Can Cambered Blades Help Cross-Flow Turbine Performance?
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Why Cambered Blades?

As the blades of a cross-flow turbine rotate, the angle of e Forces and moments measured with 6-axis Delayed flow separation Unlike other cases two Additional flow separation
attack changes sign. Symmetrical blades commonly load cells mounted at the top and bottom of Load cell . upstream in the counterclockwise occurring downstream
used due to changes in AOA sign, however this is a the turbine for a one- and two-bladed turbine Them.]al / L —' concave-out case (blue) vortices seen at at 280° in the concave-out
flawed argument due to curvature effects. _ _ : Isolation l 230° for concave-out case
h the ch e of L th q * Particle Image Velocimetry (PIV) for A =2 to | assembly g 1.5L , | — NACA+24'18 S
* With the change in angle of attack the suction an : / . —
explore near-blade hydrodynamics
pressure sides of the blade switch. P 4 4 Z'Otor/ t 1 —NACA 0018 |{°
. . . | | Sneraror A, ——NACA-2418 o Qo
* Inrectilinear applications, cambered foils have been * Tip speedratio O 0.0 1 s
used to improve lift and control forces if oriented _ WR 0 —_— ™\ -5
appropriately to the flow. Uoo —
. -0.5 | | | -10
* As most of the power in cross-flow turbines is suction Ugel 0 9 270 315 260
produced upstream, it was hypothesized that total = Pressure
power production would improve by using a
cambered blade to augment upstream performance. .
5 P P - 4 - -Qﬂ
* No extensive experimental work has been conducted on the benefits of cambered Y

blades ‘ ‘ | | 1
Nomenclature:
Concave-Out (+) Symmetric Concave-In (—) Pe rfO rmance ReS U ItS (— . | -—

—
v ‘ “ The camber that enhances At high A performance
upstream power generation does Concave-in can generate trends switch with the
4)'\ f\ /\ not actually increase overall power downstream benefits of concave-out
NACAL2418 v \ performance under most across moderate A dropping off
+ NACA 0018 NACA—2418 conditions — -]
0.45 F
Geometric vs Virtual Camber 04|
All cases see similar Symmetric case sees the Improved reattachment
. : : : : A 1 airfoil dfl NACA 0018 0.35 ¢t
Rotational motion of blades. causes symme’.crlc.al f01ls- iuawalr_?‘: ‘“:‘i‘j’eow ________ I dynamics near peak power weakest dynamic stall with concave-in case
to behave as a cambered foil at an angle of incidence in 0.3 4 _ production (90°) vortex in the flow near 230° around 340°
a linear flow, this is known as “Virtual Camber” = . ‘ (% 335 - :
- This negates the historical reasoning for the use of '»Jg_: k% » |
* By considering the virtual camber effect, geometric > — 0.15+ | — — 2B NACA xxxx Concave-in _camb.er_cz_m _rnatCh Ol‘- 1mprove eff1c1ency at or above
camber can either accentuate (concave out) or nullify -+ 0.1 ‘ - g g\ﬁfﬁiz}g{xgamber N peak A while diminishing maximum loading compared to a
(concave in) the already-present virtual camber the ' ' ' ' ' . —_— N\ symmetrical bladed turbine
blades perceive due to the rotation 1 15 2 25 3 35 4 45 1 15 2 25 3 35 4 4.5 o
forc/R = 049 and 1 = o0 Tip Speed Ratio A Tip Speed Ratio A - Concave-out camber performs best upstream until high 4 and concave-
e Th irtual : . = 6% a: = 7° . . . i}
air?o\;;r ll‘ljfile g Virtual Camber = 6% @ = 7 Red line, actively cambering through the cycle (averaging the best profile upstream and in is best downstream, but the peak time average is nearly
fluctualzes g 2225 L) IR 1| I O s downstream) one blade turbine can improve efficiency relative to the symmetrical blade equivalent for 2% concave-in and symmetrical blades
. H by 10-459 : :
functionof4, 20} | Y} 4 20t | |} _ _ | | | ?y /0 | | - The different cambered blades were shown to perform better relative
Ch‘?rd't‘;"adzius Ec 15| T T aca e 4.2 to a symmetric blade at over-speed or under-speed control but not
;?&%agut e T R Y 2 N PN R R W T B A A e it NACA— 24181+ across a full range of 4
o b= 3. . . e
independent of £ .1 1/\ - Supporting recent work by Abigale Snortland indicating the
georgetrlc - : importance of downstream improvement at high A values [2]
camber o 360 : : . L e . .
0.7 . Active cambering shows potential to significantly improve efficiency!
Calculated for our = S 0.6 4.2 : ! - See talk by Caelan Consing (Session 10, 3:30-5pm the 8%) to learn
dard turbi . . ' : | . . _ _
eomtry (/R | B o 3.6 0 90 180 270 360 0 00 130 270 360 more about the flow-field phenomena and a wider range of camber
049 and @ = 69 >E | 2; _ Position 6 |°| Position 0 [°] geometries explored through CFD
using coniorma @) o
mappingmethod | ¢ 0.47 5 anlcave"“? pelrf;;mts}?eu_er at thedpleak for Concave-in consistently Acknowledgments: Thank you too Abigale Snortland, Mukul Dave, and Aidan
2 elow-optimal A but has increased losses . . .
developed by 203 | Ny ] L.6 P . . reduces peak force while Hunt for helpful discussions on the effects of camber
Migliore et al, [1] _} "% V- 19 through the cycle. Concave-in is consistently positive camber increases it
= worse upstream but is compensated by across all 4 while References: [1] Migliore et al., West Virginia University. 1980. [2] Snortland, et al,
downstream improvement EWTEC. Vol 15. 2023.
O S UNIVERSITY of Funding: This work was supported in part by the DOE (> TEAMER g"“tac“ % @@
. . . | R to visit  ginEd T g
regon tate TEAMER Program and U.S. NAVFAC Testing & Expertise for Marine Energy Licr?lr{le%mco CeT f 3

WASHINGTON (N0002421D6400/N0002421F8712)

E] Unlver SltBI m email: aristone@uw.edu @

Naval Facilities Engineering Systems Command



mailto:aristone@uw.edu

