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Numerical study on flow characteristics of airfoil with bionic micro-grooves 
 
Zheng-Ren Wu1 • Yu-Fei Yang1 • Mei Liu2 • Kai-Shun Zhang1 

 
 
 
 
 
 
 
Abstract: For the purpose of exploring the influence of the 

location of the bionic micro grooves on the flow characteristics of 

the airfoil, three airfoil models with bionic grooves were 

established according to the different positions of the bionic 

grooves. Large eddy simulation is used to numerically simulate 

the flow of different airfoils. Compared with the smooth airfoil, 

the flow characteristics and aerodynamic performance parameters 

of the bionic micro-groove airfoil are analyzed at 6° angle of 

attack, 24 m/s and 30 m/s speed. The results show that the three 

types of bionic grooved airfoil suppress the thickness and flow 

length of the separation zone, making the reattachment position 

of the separation zone more forward than that of the smooth 

airfoil, thus having different degrees of separation of the airfoil 

surface boundary layer. Control effect. In addition, the existence 

of bionic micro-grooves reduces the vortex structure in the 

near-wall zone, reduces the center height of the separation zone, 

and reduces the normal velocity gradient, which weakens the 

energy dissipation in the flow. Airfoil-H1 airfoil has the best flow 

characteristics and aerodynamic performance at 24 m/s, the drag 

reduction rate is the largest, reaching 16.99%, and the lift-to-drag 

ratio increases by 16.34%. The Airfoil-H2 airfoil has the best 

effect at 30 m/s, the drag reduction rate is the largest, reaching 

18.09%, and the lift-to-drag ratio increases by 18.86%. Airfoil-H3 

airfoil has a lower effect, but the effect becomes more 

pronounced as the speed increases. As the mainstream speed 

increases from 24 m/s to 30 m/s, the optimal airfoil will gradually 

transition from Airfoil-H1 airfoil to Airfoil-H2 airfoil regardless 

of flow characteristics or aerodynamic performance parameters. It 

is found that there is the best matching value between the location 

of the bionic groove and the mainstream speed, so that the groove 

can play the best improvement effect. 
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1 Introduction 

 

Airfoil drag reduction technology has been widely used in 

fluid machinery, aerospace, etc. Researchers have adopted 

various methods to achieve a more ideal drag reduction 

effect. The methods of controlling drag mainly include 

active control and passive control. The passive control 

technology is a small investment and effective method [1]. 

The more common passive control methods include vortex 

generator [2], bionic leading edge [3], serrated trailing 

edge [4] and bionic micro groove [5]. Researchers have 

conducted a lot of research on passive control technology.  

Some scholars have studied the control of vortex generators on 

the separation of airfoil boundary layer through experiments. 

Research shows that the vortex generator has a better drag 

reduction effect on the boundary layer at a suitable installation 

angle and installation position, and will reduce the separation 

vorticity of the airfoil [6]. Jumahadi et al. [7] studied the 

airfoil surface hybrid vortex generator and found that the 

hybrid micro vortex generator increased the lift by 21.2%, 

increased the drag by 11.3%, and increased the lift-to-drag 

ratio by at least 8.6%. Tian et al. [8] used numerical 

methods to study the aerodynamic characteristics of the 

imitated owl wing airfoil, and the results showed that the 

lift coefficient and stall performance of the imitated owl 

wing airfoil were improved, and the efficiency of the 

bionic airfoil blade was increased by 12%. Zou et al. [9] 

studied the flow separation of the front and rear edge 

sinusoidal wave-shaped airfoil, and showed that the front 

and rear edge modification would increase the fluid 

disturbance and delay the fluid separation on the airfoil 

surface. Xu Chengyu et al. [10] simulated the aerodynamic 

performance of the airfoil with the leading edge of the owl. 

The aerodynamic performance of the airfoil was improved, 

and the lift coefficient increased by 19.8%. Yang et al. 
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[11][12] studied the serrated trailing edge bionic airfoil by 

LES and showed that the relative tooth height of the 

trailing edge has a greater impact on the aerodynamic 

characteristics of the airfoil. In addition, the serrated 

trailing edge delays the separation of the boundary layer, 

which speeds up the intermixing of fluids in the wake area 

and the energy transfer. Zhang [13] studied the 

aerodynamic performance of serrated trailing edge airfoil 

blades, and found that the trailing edge serrations caused 

the fluid to generate vortex pairs near the trailing edge and 

weakened the spanwise correlation of the vortex structure 

near the trailing edge. 

