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1. Introduction 

The design process of the aircraft directly effects critical 
flight functions such as cruising distance, speed, flight comfort, 
number of passengers or cargo it can carry, altitude, operational 
space and maneuverability [1, 2]. All these components effect 
the fuel consumption [3] finally which is directly effected by 
the geometry of the wing [4]. There are many factors that must 
be considered during the design of the wing, such as the 
selection of two-dimensional section, aspect ratio, sharpness 
ratio, dihedral angle value, arrow angle and twist angle [5]. 
Each of these factors makes serious differences in the 
performance of the final wing design. Therefore, a designer 
must optimize several wing geometry parameters to obtain an 
efficient wing geometry that meets the design requirements. For 
this purpose, design studies in today's aviation world continue 
to be inspired from living creatures that can fly [6]. Flying 
creatures have the ability to make good use of the aerodynamic 
structure of their wings with the fluid resistance created by the 
wind and the sea and to travel kilometers with very little 
flapping of their wings and therefore with minimum energy 
consumption owing to their flight abilities, such as flying at 
very low speeds, gliding through the air, making sharp turns and 
flying backwards [7-9]. These abilities observed in nature are 
exemplary in the design stages, problem solving and finding 
new ideas in the field of aviation. When bird wings are

 examined, we can see that there are two solution approaches to 
be applied in aviation: a movable structure like a bird's wing and 
a structure in the form of a bird's wing. However, since the 
movable structures are not suitable for the application, the form 
of the bird wing is inspired [10]. 

In the literature, biomimetic-based aviation vehicle designs 
are frequently encountered. Oo examined the structure of 
pigeons’ the wing geometry at different angles to the forward and 
backward, after this examination he designed a wing geometry 
with a similar geometry. Considering these studies, it was seen 
that optimum results are obtained when the values of 20° 
backwards and 17.5° forwards are used together in wing design 
[10]. Upasena et al. studied the wing structure of Frigate birds and 
observed that the backward angle of the wing provides this bird 
species with high-gliding ability in long distance flights. While 
using this wing structure in the three-dimensional wing drawing, 
NACA-4412 airfoil was chosen for the two-dimensional section. 
In analyzes conducted between -16° and 30° angle of attack, he 
indicates that this design provides a high-lift-to-wind resistance 
ratio and low wing load [11]. 

In the study of Focke et al., the flying fish structure was taken 
as an example in the small-scale aircraft design. NACA 2806 was 
used on the front wing and NACA 0006 was used on the tail wing. 
When the analysis results close to sea level are compared with 
other heights, the lift coefficient value increased by 24.5% while 
the wind resistance coefficient value decreased by 1.56% [12]. 
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Sevillano et al. designed a grilled structure similar to the wing 
tip of the vehicle they created by being influenced by the swirl 
structure on the wing tips of the birds. In the assumed operation 
with a Reynolds number of 5x104 and a flow rate of 10 ms-1, 
the angle of attack was investigated only at 0°. According to the 
analysis results, 3% improvement in take-off speed and 12.5% 
decrease in the wind resistance coefficient were observed in the 
grid geometry [13].   

The wing design inspired by the form found in the fins of 
the Humpback Whale was compared with the standard wing 
design. NACA0020 cross section was used in both wing 
designs. Solidworks program was used in the design and 
analysis process. As a result of CFD analysis at different speed 
values on these designs; the temperature, speed and pressure 
data on the wings were compared. These parameters were 
compared in terms of percentage efficiency ratios. In the 
findings obtained, the design with the humpback whale fin form 
showed higher efficiency in all parameters compared to the 
standard wing design. It is also concluded that materials with 
less strength and weight can be used in this design since less 
stress occurs in this design compared to the standard design 
[14].  

