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Abstract

To further improve the lift-rising effect of the attached flap on an airfoil, based on the unique movement pattern
of a fluke when a dolphin moves forward, this paper puts forward a novel attached split flap model with variable
curvature. The lift-type vertical axis wind turbine's typical blade airfoil NACA 0018 is taken as the research object.
First, the aerodynamic performance of the two-dimensional airfoil is simulated based on the SST K — @ turbulence
model. The contrast between the simulation and the experimental results proves the correctness of the numerical
simulation methods in this paper. Then, the effectiveness of split flap is verified, and the lift-rising principle is
briefly analyzed. Finally, the parametric study is carried out based on the flap model with variable curvature
proposed in this paper, and the lift-rising principle of the variable curvature split flap is analyzed in detail. The
results indicate that, with the rise of the flap's curvature index, the airfoil's lift coefficient (Ci) integrated with the
flap gradually increases accordingly and tends to a constant value. The bionic research in this paper can provide a
comprehensive reference for the aerodynamic shape design of airfoil trailing edge flap and the further optimization
of energy efficiency of rotating machinery or aviation.
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or drilling holes in some parts of the airfoil (Liu and
Tan 2018), etc. Unlike the passive control methods,
the active control methods are more flexible
because they can be adjusted according to the actual
situation. The corresponding techniques mainly
include blowing and sucking in the boundary layer
(Zhang et al. 2017; Fatahian et al. 2019), synthetic
jet (Feero et al. 2017; Velasco et al. 2017), adding
plasma generator near the leading edge of airfoil

1. INTRODUCTION

Whether in the field of rotating machinery or
aviation, airfoil lift-rising technology has always
been an important research direction in fluid
mechanics. Especially for the lift-type vertical axis
wind turbine, the lift obtained by the blade directly
determines the energy efficiency of the turbine.

To improve the lift of airfoils and optimize the
performance of VAWTS, researchers have adopted
various flow control methods. Kral (2000) proposed
to divide the flow control technology into two
categories, including passive and active control.
Appropriate flow control approaches on an airfoil
can significantly improve its aerodynamic
performance. Generally speaking, the passive
control method is relatively simple in form and
structure and has no external energy injection. It
mainly includes the methods of setting a flat plate
or a small cylinder at the front end of the blade
(Zhou et al. 2017; Wang et al. 2018), setting a
vortex generator (Wang et al. 2017), setting slotting

(Post and Corke 2006; Bénard et al. 2009) and so
on.

Actually, in the majority of research on airfoil lift-
rising, flaps have been widely used (Urnes and
Nguyen 2013; Kaul and Nguyen 2014) due to their
apparent advantages of simple structure and high
lift-rising efficiency. The flap lift-rising devices can
be roughly divided into leading edge and trailing
edge lift-rising devices in terms of layout. The
leading edge lift-rising devices of the flap are
mainly used in the situation of being at a high attack
angle, such as leading edge flap slot (Weick and
Platt 1933), leading edge flap (Melton et al. 2005),
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Kruger flap (Kulhanek et al. 2020) and slot leading
edge flap (Atalay et al. 2020), as shown in Fig. 1.
These methods change the relative angle between
incoming flow and airfoil, which aims at delaying
stall and improving the lift of airfoil at high attack
angle. The trailing edge lift-rising devices of the
flap are widely used further, such as simple flaps
(Kim et al. 2020), split flaps (Duong et al. 2020),
single-slotted or multi-slotted flaps (Duong et al.
2020) and Gurney flaps (Li et al. 2020), as shown
in Fig. 2, where the trailing edge flap has more
significant lift-rising effect both before and after
stall conditions.

Ulteriorly, in the above technology of increasing
airfoil lift with flaps, many methods have been used
to optimize the energy efficiency of Vertical Axis
Wind Turbines (VAWTS). Zhang et al. (2021)
installed the split flap on the airfoil, and it was found
that the efficiency of the VAWT was increased by
5.8%. Zhu et al. (2019) proposed a new application
mode of the Gurney flap, which increased the energy
efficiency of VAWT by 19.72%. Since Darrieus
turbines are not self-starting, the slotted flap was
applied to the Darrieus wind turbine by Dardczy et
al. (2014), and a good improvement effect was
obtained.