These drag reduction methods are currently undergoing 

mechanism research and discussion, and the engineering 

realization of the bionic micro-groove drag reduction 

technology is easier than other technologies, so it is a 

method worth exploring and applicable to practical 

engineering. People have analyzed and discussed 

micro-groove drag reduction from different angles. For the 

geometry of micro-structures arranged downstream, Walsh 

[14] found through experiments that when the 

dimensionless height of the groove h+≤25, the 

dimensionless spacing s+≤30, the longitudinal groove can 

bring a certain drag reduction effect. For the design of the 

lateral groove size, there is no good conclusion. From the 

research of Sutardi [15], Amy [16], Ching[17] and others, 

it is found that when s+≤50 and h+≤30, it has a good drag 

reduction effect. Song et al. [18] found through numerical 

simulation that the V-shaped ridge structure on the airfoil 

surface can significantly reduce the turbulence intensity 

and turbulent kinetic energy in the airfoil boundary layer, 

proving the drag reduction effect of the ridge structure. 

WU et al. [19] studied the influence of different groove 

structure sizes on NACA0012 airfoil turbulence resistance. 

Under the optimal structure, the drag reduction rate 

reached 9.65%, and found that there is an optimal value for 

the groove spacing. Shi [20] used the SST k-w turbulence 

model to numerically simulate the airfoil with grooved 

V-groove structure, and showed that the V-groove structure 

at the back of the suction surface has the greatest drag 

reduction effect, with a drag reduction rate of 16.2%. 

Aiming at the micro-groove drag reduction mechanism, 

Yuan [21] simulated a special airfoil for wind turbines with 

micro-grooves and found that the V-groove mainly 

achieved drag reduction effects by reducing the pressure 

difference resistance. Serson et al. [22] studied the method 

of wing span corrugation to improve the aerodynamic 

performance of the airfoil with the help of DNS method, 

and found that the corrugation would reduce the lift-drag 

ratio of the airfoil. Liu et al. [23] analyzed the 

microstructure drag reduction mechanism from the 

perspective of entropy generation, and showed that the 

groove structure can reduce the entropy generation in the 

flow process. Domel et al. [24] arranged a new type of 

tooth structure on the suction side of the airfoil and found 

that the airfoil drag can be reduced, the lift increased, and 

the momentum loss in the boundary layer caused by wall 

friction can be supplemented. Zhang et al. [25] conducted a 

simulation study on the drag reduction effect of the 

micro-textured airfoil, determined its drag reduction effect, 

and proved the influence of the micro-texture layout on the 

airfoil surface that they summarized on the drag reduction 

effect. Harun et al. [26] conducted wind tunnel 

experiments on the oblique staggered groove structure on 

the airfoil surface and found that the convergent and 

divergent staggered groove structure will significantly 

change the turbulence characteristics and reduce the airfoil 

resistance. Chamorro et al. [27] studied the resistance 

changes of wind turbine airfoil blades partially covered 

with groove structure through wind tunnel tests. The study 

found that the groove can reduce the frictional resistance of 

the airfoil wall, and the reduction varies with the height 

and geometry of the groove, and the partial coverage of the 

airfoil blade surface with the groove is in some cases more 

effective than the complete coverage effective.  

At present, the numerical simulation and experimental 

research of the bionic groove structure on the airfoil 

surface mainly focus on the amount of drag reduction, 

while the analysis of the drag reduction mechanism of the 

bionic groove structure on the airfoil surface is relatively 

small. This paper mainly studies the influence of the 

groove structure on the flow characteristics of the airfoil 

and its basic influence mechanism when the bionic micro 

grooves are arranged at different positions of the airfoil. 

 

2 Numerical simulation method and model 
establishment 

2.1 Governing equation 

The Navier-Stokes equation is filtered in the Fourier space 

to obtain the LES governing equation used in the 

simulation. The filtered control equation is as follows: 
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2.2  Geometric model and boundary conditions 

The profile of the shark shield scale structure is adopted, 

and based on the analysis conclusions of Sutardi [15], Amy 

[16], Ching [17] and others on the dimension 

characteristics of the transverse groove, when the 

dimensionless height of the groove is h+≤30 And the 

dimensionless spacing s+≤50, the bionic groove structure 

can have a better drag reduction effect. Perform equal 

scaling on the shield scale contour curve. 