Nithiyapathi et al. designed wing structures of northern tern, 
white pelican, rock eagle and albatross birds for biomimetic-
based unmanned aerial vehicle wing design and compared them 
in terms of aerodynamic performance. NACA 4412, NACA 
2412, NACA 23012, NACA 0012, NACA 0012, NACA 0006, 
MH60 and GOE 174 wing types, which are most commonly 
encountered in literature researches as two-dimensional wing 
sections, were examined in two-dimensional flow analysis with 
the help of XLFR5 program. The Reynolds number was 
assumed to be 5x104 and the aerodynamic performance of the 
wings was analyzed at angles of attack between 2° and 8°. As a 
result of the analysis, it was decided to use GOE 174 as a wing 
section since it showed the best performance. For three-
dimensional testing, the wing structures of northern tern, white 
pelican, rock eagle and albatross were designed with XFLR5 
and Solidworks programs. XFLR5 and Ansys programs were 
used for analysis. In order to compare the designs under the 
same conditions, wing lengths and wing areas were kept at the 
same values. The lift coefficient/wind resistance coefficient 
ratio was used as a comparison parameter. As a result of the 
analysis at 15 m/s flow velocity, the wing structure of the 
albatross bird offered the best performance among the bird 
species mentioned. According to this performance, the 
maximum lift coefficient value was reached at 6° and 8° angles 
of attack.  Aydın et al. [17] examined the wing section design 
inspired by the shape of the maple seed. In the flow analysis 
performed at 3° and 30° angle of attack, it was seen that the stall 
angle of the wing had a high value of 23°. Additionally, it was 
observed that the lift coefficient was 2.33 and the wind 
resistance coefficient was 0.983 when the wing was at this 
angle. Park et al. [18] investigated the aerodynamic 
performance of the wing model, which was designed based on 
the floating swallowtail of butterflies. NACA0024 was chosen 
as the wing section. In the analyzes conducted at 5 ms-1 speed, 
it was observed that the L/D ratio reached the highest value at 
5° attack angle [15]. 

Bektaş et al. designed the wings in Solidworks program 
inspired by the wing structure of bumblebee and sphinx 
butterfly and subjected them to flow analysis and static analysis 
with the help of Ansys program.  In order to make comparisons 
in the analysis, different materials were tried and the results 
were observed. In addition, the effect of the number of meshes 
on the analysis was also examined by comparing different mesh 
structures. The flow test results were compared with wind 
tunnel test results obtained from different sources and their 
convergence was visualized on the graph. As a result of the flow 
analysis at different angles of attack, the maximum CL/CD ratio 
was reached at 5° angle of attack for both blade types. The angle 

of attack at which the maximum lift coefficients were observed 
was 40° for the bumblebee and 30° for the sphinx butterfly.  It 
was also observed that the lift coefficients were zero at 0° for both 
wing types. The wind resistance coefficient increased in direct 
proportion to the increase in the angle of attack between 0° and 
90° and reached its maximum value at 90°.  In the flow analysis, 
the amount of deformation at the wing tips was examined as a 
result of static tests at 5° angle of attack, which gave the maximum 
flow data value [16]. 

Aydın et al.,investigated the wing section design inspired by 
the shape of a maple seed. They transferred the seed sample they 
found from nature to the ANSYS program via a three-dimensional 
scanner. Again, they created a two-dimensional airfoil design 
inspired by this seed section. In the flow analysis performed at 3° 
and 30° angle of attack values, it was observed that the stall angle 
of the wing had a high value of 23°. It was also observed that the 
lift coefficient was 2.33 and the wind resistance coefficient was 
0.983 at this angle. The glide ratio (lift resistance / wind 
resistance) reached its maximum value at a blade angle of 5 
degrees [17]. 

While the wing generates lift during flight, it also generates 
pitching moment, which prevents the airplane from flying in a 
stable manner, and drag force, which acts in the opposite direction 
to the wind direction of flight. These two factors negatively affect 
the aerodynamic performance of the airplane. In this study, 
biomimetics was used to minimize these negative aerodynamic 
factors and wing designs of living creatures in nature were used 
in wing designs. In addition, the effect of wing cross-section and 
three-dimensional airfoil on aerodynamic performance is 
numerically analyzed and the effect of wing shape on stress and 
deformation distribution on the wing is investigated.  
2. Methodology 

For the biomimetic-based wing design, flying creatures in 
nature were examined, and designs were made inspired by the 
wing structure of creatures with high aerodynamic efficiency. 
XFLR5 program was used for the design. The aerodynamic 
performance of the newly created design was analyzed with the 
help of Ansys Workbench program CFD (Computational Fluid 
Dynamics) analysis module and XFLR5 programs. Afterwards, 
its aerodynamic performance was compared with the Cessna 172 
aircraft, which is already in use today. After examining and 
improving the flow performances, material selection was made 
for the newly designed part. In the process following the material 
selection, the effect of the high-pressure values formed at certain 
angles of attack on the wing was analyzed through the Ansys 
structural analysis module. At the end of the analysis, it was 
observed whether the strength of the part was sufficient or not. 
2.1. Reference wing area 