Figure 3 shows the appearance comparison of
dolphin fluke in states of station and propulsion. As
shown in Fig. 3(a), in the static condition, the fluke
extends horizontally along the dolphin body
direction, which is almost in a straight line. In the
propulsion state, as shown in Fig. 3(b), due to the
unique flexible characteristic of dolphin fluke, the
fluke would be deformed in the process of beating

(a) Original airfoil

%

(b) Leading Edge Slot

(e) Slotted Leading
(d) Kruger Flap Edge Flap

Fig. 1 Leading edge lift-rising devices of flap.
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(e) Gurney Flap
Fig. 2. Trailing edge lift-rising devices of flap.
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water up and down, and its appearance is similar to a
bowl-shaped surface (Schaefer 2008).

Compared with the flat and straight dolphin fluke at
static state in Fig. 3(a), the bowl-shaped fluke can
catch and drain more water, which makes the dolphin
fluke get more thrust (Schaefer 2008). Fish et al.
(2018) took similar pictures in the experiment
studying the power source of dolphins, as shown in
Fig. 4 below.

Given the relationship between propulsion and
energy acquisition, this paper speculated that the
curvature of the flap could be changed by imitating
the bowl-shaped water-catching shape of the dolphin
fluke based on previous research on original flaps, to
further optimize the aerodynamic efficiency of the
original airfoil integrated with flap. Therefore,
inspired by the bowl-shaped dolphin fluke during
propulsion, this paper puts forward a mathematical
model changing flap's curvature, and applies this
model to the split flap due to its simple structure, as
shown in Fig. 3 and Fig. 4. By changing the curvature
of the split flap, the corresponding influence on the
aerodynamic efficiency of the airfoil and the curved
flap itself is then studied.

(b) Shape variation of fluke during propulsion
Fig. 3. Schematic diagram of dolphin fluke.
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Fig. 4. Dolphin fluke during propulsion (Schaefer
2008).
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The novelty of the present study can be summarized
as follows:

(1) The effect of various flaps on the optimization of
airfoil aerodynamic performance and the improvement
of wind turbine efficiency has been fully proved.
However, the new method to further improve the
overall aerodynamic performance optimization
effect of existing flaps or airfoils has not been fully
developed. Taking a split flap as an example, this
paper proposes a curved split flap based on a bowl-
shaped dolphin fluke during propulsion, which can
further effectively optimize the aerodynamic
efficiency of the original flap.

(2) Among some new methods to further improve the
performance optimization effect of existing flaps, the
flap deflection angle has actually changed. In this
paper, the premise that the flap deflection angle
remains unchanged is strictly guaranteed, and the
purpose of optimizing the overall aerodynamic
performance of the airfoil and the flap is achieved
only by rearranging the local deflection angle of the
traditional flap.

(3) There are diverse methods in the installation and
deformation of trailing edge flaps. However, in most
studies on flaps, the efficiency of flap's curvature on
the overall aerodynamic performance of airfoils is
rarely considered. Better aerodynamic performance
may be achieved by changing the curvature of the
contact surface between the flap and fluid.

(4) The novel mathematical model of the curved flap
is creatively developed. The optimal deformation
parameters of the curved flap are determined through
parametric research.

2. CALCULATION MODEL

In this paper's situation, the NACAO0018 airfoil is
used as the basic airfoil, and the chord length (C) of
the airfoil is set as 1m, and a rigid hinged plate with
a length of L= 3%C is horizontally arranged on the
lower surface at 97%C. The red dotted line in Fig.
5(a) shows the original position of the split flap. S
(Xy, Yo) is the hinged point between the flap and the

original NACA0018 airfoil surfaces. In addition, the
definition of the flap height (H) is shown in Fig. 5(b).
Liebeck (1978) believed when the flap height
exceeds 2% of the airfoil chord length, the resistance
increases obviously. Bianchini et al. (2019) found
that, through numerical simulation, the flap height
should not be too large, otherwise it adversely affects
the overall lift-to drag coefficient of the airfoil and
the flap. Li et al. (2020) found that, through
experiments, when the flap height is 2%C, the
effectiveness of the flap is relatively higher. Based
on the conclusion of previous literature and the
Reynolds numbers selected in this paper
(Re=1.6x10°), 2%C is chosen as the flap height H.

