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In this study, numerical investigation is conducted on using Co-flow jets in the wind
turbine blades. 3D steady simulations are performed using k-kl-® turbulence model.
Different jet flow coefficients ranging from 0.00 to 0.03 are applied at wind speeds of 7,
10, 15, and 20 m/s to evaluate the influence of suction and blowing slots located near the
trailing edge of the blade. The results indicate that CFJ has negligible impact at very low
wind speeds (7 m/s), but it provides substantial performance improvements at moderate
to high wind speeds. At 10 m/s, CFJ coefficients of 0.02 and 0.03 enhance the net power
coefficient significantly. At 15 m/s, the use of CFJ with Cu = 0.01 results in a 33%
increase in turbine performance and successfully delays the onset of dynamic stall. At 20
m/s, a further improvement of 8% is observed with Cp = 0.03. Overall, the study
demonstrates that CFJ is a highly effective technique for improving aerodynamic
efficiency and power generation in kilowatt-scale wind turbines, particularly in regions
with medium to strong wind conditions.

Introduction

The efficiency of modern wind turbines is strongly limited by

Zhang et al. [15] and Ma et al. [16], yielded notable
improvements in aerodynamic efficiency and power

aerodynamic losses due to boundary layer separation, vortex
shedding, and stall phenomena. To overcome these pitfalls,
passive & active devices, are utilized. Passive methods
generally increase drag, while active flow controls, provide
more versatility and decrease penalty for targeted
improvements in turbine performance. Co-flow jet (CFJ)
actuator, has received considerable attention in last 2 decades.
Introduced in the early 2000s [1-3], CFJ integrates suction
and blowing slots near the trailing edge to form a tangential
jet continuously energizes the boundary layer. This
mechanism, delays flow separation, suppresses stall, and
improves lift-to-drag ratio. Subsequent studies demonstrated
CFJ’s effectiveness in airfoils, compressors, and helicopter
rotors [4—14]. Its application to wind turbines, examined by

generation. In this research, the CFJ concept is applied to the
NREL Phase VI wind turbine blade—a benchmark
configuration frequently used for aerodynamic and CFD
validation [18]. The actuator, positioned between 28% and
95% of the chord (Fig. 5), absorbs low-energy boundary layer
flow through suction and re-injects high-momentum air via
blowing. The study evaluates the effect of jet flow coefficient
on turbine performance.

Methodology

The baseline configuration of the NREL Phase VI horizontal-
axis wind turbine consists of a two-bladed rotor with a radius
0f 5.029 m and S809 airfoil along the span. The rotor operates
within wind speeds ranging from 5 to 25 m/s, with a nominal
speed of 15 m/s and a rated power of 19.8 KW. To incorporate
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CFJ, the blade is modified by embedding suction and blowing
slots along 28—95% of the chord length near the trailing edge
(Fig. 4). The suction slot removes low-energy boundary layer
fluid from the suction surface, while the blowing slot injects
high-energy flow tangentially, reattaching and energizing the
boundary layer. Numerical simulations are carried out using
ANSYS Fluent 2021 R2. The governing equations are based
on the incompressible RANS, given in Eqgs. 1-2, by k-kl-®
turbulence model [17]. The jet flow coefficient, Cp, which
quantifies jet intensity, is defined by Eq. (6) [20]. The power
required for CFJ actuation and the net power coefficient are
calculated using Egs. 7-10. The computational domain
consists of a semi-cylindrical region extending 30 m radially
and 60 m axially, with velocity inlet and pressure outlet
boundary conditions. To reduce computational cost, only half
of the rotor was modeled with periodic boundary conditions.
Mesh independence tests were conducted using 6.8—11.2
million elements; the 9-million-cell grid (Fig. 2) was chosen
as optimal. Validation study showed good agreement (Fig. 3)
and confirmed reliability of the numerical approach [18,19].

The simulations are conducted for wind speeds of 7, 10, 15,
and 20 m/s, with jet flow coefficients of 0.00 (baseline, no
CFJ), 0.01, 0.02, and 0.03.