In this part of the study, reference wing models were analyzed 
to compare the biomimetic wing design with a current aircraft 
wing, the wing dimensions and flight conditions of the type 
Cessna 172 aircraft were obtained by analysis. Table 1 shows the 
dimensions of the wing structure and flight information of the 
aircraft. 
2.2. Wing section (airfoil) selection 

The wing section is as important a design parameter as the 
wing surface area. The wing section is responsible for producing 
the optimum pressure distribution in the upper and lower parts of 
the wing to generate the required lift for flight. To make the wing 
section selection, aerodynamic effects on the wing should be 
examined. For this reason, the factors affecting the wing 
aerodynamics and flow analysis methods were analyzed before 
the section selection. 
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Table 1. Wing dimensions of the Cessna 172 aircraft [19] 
Wing Section NACA2412 
Wing Length 11 m 
Body Wing Width 1,63 m 
Wing Tip Width 1,13 m 
Dihedral 1,7° 
Aspect Ratio 7,5 
Cruise Speed 63 m/s 

Air Density 1,007 kg/m3 

Viscosity Value of the Air 1,714x10-5 m2/s 

2.2.1. Wing Aerodynamics  

As an airfoil moves through the air, it generates an 
aerodynamic force backwards at a certain angle with the 
relative direction of travel. The force component parallel to the 
relative motion direction of this aerodynamic force is defined 
as the “drag force (D)” and the vertical force component is 
defined as the “lift force (L)” [20]. 

The lift and drag forces on the wing are defined as shown in 
Eq. 1 and Eq. 2 respectively. The moment in the horizontal 
plane created by the wing against the wind resistance during 
flight is defined as the pitching moment (M). Pitching moment 
on the wing is expressed as shown in Eq. 3.  
𝐿𝐿 = 1

2
𝜌𝜌𝜌𝜌𝑣𝑣∞2 (𝐶𝐶𝐿𝐿)                                  (1) 

𝐷𝐷 = 1
2
𝜌𝜌𝜌𝜌𝑣𝑣∞2 (𝐶𝐶𝐷𝐷)   (2) 

𝑀𝑀 = 1
2
𝜌𝜌𝜌𝜌𝑣𝑣∞2 (𝐶𝐶𝑀𝑀)                                                   (3) 

ρ is the density of the air (kg/m3), A is the surface area (m2), 
𝑉𝑉∞ is the air flow velocity (m/s), CL is the unmeasured lift 
coefficient, CD is the unmeasured drag coefficient, and CM is 
the unmeasured moment coefficient. 

Glide ratio,  is the ratio between the lift and drag forces or 
coefficients of the wing, as shown in Eq. 4 It is also the ratio of 
the distance traveled horizontally in a given time to the altitude 
loss [21]. For example, a glider with a glide ratio of 5 can have 
a range of 5 km when it starts flying from an altitude of 1 km. 
For this reason, the glide ratio value is critical in comparing the 
aerodynamic performance of aircraft. 
𝐸𝐸 = 𝐿𝐿

𝐷𝐷
=  𝐶𝐶𝐿𝐿

𝐶𝐶𝐷𝐷
                                                     (4) 

The angle between the direction of wind flow and the 
centerline of the airplane wing is called the "Angle of Attack." 
This angle has a great influence on the lift generated by the 
wing. As the angle of attack increases, the lift coefficient (CL) 
and drag coefficient (CD) acting on the wing increase in direct 
proportion. At low angles of attack, the airflow at the top of the 
wing flows smoothly. After a certain angle, the air flow starts 
to separate from the upper surface of the wing and a vortex flow 
is formed on the wing. This angle is called the "stall angle" [22]. 
2.2.2. Two-Dimensional Flow Analysis Method 

Within the scope of wing drawing and flow analysis XFLR5 
Program was used. The program can calculate and compare the 
lift coefficient, drag coefficient, pitching moment, pressure 
coefficients of airfoils in two-dimensional and three-
dimensional analyses.  

