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Abstract

Active flow control (AFC) have garnered significant attention due to their substantial lift enhancement
capabilities. However, the complex flow phenomena induced by these methods, such as intense shear
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layers, high-curvature separation regions, and strong adverse pressure gradients, present substantial
challenges for computational fluid dynamics (CFD) simulations. Based on the NASA’s open-source
solver CFL3D, this study systematically evaluates simulation strategies for two representative AFC
methods (circulation control and co-flow jet) using benchmark airfoils CC020-010E] and CFJ6415,
with particular emphasis on turbulence modeling and boundary condition formulations. For the cir-
culation control: The standard SA model is difficult to accurately capture the streamline deflection
caused by the Coanda effect at the trailing edge of the airfoil, resulting in insufficient accuracy for sep-
aration prediction. The SA + RC model with curvature correction can effectively improve the simula-
tion of trailing edge separation. In addition, active jets are highly sensitive to boundary conditions.
Under the assumptions of incompressibility and isentropic, a comparative study was conducted on
two types of subsonic flow boundary conditions in CFL3D (2008/2018). It was found that the result of
2018 had a higher degree of agreement with the experimental data, and combined with the SA + RC
model, the lift coefficient only differs by 3%. The simulation of co-flow jet shows that although the
RANS method has inherent limitations in large separation flow, resulting the deviations in drag coef-
ficient, the overall aerodynamic trend prediction remains consistent.
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HI3eFt. T8k, FahiiiEtl(Active Flow Control, AFC)H AL A8 H 8 28 K shiz il Ge 71 AT V2 1) L&
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IR 7RISR

A& 42 (Circulation Control, CO)E MR T34 #I Tk —, ol B o5 SHim 2l i) i
[FIVE st AT e s iett, ORI G AR JE GO # i, IR 5 2 8 SR Jy Y I Z 4b 7o fe
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RN LA R A P S ) 32 PR A5k 1, ML Burnazzi [9142 H AW 4 B il S G 2B T+ T 32 shifida il 1 2%
., MfE, L% K%Y G.Zha [10]3E—24EH T Vr RIS R (Co-Flow Jet, CF)), HIF B # A EL%,
T N AR B B AR g T B AR IR S ASE LSRG R o X — WL AN ORI F S IR R IR T 3 R
FE, o T OOEREE, M TR R, BT BAAE, W H AR B E R RS, W T REE
PAFE, $eFt T EARME . Lefebvre [1 1] [12[IRAERTE TR TR, SHishaE R4, S 0 & E SR 2
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3. FEiTH]
3.1, HEEBR R

CC020-010E) FAAE NI EAHI ML HIGUFFER, CEIR W TPt MTF XU X NASA LaRC
BART U AT 7RISR0, SEIGECE S0 il 48, OBy RSl i) 2 SO0 ARE A . iZ 5L KON ¢
=0.21844 m, A 7 =0.000503 m, J5%% Coanda U Hi-4% r = 0.02066 m [23].

HHEMEE 1 R, BRTEER R KE N 14e, ERKE 4.65¢, B E)ZEMKEE N 2.4 x
105, W& y* <1. HHEAREN: SHE Ma=0.099, FiEE Re=2.24 %105, HJF T=295K, hERHK
C,=0.047, Bl AoA = 0°  FEIN S 264 VLB J7 TH, FE B VTSI 3 8 v o 2L & 0Nt/ H U (Inflow/outflow
1003), FAILM LK R _E i85 o J0 i A B2 T (No-slip wall, 2004), JafAk /230 FONSHR 1T, ol 544
A7 3 N [ (Specified subsonic inflow, 2008/2018).
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Figure 1. The grid of CC020-010EJ
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Figure 2. The pressure distribution of CC020-010EJ
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Figure 3. The flow field of CC020-010EJ
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Table 1. Comparison of lift coefficients of CC020-010EJ
F 1. CC020-010E] BEFA HHEHIEL

TR CFD (2008/2018) Ref
SA 1.928/1.815 1.82
SA +RC 1.84/1.718 1.71
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VNIE Paw =R/ S tkail EPNL /e RPN e e AT C O | e Seri P R B U R S L R Y iR U A C A1
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Figure 4. The force analysis model of the CFJ airfoil
& 4. CF) REIZ N iEE
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4.2. HEER

CFJ6415 BALZ P [FSHR BRI & SUGHEARE A, HIET NACA6415 FAIMEE, FA 1VESE Rl FE 1K KU
SCIHE, A T I A SCEE A RUNE A R, 5 A T RYE R 2 Wit SR CEI6415 )L
AL, ALRUER/MRAS A R RS, RS HUS Sebr LU, RERE A kg 1, R i
BTG RS DS S AR, WD TR F RS R LR AR E Rk
ANFERA WA EREN(2018)” A4, HARUF KM R ESHR —56], WD SH0Ed 3 & KRBT
S, A OSHONET B ER 8T E R ISR XA 7 E e 7R, @ T A ERE
Bt

THEORAS: S Ma=0.03, hERE C.=0.08, THiHE Re=2.078 x 105, &LIEN T=288.15K,
N AoA: 0°~25°, HHE R k-0 SST iR, HHEMME 6 AR, Ho C Bnihg:H, mHR
~FZ1R 90c, UTBENEZ RN 1x 1070, BN 1.1, PR y <1, i MR o s iR 5 R

Table 2. The parameter of CFJ6415
2. CFl6415 BRIBH

ke e WO e WS AL E MRS e MRS 2
0.3048 m 0.5096 m 0.65%¢c 7.5%¢ 1.3%c 88.5%¢
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Figure 6. The grid of CFJ6415
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Figure 7. The CFD results of NACA6415 and CFJ6415 (Left: Ci, Right: Cp)
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Flgure 8. The pressure distribution of NACA6415 and CFJ6415(Left 0°, Middle: 10°, Right:20°)
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Figure 9. The flow field of NACA6415 and CFJ6415
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