Results and Discussion

Physics of using CFJ, were depicted in figs. 6-7. At 10 m/s,
the power coefficient increases significantly for Cu=0.02 &
0.03, compared with the baseline. At 15 m/s, the CFJ system
demonstrates its greatest effectiveness. Without CFJ, the
turbine suffers from significant separation and stall effects,
leading to performance degradation. A 33% increase in net
power coefficient is achieved at Cu = 0.01, and up to 65%
improvement for Cu = 0.03 (Table 2). Flow visualization
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indicates delayed stall onset and enhanced circulation around
the blade, which increases torque (Fig. 8). At 20 m/s, CFJ
continues to enhance performance with an 8% gain at Cp =
0.03; however, the marginal benefits decrease due to higher
actuator energy consumption. The trends in actuator power,
rotor power, and net power coefficients versus jet flow
coefficient are presented in Figs. 9—11. The improvement rate
of the net power coefficient with CFJ actuation is shown in
Fig. 12, and its dependence on the tip-speed ratio is illustrated
in Fig. 13. This highlights the importance of optimizing CFJ
intensity to achieve the best balance between aerodynamic
benefit and energy cost. Overall, the results confirm that CFJ
is most effective at moderate to high wind speeds (10-20
m/s), where flow separation and stall phenomena strongly
influence turbine efficiency. The ability of CFJ to maintain
flow attachment and delay stall, significantly enhances net
power generation.

Conclusion

A comprehensive numerical study was performed to analyze
the aerodynamic performance of the NREL Phase VI wind
turbine blade equipped with Co-Flow Jet (CFJ) actuators. The
key achievements of the current study, can be classified as: 1-
CFJ has negligible effect at 7 m/s, but becomes effective
above 10 m/s. 2- At 10 m/s, Cp= 0.02—0.03 improves turbine
power by up to 15%. 3- At 15 m/s, Cu=0.01 yields a 33.74%
improvement, while Cp = 0.03 enhances power by 64.83%.
4- At 20 m/s, an 8% performance gain is achieved. 5- Optimal
CFJ] operation requires Dbalancing actuator power
consumption and aerodynamic benefit. In overall, CFJ
provides substantial aerodynamic enhancement by delaying
flow separation and suppressing stall, making it a promising

active flow control strategy for future wind turbine designs.
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Tablel. Performance and design specifications of
NREL phase6 wind turbine.

Number of blade 2
Radius 5/029 m
Twist angle 3 deg
Angular velocity 71/63 rev/min
Range of velocity 5-25 m/s
Nominal wind speed 15 m/s
Maximum power coefficient 0/38
Power output 19/8 KW

Fig 1. Schematic view of the baseline WT blade.
Lo 0Ly 98 (g0 5 Silod slod ) S5

"Lio

8 Ma & Xu

9 ANSYS Fluent

10 NREL Phase VI
115809

2 Hand

sl B 5 oy Gy s LiSe 5l eolizl L1, ¥YN0 L ygd el (Y- 1 +)
Loy 955 G200 5 1 pd 50 stz s BB lodsite 5 (o) D90 358Le
et 4 (VNN 15 o Sl B Gs 5 oualie | Gilisen sakom (slls 5o
Ol Gz 5550 st (LES) 55 sloads 3 (s3luannds Joo o5
[F]M . . |

LA ol g Slogs gl 0 Shoe (gilotnd L Y-V 1y 57 5580
o B 5 Ty 9 3 ks JB ooy (o450 - stes Slas
TS s (Salys Failils i 4y 2 a5 s S sunlis Ly
@ jme Al hsdpl (Seelias (Swlely JyuS (Y017 ol Sen 5
39108 45 Al 10 5 Wd S oy (5308 D0y |y (S — phued Sloe
W . )T - :
Mans o 2ol | Ly 55 5 Gl | Tr 9,05 350 ssbar 555
— st Shae L1 PEV0 5L Jigipl o,Slae (Yo 1F) o Kan 5 y08)
olosdly 5 Ty o ward 0 s BB Glassae 5 sep S
(3505 samlie Flo calizes slaces oo s Sraliyng

LT WLl ot 3l ooliciasl L 1, FYY ST ysd ol oY - 1Y) 85 o Sl
Sloales augly ;0 1) T 695w cupd az g BB 2al8l 5 0505 s5luancs
BU sl @ibodncs b (YA oo 5 S5 Loty 555 W
Gy 2y )0 Az P JB (odguy (oS0 — ded Slos 4y oo+ o VY
15 s Sl Mo S ssalice ales cilisen (sLly) 50 Ly (5500 (20l 5 1
00iiS lsel (5518 Ky lsies |y oie = died ;Ko (55108 (Y 1R)
ALV S JUURPRVIVOTE ICC 1 JPC -UPRPL IS DO IPSINC { BUSISUPURPA [0