2.1 Original Split Flap Model

The final position of the split flap in Fig. 5(b) can be
obtained by controlling the surface nodes of the
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Original position

Final position

NACA 0018

C vonms =

(a) Changing process

Split flap

NACA 0018 with split flap = ::

(b) Schematic diagram of original split flap after
changing process
Fig. 5. Original split flap.

horizontal split flap to move downwards. In Fig.
5(b), it defines the acquisition process of the original
split flap, as shown in equations (1)~(3). The original
horizontal flap has a node coordinate of (X;, yj) , the

changed flap has a node coordinate of (NODE_X,
NODE_Y), and it further defines the curvature
coefficient k. V is the structure pointer toward the
flap surface coordinates.

The flap model obtained by equations (1)~(3) in Fig.
5(b) is the original split flap model adopted in this
paper, which is recorded as the Original Split Flap
(OSF).

k =(1/0.03)(x, —0.97) @
NODE _ X (v)=x; )
NODE _Y (v)=y; —Hk (3)

2.2 Curved Split Flap Model

The acquisition process of the curved split flap is as
shown in equations (4)~(5), which is similar to the
acquisition process of the original split flap in section
2.1. The curved split flap is also obtained by moving
the nodes on the original horizontal flap to move
downwards.

Through changing values of n in equation (4), the
curvature coefficient (k) can be controlled
accordingly. When n is 2, the curved flap is shown in
Fig. 6, which is recorded as Curved Flap-n2,
abbreviated as CFn2. When n is 4, the curved flap
is recorded as CFn4, and so on. In this paper, n is
taken as 2, 4, 8, and 16, respectively. Flap with four
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Original position

Final position

NACA 0018 !

(a) Changing process

Curved flap-n2

NACA 0018 with curved flap== ::

(b) Schematic diagram of curved split flap after
changing process
Fig. 6. Curved split flap.

curvatures is recorded as CFn2, CFn4, CFn8, and
CFn186, respectively.

In this paper, the deformation height of the original
split flap and the curved flap are both H. The
included angle between connecting line (i.e.
connecting line between leading edge point and
trailing edge point of flap) and horizontal direction
(i.e. direction of incoming flow) is positioned as the
flap deflection angle. Notably, the deflection angles
of the two flaps are consistent.

k =(1/0.03)"(x, —0.97)" @
NODE _ X (v) =X 5)
NODE _Y (v)=y; +Hk (6)

2.3 Calculation Method

InFig. 7, the grid for the original airfoil NACA0018 and
the detailed grid distribution are shown. The
quadrilateral grid and O-shape topology are
embraced for the numerical reenactment lattice of the
single two-dimensional airfoil. This paper takes the
vertical axis wind turbine as the research object and
the Reynolds number is Re=1.6x10°. The external
boundary of the computational space is around 50
times of chord lengths away from the airfoil surface.
To ensure y+<1, the grid height of the first layer near
the airfoil is set as 1.2x10“m, and the development
proportion of the ordinary framework close to the
wall is controlled within 1.1.
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Fig. 7. Grid for original airfoil NACA0018

The velocity inlet and pressure outlet are adopted as
boundary conditions and the divided area is shown
in Fig. 7.

3. VERIFICATION OF
CALCULATION METHOD

The grid independence verification method of the
original airfoil can be referred to the previously
published literature (Huang et al. 2021). Four sets of
grids with different numbers of grids are selected for
comparative analysis, and the number of grids is
63000, 127000, 191000 and 255000, represented by
Mesh-1, Mesh-2, Mesh-3 and Mesh-4, respectively.
According to previous experience (Huang et al.
2021), to save the calculation cost, in the numerical
simulation study of this paper, the steady state is used
for calculation before the stall occurs on the airfoil
surface, and the transient state is used for calculation
after the stall. When Re=1.6x10°, the above four
kinds of grids are used to simulate the lift and drag
coefficients with attack angles of 0° to 18°, and the
result is shown in Fig. 8(a). Overall, the trend of
calculation results of Mesh-2, Mesh-3 and Mesh-4 is
close. Meanwhile, the calculation error between
Mesh-3 and Mesh-4 is less than 1%. To sum up, the
third grid is identified as the benchmark grid for
subsequent calculation.

In addition, the numerical simulation results of the
above third grid are compared with experimental
results (Pawsey 2002) and simulation results (Kumar
et al. 2010). The schematic diagram of the results are
shown in Fig. 8(b) and Fig. 8(c), where the variation
trend of the lift and drag coefficient is basically
consistent with the experimental results. In addition,
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Fig. 8. Verification of calculation method.

the error of simulation results in this paper is smaller
than that of Kumar et al. (2010).