Specify the dimensionless wall unit K: 
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In the above formula,   is the fluid kinematic viscosity, 

m2/s, u  is the airfoil wall shear velocity, m/s,  w  is the 

airfoil wall shear stress, and   is the fluid density, kg/m3. 

According to dimensional analysis: 
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Select the bionic groove structure spacing s=0.25 mm, 

the groove height h=0.11mm, and verify the bionic groove 

size. The results of calculating h+ and s+ for the two 

mainstream fluid velocities are shown in Table 1. From 

Table 1, it can be seen that the internal dimensionless 

parameters of the bionic groove structure meet the 

requirements at the two mainstream velocities. 

 
Table 1  Dimensionless height and spacing of the grooves                    

Mainstream speed 

(m/s) 

Re h+ s+ 

24 1.6×105 8.9929 20.5161 

30 2.0×105 10.9931 25.0793 

 

 

This article is an airfoil with a bionic groove structure 

designed on the basis of NACA0012 airfoil, the airfoil 

chord length C=100 mm. Twenty bionic micro-grooves are 

arranged horizontally between the airfoil 0.35-0.40C, 

0.50-0.55C, and 0.65-0.70C respectively, and they are 

named Arifoil-H1 (abbreviated as H1) airfoil, Arifoil-H2 

(abbreviated as H2) airfoil, Arifoil-H3 (abbreviated as H3) 

airfoil. The three-dimensional H2 airfoil geometry with 

bionic micro grooves is shown in Figure 1.  

 

 

Figure 1  Schematic diagram of 3D bionic micro-grooved airfoil 

Arifoil-H2 model 

 

The computational domain adopts a structured 

hexahedral grid. In order to ensure the quality of the grid 

near the airfoil, the computational domain adopts a C-type 

topology structure. The grid diagram is shown in Figure 2. 

And under the condition of Re=1.6×105, the airfoil with 

bionic micro-groove structure arranged in 0.35C-0.40C 

was verified for grid independence. The three sets of 

meshes of this bionic micro-grooved airfoil are 1.255 

million, 2.175 million and 3.45 million respectively. It can 

be seen from Table 2 that the difference in the 

time-average drag coefficient of the airfoil under the grid 

numbers of 1.255 million and 2.175 million is relatively 

large, while the relative change of the time-average drag 

coefficient of the airfoil under the grid numbers of 2.175 

million and 3.45 million is very small. Considering the cost 

of numerical calculation while meshing quality, a bionic 

micro-grooved airfoil with 2.175 million meshes was 

selected for numerical simulation. 

 
Table 2  Relation between mesh number and resistance 

coefficient                  

The grid number Cd 

1.255 million 0.02847253 

2.175 million 0.02675768 

3.45 million 0.02662551 
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Figure 2  Bionic micro-grooved airfoil grid 

 

The simulation adopts velocity-pressure coupling based 

on SIMPLEC algorithm, and the spatial discretization 

adopts the finite center difference format. First, the airfoil 

model is solved with 300-step steady-state solution using 

SST k-w turbulence model; after the flow field reaches 

fully developed turbulence, the large eddy simulation (LES) 

method is used to perform 2000-step unsteady calculation 

of the flow field. The working fluid in the calculation 

domain is air, the air density is ρ=1.225kg/m3, and the 

kinematic viscosity  =1.5×10-5m2/s. The airfoil 

headstream angle of attack is 6°, and the mainstream 

velocity U=24 m/s and 30 m/s. The time step is 5×10-5 s, 

and the dimensionless wall height satisfies y+<1. 

2.2  Mechanism of the Exoskeleton Arm 

According to the experimental conditions in reference 

[28], at 5° Angle of attack and 25 m/s velocity, the large 

eddy simulation was carried out for A smooth airfoil with 

chord length C=100 mm. The time-averaged pressure 

coefficient of the smooth airfoil wall was compared with 

the experimental data, and the results were shown in 

Figure 3. 
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Figure 3 Comparison of time-averaged pressure coefficient of 
airfoil surface with experimental values 

 