For the wing cross-section and flow analysis, the wing 
cross-section of the Cessna 172 (NACA2412) aircraft model 
was compared with the wing cross-sections with high 
aerodynamic efficiency (NACA0012, NACA0016, 
NACA0020, NACA0024 and NACA2412) in the literature 
[22].  The batch analysis module was used for two-dimensional 
wing analysis in the XFLR5 program. In the flow analysis 
performed at 106 Reynolds, the aerodynamic performances of 
the wings were investigated between 0° and 20° angle of attack. 
The drawings of the sections are visualized in Figure 1. 

 

 
Fig.1 Drawings of wing sections 

2.2.3. Comparison of Lift and Drag Coefficient of Wing 

Sections 

Figure 2 and 3 show graphs of the lift coefficient and drag 
coefficients with respect to the angle of attack for all airfoils. 
When the angle of attack is 0°, the lift coefficient value of the 
NACA2412 airfoil is 0.21, while the lift coefficient value of the 
other wing types are 0. While the angle of attack increased 
between 0° and 16°, the lift coefficient value increased in all 
airfoils. The lift coefficient started to decrease in NACA0012 at 
16°, NACA0016, and NACA2412 at 17°, and NACA0020 and 
NACA0024 at 18°, respectively. These angle values refer to the 
stall angle (the situation where the air flow above the wing breaks 
off from the wing surface) of the wings. The NACA2412 has 
higher lift coefficient values at all angles of attack and its stall 
angle was better than other wings.  

We observed that the drag coefficient value was greater than 
0 in all wing types at 0° angle of attack and its value increased as 
the angle of attack value increased. We observed that the drag 
coefficient increased much more rapidly after the stall angle was 
reached. The lowest drag coefficient was reached in NACA0024. 

 
Fig. 2. Comparison of lift coefficient for airfoils 
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Fig. 3. Comparison of drag coefficient for airfoils 

2.2.4. Comparison of the Glide Ratio and Pitching 

Moment Coefficient of Wing Sections 

During flight, the front part of the aircraft wants to turn with 
a backward moment due to wind resistance. To prevent this, the 
pitching moment (CM) value for mid-wing aircraft should be 
negative and close to zero. If these conditions are fulfilled, an 
m is created with the nose of the plane down. In the overhead 
wing structure, the center of gravity of the aircraft is higher than 
that in the middle or lower wing type. Additionally, the 
overhead wing aircraft are subject to greater drag. Therefore, 
the CM value should have a greater negative value for upper-
wing aircraft than for mid-wing aircraft. Figure 4 shows the CM 
values of the wings at different angles of attack. The CM value 
of the NACA2412 wing type has a larger negative value than 
that of other wing types. Therefore, it was concluded that this 
wing type is more suitable for overhead wing aircraft design. 

Figure 5, the ratio of lift coefficients to drag coefficients 
(CL/CD), ie glide ratio, is examined at different angles of attack 
of the wings. For wings, this ratio is the most important 
parameter that shows the aerodynamic efficiency of the wing. 
The higher this ratio, the more distance the aircraft can travel in 
the horizontal plane. The glide ratio of all wing types increased 
with the increase in the angle of attack and started to decrease 
after a certain point. At 0° angle of attack, all wing types have 
a glide ratio value of approximately 0, while the NACA2412 
has a value of 42 (Figure 5). At all angles of attack, this wing 
type has a higher glide ratio than other wing types. It is seen 
that the NACA2412 wing type achieves maximum 
aerodynamic efficiency when the angle of attack is at 5°. 