Generally speaking, the numerical simulation
method is feasible and the results are effective and
within the allowable error range.

4. RESULTS AND ANALYSIS

In this section, the original split flap and split flap
with four kinds of curvature are numerically
calculated at the attack angle range of 2°-14°. Firstly,
the aerodynamic performance of NACAO0018
integrated with the original split flap are compared
with the original NACAQ018 airfoil, and the lift-
rising effect of the split flap is investigated. Besides,
the lift-rising principle of the split flap is briefly
analyzed. Then, the aerodynamic performance of
NACAO0018 with a curved split flap with four kinds
of curvature are compared with that of the
NACAO0018 with the original split flap. Thus, the
influence of different flap's curvatures on the airfoil
and the flap itself are analyzed.
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Fig.9. Aerodynamic performance of NACA0018
with original split flap.

4.1 NACAO0018 with Original Split Flap

Figure 9 shows the aerodynamic performance of the
NACAO0018 airfoil and NACAOQ018 integrated with
the original split flap when the attack angle is 0°-14°.
The lift coefficients of NACAO0018 integrated with
split flap are larger than that of NACA0018, and the
drag coefficients do not increase obviously before
the stall angle of attack. In addition, compared with
the original NACAOQ018 airfoil's lift-to-drag ratio,
the NACAO0018 airfoil integrated with split flap is
significantly improved before the stall.

The split flap changes the original flow direction of
the airflow on the lower surface and deflects the
airflow downward. The airflow suddenly changing
the original motion direction produces an upward
reaction force on the split flap. As shown in Fig. 10,
compared with the original NACAOQ018 airfoil, the
upward reaction force generated by airflow on the
split flap causes the pressure near the lower surface
of the split flap to increase locally. In addition, as
shown in Fig. 10, the lower pressure area on the
upper surface and the high pressure area on the lower
surface of NACAO0018 airfoil with split flap both
enlarge. It indicates that the flap would influence the
pressure distribution of the airfoil and is manifested
by the outward motion of the pressure coefficient
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curve in Fig. 11. That is, there shows the increase of
airfoil circulation.

Figure 12 shows the wvelocity distribution of
boundary layer on suction surface of the airfoil based
on the 90% chord length of airfoil, and the data
results are normalized. It can be seen from the figure
that, compared with the air velocity on the suction
surface of the NACAOQ018, the air velocity on the
suction surface of the airfoil integrated with the
original split flap rises significantly, resulting in a
growth in the overall circulation and lift coefficient
of the airfoil. In Fig. 12(a), at the 90%C of the
NACAO0018, the boundary layer thickness is about
3%C of the airfoil, so the split flap height H=2%C
would not cause an increase in drag coefficient
because the whole flap is in the boundary layer,
which is consistent with the calculated curves in Fig.
9.
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4.2 NACAO0018 with Curved Split Flap

This section imitates the method of increasing the
drainage volume of bowl-shaped dolphin fluke
during propulsion. Based on the original split flap,
the curvature of the flap is changed according to the
curved flap model proposed in section 2.2, to further
optimize the aerodynamic performance of the airfoil
integrated with flap.

The lift coefficient of the airfoil integrated with the
original split flap is recorded as Clg .. » and the

lift coefficient of the airfoil integrated with curved
split flap is recorded as ci If the curvature

index n=2, the lift coefficient is recorded as
Clepnasairion - 1€ ordinate of Fig. 13(a) shows the lift

coefficient growth rate of the airfoil integrated with
flap with different camber indexes based on
and the calculation equation is:

CFn-+airfoil *

CIOSF +airfoil !

CICFn+ain‘0iI _CIOSF +airfoil

()
ClosE +airtoi
Similarly, the ordinate equation in Fig. 13(b) is:
CICFn+airf0iI /CdCFmairfoiI 'CIOSF +airfoil / CdOSF +airfoil (8)

CIOSF+airf0iI /CdOSF+airf0iI

In Fig. 13(a), the lift coefficients of the airfoil
integrated with flap varying with different curvatures
are higher than those of airfoils integrated with
original split flap. That is, compared with original
split flap, the lift coefficients of the airfoil integrated
with a curved split flap imitating dolphin flukes are
improved to some extent. At the same attack angle,
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with the rise of the curvature index n, the lift
coefficient increases by 15.05% at most. The lift-to-
drag ratio in Fig. 13(b) can be increased by 12.75%.
The growth rate of lift-to-drag ratio of airfoil
integrated with curved flap shows a similar trend to
the growth rate of lift coefficient in Fig. 13(a). Thus,
the following contents of this section only consider
lift coefficient as the standard for the effectiveness of
flap's curvature.