3  Results 
 

3.1 Time-averaged velocity distribution of airfoil 

surface boundary layer 

Figure 4 shows the time-averaged velocity distribution 

curve near the wall at different positions of the airfoil 

suction surface when  =6°, U=24 m/s, and 30 m/s. The 

speed change within the boundary at each position of the 

airfoil surface is basically the same at the two speeds. In 

Figure 4 (a) (c), that is, approximately in the middle of the 

separation zone, a more obvious boundary layer separation 

occurs and a recirculation zone is generated. Compared 

with the smooth airfoil, the speed of the recirculation zone 

is Figure 4 (b) (d) shows that at the position x/C=0.675, the 

reflux area of H1 and H2 airfoils has disappeared, and the 

fluid adheres to the airfoil surface again. The smooth 

airfoils and H3 airfoils are here. The boundary layer 

separation phenomenon still exists at the location. 

Moreover, the velocity near the wall of the three bionic 

grooved airfoils is significantly higher than that of the 

smooth airfoils. The difference is that when the speed 

increases from 24 m/s to 30 m/s, at the same chord length 

on each airfoil surface, the maximum time-average speed 

in the airfoil boundary layer changes from H1 airfoil to H2 

airfoil. Moreover, when the H2 airfoil is at 30m/s, the 

time-average speed is increased more significantly than 

when the H1 is at 24m/s. As the speed increases, the H1 

and H2 airfoils can still effectively shorten the range of the 

boundary layer separation section, and the effect of the H3 

airfoil on improving the fluid flow characteristics is also 

obvious. At position x/C =0.675, H3 airfoil does not 

completely reattach the fluid to the airfoil surface like H1 

and H2 airfoil, but it also reduces the thickness of the 

airfoil separation zone in the normal direction to a certain 

extent, so that the airfoil trailing edge flows. The situation 

is somewhat improved compared to the smooth airfoil.  
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(a)  
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(d)  

Figure 4  u= 24 and 30 m/s, α=6° Velocity distribution near the 
wall in the boundary layer at different positions of the airfoil:(a) 

U= 24 m/s, α=6° x/C=0.525;(b) U= 30 m/s, α=6° x/C=0.525; (c) 

U= 24 m/s, α=6° x/C=0.675; (d) U= 30 m/s, α=6° x/C=0.675 

 

3.2  Time-averaged wall shear stress distribution of 

airfoil 

The time-averaged wall shear stress distribution of a single 

bionic groove is shown in Figure 5. Figure 5(a) is a 

schematic diagram of the vortex structure in a single bionic 

groove. It can be seen from the figure that the vortex 

cannot fill the entire groove structure, and the vortex The 

contact area with the inner wall of the groove is limited 

during rotation, so the shear stress of the inner wall of the 

groove structure is relatively smooth and the airfoil surface 

has a big change At two points A and B in the figure, the 

vortex structure is tangent to the groove wall, so the wall 

shear stress here is relatively large. Figure 5(b) shows the 

comparison between the time-averaged wall shear stress 

and the smooth airfoil in a single bionic groove. It can be 

seen from Figure 5(b) that the time-averaged wall shear 

stress of the groove structure is in the same section of the 

location area. The integral is its work value in the area, and 

its work is obviously smaller than that of a smooth airfoil, 

so the energy dissipation near the wall is correspondingly 

weakened.  
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(b)  

Figure 5 Schematic diagram of the vortex structure in a single 

bionic groove (L is the length of the groove) and the shear stress 

distribution on the wall in time 

 

Table 3 shows the specific data of the average wall shear 

stress values of the three types of bionic airfoils H1, H2, 

and H3 and smooth airfoils at 24 m/s and 30 m/s. Figure 6 

shows the comparison of the time-averaged wall shear 

stress values of the airfoil H1 and H2 with the smooth 

airfoil in the time-average velocity analysis results at 24 

m/s and 30 m/s respectively. It can be seen from the figure 

that the time-averaged wall shear stress of the grooved 

structure section of the airfoil surface fluctuates regularly. 

The data in the table shows that under the same speed 

conditions, the mean value of the time-averaged wall 
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shearing is obviously smaller than the mean value of 

time-averaged wall shear stress of the smooth airfoil at the 

same position. This is because, compared to the stagnant 

velocity of the fluid on the smooth airfoil surface being 

reduced to zero, the fluid on the groove wall has a certain 

velocity at the groove port position, which reduces the 

normal velocity gradient in the near-wall area, thus the 

wall shear stress is reduced and the flow loss caused by 

fluid viscosity is reduced. 