Soilely o (LiSe - Ldwd Sles Jl cwyp a4 (VY1) oS 4 VB:?J
95 da (559108 a5 wols plas g axisloy ugSile g3, Jugdpl (Sasliys
Ol 5 magilio> [W]-%b e 3l it L3 5 5 Shas Sgugp 5
woor b BL olae bsdpl ez )0 (oiKe - cdwd Slae S (YY)
Syt S slo gl o sla gl o5 wsls ol y S
5 Sol5 ails e - e Shae U (Salusgnl 3 8kes 5 (55t
5 oolitl b it 55 81 5 ol 55 o Shac Sgage YY) o S
Slyr e Gl aS w5 w5 S iledae | (o586 —(stad Shoe
Lavevy) g5 s L Doty (Salisg T o Slas sgge o ool il
as wisly las paSe - ied Rlee a4y azme A ol Jisdpl (g5le o
Sy 9 Sy po ;3B & ol (e 5 Ged SlBISE pornis (2

A8 o S8 b ol sl o 53 G0 s

Ol Gl 5 (Sealipog ol o Shae 55002 50 by S35 Cuotl 4y 4255
9 Ohgy Ol esliul S5 b pole Giegty wool Gl s
ol 1y 5 0Skae 53 o 3B gm0 - ies [Shos
Slee by 4 oy JanS Jlesl a5 el ol Coenl il gaiSS
el ailylgs sonl G il o 3Ll dadn (0 45 w0 4 (L8Se — chued

! wang

2 Large Eddy Simulations
3 Lefebvre

4 Xu

®Yang & Zha

® Spalart Allmars
YYA



.\V&—\Y&.ua.,os\f'f)l.@ o) o)l.o..i} Ad! (50,98 wdy y Sl L;“‘“\"'Q"’Ls"l"LS‘d""

b ol o gboadlse by T Sianl sivis 6550 K o] o a5
ile o Sxasl 635l adsi 4 P oaigds g Cend X b plSe Slaise (U
oot )] O sabal, ;o 5 (Sxasl B &5 salolan .5l 0,Lil STSlas

]

D Cc
Fi): wlkg ky +(%_1JKE(R+RNAT)_C602@2+
T W T
()]
(oo, off, &)
Cos s dy  ox, a, )ox,

a,a C..C, C,.lsss

5o Oy 5 2z i a2
Ruar s R cal® ol ol sl Ty Jlss 5 alols G pee
Sy oiliie GugSae @ 5 )55 5 b (S2adl L Liye glayally

Aifes Suad]

o old o Klos sbadlolee Y.Y

W o oiSe — s [Slos 4y jpome b yyed 380 0 Sles oy gl
PPN PO P ST PR SR TRW-I LIV V. JEPNP VI K P SR o I
[\al

el 00l A.v‘ | 7 LgAJoLm L sl u,woé s_))dﬁ Mj,a 6‘).1

my,
C,=r—"— *)

1
7poon:A'ef

P St 0031, ubywp&)ﬁ:vl 50 Ml oas

‘uL>2> ;im.io IS TS Aref EESUOWE- 1 51)1 UL’J> ] Uoo 9 L;L§>
Olime b cgld 68 Shae 5L5s 90 Glgs ol b comye5 o] j0 oS Lgld..ol.‘:
D ok eyg8 5599, sl 0 IS (T 5 o0z (20 5 ,La8 (23

DUV galolas) ol sl ((Khas (ESs (sl e (53,5 (sabais o

P=—2%2IT" -1 )

- H . -
JOSPN S (551 B NCIVUR JHCSHN RCIRN X g [N | | RN B 5

Jlad s FSQQRJ&“—‘.’K&J’“PsOQJHﬁSQB)%éWU

e i o3l Tl 9 g it gl 550 5 s g4 o
by s Ogon casld 55 5L0 e Gl 4T wes e LS Y galole
Ol S Hlake 09d oo et HLAS L b oled O jg0as 9 by (20 75
Sos (Gras o5 cops Calapl Bras 5 ggeze doSlas jl50,50
[H]’%-*i’gs‘ 5 A galal) ©)g0 @
C = " M)

p-CFJ 1
7p U A’ef

sy sl Klos B pan g5 Egeme 3V salolae 51 P el T jo a8

oL ety I 003k e sl Ysona (C ) 53k oy (Al Ol

Oypots Al Glg o ps (Jgene 3L g S sl 09h oo ool

[val . I 1. e e
-1 < d.o.wbbo Ql{ )0 9990 JS U‘?" P %9y )l a.\«o‘wbdg Q‘?" [eewwe)