It is not difficult to find from Fig. 13(a) that the lift
coefficient growth rate is negatively correlated with
the attack angle. With the increase of the attack
angle, the lift coefficient growth rate gradually
decreases. However, at a small attack angle, the lift
coefficient of the airfoil integrated with flap is low.
Therefore, only by the growth rate of lift coefficient,
it is difficult to fully grasp the increasing effect of
flap's curvature on the aerodynamic performance of
the airfoil. Therefore, both the growth rate of lift
coefficient and the growth amount of lift coefficient
are taken as the basis for judging the flap lift-rising
performance in Fig. 14. The main coordinate axis in
Fig. 14 represents the lift coefficient growth rate of
the airfoil integrated with a curved flap. The
corresponding equation is:

CICFn+ain‘oiI 'CIOSF +airfoil

©)

CIOSF +airfoil

The secondary coordinate axis represents the growth
amount of lift coefficient of airfoil integrated with a
curved flap, and the calculation equation is:

CICFn+airfoiI _CIOSF +airfoil (10)
In Fig. 14, when the curvature index n is determined,
the lift coefficient growth rate and lift coefficient
growth amount of the airfoil integrated with flap
show different variation rules. The lift coefficient
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growth rate is negatively correlated with the attack
angle. With the rise of the attack angle, the lift
coefficient growth rate decreases continuously. With
the increase of attack angle, the growth amount of lift
coefficient first increases and then decreases.
Besides, when the attack angle is near the stall attack
angle, the growth amount of lift coefficient (

CICFn+airfoiI'CIOSF+airfoiI ) reaches the maximum
value.

4.3 Lift Rising Mechanism of Flap

In section 4.1, it is found that the original split flap
would not only cause local high pressure of the flap,
but also affect the pressure distribution and
circulation change on the airfoil surface. In section
4.2, itis also found that the lift coefficient transforms
after changing the flap's curvature. To explore the
change of curvature on the lift coefficient of the
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airfoil and the flap itself, respectively, this section
divides the lift coefficient into two parts: the lift
coefficient of the flap itself and the airfoil's lift
coefficient that affected by the original split flap, that
is Closk +airtoin =Close +C|airfoiI(OSF) ; the airfoil with the

curved flap are divided in the same way, and it is
written as ClI When the

curvature index is n=2, then it is written as
Clonz-airoit =Cloenz * Clairfoilcrnz) * By studying the lift

coefficient of the flap itself and the lift coefficient of
the airfoil affected by the flap, the influence
mechanism of flap's curvature change on the lift
coefficient is explored.

crnsairtoilt =Clern + Clairtoiicrn)

Figure 15(a) shows the growth rate of lift coefficient
of the flap and the airfoil affected by flap when the
curvature index n=2, and the calculation equations
are (11) and (12), respectively:

ClenpClose

(11)
Cloge
CIairfoiI(CFnZ) 'ClairfoiI(OSF) (12)
Clairtoit(osF)

Figure 15(b) shows the growth amount of lift
coefficient of the flap and the airfoil affected by flap
when curvature index n=2, and the calculation
equations are (13) and (14), respectively:

CleereClogse (13)

Clirmoit crn2)“Clairtoit (osF) (14)
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Fig. 16. Growth rate and growth amount of
airfoil and flap when n=4.
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Fig. 17. Growth rate and growth amount of
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Figure 16 to Fig. 18 establish the ordinate axis in the
same way. It can be seen from Fig. 15(a), Fig. 16(a),
Fig. 17(a) and Fig. 18(a) that when the curvature of
the flap changes, the flap's lift coefficient changes
dramatically. Besides, when n=16, the flap's lift
coefficient can be increased by 43.56% at most. That
is because the lift coefficient of the airfoil is
indirectly affected by the change of the flap's
curvature. The pressure nephogram in Fig. 19 also
shows that, with the increase of flap's curvature
index, the area of high pressure and pressure peak on
the lower surface of the flap increase continuously.
At the same time, there is only a relatively small
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change of the pressure field around the airfoil. The
above research results show that the change of flap's
curvature has a greater impact on the flap itself than
on the airfoil. However, because the ratio of flap's lift
coefficient to airfoil's lift coefficient that affected by
the flap is too small. Therefore, the growth of the
overall lift coefficient is mainly caused by the change
of lift coefficient of airfoil, the lift coefficient growth
amount of flap is much smaller than that of airfoil at
the same attack angle, as shown in Fig. 15(b), Fig.
16(b), Fig. 17(b) and Fig. 18(b).