At a speed of 30 m/s, the time-averaged wall shear stress 

of the H1 and H2 airfoil groove sections is slightly reduced 

compared with that at a speed of 24 m/s, but the change is 

not significant. In the surface groove section of the H3 

airfoil, the average wall shear stress on the airfoil surface 

at 30 m/s is significantly larger than that at 24 m/s.  

Table 3  Comparison of mean wall shear stress and smooth section in the bionic airfoil groove section 

 Smooth-H1 Airfoil-H1 Smooth-H2 Airfoil-H2 Smooth-H3 Airfoil-H3 

24 m/s 0.06384094 0.03516643 0.24912704 0.16201560 0.93062625 0.58229652 

30 m/s 0.05747403 0.03487384 0.20853166 0.15628208 1.57385803 0.94850702 
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(b)  

Figure 6 At different speeds, the time-averaged wall shear stress 

value of the bionic airfoil is compared with the smooth airfoil: (a) 

24 m/s Airfoil-H1 airfoil; (b) 30 m/s Airfoil-H2 airfoil 

 

3.3  Comparison of airfoil instantaneous velocity 

distribution 

 Figure 7 shows the instantaneous velocity cloud diagrams 

of the four airfoils at 6° angle of attack, 24 m/s and 30 m/s 

velocities. From Figure 7 (a), (c), (e), (g), it can be seen 

that the thickness and flow direction length of the 

separation zone on the upper surface of the smooth airfoil  

 

are higher than the three bionic groove structures at an 

angle of attack of 6° and 24 m/s. The thickness and flow 

direction length of the H1 airfoil separation zone are the 

smallest. The reason for the backflow of the separation 

zone shows that at 24 m/s, the H1 airfoil has a better 

inhibitory effect on the thickness and flow length of the 

airfoil surface separation zone, and accelerates the early 

recovery of the separated fluid behind the airfoil suction 

surface. From Fig. 7 (b), (d), (f), (h), it can be seen that the 

thickness and flow direction length of the separation zone 

on the upper surface of the smooth airfoil are also the 

largest at a 6° angle of attack of 30 m/s. At this time, the 

thickness and flow direction length of the H2 airfoil 

separation zone are the smallest. It shows that at 30 m/s, 

the H2 airfoil has a better suppression effect on the 

thickness and flow direction length of the airfoil surface 

separation zone. H3 also has the same effect, but the 

suppression effect is weaker than the other two airfoils. 

The instantaneous velocity distribution and the range of the 

separation zone shown in each figure are confirmed by the 

conclusion obtained through the velocity distribution curve 

in Section 2.1. 
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(b)  

 

(c)  

 

(d)  

 

(e)  

 

(f)  

 

(g)  

 

(h)  

Figure 7  Instantaneous velocity cloud of airfoil: (a) U=24 m/s  

α=6° smooth airfoil; (b) U =30 m/s α=6° smooth airfoil; (c) U 

=24 m/s α=6° Airfoil-H1 airfoil; (d) U =30 m/s α=6° Airfoil-H1 

airfoil; (e) U =24 m/s α=6° Airfoil-H2 airfoil; (f) U =30 m/s α=6° 

Airfoil-H2 airfoil; (g) U =24 m/s α=6° Airfoil-H3 airfoil; (h) U 

=30 m/s α=6° Airfoil-H3 airfoil 

 

3.4  Time-averaged velocity distribution of airfoil 

surface boundary layer 

According to the analysis of the previous sections, at 6° 

angle of attack, the airfoils with the best flow 

characteristics at 24 m/s and 30 m/s are H1 airfoils and H2 

airfoils respectively. Therefore, at a speed of 24 m/s at an 

angle of attack of 6°, only the streamline diagram of the 

H1 airfoil and the smooth airfoil at the same position with 

a pulsating velocity cloud image is compared; at a speed of 

30 m/s at a 6° angle of attack, only the H2 airfoil and the 

smooth airfoil streamline diagram with pulsating velocity 

cloud at the same position are compared, as shown in 

Figure 9. 

