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Background

● Omnidirectional
● Lower cut-in speed

Vertical Axis Wind Turbines 
(VAWTs)

Horizontal Axis Wind 
Turbines (HAWTs)

● Steady wind 
conditions

● Large wind farms

Urban Airflow

● High turbulence
● Changes in direction
● Lower wind speeds

Background



Cut-in Speed

Technical Parameters

Tip Speed Ratio (TSR)

Coefficient of Power (CP) Reynolds Number (Re)

The speed at which a 
turbine starts rotating

Ratio between the blade 
tip speed and the wind 

speed

Ratio between 
inertial and viscous 
forces in fluid flow

Ratio between turbine 
output power and power 

available in the wind

Background



VAWT Geometry
Darrieus

(Lift Based)
Savonius

(Drag Based)
Hybrid

(Combination)

Combination of 
both rotors

Background

Higher CP in high wind 
speeds

Low cut-in speed

Often cannot self start Low CP 



Scope of Current Phase
Phase 1: Conceptual Design and Simulation:

● Exploration of an Emerging Technology
● Design and Modeling
● Physical Prototype Testing & Refinement
● Computational Fluid Dynamic Analysis

Phase 1 of a 
Multi Phase 
Project

Project Scope

Next Phase Project



Design Considerations

Noise and 
vibration levels

Manufacturability

Maintenance costs

Power generation Compatibility with 
campus architecture

Durability
Structural 
stability

Design 
Considerations



Concept Generation & Compilation
Design 

Development



Concept Generation & Compilation
Design 

Development

224 → 4→ 30 



Selected Concepts
Classical Savonius

Helical Hybrid

EN0005: Self-Start Darrieus 

H-Type with Savonius Compartments

● Simple
● Well researched
● Low cut-in speeds 

● Different geometry
● Low cut-in speed

● Internal helical 
Savonius 

● External helical 
Darrieus 

● Unique Hybrid 
● H-type Darrieus

Design 
Development



Classical 
Savonius EN0005 Helical Hybrid

H-Type with 
Savonius 

Compartments

Initial Prototyping
Design 

Development



Wind Tunnel Testing & Optimization
Design 

Development



Classical 
Savonius EN0005 Helical Hybrid

H-Type with 
Savonius 

Compartments

Initial Prototyping
Design 

Development



Classical 
Savonius EN0005 Helical Hybrid

Initial Prototyping
Design 

Development



End Caps Optimized OR Elliptical

Altered Diameter

Airfoil Shaped 
Blades

Smoothed

Flipped Airfoil

Savonius
Prototyping & Optimization Part 1

EN0005

Helical Hybrid
Asymmetric Airfoil 

Shape

Design 
Development

Cut-in Speed 
Comparison

Low

High

Unable to cut-in

Medium low

Medium high



Taller 
Savonius

Wider 
Savonius

Curved 
Airfoil Shape

Asymmetric 
Airfoil Shape

Curved, Wider, 
and Taller

Altered Strut

Cut-in Speed 
Comparison

Helical Hybrid Optimization

Low

High

Unable to cut-in

Medium low

Medium high

Parameters

Savonius width

Savonius height

Connection mechanism
Darrieus pitch

Darrieus airfoil shape
Combination variations

Design 
Development

20° Pitch



Evaluation

Cut-in 
Speed

Researcher 
Sentiment

Manufacturing 
Cost

Angular 
Velocity

Improvement 
Potential

Moment of 
Inertia

Savonius

EN0005

Helical Hybrid
Team 

Contributions

Design 
Development



Evaluation

Helical Hybrid

Design 
Development

Cut-in 
Speed

Researcher 
Sentiment

Manufacturing 
Cost

Angular 
Velocity

Improvement 
Potential

Moment of 
Inertia

Team 
Contributions



Performance Evaluation

Physical Testing
● Compare cut-in
● Compare angular 

velocity

Computational Fluid 
Dynamics (CFD)
● Cp and power output 

for selected concept
● Flow visualization

Inlet velocity: 2 m/s

Wind speeds from 
McConnell Roof

Performance 
Evaluation



Computational Fluid Dynamics (CFD) 
Purpose: determine CP and estimate power generated of selected concept

Classical 
Savonius StudiesCFD Set-Up

Stationary 
External 
Domain

Rotating 
Inner 
Domain

Performance 
Evaluation

Meshing

Our model

High VelocityLow Velocity

Literature

Goal: Validate 
velocity profile and CP 
against literature

Boundary Layer Meshing

Goal: Need appropriate 
meshing to get most 
accurate results

[1]

