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Axial Momentum Theory for Contra Rotating Rotors Wind Turbine
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Abstract

This research aims to optimise the design of a contra
rotating rotors wind turbine. The rotors are modeled as actuator
discs positioned inside two concentric stream tubes. The flow in
the inner stream tube passes through the inner region of the
upstream rotor and the stream tube cross section area expands
to cover the entire downstream rotor. The flow in the outer
stream tube passes through the external part up to the blade tip
of the upstream rotor. Using the axial momentum equation in

conjunction with the mass conservation equation reveals that the
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turbine maximum power coefficient is 81.4%. This is achieved
when the inner part of the upstream rotor has zero solidity and
covers 58% of the total swept area or corresponding to 76.2% of
the diameter of the downstream rotor. In practice, this part of the
turbine blade is designed to generate minimum drag as its
function is only support the blade tip and not to extract wind
energy itself. The turbine blades in the outer region of the
upstream rotor are designed using Betz theory which specifies
the local axial flow velocity to be 2/3 of the free stream. The
local axial flow velocity at the downstream rotor is 0.582 of free
stream velocity.

Key words: Horizontal axis wind turbine, contra rotating rotor,

counter rotating rotors, axial momentum theory
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