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Abstract. Combining traditional high lift devices with circulation control is expected to improve the takeoff and
landing performance of aircraft. Based on the Reynolds averaged Navier-Stokes (RANS) method, the 2D NLR-
7301 2-segment airfoil was taken as the research object. The circulation control was applied to the main element
and the flap respectively, and the effects of jet positions, heights, and momentum coefficients on the aerody-
namic characteristics of the multi-segment airfoil were systematically investigated. The results show that, the
position of the jet determines the basic aerodynamic force. For a too far backward jet position, the Coanda sur-
face will be too small to yield the wall attachment effect. Conversely, for a too far forward jet position, signifi-
cant separation will easily happen on the lower surface, to reduce the lift-enhancement effect. The lift coeffi-
cient generally increases with the decrease of the jet height and the increase of the momentum coefficient, but
there is a nonlinear effect by multiple parameters. A smaller jet height can bring a better lift increasement. For
high jet heights, the jet velocity is low, to weaken the entrainment effect and potentially cause circulation con-
trol failure of the main element. For the circulation control of either the main element or the flap of NLR-7301,
0.03 is an appropriate momentum coefficient, and further increase will cause significant separation of the lower
surface, and reduce the efficiency of lift-enhancement. From the perspective of pressure distribution, the circu-
lation control can elevate the suction peak at the leading edge of the main element, and improve the upper sur-
face suction and lower surface pressure. At the same time, the entrainment effect of the main element jet flow
helps to eliminate the boundary layer separation at the trailing edge of the flap. Furthermore, the circulation
control can still effectively enhance the aerodynamic performance of the wing under 3D conditions. However,
its control effect is affected by the spanwise flow and gradually diminishes from the wing root to the tip. The a-
bove conclusions provide a reference for the design of the circulation control of multi-element airfoils. In practi-
cal applications, numerical optimization is required to find the optimal combination of control parameters, in
view of both lift and drag characteristics.
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Fig. 1 The geometry comparison and computational grids of S809 and S809-CC
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Fig. 3 Comparisons of flow characteristics before and after circulation control of the S809 airfoil
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Fig. 4 The geometry and computational grid of the NLR-7301 multi-element airfoil
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Fig. 6 The schematic diagram and grid of NLR-7301 with circulation control
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Fig. 8 The aerodynamic characteristic variation curves of NLR-7301-CC_flap
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Fig. 9 The flow fields of NLR-7301-CC_flap in different positions of the jet
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Fig. 11 The flow field of NLR-7301-CC_flap (¢; = 0.7¢g,,,h = 0.000 15¢)

-ISr b - NLR-7301
L NLR-7301-CC_flap
a=13.1" L
“10F Re=2.51x10 B
RE Ma = 0.185 I
| 1 ¢ = 0.80c¢ gy |
G [0 h=0.000 lc Co 4t
_5_
ofF \ ::
Lo o T S RPN SFUEETI BFSUTI ST
0 0.4 0.8 0.9 1.0 1.1 1.2
x/c x/c
(a) ERIES5A0 (b) #ERLE Iy o341
(a) The pressure distribution of the main element (b) The pressure distribution of the flap

12 NLR-7301-CC_flap ¥4 #5515 1 43 A1
Fig. 12 The pressure distributions before and after circulation control of NLR-7301-CC_flap
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Fig. 19 The aerodynamic characteristic variations of the 3D wing
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