wind Power Generation
Higher Towers & Longer Turbine Blades

Higher Tower mmm) Higher Wind Speed mms) More Power

Longer Blades ===) More Power

Power proportional to (Wind Speed)3

Power proportional to (Turbine Radius)?
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Power [KW], Log Scale

Power versus Wind Speed and Blade Diameter
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Example: Increased in Velocity

Assume Speed Ratio of 4 = Venturi Speed/ Free Stream Wind

Omnidirectional
INVELOX

7 m/s [15 mph]

5 Venturi Wind Speed:
: 28 m/s [60 mph]
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Free Stream Wind Speed:

Power Density versus Wind Speed

45,000 -

Wind Power Density [W/m?]
400007 Ayvailable Power in Sweep Area of a Blade 38917

35,000 -

Available
Power Ratio:

30,000 -

25,000 -

'
Traditional Wind

20,000 - Tow%'s e

15,000 -

Wind Power Density [W/m?]

10,000 -

5,000 |
180
0

0 w 30 45 60 75 90

Wind Speed [mph, m/s]

0 7 13 20 27 34 40
18 ;QI-
SHEERWIND

10/5/2012



Using CFD to Predict the Performance of
Innovative Wind Power Generators

Topics

3. Model
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Computational Fluid Dynamics (CFD)

1) Solid Model of INVELOX — E4
2) Virtual Wind Tunnel =
3) Boundary Conditions

4) Input & Output
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Model

ID=40ft

2‘-‘*31 Thickness = 0.5

ID=6ft
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Figure 3 Detailed dimensions and geometry of
omnidirectional INVELOX
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Figure 4 CFD model of INVELOX
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4. Results
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Computer Models & Simulations

Pressure Field in \ —400
and around the
INVELOX Tower

Atmospheric |
Pressure ~ ———

—(100

Tower Outlet
Pressure is Low

Funnel Inlet
Pressure is high
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Computer Models & Simulations
Slice: Velocity magnitude (m/s)
Velocity Field in
and around the 20f T il
INVELOX Tower
il
Wind Speed
15 mph 16b at 2" Bend —
Min:9 mph
Funnel Inlet Speed- )
Min:4, Max:10 mph Max:33 mph
st Ben(}/
speed 8 1 23 faph ?
Mi in:10, Max
Tower Outlet Speed-
Min:15, Max:24 mph
0% i e =
52% Increase = =
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Computer Models & Simulations

Energy Balance at 6.7 m/s (or 15 mph) Free Stream Wind
Energy Density : J/m3

Stage Static Pressure | Dynamic Pressure | Total Energy
9 Energy (PE) Energy (KE) (PE+KE)

Free Stream 100,000 100,027
At the Intake 100,021 6 100,027
At the End of Intake Funnel (1st Bend) 99,967 60 100,027
At the End of 2" Bend 99,967 60 100,027
Right Before EXxit (Turbine Location) 99,967 60 100,027
Far from Exit 100,000 27 100,027

Ratio of Dynamic Energies:
Turbine Location / Free Stream = 2.23 (or 123%)
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Computer Models & Simulations

Energy Balance at 15 m/s (or 34 mph) Free Stream Wind
Energy Density : J/m3

Stage Static Pressure | Dynamic Pressure | Total Energy
g Energy (PE) Energy (KE) (PE+KE)

Free Stream 100,000 100,135
At the Intake 100,106 29 100,135
At the End of Intake Funnel (st gend) 99,834 301 100,135
At the End of 2" Bend 99,834 301 100,135
Right Before EXit (Turbine Location) 99,834 301 100,135
Far from Exit 100,000 135 100,135

Ratio of Dynamic Energies:
Turbine Location / Free Stream = 2.23 (or 123%)

=
“ SHEERWIND
CFD Models & Simulations
. N . """”"””'_-:::j'::_‘il;u;r-\ieiucltyreld
Velocity Fieldin "
and around the
INVELOX Tower
wind speed e
4—/. i---\' .
15 mph G i L at 2" Bend —
............ o Min:9 mph
Funnel Inlet Speed- B Max:33 mph
Min:4, Max:10mph 1 s

Tower Outlet Speed- ]‘_
Min:15, Max:24 mph T

529% increase

w
—falis

= I

SHEERWIND

28

10/5/2012

14



Arrew: Velocity fokd  Arrow Colee: Veloeity m,

Capable of Creating
Donut-Shaped
Velocity Profile at
Turbine Location

29

CFD (Computational Fluid Dynamic) Model
Comparison between Two Independent Models

1.ANSYS CFD was utilized by CCNY
2.COMSOL CFD was employed by QRDC

3.Avirtual wind tunnel was constructed to
examine the performance of an INVELOX
system

4.The results are in agreement
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CFD (Computational Fluid Dynamic)
Model Comparison between Two Independent Models

The Model

A

Figure 1 - Solid model with dimensions

[ -
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CFD (Computational Fluid Dynamic)
Model Comparison between Two Independent Models

Summary Results
Free Stream Wind Speed: 6.7 m/s (or 15 mph)

32

Duct Nozzle Average Maximum | Volumetric Mass

Model | Mesh Size | Diameter | Diameter Velocity Velocity Flow Flow
[ft] [ft] [m/s] [m/s] [mi/s] [kg/s]

CCNY Normal 10.0 6.0 10.6 12.1 28.2 34.5
RD Normal 10.0 6.0 10.6 12.1 29.6 36.3
QRDC ™ Fine 10.0 6.0 11.7 13.1 30.5 37.4

Speed Ratio Based on Average Speed: 1.6
Speed Ratio Based on Maximum Speed: 1.8
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Summary Results

Velocity Contours _ T Velocity Contours
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Summary Results - Close-up
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CFD (Computational Fluid Dynamic) - Additional Results Using COMSOL Model
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(a) Velocity Field in the x-z plane sy :
0 (a) Velocity vectors in the x-z plane
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(b) Pressure Field in the x-z plane I M Lpee® L
Figure 5 Veloaity and pressure field 1n x-z planc (b) Velocity Profile inside the Venturi in y-z plane
at the center of INVELOX Figure 6 Velocity vector and profile
zg
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CFD (Computational Fluid Dynamic) - Additional Results Using COMSOL Model
With Supporting Columns
Supporting ™
Columns - r |
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Figure 7 Velocity field in the x-z plane
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CFD (Computational Fluid Dynamic) - Additional Results Using COMSOL Model
Dom-Shaped Top
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CFD (Computational Fluid Dynamic) - Additional Results Using COMSOL Model
Dom-Shaped Top

[
(2) Velocity profile inside the Femrurt in y-z plane

i
(b} Pressure feld inside the Fenned in the y-z plans

Figare 10 Velocity and pressure field in v-z plane
mside the Fenturi
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5. Conclusions
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Using CFD to Predict the Performance of
Innovative Wind Power Generators

1) It was shown that INVELOX can be designed to
capture and accelerate wind to speed ratios of 2 and
3 for omnidirectional INVELOX without and with fins,
respectively.

2) Increasing wind speed by a factor of 2 or 3, results
in increased power output by a factor of 4 to 8.

3) It was further shown that COMSOL is an effective
computational tool to model and analyze the
INVELOX systems.
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