3 Walters & Leylek

1Y4

WSk sbalslee ¥

b a5l saloles ). ¥
sojlul g (Siwgm sbedloles ol oled o ol L8, Jdos sl
L ool oens 3l some m2LeSTs Ol ilwaned Wsd oo Jo oS5 >

e, (oui 6 S Sl S gl - ol sladlolee Juw 3l oolaxl
OV ons @sl) Y 51 slaalolas ;o s a5 0,5 s alosil '(RANS)

f S g salolao —

-0 QD)
1S o oIl gadoleo -

o(puu) P o' alpuuy)
= +tu 49)
OX. OX, 6x X, X,

]

Sy o Sl L28 P sy e sloailge U o] o a5

Seolas g joSmg M 5 caSayin p p S ohS o Jlw J&& P
g ca oel Jlows

"ol JI S-S oY 99395 Joo p oS> sbraloleo Y Y

eyl sy 5l Jl 5 (Sead] jl8) 5 3ds (g @lp ol gk o
el o ool Kal = JI S-S iV, ST Jow 5l e bgiiio 4
o dlS plyear p2b Jlo 3 Bl -l (S =S Vg S
dus loolanl b oS el oads (8 ym0 iBgld ! (gledolan dus iV g5
o OIS 9d 5 e Y 0y Jie 60)l5e ¢ Jlamil galolae
poas P oad al) (Ve 2 F) "SI g jly Lawgs o] Joe S e
(k) oolesdl cavs 6550 salolas 15 Wio e JUl salolas au o]
o slezel Sloy whie weSae 5 (KDY o)1 cics (550 salolas
Ao 5l ey A wdVe e Jow ol 6 1856 jo L s 40 (OMEQA)
JEsl sladdsles ;Ko aw ;o 45wl oy oolizul K-KI-omega &,
Joe s el 5l 5 sBLenel 6530 05 o9zs & az g b ok 00l S8
w23 518 e wilgi oo s34 55500 Je el -1 (S - S (Sxas]
o KKl Jan 5o 055 imig 550 Y 50 1) Gbgiie 3y 4 ol
K slo pscie (sl JWsl slaaloles ol ! a8l dnwgs domdlose lawgs
T PR 45‘ | f 5\~ LngAJoLM @Ua.c ki 9

M+M=p_c3’4 km_gﬂk

ot oX, “ KL d?

5 - )
ox [(ﬂ W) 6xj}
a(p(kL)) 8(pu (KL WL

() 2 0) o (D), ¢ e

ot X, k

k). o (kL)
6 e fﬁfgj (ﬂ+0¢#1)71

4]

! Reynolds-Averaged Navier-Stokes
2 k-kl-omega


https://cfdgroup.co/turbulence-models-ansys-fluent/
https://cfdgroup.co/turbulence-models-ansys-fluent/

5o 5 53gmmnn dabold - SlaglS Sl j9ma ol (s (50 Seralindg 2Tl 0 e~ s o5t 4 Gl Sy Shoe 8l oae sanlllae

Fig2. Different views of the generated Mésh, fhe ové?all
domain at left, mesh around the blade at top right &
boundary layer mesh at bottom right.

oold (L5 sl roaolo | G lawlre (oSl 51 ilideo sales .Y S
ool g0 53y eaddlml (Fluwlrs G4 (o Cow) (Flowlmo
iz 0¥ (Fluwlro 4S5 (Cowly aomw V) o Joo> Szo8

(Cwly Cooms ) 0 Jo=

1800 -

T Present work
—_ -~ Experimental [39]

— @~ Numerical study [40]

1600 [-

1400 |

1200 |-

Moment (Nm)

1000 [~

800

600 -
o T I N IR A TR O R N D N (A LB I T N L R I
10 15 20 25 3

Wind Speed (m/s)

Fig 3. Validation of the moment result with experimental
and numerical data.