In Figure 8 (a) and (c), there are obvious vortex 

structures at two positions on the smooth airfoil surface, 

while in Figure 8 (b) and (d), after the bionic groove 

structure is arranged at the same position, the two the 

vortex structure disappeared obviously. And it can be seen 

from Fig. 8(a) and (b) that the height of the center of the 

airfoil boundary layer separation zone in the normal 

direction is significantly reduced. This shows that the 

existence of the bionic groove structure on the airfoil 

surface inhibits the generation and development of the wall 

vortex structure, significantly improves the fluid flow in 

X/m

Y
/m

-0.02 0 0.02 0.04 0.06 0.08 0.1 0.12 0.14
-0.02

-0.01

0

0.01

0.02

0.03

5 10 15 20 25 30 35 40
Velocity(m/s)

X/m

Y
/m

-0.02 0 0.02 0.04 0.06 0.08 0.1 0.12 0.14
-0.02

-0.01

0

0.01

0.02

0.03

5 10 15 20 25 30 35 40
Velocity(m/s)

X/m

Y
/m

-0.02 0 0.02 0.04 0.06 0.08 0.1 0.12 0.14
-0.02

-0.01

0

0.01

0.02

0.03

5 10 15 20 25 30 35 40
Velocity(m/s)

X/m

Y
/m

-0.02 0 0.02 0.04 0.06 0.08 0.1 0.12 0.14
-0.02

-0.01

0

0.01

0.02

0.03

5 10 15 20 25 30 35 40 45 50
Velocity(m/s)

X/m

Y
/m

-0.02 0 0.02 0.04 0.06 0.08 0.1 0.12 0.14
-0.02

-0.01

0

0.01

0.02

0.03

5 10 15 20 25 30 35 40 45 50

Velocity(m/s)

X/m

Y
/m

-0.02 0 0.02 0.04 0.06 0.08 0.1 0.12 0.14
-0.02

-0.01

0

0.01

0.02

0.03

5 10 15 20 25 30 35 40 45 50
Velocity(m/s)

X/m

Y
/m

-0.02 0 0.02 0.04 0.06 0.08 0.1 0.12 0.14
-0.02

-0.01

0

0.01

0.02

0.03

5 10 15 20 25 30 35 40 45 50
Velocity(m/s)



Numerical study on flow characteristics of airfoil with bionic micro-grooves 

 

·9· 

the near-wall region, and reduces the height of the main 

separation zone. The reduction in the height of the 

separation zone is beneficial to the fluid early reattachment 

on the airfoil surface. 

 

 
(a)  

 
(b)  

 
(c)  

 
(d)  

Figure 8  Comparison of streamline diagrams of different 

airfoils with pulsating velocity cloud diagrams at the same 

position: (a) U=24 m/s α=6° smooh airfoil; (b) U=30 m/s α=6° 

smooh airfoil; (c) U=24 m/s α=6° Airfoil-H1 airfoil; (d) U=30 

m/s α=6° Airfoil-H2 airfoil 

 

 Figure 9 is the velocity vector diagram of the 

fluctuating velocity cloud diagram of the H3 airfoil groove 

at a speed of 6° angle of attack and 30 m/s. It can be seen 

from the figure that the fluid return zone has disappeared 

within a certain distance from the front end of the airfoil 

trailing edge, and the fluid flow direction has been 

consistent with the mainstream direction. And there is an 

obvious vortex structure in the groove. The fluid 

movement direction at the top of the vortex structure is 

consistent with the main flow direction. The vortex 

structure inside the groove continuously rotates, just like a 

"rolling bearing" transforms the sliding friction of the fluid 

near the wall into rolling friction. The analysis of section 

2.2 reduces the wall shear stress and reduces the energy 

consumption caused by it.  

 

 

Figure 9  Airfoil-H3 airfoil groove part velocity vector diagram 

at 6° angle of attack and 30m/s speed 
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4  Analysis of aerodynamic performance of 
bionic airfoil 

 

The bionic groove structure not only has a significant 

impact on the airfoil surface flow field, but also further 

changes the aerodynamics of the airfoil, and has a certain 

positive effect on it. Table 4 and Table 5 are the 

aerodynamic parameters of the airfoil at 6° angle of attack, 

24 m/s and 30 m/s, respectively. It can be seen from Table 

4 that the drag coefficients of the three bionic grooved 

structure airfoils at 24 m/s and 6° angle of attack are all 

reduced. Although the lift coefficient is slightly reduced, 

the lift-to-drag ratio is significantly increased. The H1 

airfoil has the largest drag reduction rate, reaching 16.99%, 

and its comprehensive aerodynamic effect is the best 

among the three bionic grooved airfoils. Similarly, from 

Table 5, it can be seen that the drag coefficients of the 

three bionic grooved airfoils at 30 m/s and 6° angle of 

attack are also reduced, and the lift-to-drag ratio is also 

significantly increased, but at this time the H2 airfoil has 

the largest drag reduction rate, reaching 18.09%, and its 

comprehensive aerodynamic effect is the best among the 

three bionic grooved airfoils.  

