W57 % 49 B % X @ K ¥ ¥ K Vol. 57 No. 9
2023 4E 9 f JOURNAL OF XI’ AN JIAOTONG UNIVERSITY Sep. 2023

B TREEXZHERERINZHIIBHAR

FAU R BRI
(. KRRAENHEBE, 710064, P ; 2. PYLQACHE R FEM KM =Bt , 710049, P45
3. PHERCE R AWM R E SR E K EH L3, 710049, P&
4. VYL R APV G RATH IR IR Sl E A=, 710049, PH4)

WE. AMRIRE R T A TR ‘1’1_2?‘)2%@5 BX—HREFMAGREERAEPLNR
HiFAH RBETARELATABERBEERFELFTADERNG T R, 22T —FRABRNLR
kA egid A IB-LB-FEM A B 48 5 M AABEDIER T RAAMAE T TABERB AL E R E R K
2+ NACA0012 ﬁ_mlﬁ””ﬂﬁzﬁéﬁ # e, #@n’—T%Mﬁ‘;ﬁ_;ﬁ B A T EHMAERLEZFTAD
R, FREREN . S FENR R, }iﬁiiﬂ El R RO AR BRI S & o
¥) I Mk A pe T Ak iizumf’ri’ 33. 32A,Tiﬁu¥ﬁm BAFEZAABELASERNR BRI S B E
# 49¥Lk3;#&ﬁ];§—§'1:7§@%4]5i"’m@?ﬁﬂ‘“ﬁfﬁ%ﬁk%‘ﬁéﬁbmﬁ BMm e T ZA G A
M, WIN K E T ABEFEELGRNE R FASANRAARBOHFRA XK ELR G AL, #F
RIS TRANERBRLADERNE, BEGAERTENASI S BRBET HOFRERL,

KEE . FRBEFADRFAGER AR ET TR

RESES. V211.3 XHiREE: A

DOI: 10.7652/xjtuxb202309003 X EHHS :0253-987X(2023)09-0022-09

Research on the Flow Control Mechanism of a Flexible Flap
on the Airfoil Lower Surface

MENG Junmiao', HAN Jiakun***, CHEN Gang**"*
(1. School of Highway, Chang’an University, Xi’an 710064, China; 2. School of Aerospace Engineering, Xi’an Jiaotong
University, Xi’an 710049, China; 3. State Key Laboratory for Strength and Vibration of Mechanical Structures,
Xi’an Jiaotong University, Xi’an 710049, China; 4. Shaanxi Key Laboratory for Service Environment and

Control of Flight Vehicles, Xi’an Jiaotong University, Xi’an 710049, China)

Abstract: In order to solve the hot issue of the boundary layer flow separation in the design of
bio-inspired aircraft at low Reynolds number, a method of unsteady flow control using flexible
flaps on the lower surface of the airfoil was proposed in the paper based on the flow control mech-
anism of bird secondary feathers. Specifically, a general IB-LB-FEM fluid-structure coupling
method with the immersed boundary method as the core was established, the effect of the posi-
tion and stiffness coefficient of the flexible flap on the unsteady flow of NACAO0012 airfoil was
systematically studied, and the deformation law and unsteady flow control mechanism of the flex-
ible flap under fluid-structure coupling were revealed. The results show that the influence of the

flap near the trailing edge of the airfoil on the aerodynamics of the airfoil is more obvious with the
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maximum average lift-drag ratio being 33. 32 % higher than that of the airfoil without flaps; the

flexible flap on the lower surface does not directly participate in the control of the flow separation

on the surface of the airfoil, but it can form a new flow separation behind the flap by disturbing

the unsteady flow on the lower surface of the airfoil, thus affecting the aerodynamics of the air-

foil; by changing the stiffness coefficient of the flexible flap on the lower surface of the airfoil,

the fluid-structure coupling characteristics of the flexible flap can also effectively improve the aer-

odynamics of the airfoil. Focusing on studying the flow control mechanism of the flexible flap,

the study can provide a new research idea for solving the flow separation of bionic aircraft.

Keywords: flexible flap; immersed boundary method; flow control; fluid-structure coupling;

unsteady flow
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