(G99 9 (2 i b HgllS (o laiel 51 ol loges ¥ Sl

Lg b sl ool L)" P e)‘j.o.ﬁ oo 009y (GO J.‘> 6L}a.> )l L;..JL) Sl
i g Hle Cudgaste 092 bl Sl Joo Ol g 4l dgupn

oy als e slas

Cogld o5 Slos 2leil> B

S S el (silse Gl 59 S 5 bl (238 - (phed Slas 5 Sloe
b i sty 25 Sl ol cam 5o Jlad 5 co (hes g 58 sad
Sk s wS oo 6xTelr Gl Gl s leS slagl xSl
@ VL (6551 b S s (58 5l G alalBl ams oo IR Gl
v 4 b2 (Sdtaz 9 05 oo Sugi 1) o] (i 655050 Y
Ssly 5l a5 wm3 o0 o3l G0k Gy 00D 53 By, dSu oo S9e
Tk e dge O Ol e o & S eslinl 555 el
Mgt o osalie ¥ IS5 50 Sslas

3 Ansys Meshing

P
Co=7— — @)
EpochAef

259 05 were Clps 6ol bms 1539y a5 Ol PR ol o o8
Ol Jgore ol slagmyg sl C s Cpp atin ol (8
A Ol cupo wcarsld o5 Sos @ jeme 93k e lp bl s
Sl Ko (Bran g5 o 5,555, Ol o Jolis Jol> (C pw )
(Ve 6“‘-‘@‘))

c =C_-C )

pw pR p-CFJ

Olg Sgue 50 Sloe fawgi cadolonl Coje o ard oo lid Sl salal,
Sl WS (oo Bras oy 093 & JlE g ok Gy saegeme S5
a5l a5l i o 5480 b 0,5 & 50 lasdlas

ol Jo (Fwyliel g (Flowlro gasols ¥

aald (Vi) oad a8 8 kel o Slowlbrs (gainls g0 (ol gl o
Vo galoldy e e glis)) g e Ve glad b dllsivles S0 & jg0h (gm0
©O)gods 45 tlawl 0dd iy Gy S0 (95 3 e Brg 6099 5 e
55 ] 3550 4 ey o el 45 o ISl garals (gl (F ol ot
ol a3 S L )3 Bz Djgeds g 1 00 el et b wlptales S
9 89939 O wiS A (e L 5 99y S i llpd ol
slanye el jhieay ol ead Jlosl Ggm saml (2o
Sire L 5ol sl s siledae g o 3l oo b Glosle
it 35 Jrsh o) omyg 60y st anl i solitul o095
oror & Voo (plps 53 e 5 (2hb S eadle S8l s lan
el o 8y laslone (gloaisls

ol l38le 5 50 (o2 sbadshe b lojlu o & g0t (Slowls gaisls
w0y Slbl was lagholF 4 arg b ol oad ganaSd T Sie
)+ 7 (galols 15 Y gl 5 059 05Tk Sl ol s (59, 2 (SIS
@S olml 6 VY 0l 25 LAY e e g i85 30y mhaw Sl e
3 Il gy el o 5l Glisebl (gl el oals Slnl (6550 s0Y
YO 5 YA A AF clapldl s b Sl oz el oadh plowl a5t
S gl e Ve Caep ) sliiS i Gaslie b g (o) 2 Ogebee
Gl ¥ S o el oad Ol dige 64D e 4 les A

e oo oalive o Jo> (Slewlxe

ol wsous 5 (2Rislesl laools b mls (sauglio § miw liel sl
Y glace o o 5 Bl -l 5= 5 (Lol Jao b g0l oy so J5>
€55 g o] st g oilodnd 4l 5 e VYO 5 VY NN -
s sosls b il glacs s jo oad fol> (sl jglind el oo
a0 90 @ o i b sdaliimsds gl ol oad aulie 2 Wil liings
4 bgye zull el oo oamlin a5 jeblas .ol ool anglae ¥ S5 o
@l W ol a5 Bl gous 5 pRleil @l b (heghy siluand
odel 3929 4y aS plallas ol slozel LB Sllllas gaslsl o Jo 5l ol

! Solidworks
2 Design Modeler



.\\‘a—\va.ua..a AAEAE )Léf, Al c)Lo...'l'; Ad! (50,99 iy pb Sl gs‘“‘\‘{’“s“l'c&d’“

