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Multi-Rotor Wind Turbines :
2000s — 2010s

A History
Multi-Rotors; A Solution to 20 MW and Beyond?
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Motivation
Why a review?

« Growing interest in the multi-rotor concept from academia and industry
« Body of research growing (see: this conference!) e

» Gaps to target |/
 Point of reference for multi-rotor community
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Areas of study

Rigid
aero-
dynamics

 Scope considered:

« Co-planar, single support
structure

« Offshore and onshore
» Experimental and numerical

simulations
 Aims of review:

 Collating research in different Scaling
areas behaviour

Control &
aero-
elastics

Design

* Highlighting under-researched
areas
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Rigid Aerodynamics

—MRS - sum of 45 rotors

—Equivalent 20MW single rotor

© Published power gains
- - - Logarithmic curve fit
——Wake Recovery
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Control & Aeroelasticity

* More moving parts, more
interconnectivity
« = Greater complexity in modelling & implemented in Matiab
C O n t ro | oof:i:corl‘ler ‘ oI:trl"Io‘;leer
» Research ruling out instabilities or __ W\
critical modes | O ATAR
 Control studies to reduce tower
movement .
« Modelling simplifications? . ;
Benchmarking? "
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Operations, Maintenance & Reliability

e Built-in redundancy
e Reduction in lost revenue
 Potential for maintenance scheduling (?)

* On-site maintenance?
« Leverage support structure as maintenance scaffold

* Failure rate for complex structure?

When to Repair
| Maintenance thresholds
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[1]1 McMorland, J.et. al. (2022). A review of operations and maintenance modelling with considerations
01.10.2025 for novel wind turbine concepts. In Renewable and Sustainable Energy Reviews
[2] Wind Catching Systems. (n.d.). Retrieved October 24, 2023, from https://www.windcatching.com/
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Trends in Multi-Rotor Scaling

 Sources of LCoE savings

 Structural - square-cube law, support structure ALc0E=o.73x(1_n(L) )
« Aerodynamic - rotor interaction, wake recovery
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Gaps & Limitations
What's left to address?

Confidence
Performance Factors Impact on LCoE [%)] (0-5)
AEP Power gain from 2 to 7 rotor blockage -[0, 3] 3
i i Power gain from 7 to 40 rotor blockage -[2, 8] 1
° -
SyStem Wi de Savi ngs Farm-level AEP gain from wake saving -[0, 2] 3
° i P Faster turbulence response ?
Best and worst case LCoE galns CAPEX Reduced cost for 2 to 7 RNAs -[0, 16] 3
° Qua“ty Of data? Reduced cost for 7 to 40 RNAs -[2, 22] 1
Increased support structure mass +[5, 0.3] 2
I I 1+1 Larger production volume ?
°
H Igh un Ce rta | nty' Sen Sltlve to OPEX  Reduced cost of downtime ?
assum pt| ons On-platform repair equipment ?
Reduced vessel size/personnel requirements ?
Greater volume of failure ?
TOTAL [+5, -30]

Priority - reduce uncertainty
through:

- Multi-disciplinary detailed
design

- Publicly available test data

Goal: Improve our understanding of
the ceiling of benefit on LCoE offered
by the multi-rotor concept
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