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Inclined Flow
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 Un e ve n  se a b e d  m o u n t in g

 Tilt e d  m o o rin g

 Lo ca l b a t h ym e t ry

𝜸𝜸 = in c lin e  a n g le

Cross -Flow TurbineAxial -Flow Turbine



Project Goal
• De ve lo p  a  h o lis t ic  u n d e rs t a n d in g  o f p e rfo rm a n ce  e ffe c t s  

fro m  t u rb in e  in c lin a t io n  t h ro u g h  t h e  e xp e rim e n t a l 
ch a ra c t e riza t io n  o f a  la b -sca le  CFT

• Lim it e d  ra n g e  o f :
– In c lin e  a n g le s , 𝛾𝛾
– Op e ra t in g  con d it ion s  (i.e ., t ip -sp e e d  ra t io )

• Va ria t io n s  in  ro t o r g e o m e t rie s
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This presentation:
 Initial results on power production



Experimental Setup
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𝒅𝒅 = d yn a m ic  d e p t h

𝝂𝝂 = kin e m a t ic  visco sit y

𝜸𝜸𝒔𝒔 = in c lin e  a n g le  
(s t re a m w ise )

𝑹𝑹𝒆𝒆𝑫𝑫 = Re yn o ld s n u m b e r

𝜷𝜷 = b lo cka g e  ra t io

𝑭𝑭𝒓𝒓𝒅𝒅 = Fro u d e  n u m b e r
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Single -bladed rotor



𝑼𝑼∞

x

z

y

Experimental Setup

6

+ 𝜸𝜸𝒔𝒔- 𝜸𝜸𝒔𝒔
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Assessing Performance
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+ 𝜸𝜸𝒔𝒔

Assessing Performance

Experimental data

Mertens et al. model

Bianchini et al. 
experimental data
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- 𝜸𝜸𝒔𝒔+ 𝜸𝜸𝒔𝒔

𝑼𝑼∞

Assessing Performance



Assessing Performance
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𝑪𝑪𝑷𝑷⊥ =
𝑸𝑸𝑸𝑸

𝟏𝟏
𝟐𝟐𝝆𝝆𝝆𝝆(𝑼𝑼∞𝐜𝐜𝐜𝐜𝐜𝐜(𝜸𝜸𝒔𝒔))𝟑𝟑

𝝀𝝀⊥ =
𝑹𝑹𝑹𝑹

(𝑼𝑼∞𝐜𝐜𝐜𝐜𝐜𝐜(𝜸𝜸𝒔𝒔))

𝑼𝑼∞

+ 𝜸𝜸𝒔𝒔

𝑼𝑼∞ 𝐜𝐜𝐜𝐜𝐜𝐜(𝜸𝜸𝒔𝒔)

𝑪𝑪𝑷𝑷 =
𝑸𝑸𝑸𝑸

𝟏𝟏
𝟐𝟐𝝆𝝆𝝆𝝆𝑼𝑼∞

𝟑𝟑

𝝀𝝀 =
𝑹𝑹𝑹𝑹
𝑼𝑼∞

𝑼𝑼∞
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• Performance decreases with 𝜸𝜸

• At  la rg e  in c lin e  a n g le s

– Exp e rim e n t a l a rt ifa c t  

– In c re a se  d is t a n ce  b /w  b lo ck & t u rb in e

• Ch a ra c t e riza t io n  o f s t ru c t u ra l fo rce s  (e .g ., t h ru st  fo rce )

Co n c lu sio n s
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𝑼𝑼∞𝑻𝑻
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