Pressure -1500.00 -700.00 100.00 900.00 2000.00

Fig 6. Pressure contour in the 60% of the blade for flow
velocity 20 m.s with actuator on.
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Fig 4. Schematic view of the co-flow jet actuator on the
blade section.
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Fig 5. Blade equipped with co-flow jet actuator at left,
boundary conditin of the actuator at top right & the
augmented mesh with the actutor at bottom right.
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Fig 9. The actuator consumed power coefficient versus

jet flow coefficient for velocities of 7, 10, 15 & 20 m/s.
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Fig 7. Pressure contour in the 60% of the blade for flow
velocity 20 m/s with actuator off.
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Fig 10. The wind turbine power coefficient versus jet
flow coefficient for velocities of 7, 10, 15 & 20 m/s.

Fig 13. The net power coefficient of the actuator
equipped wind turbine versus tip speed ratio for
various jet flow coefficients.
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Fig 12. The percentage of the net power improvement in
the actuator eqquped wind turbine versus jet flow
coefficient for velocities of 7, 10, 15 & 20 m/s.
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Fig 11. The net produced power coefficient versus jet
flow coefficient for velocities of 7, 10, 15 & 20 m/s.
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Fig. 13. The net power coefficient of the actuator
equipped wind turbine versus tip speed ratio for
various jet flow coefficients.
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Table 2. The power improvement index in terms of
TSR.

irzerr%?/:trﬁgzt Net power | Jetflow | Tip Speed
P coefficient | coefficient Ratio
in power
-4.3 0.368 0.00
-6.8 0.359 0.01 541
-6.5 0.360 0.02
-7.3 0.357 0.03
-21.90 0.178 0.00
-5.09 0.216 0.01 3.8
13.77 0.260 0.02
15.97 0.265 0.03
5.60 0.055 0.00
33.74 0.070 0.01 251
46.37 0.076 0.02
64.83 0.086 0.03
0.11 0.021 0.00
4.47 0.022 0.01 1.88
7.54 0.022 0.02
8.01 0.023 0.03

Lol bl )0 (Shas ol 9ds bens G385 Ol s L o Gl
5B 0 S5ty e 2381 b el dig bawgie 5 by sbacs
Sasly 4 oy ol il o il oo JralS LiSe - piwes Kles gl
7S (Saalnyagpl oSkee jo a5l slace b 5 o5 ange salo>
i 6 LSl o s sl celi oy Se YL G o (pirad 394 g0
¥ ooz 50 098 e g e g 25 10l 4 Wlg oo 45 58 o0

el oy )] Gl (slaca o S 55 g5 Sl e

Y'Y



.\\‘D—\Y&.ua.,os\f'f)l.@' o) o)l.o..i'.\ Ad! (50,98 wdy y Sl L;““'\"Q"’Ls“'l"Ls‘d’“

References - zsLw

1.

10.

11.

AR

Zha, G. and Carroll, B., 2005. High-Performance
Airfoil Using Coflow Jet Flow Control. AIAA
journal, 45 (8), DOI:10.2514/1.20926.

Car, D., Kuprowicz, N. J. and Estevadeordal, J.,
2004. Stator diffusion enhancement using a
recirculating co-flowing steady jet. ASME Turbo
Expo 2004 conference (GT-2004-5386),
DOI:10.1115/GT2004-53086.

Zha, G. and Paxton, C., 2004. A novel airfoil
circulation augment flow control method using co-
flow jet. Journal of Aircraft, 41 (4), pp. 926-934.
https://doi.org/10.2514/6.2004-2208.

Zha, G., Paxton, C. D. and Conley, C. A., 2006.
Effect of injection slot size on the performance of
coflow jetairfoil. Journal of Aircraft, 43 (1), pp. 120-
126. https://doi.org/10.2514/1.16999.

Mashud, M. and Hossain, F., 2010. Experimental
study of flow separation control of an airfoil by
suction and injection. Proceedings of the 13th Asian
Congress of Fluid Mechanics.

Wang, B. and Zha, G., 2011. Detached-eddy
simulation of a coflow jet airfoil at high angle of
attack. Journal of Aircraft, 48 (4), pp. 1290-1296.
https://doi.org/10.2514/1.C000282.

Lefebvre, A. and Zha, G., 2013. Numerical
simulation of pitching airfoil performance
enhancement using co-flow jet flow control. AIAA
Journal, 51 (6), pp. 1343 1351.
https://doi.org/10.2514/6.2013-2517.