 
Fig. 4. Comparison of pitching moment coefficient for airfoils 

 
Fig. 5. Comparison of glide ratio for airfoils 

Table 2. Parameters to be used in the design [22] 
Number of Wings 1 

Kanadın Dikey Pozisyonu Upper Wing 
Vertical Position of the 

Wing 
NACA 2412 

Wing Span Rate 7,5 

Dihedral Angle 1,7° 

Arrow Angle 0° 
Twist Angle 0° 

Winglet Usage Yok 

Wing Length 11 m 

2.2.5. Modeling of Cessna 172 aircraft wing  

In this part of the study, the wing structures of bird species in 
nature are imitated by using the biomimetic science branch and 
the design process is created using the XFLR5 program. In 
addition, the wing structure of the Cessna 172 aircraft type, which 
was used as the reference aircraft wing structure in the study, was 
also modeled. Table 2. visualizes the dimensions used for drawing 
the Cessna 172 aircraft wing in the XFLR5 program. The aircraft 
wing length is 11m long.  ''Chord'' value is the distance between 
the head and the tip of the wing section (table 3).  The ''Dihedral'' 
value has a value of 1.7° in the Cessna 172 aircraft type, so this 
value was used. ''Twist'' is the twist angle, since this value is 0° in 
the Cessna 172 airplane wing design, the same design structure is 
used. In the ''Foil'' section, the wing section type is selected. Based 
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on the X and Y panel values, the values required for the network 
structure to be created in the analysis to be performed on the 
wing were entered. The three-dimensional wing design created 
according to the entered values is given in Figure 6. 
Table 3. Dimensions used in wing drawing of Cessna 172 airplane 

Y(m) Chord 
(m) 

Offset (m) Dihedral (0) Twist (0) 

0,000 1,630 0,000 1,7 0,00 
1,340 1,630 0,000 1,7 0,00 
2,680 1,630 0,000 1,7 0,00 
4,090 1,380 0,075 1,7 0,00 
4,795 1,225 0,112 1,7 0,00 
5,500 1,130 0,150 1,7 0,00 
     
Foil X-panels X-dist Y-Panels Y-dist 
2412 20 Cosine 5 Sine 
2412 20 Cosine 5 Sine 
2412 20 Cosine 5 Sine 
2412 20 Cosine 5 Sine 

 

 
Fig. 6. Modeling of Cessna 172 aircraft wing pattern in XFLR5 

program 
2.3. Biomimetic Design of the Wing 

Biomimetic design methodology is applied to understand 
the principles of fundamental mechanisms in nature and to use 
these structures as solutions to engineering problems. From the 
past to the present, human beings have benefited from the 
findings observed from nature in most of the inventions or in 
the complex engineering problems for which they seek 
solutions. Biomimetics embraces the idea that there is no better 
example than nature for developing something new or for 
solving engineering problems. Additionally, it is a realistic 
approach to imitate the structure of nature to find more 
environmentally and friendly solutions. 

Designs inspired by birds contribute he development of the 
aviation industry from the past to the present. The aim of this 
study, designing a wing with high lift and low drag. For this 
reason, living species with advanced aerodynamic structures in 
nature were investigated. In the literature research, the findings 
about aerodynamic structures of birds obtained by biologists 
were examined. The most important point to be compared 
between these findings is the glide ratio. Because this ratio 
shows how far living species can travel despite wind resistance 
and their aerodynamic performance characteristics. In Figure 7, 
glide ratio values of bird species with the highest aerodynamic 
performance in nature are shown [23]. According to Figure 7, 
biomimetic designs were created inspired by the wing 
structures of four bird species with the highest gliding rate, such 
as albatross, vulture, gull and pigeon. 

 
Fig. 7. Bird species according to glide ratios [23] 

In the XFLR program, biomimetic-based wing designs were 
realized with the same methods used in Cessna 172 aircraft wing 
modeling. Figure 8 show the designs created by simulating the 
wing structure of albatross, vulture, gull and pigeon bird species 
according to the wing spread pictures. Similar wingspan, wing 
length, wing cross section, twist angle and dihedral angle were 
used with the Cessna 172 airplane wing used as a reference in the 
study. 

 
Fig. 8. Wing design inspired by the wings of gulls 

3. Results  

There are three different methods for flow analysis in XFLR5 
environment. These methods are LLT, VLM and 3D panel 
method respectively. These methods have their own advantages 
and disadvantages in flow analysis. The LLT method analyzes the 
flow in the XY plane. Therefore, while this method can be used 
on wings with elliptical or flat geometry, it cannot be used on 
wing types with low wingspan, arrow angle and delta type. The 
LLT method gives reliable results at high angles of attack and stall 
angle. The VLM method, which was developed for the limitations 
of the LLT analysis type, can be used for all wing geometry types, 
low span ratios and high arrow angles. Another difference of the 
VLM method from the LLT method is that it includes the blade 
speed and the viscosity of the air in the analysis. The disadvantage 
of the VLM method is that it can only be used at low angles of 
attack. This is because when calculating the air velocity and 
viscosity in the analysis, it cannot converge these values close to 
the stall angle. The VLM method examines the aerodynamic 
performance along the wing section and gives realistic results. 
The 3D panel method, on the other hand, takes into account the 
thickness of the wings and is used in designs that include the 
analysis of the fuselage along with the wings. Thanks to this 
method, pressure distributions on the upper and lower surfaces of 
the wings can be observed with closer results [26].  