 
Table 4  Aerodynamic parameters of airfoil at 24 m/s and 6° 

Angle of attack 

Model Smooth Airfoil-H1 Airfoil-H2 Airfoil-H3 

Lift 

coefficient Cf 

0.71666126 0.69205994 0.71199195 0.71124615 

Drag 

coefficient Cd 

0.03223572 0.02675768 0.02940479 0.02901203 

Lift-to-drag 

ratio 

22.232 25.864 24.213 24.516 

Drag 

reduction rate 

\ 16.99% 8.78% 10.00% 

 
Table 5  Aerodynamic parameters of airfoil at 30 m/s and 6° 

Angle of attack 

Model Smooth Airfoil-H1 Airfoil-H2 Airfoil-H3 

Lift 

coefficient Cf 
0.71776140 0.70231026 0.69885661 0.71803846 

Drag 

coefficient Cd 
0.02916221 0.02560300 0.02388774 0.02657693 

Lift-to-drag 

ratio 
24.613 27.431 29.255871 27.017 

Drag 

reduction rate 
\ 12.20% 18.09% 8.87% 

 

In order to explore the influence of the speed change and 

the position of the bionic groove on the aerodynamic 

performance of the airfoil, numerical simulations were 

carried out on the H1 and H2 airfoil under the conditions 

of 25.5 m/s, 27 m/s, and 28.5 m/s, and the aerodynamic 

performance was obtained. The parameter results are 

shown in Table 6. It can be seen from Table 6 that when 

the fluid velocity is 25.5 m/s, the comprehensive 

aerodynamic performance of the H1 airfoil is better than 

that of the H2 airfoil, and the lift-to-drag ratio is about 1.05% 

greater than that of the H2 airfoil. When the fluid velocity 

is 27 m/s, the lift-drag ratio of the H1 airfoil is only about 

0.31% greater than that of the H2 airfoil. Compared with 

the case of 25.5 m/s, the gap between the two is further 

narrowed. When the fluid velocity is 28.5 m/s, the 

comprehensive aerodynamic performance of the H2 airfoil 

is better than that of the H1 airfoil. At this time, the 

lift-drag ratio of the H2 airfoil is about 1.74% greater than 

that of the H1 airfoil. 

Combining Table 4 and Table 5, it can be inferred: when 

the speed is in the range of 24-27 m/s, the comprehensive 

aerodynamic performance of the H1 airfoil is better than 

that of the H2 airfoil; when the speed is in the range of 

27-30 m/s (27 m/s is approximately the demarcation speed), 

the comprehensive aerodynamic performance of H2 airfoil 

is better than H1 airfoil. And when the speed increases 

from 24 m/s to 27 m/s, the comprehensive aerodynamic 

performance of the H1 airfoil gradually deteriorates, and 

the comprehensive aerodynamic performance of the H2 

airfoil gradually improves. When the speed decreases from 

30 m/s to 27 m/s, the comprehensive aerodynamic 

performance of the H2 airfoil gradually deteriorates 

compared to the H1 airfoil. 

This shows that with the change of speed, the layout 

position of the bionic groove structure should also change, 

and there is an optimal matching value. At this time, the 

bionic groove structure airfoil can achieve the best 

comprehensive aerodynamic performance. The main trend 

is that as the mainstream speed increases, the bionic 

groove structure should gradually move backwards. The 

overall aerodynamic performance of the airfoil can be 

optimized when the incoming flow speed matches the 

location of the bionic groove. 

 
Table 6  Aerodynamic parameters of Airfoil-H1 and 

Airfoil-H2 at 6° Angle of attack and other speeds.                    

