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Experimental Investigation of Lift Enhancement and Drag

Reduction of Rotor Airfoil Using Co-flow Jet Concept

ZHANG Shunlei, YANG Xudong, SONG Bifeng, WANG Bo, LI Zhuoyuan
(School of Aeronautics, Northwestern Polytechnical University, Xi’an 710072, China)

Abstract: As the novel active flow control technology, Co-flow Jet concept (CFJ) is one of the most potential
methods to achieve the high lift enhancement and drag reduction of rotor airfoil. Based on the OA312 rotor airfoil,
the CFJ rotor airfoil dynamometric model driven by the micro ducted fan group is designed. The low-speed wind
tunnel test of high lift enhancement and drag reduction of rotor airfoil using Co-flow Jet concept with zero mass and
high negative pressure at the leading edge is conducted. The influence of basic parameters such as the injection size,
suction size and suction surface translation on lift enhancement and drag reduction is studied. The optimal values of
key parameters of CFJ rotor airfoil are given. Results show that compared with the OA312 baseline airfoil, the CFJ
rotor airfoil can significantly reduce drag coefficients at low angle of attack, and even achieve “negative drag” while
the zero-lift pitch moment is basically unchanged. The CF1J rotor airfoil can significantly increase the maximum lift
coefficient and the stall angle of attack at high angle of attack. The maximum lift coefficient can be increased by
about 67.5% , and the stall angle of attack is significantly delayed by nearly 14.8°.
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Fig.1 Cross—sectional view of CFJ312 airfoil
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46 Mo zs TR HE R

H12%

K3 CFI312 3 RIHR
Fig.3 CFJ312 airfoil model

P4 CFJ312 3L RS Pyl
Fig.4 Interior of CFJ312 airfoil model
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Table 1 Parameters of CFJ312 airfoil with different
injection sizes

JSF/mm
Hom
INJ SUC SST
CFJ312-INJ095 9.5 13.5 8.5
CFJ312-INJ115 11.5 13.5 8.5
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Fig. 7 Aerodynamic coefficients comparisons between
CFJ312 airfoils with different injection sizes
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Table 2 Maximum lift coefficients and stall angles of
CFJ312 airfoils with different injection sizes

oA Cimes  ACima/ % aqa/ () Daga/ (%)

OA312 1.17 — 21.1 —
CFJ312-INJ095 1.8l 54.7 32.8 11.7
CFJ312-INJ115  1.68 43.6 31.6 10.5
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Table 3 Lift coefficients of CFJ312 airfoils with different
injection sizes at typical AoAs

C. ACL/ %
a=5° a=22° a=5" a=22°
0A312 0. 37 1.14 — —
CFJ312-INJ095 0.42 1.38 13.5 21.1
CFJ312-INJ115 0.42 1.32 13.5 15.8
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Table 4 Lift-to—drag ratios and pitching moment

coefficients of CFJ312 airfoils with different
injection sizes at a=—22°

Hom L/D (AL/D)/% Cuy ACw/ %

0A312 5.22 — —0.0603 —
CFJ312-INJ095  7.07 35.4 —0.0472  —21.7
CFJ312-INJ115  6.98 33.6 —0.0475 —21.2
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Table 5 Parameters of CFJ312 airfoils with
different suction sizes

R /mm
]
INJ SUC SST
CFJ312-SUC115 9.5 11.5 8.5
CFJ312-SUC135 9.5 13.5 8.5
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Fig. 8 Aerodynamic coefficients comparisons between
CFJ312 airfoils with different suction sizes
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Table 6 Maximum lift coefficients and stall angles of
CFJ312 airfoils with different suction sizes

HoM Crmax  ACLua/ %0 g/ (7)) Daga/(°)

OA312 1.17 — 21.1 —
CFJ312-SUC115  1.76 50. 4 31.7 10.6
CFJ312-SUC135  1.81 54.7 32.8 11.7
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Table 7 Lift coefficients of CFJ312 airfoils with different

suction sizes at typical AoAs

CL ACL/%
a=5" a=22° a=5" a=22°
OA312 0.37 1.14 — —

CFJ312-SUC115 0.41 1.39 10.8 21.9
CFI312-SUC135 0.42 1.38 13.5 21.1
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Table 8 Lift-to—drag ratios and pitching moment
coefficients of CFJ312 airfoils with different

suction sizes at a=22°

How L/D  (AL/D)/% Cy ACy/ %

0A312 5.22 — —0.060 3 —
CFJ312-SUC115 6.35 21.5 —0.0531 —11.9
CFJ312-SUC135  7.07 35.4 —0.0472 —21.7

ME 8(a) K 8(b) . 7 ST LIF .10
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Table 9 Parameters of CFJ312 airfoil with different
suction surface translations

st /mm
A
INJ SUC SST
CFJ312-SST055 5.0 10.0 5.5
CFJ312-SST076 5.0 10.0 7.6
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Fig.9 Aerodynamic coefficients comparisons between
CFJ312 airfoils with different suction surface translations
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Table 10 Maximum lift coefficients and stall angles of
CFJ312 airfoils with different suction surface translations

oA Croae ACion/ %0 aga/(°)  Daga/ (%)

OA312 1.17 — 21.1 —
CFJ312-SST055  1.88 60.7 34.8 13.7
CFJ312-SST076  1.96 67.5 35.9 14.8




L JiE 012 %

M 9Ca) F1 10 0] LA HY - 7 B — 25 2 e/
WA O K/NAET, K EFEE FUiE CFI312 32 A
) e K TE 1 &R OB e B T B K 5 CFI312-
SSTO76 A e K It Iy Z A OA312 FLAY I 1Y
F CFI312-SSTO055 3 M 1 fin 7 6. 8% ; CFJ312-
SSTO76 3 A1 J: 3 0 £f 48 F+ #& [k CFJ312-SSTO055
BRI T 1. 1%

I ffy 5°FN 22°WF AN ] b 3 R Yl CFI312 38
U T+ 0 2 B0 26 11 B o
F11 AL TSR B3 R CFI31 2B A T 28K

Table 11  Lift coefficients of CFJ312 airfoils with different
suction surface translations at typical AoAs

C. ACL/ %
R
a=5° a=22° a=5"° a=22°
OA312 0.37 1.14 — —
CFJ312-SST055 0.43 1. 40 16.2 22.8
CFJ312-SST076 0.44 1.41 18.9 23.7
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Table 12 Lift-to—drag ratios and pitching moment

coefficients of CFJ312 airfoils with different suction

surface translations at AoA=—22°

iy L/D (AL/D)/% Cy ACy/ %

OA312 5.22 — —0.060 3 —
CFJ312-SST055  6.96 33.2 —0.0469 —22.2
CFJ312-SST076  7.22 38.3 —0.0459 —23.9
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Table 13 Optimal parameters of CFJ312 airfoil

JSF/mm
INJ SUC SST
CFJ312-SSTO076 5.0 10.0 7.6
‘
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