Xu, H., Qiao, C. and Ye, Z., 2016. Dynamic stall
control on the wind turbine airfoil via a co-flow jet.
Journal of Wind Engineering and Industrial
Aerodynamics, 156, pp. 44-51.

https://doi.org/10.3390/en9060429.

Lefebvre, A., Dano, B., Bartow, W. and Fronzo, M.,
2016. Performance and energy expenditure of
coflow jet airfoil with variation of Mach number.
AIAA  Journal, 54 (8), pp. 2338-2348.
https://doi.org/10.2514/1.C033113

Yang, Y. and Zha, G., 2017. Super lift coefficient of
active flow control airfoil: What is the limit?. AIAA
Journal, 55 (12), pp. 3781-3791.
https://doi.org/10.2514/6.2017-1693.

Zhang, J., Xu, K., Yang, Y. and Ren, Y., 2018.
Aircraft control surfaces using co-flow jet active

12.

13.

14.

15.

16.

17.

18.

19.

20.

flow control airfoil. Journal of Aircraft, 55 (2), pp.
482-491. https://doi.org/10.2514/6.2018-3067.

Yang, Y. and Zha, G., 2019. Conceptual design of a
co-flow jet hybrid electric regional airliner.
AlAAJournal, 57 (3), pp. 1230-1240.
https://doi.org/10.2514/6.2019-1584.

Liu, J., Chen, R., Qiu, R. and Zhang, W., 2020. Study
on dynamic stall control of rotor airfoil based on
coflow jet. Aerospace Science and Technology, 96,
https://doi.org/10.1155/2020/8845924.

Khoshnevis, A. B., Yazdani, S. and Salimipour, E.,
2020. Effects of CFJ flow control on aerodynamic
performance of symmetric NACA airfoils. Journal
of Fluids Engineering, 142 (2).
https://doi.org/10.1080/14685248.2020.1845911

Zhang, S., Yang, X., and Song, B., 2021. Numerical
investigation of performance enhancement of the
S809 airfoil and Phase VI wind turbine blade using
co-flow jet technology. Renewable Energy, 163, pp.
416-428. https://doi.org/10.3390/en14216933.

Ma, C. Y. and Xu, H. Y., 2022. Parameter-based
design and analysis of wind turbine airfoils with
conformal slot co-flow jet. Journal of Fluids

Engineering, 144 2). https://doi.org/
10.1115/1.4051243.

Hand, M., Simms, D., Fingersh, L. and Jager, D.,
2001. Unsteady aerodynamics experiment phase VI:
Wind tunnel test configurations and available data
campaigns. National Renewable Energy Laboratory
technical report, NREL/TP-500-29955.

Walters, D. K. and Leylek, J. H., 2004. A new model
for boundary layer transition using a single point
RANS approach. Journal of Turbomachinery, 126,
pp. 193-202. https://doi.org/10.1115/1.1622709.

Ren, Y. and Xu, K., 2022. Wind turbine efficiency
enhancement by coflow jet airfoil. AIAA SCITECH
2022 Forum. https://doi.org/10.2514/6.2022-1787.

Lee, S. G., Park, S. J. and Lee, K. S., 2012.
Performance prediction of NREL phase VI blade
adopting blunt trailing edge airfoil. Renewable
Energy, 44, pp. 116-123.
https://doi.org/10.1016/j.energy.2012.08.007.



https://doi.org/10.2514/6.2004-2208
https://doi.org/10.2514/1.16999
https://doi.org/10.2514/1.C000282
https://doi.org/10.2514/6.2013-2517
https://doi.org/10.3390/en9060429
https://doi.org/10.2514/1.C033113
https://doi.org/10.2514/6.2017-1693
https://doi.org/10.2514/6.2018-3067
https://doi.org/10.2514/6.2019-1584
https://doi.org/10.1155/2020/8845924
https://doi.org/10.1080/14685248.2020.1845911
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Parameter-Based+Design+and+Analysis+of+Wind+Turbine+Airfoils+with+Conformal+Slot+Co-Flow+JetParameter-Based+Design+and+Analysis+of+Wind+Turbine+Airfoils+with+Conformal+Slot+Co-Flow+Jet&btnG=
https://doi.org/10.1115/1.1622709
https://doi.org/10.2514/6.2022-1787
https://doi.org/10.1016/j.energy.2012.08.007