Goal: Set up an accurate 
workflow



Computational Fluid Dynamics (CFD) 
Purpose: determine CP and estimate power generated of selected concept

TSR Analysis 
 Initial 

Conclusions    

Performance 
Evaluation

Helical Hybrid 
Studies

Goal: Determine CP for 
selected concept

Goal: Determine an optimal TSR 
range CP of 0.19

Limitations:

● Boundary Layer 
Meshing

● TSR Analysis



Performance Evaluation

Physical Testing
● Compare cut-in
● Compare angular 

velocity

Computational Fluid 
Dynamics (CFD)
● Cp and power output 

for selected concept
● Flow visualization

Inlet velocity: 2 m/s

Wind speeds from 
McConnell Roof

Performance 
Evaluation

Scaling



Initial Economic Analysis

CFD

Wind data

Estimated 
power 

production
10 kWh/yr

Estimated cost 
for full-scale 

prototype
$12,000

Breakeven time 
is not realistic

Performance 
Evaluation



Future Work & Recommendations

Continue to Target Urban 
Wind Conditions

● Impact of unsteady wind 
conditions + scaling

● Rooftop testing
● Continued optimization
● No CFD (not useful)

Focus on Digital TwinShift to Application with 
Higher Wind Speeds

● Larger wind turbine
● Focus on getting current 

tech to market
● Redesign could help

● Higher fidelity CFD
● Meshing
● Comparison to wind tunnel 

testing with steady wind

Recommendations 
& Next Steps



Recap

Vertical Axis Wind Turbines 
(VAWTs)

Horizontal Axis Wind 
Turbines (HAWTs)

Urban Airflow

Phase 1 of a 
Multi Phase 
Project

Noise and 
vibration levels

Manufacturability

Maintenance Costs

Power generation Compatibility with 
Campus Architecture

Durability
Structural 
Stability

Classical 
Savonius EN0005 Helical Hybrid

H-Type with 
Savonius 

Compartments

Stationary 
External 
Domain

Rotating 
Inner 
Domain

Background Design 
Considerations

Recommendations 
& Next Steps

Project Scope

Design 
Development

Performance 
Evaluation
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● Off the shelf generator
● 0.5 kW, Low Torque Permanent Magnet Generator (PMG)
● Well equipped for low, variable wind speed turbines and are highly 

efficient in energy production

Power Electronics



Can aerodynamic 
behavior be scaled 

with Reynolds 
number?

Different experimental 
and theoretical TSRs

Can cut-in speed be 
scaled with Reynolds 

number? 

Similar experimental 
and theoretical cut-in

Not possible to scale 
aerodynamic behavior 
with Reynolds number 

alone

Possible to scale cut-in 
with Reynolds number

Test Result
Initial 

Conclusion

Scaling
Performance 
Evaluation

TSRs



Skeleton of VAWT

Blade Shape

Interior Augmentation

Exterior Augmentation

Other Optimization

Skeletons Only
224 30

Concept Categories & Winnowing



Wake Validation

Goal: Validating CFD 
with a wake rake 
analysis

● Set up a wake rake 
in the wind tunnel

● Measured the 
velocity in the wake 
of the turbine

● Compared to CFD 
results

Performance 
Evaluation



Hybrid ConfigurationsSavonius Turbines

[3]

 [4]

Darrieus Turbines

[6]

[5][1]

[2]



Progress in Prototyping



Technical Parameters
❖ Cut in Speed

➢ The minimum wind velocity for a turbine to begin rotating

❖ Tip Speed Ratio (λ)

❖ Moment/Torque Coefficient (Ct or Cm)
➢ A non dimensional measure of the torque produced by a 

turbine

❖ Coefficient of Power (Cp)
Cp = Ct * TSR

Darrieus - Lift Based

Savonius - Drag Based

Hybrid - Combination



Median High Median Low Median Avg
4.02 m/s 0 m/s 0.67 m/s

High Target Low
8 m/s 4 m/s 2 m/s

Wind Data on McConnell Roof



Classical Savonius Validation

Target Based on Existing Studies:

➢ At optimal TSR = 0.8 → 
should expect a Cp ~ 0.2-0.25

Results:

➢ Ct ~ 0.3 
➢ T ~ 3.57 N*m
➢ Ct (by hand to check) ~ 0.3
➢ Cp = Ct * TSR = 0.3 * 0.8 = 

0.24 (within expected range) 
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