According to section 4.1, a split flap can change the
original flow direction of the airflow on the pressure
surface and deflect the airflow downward, so as to
change the pressure distribution of the airfoil
integrated with flap by using the reaction force of the
airflow. In this section, the principle that the curved
split flap can further improve the lift based on the
split flap in section 4.1 is analyzed. On the one hand,
the airflow is blocked at the trailing edge of the flap,
resulting in the growth of local surface pressure on
the lower surface of the flap. Thus, the lift coefficient
is improved, similar to the dolphin fluke propulsion
principle on the bowl-shaped surface. On the other
hand, as shown in Fig. 20(a) and 20(b), the airflow
deflection angle at the trailing edge of curved flap S
is greater than that of the original split flap o.
However, it should be noted that the overall
deflection angle of the two flaps is strictly
guaranteed to be the same, both of which are a. When
the airflow deflection angle is larger, the centripetal
force required for airflow deflection is greater, which
ultimately leads to the greater upward reaction force
of airflow to the flap. Therefore, when the curvature
index is higher, the peak value of the lower surface
high-pressure area is greater, as shown in Fig. 19.
The above two points are the main reasons the flap's
lift coefficient increases after the flap changes its
curvature.
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surface of airfoil with curved flap (x=0.9C).

When the curvature of split flap is changed, the flap's
lift coefficient is increased, and the airfoil's lift
coefficient will also change under the influence of
the flap. The change of the airfoil's lift coefficient is
the fundamental reason for the rise of integral lift
coefficient of airfoil with a flap as a whole.

Figure 21 shows the boundary layer velocity
distribution of the airfoil's suction surface with
original split flap and curved split flap(n=16) based
on 90%C of the airfoil, and the data results are
normalized. As shown in Fig. 21, compared with the
air velocity on the airfoil's suction surface with
original split flap, the air velocity on the airfoil's
suction surface with curved split flap is larger, which
undoubtedly leads to the increase of the airfoil
circulation and lift coefficient.

5. CONCLUSION

In this paper, based on the NACAO0018 airfoil, by
simulating the shape change of dolphin fluke during
propulsion and based on the split flap, a curved split
flap model with variable curvature is proposed.
Meanwhile, the corresponding mathematical model
is established. Through numerical simulation, the
following conclusions are obtained:

(1) In this paper, based on strictly ensuring the
deflection angle of the original split flap and curved
flap, it is found that when the flap is given a certain
degree of curvature, the curved flap can further
improve the aerodynamic characteristics of the
airfoil and the original split flap.

(2) The principle of curved flaps to optimize the
aerodynamic characteristics of airfoils: on the one
hand, the airflow is blocked on the lower surface of
the flap, sharply increasing the local surface
pressure, thus improving the overall lift coefficient,
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which is very similar to the dolphin fluke propulsion
principle on the bowl-shaped surface; on the other
hand, although the precondition that the flap
deflection angle remains unchanged is strictly
guaranteed, the ability of the curved flap to deflect
the airflow at the trailing edge is enhanced by
rearranging the local deflection angle of the
traditional flap.

(3) When the curvature index n of split flap is greater,
the lift-rising effect is more pronounced and
gradually tends to a constant value. In this paper,
when the curvature index is n=16, the lift
coefficient(Ci) and the lift-to-drag ratio(Ci/Ca) can be
increased by 15.05% and 12.75%, respectively,
based on the original split flap.

(4) By changing the curvature index of the flap, it is
found that the flap's lift coefficient growth rate is
much larger than that of the airfoil affected by the
original split flap. However, the fundamental reason
for the change of the whole lift coefficient is that the
flap effects the growth of the airfoil's lift coefficient.

(5) In the follow-up research, the length L and the
height H of flap could be further optimized under the
premise that the resistance change is not obvious, so
as to further improve the lift coefficient and lift-to-
drag ratio of the airfoil integrated with the flap.
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