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High -Blo cka g e  Arra ys
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• Blockage increases power and thrust
• Cross-flow turbines well suited to achieving high blockage
• Blockage in real channels can vary



Confinement Exploiting Cross -Flo w
Tu rb in e  Arra ys
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Evaluation of Analytical Models: Hu n t , Ath a ir, W illia m s, P o la g ye , Physical Review Fluids  (Fo rth co m in g ).
Geometry optimization: Hu n t , Ta lp e y, Ca la n d ra , P o la g ye , Journal of Renewable and Sustainable Energy  (20 25).
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𝛽𝛽 =
𝐴𝐴𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡
𝐴𝐴𝑐𝑐ℎ𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑙𝑙

Varying the blockage
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𝛽𝛽 = 35% 𝛽𝛽 = 45% 𝛽𝛽 = 55%

For all experiments: 𝑅𝑅𝑒𝑒𝐷𝐷 = 1.7 × 105, 𝐹𝐹𝑟𝑟ℎ = 0.219.
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Array Performance Metrics
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Advanced Control Strategies
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Can we further enhance array 
performance via different control 

strategies?

Array efficiency increases 
significantly with blockage

𝛽𝛽 ↑  
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Constant speed control with 
different phase offsets

Intracycle speed control with 
fixed phase offset

Benefits to single turbines observed at lower blockage:
St ro m  et al., Nature Energy (20 16)
Ath a ir e t  a l., EWTEC Proceedings (20 23)

Benefits to arrays observed at lower blockage:
Sch e rl e t  a l., JRSE (20 20 )
Sch e rl a t  a l., Un d e r Re vie w  a t  Flow
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Constant Speed Control with Different Δ𝜃𝜃
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• Turbines rotate at same, constant speed 
• Constant phase offset ( Δ𝜃𝜃) between rotational cycles

Δ𝜃𝜃 = 0∘ Δ𝜃𝜃 = 90∘

Scherl at al., Under Review at Flow
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Coordinated Constant Speed Control
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Array
Efficiency

Tip -Speed Ratio Tip -Speed Ratio Tip -Speed Ratio

• Relative to effect of blockage, influence of Δ𝜃𝜃 is  m in o r.
• Su g g e st s  lim it e d  b e n e fit  t o  co o rd in a t io n  fo r t h is  a rra y.



Comparison to Uncoordinated Torque Control
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Tip -Speed Ratio Tip -Speed Ratio Tip -Speed Ratio

• Comparable performance obtained without coordination.
• Turbines self -synchronize around Δ𝜃𝜃 ≈ 0∘
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Coordinated Intracycle Velocity Control
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𝜆𝜆 𝜃𝜃 = 𝜆𝜆𝑜𝑜 + 𝐴𝐴𝜆𝜆 𝑐𝑐𝑐𝑐𝑐𝑐 𝑁𝑁(𝜃𝜃 − 𝜙𝜙)
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𝜃𝜃 = 0

Rot a t ion  ra t e  va rie s  t h rou g h ou t  cyc le  a s  
a  fu n c t ion  o f a zim u t h a l p osit ion :

W h e re :
𝜆𝜆𝑜𝑜: P h a se -a ve ra g e  t ip -sp e e d  ra t io
𝐴𝐴𝜆𝜆: Tip -sp e e d  ra t io  a m p lit u d e
𝜙𝜙: P h a se  o f m a xim u m  sp e e d
𝑁𝑁: Nu m b e r o f b la d e s

An im a t io n  c re d it : Ari At h a ir

Fo r t h e se  e xp e rim e n t s:
• Δ𝜃𝜃 = 0∘
• Bot h  t u rb in e s  fo llow  t h e  sa m e  w a ve fo rm



Visualizing intracycle waveforms
a t  a  g ive n  𝛽𝛽 a n d  𝜆𝜆0
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Intracycle Control Results
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• Little -to -no efficiency benefit from intracycle control
• Intracycle control reduces array interaction with channel.

Array
Efficiency

Array
Thrust
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Conclusions

• Fo r t h is  a rra y, lim it e d  b e n e fit  t o  
a d va n ce d  co n t ro l s t ra t e g ie s

– Tu rb in e -ch a n n e l in t e ra c t ion s a re  
s t ron g e st  in flu e n ce  on  h ig h -
b locka g e  a rra ys

– Ch a n g in g  p h a se  o ffse t  b e t w e e n  
t u rb in e s h a s  lit t le  e ffe c t  on  t h e se  
d yn a m ics

– In t ra cyc le  con t ro l ca n  u n d e rm in e  
t h e se  d yn a m ics

• Co n ve rse ly, o p t im izin g  
p e rfo rm a n ce  via  ro t o r g e o m e t ry 
is  s im p le r a n d  m o re  e ffe c t ive
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Hunt et al. “P e rfo rm a n ce  ch a ra c t e ris t ics a n d  b lu ff-
b od y m od e llin g  o f h ig h -b locka g e  c ro ss-flo w  t u rb in e  
a rra ys w it h  va ryin g  ro t o r g e om e t ry”, JRSE (20 25)



Acknowledgments

15

What to see more? Open access on arXiv :

Control: Hu n t  et al. , “Exp e rim e n t a l e va lu a t io n  o f 
a d va n ce d  co n t ro l s t ra t e g ie s  fo r h ig h -b lo cka g e  
c ro ss-flo w  t u rb in e  a rra ys”, UMERC+OREC (20 25)

Geometry: Hu n t  et al. “P e rfo rm a n ce  ch a ra c t e ris t ic s  
a n d  b lu ff-b o d y m o d e llin g  o f h ig h -b lo cka g e  c ro ss-
flo w  t u rb in e  a rra ys  w it h  va ryin g  ro t o r g e o m e t ry”, 
Journal of Renewable and Sustainable Energy 
(20 25)

Analytical Models: Hu n t  et al. “Exp e rim e n t a l 
va lid a t io n  o f a  lin e a r m o m e n t u m  a n d  b lu ff b o d y 
m o d e l fo r h ig h -b lo cka g e  c ro ss-flo w  t u rb in e  a rra ys”, 
Physical Review Fluids  (Fo rt h co m in g )

Gre g o ry 
Ta lp e y

Dr. Bria n  
P o la g ye


	Experimental evaluation of advanced control strategies for high-blockage cross-flow turbine arrays
	High-Blockage Arrays
	Confinement Exploiting Cross-Flow Turbine Arrays
	Varying the blockage
	Array Performance Metrics
	Advanced Control Strategies
	Slide Number 7
	Constant Speed Control with Different Δ𝜃
	Coordinated Constant Speed Control
	Comparison to Uncoordinated Torque Control
	Coordinated Intracycle Velocity Control
	Visualizing intracycle waveforms�at a given 𝛽 and  𝜆 0 
	Intracycle Control Results
	Conclusions
	Acknowledgments