 Model Airfoil-H1 Airfoil-H2 

25.5 m/s 

Lift coefficient Cf 0.70256234 0.70135967 

Drag coefficient Cd 0.02660232 0.02683807 

Lift-to-drag ratio 26.410 26.133 

27 m/s 

Lift coefficient Cf 0.70199590 0.70663960 

Drag coefficient Cd 0.02582147 0.02607130 

Lift-to-drag ratio 27.187 27.104 

28.5 m/s 
Lift coefficient Cf 0.69749537 0.70458745 

Drag coefficient Cd 0.02545105 0.02527155 
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Lift-to-drag ratio 27.405 27.881 

 

5  Conclusions 

 

(1) The three bionic grooved airfoils can effectively 

control the separation of the upper surface boundary 

layer of the airfoil, suppress the thickness and flow 

length of the separation zone, and make the airfoil 

boundary layer reattachment position more forward 

than the smooth airfoil. Airfoil-H1 works best when 

U=24 m/s, and Airfoil-H2 works best when U =30 m/s. 

Airfoil-H3 airfoil also has this effect, but compared 

with the first two airfoil, the effect is a little worse, and 

the effect is more obvious with the increase of speed.  

(2) Due to the existence of the bionic groove on the airfoil 

surface, the vortex structure in the near-wall zone is 

reduced, and the center height of the separation zone is 

reduced, and a small spanwise vortex structure is 

formed in the groove structure, which reduces the 

normal velocity gradient in the near-wall zone and 

reduces the wall surface. Shear stress weakens the 

energy dissipation in the flow process.  

(3) When the fluid velocity increases from 24 m/s to 30 

m/s, it can be found that the airfoil with the best 

overall aerodynamic performance of the airfoil is 

similar to the change in flow characteristics and 

gradually transitions from Airfoil-H1 to Airfoil-H2. 

The overall trend is that the higher the mainstream 

speed, the more rearward the groove is arranged to 

improve the characteristics. It shows that the location 

of the bionic groove and the fluid velocity have an 

optimal matching value. Under different speed 

conditions, better results can be obtained by adopting 

the corresponding optimal layout position.  

 

The research results of this paper have guiding 

significance for the optimization and layout design of the 

bionic micro grooves on the airfoil surface. But the 

disadvantage is that the data sample size is small, and 

the relationship between the mainstream velocity and the 

groove position cannot be accurately defined. Therefore, 

this is also the direction of improvement for our next 

research work. 
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Figures

Figure 1

Schematic diagram of 3D bionic micro-grooved airfoil Arifoil-H2 model



Figure 2

Bionic micro-grooved airfoil grid

Figure 3



Comparison of time-averaged pressure coe�cient of airfoil surface with experimental values

Figure 4

u= 24 and 30 m/s, α=6° Velocity distribution near the wall in the boundary layer at different positions of
the airfoil:(a) U= 24 m/s, α=6° x/C=0.525;(b) U= 30 m/s, α=6° x/C=0.525; (c) U= 24 m/s, α=6° x/C=0.675;
(d) U= 30 m/s, α=6° x/C=0.675



Figure 5

Schematic diagram of the vortex structure in a single bionic groove (L is the length of the groove) and the
shear stress distribution on the wall in time



Figure 6

At different speeds, the time-averaged wall shear stress value of the bionic airfoil is compared with the
smooth airfoil: (a) 24 m/s Airfoil-H1 airfoil; (b) 30 m/s Airfoil-H2 airfoil



Figure 7

Instantaneous velocity cloud of airfoil: (a) U=24 m/s α=6° smooth airfoil; (b) U =30 m/s α=6° smooth
airfoil; (c) U =24 m/s α=6° Airfoil-H1 airfoil; (d) U =30 m/s α=6° Airfoil-H1 airfoil; (e) U =24 m/s α=6°
Airfoil-H2 airfoil; (f) U =30 m/s α=6° Airfoil-H2 airfoil; (g) U =24 m/s α=6° Airfoil-H3 airfoil; (h) U =30 m/s
α=6° Airfoil-H3 airfoil



Figure 8

Comparison of streamline diagrams of different airfoils with pulsating velocity cloud diagrams at the
same position: (a) U=24 m/s α=6° smooh airfoil; (b) U=30 m/s α=6° smooh airfoil; (c) U=24 m/s α=6°
Airfoil-H1 airfoil; (d) U=30 m/s α=6° Airfoil-H2 airfoil



Figure 9

Airfoil-H3 airfoil groove part velocity vector diagram at 6° angle of attack and 30m/s speed


