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Energy Group: Research Interests

ÅReliability of  large wind turbines

ÅMicrogeneration ïwind, PV, micro-hydro, CHP

ÅEmbedded generation ïimpact on system, control

ÅPower Electronic Converters ïDirect drive wind turbines, wave energy

converters

ÅAerodynamics ïwind turbines, road vehicles, racing cars

ÅAero-acoustics ïvehicles, wind turbines

ÅFluid Mechanics ïnumerical simulation, industrial fluid mechanics

ÅDirect drive permanent magnet generators ïsmall scale wind and  hydro,

tidal stream turbines

ÅStirling Engines and Micro CHP

ÅSolar thermal and solar PV

ÅMicro-renewables and the urban environment ïair flows, building

integration, energy use



Industrial Research Partners

Å Rolls-Royce 

Å Alstom Power

Å GE

Å JLR

Å CE Electric

Å NEDL

Å Eon

Å British Energy

Å Shell

Å Siemens Power Generation

Å Gamesa

Å Garrad Hassan

Å ABB
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International and National Research Programmes

COMPERE

FRENS

Industrial & 

Academic Partners

UK

Denmark

China

Netherlands

Norway

Germany

Spain

Greece

Italy

Hungary

Belgium

Finland



Selected Research: 

Vertical Axis Wind Turbine Performance

Helical Savonius rotor 2-bladed Darrieus H-rotor

Why vertical axis?

- Quiet

- Independent of flow direction

- Potential application in high density arrays



Selected Research: 

Vertical Axis Wind Turbine Performance

Helical Savonius rotor 2-bladed Darrieus H-rotor

Why not vertical axis?

- Self-starting

- Efficiency

- Inadequate knowledge base



Selected Research: 

Vertical Axis Wind Turbine Performance

Helical Savonius rotor 2-bladed Darrieus H-rotor

Addressing the problems

- Performance Modelling

- Wind tunnel and field testing

- CFD (Computational Fluid Dynamics)



Self-Starting: What are the problems?

ÅExtreme incidence and lack of availability of post-stall data

ÅDurham research has shown existing data to be flawed

(Equally important for horizontal axis machines)

Selected Research: 

Vertical Axis Wind Turbine Performance



Selected Research: 

Vertical Axis Wind Turbine Performance

Data Reliability?

ÅNACA 0018 data from different sources



Wind Tunnel Testing

10 Wind tunnels

Industrial aerodynamics

Renewable Energy

Vehicle aerodynamics

2m Wind Tunnel

Airspeed : 30m/s +

Force balance

3-axis traverse

Laser PIV

Atmospheric gust generator

Transient measurements

Selected Research: 

Vertical Axis Wind Turbine Performance



Wind Tunnel & CFD Modelling

Selected Research: 

Vertical Axis Wind Turbine Performance



Durham Numerical model confirms self-starting capability 

Model includes:-

ÅBlade aerodynamics

ÅWind Speed

ÅStarting orientation

ÅInertia

ÅWindage

ÅFriction

ÅGenerator load (torque)

ÅTime dependence

Selected Research: 

Vertical Axis Wind Turbine Performance



Durham Numerical model: User friendly design tool 

Selected Research: 

Vertical Axis Wind Turbine Performance



Generator

Gearbox

Electrical Control

Blades

Pitch ControlOther 

eg anemometer

Key Wind Turbine Subassemblies - Where are the faults?

Durham Research Capability: 

Reliability



Reliability of Large Wind Turbines



Central Generation

275 kV

132 kV

132 kV

33 kV

33 kV

11 kV

11 kV

400 V

Distribution

Transmission

Durham Research Capability: 

Evolution of Electrical Networks
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Distribution

Transmission
500 MW

20 MW

5 MW

5kW

Distributed Generation

Durham Research Capability: 

Evolution of Electrical Networks



Micro-grid Laboratory

Smart Networks

Thermal-Electrical effects

Durham Research Capability: 

Evolution of Electrical Networks



Network Economics

Ågrid integration of renewable 

generation

Åsecurity of supply

Åpower transmission and 

distribution 

Åpower system economics

Årisk

Durham Research Capability: 

Evolution of Electrical Networks



Temperature distribution inside 

the Solar Engine

A Self-Circulating Solar 
Water Collector

Solar Water Pump

Heat engines & thermal energy conversion

Heat load of solar collector

Stirling Engines and micro-CHP



voltage

current

power

Power Systems Engineering & Power Electronics

- Generation (including linear)

- Transmission

- Distribution



Integration: Durham University Solar Car - DUSC

Space Frame
Chassis

Solar Array

Batteries

Maximum Power
Point Trackers

Direct Drive
In-Wheel Motor

Aerodynamic 
Body Shell



Durham Energy Institute
Science and Society

96 academic staff

12 departments

~80 PhD students

World-leading research



Large-scale wind Small-scale wind

Photovoltaics Superconductors

Clean Chemical 

Processes
(e.g. oil from algae)



Energy Distribution

Biofuels

Carbon Sequestration Fossil Fuels