The VLM (Vortex lattice method) method was used in the 
flow analyzes performed in the XFLR5 program. For analysis 
condition, flow rate 63ms-1, density 0.996 kgm-3 and dynamic 
density 1.74 x 10-5m2s-1 were chosen as the analysis inputs. 
Wing designs were analyzed in the range of -8° to 8° angle of 
attack. In the airfoil selection process, only airfoil geometry or 
pressure distribution is not considered. In addition to these, some 
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graphs showing the operational outputs of the airfoil, which are 
more informative about aerodynamic performance and flight 
stability, are analyzed to meet the design requirements [18]. 
These graphs are essentially variations of the lift, drag, and 
pitching moment coefficients and the glide ratio with respect to 
the angle of attack. 
3.1.  Comparison of Lift Coefficient and Drag Coefficient of 

Wing Profiles 

The designs with albatross, gull, pigeon and vulture wing 
geometries inspired by bird species in nature and the wing 
structure of the Cessna 172 aircraft are compared in Fig. 9 
according to the lift coefficient (CL). We observed that the lift 
coefficient increases in direct proportion as the angle of attack 
increases. It has been observed that the lift coefficient has a 
positive value when the angle of attack is 0° in all wing types. 
The lift coefficients of the wing design reached their maximum 
values when the angle of attack was 8°. At this angle of attack 
value, albatross, gull, pigeon, vulture and Cessna 172 wings 
reached lift coefficient values of 0.890286; 0.872116; 
0.8284655; 0.8170196; 0.8377896, respectively. As it is 
understood from the values, the albatross wing structure 
provided the highest aerodynamic performance according to the 
lift coefficient value. In addition, albatross and gull wing 
structures have higher lift coefficient values than the lift 
coefficient of the reference aircraft type, while pigeon and 
vulture wings have lower lift coefficient values. As can be seen 
from the values, the albatross wing structure provided the 
highest aerodynamic performance according to the lift 
coefficient value. 

The drag coefficients (CD) of the biomimetic designs and 
the wing structure of the reference aircraft depending on the 
angle of attack are compared in Fig. 10. The design with the 
lowest drag coefficient is the one with the highest aerodynamic 
efficiency. While the drag coefficients of the designs showed 
close values between -8° and 0° angle of attack values, they 
showed different values between 0° and +8°. The differences in 
the drag coefficients of the wing designs were observed more 
clearly at the 8° angle of attack. At this angle of attack value, 
albatross, gull, pigeon, vulture and Cessna 172 wings reached 
drag coefficient values of 0.03179765; 0.03378288; 
0.03368016; 0.03368016; 0.03277768; 0.0368023, 
respectively. All of the biomimetic wing designs performed 
better than the Cessna 172 aircraft wing type when compared 
according to the drag coefficient value. In addition, as in the lift 
coefficient value, it was also observed that the design created 
by resembling the wing of the albatross bird in the drag 
coefficient values offered better aerodynamic performance than 
the other wing designs.   

 
Fig. 9. Comparison of lift coefficient for wing profiles  

 
Fig. 10. Comparison of drag coefficient for wing profiles  

3.2. Comparison of The Glide Ratio and Pitching 

Moment of Wing Profiles 

The glide ratios (CL/CD) bio-inspired wing structures of the 
Cessna 172 aircraft are shown in Fig. 11. The glide ratio is the 
most important parameter that shows the aerodynamic 
performance of a wing design. In comparison, Cessna 172 aircraft 
wing has a higher glide ratio in the range of -8° to -4° angle of 
attack. In the range of -4° to 8° angle of attack, biomimetic wing 
designs offered higher performance. Additionally, on this angle 
of attack range, the glide ratio value of the albatross wing 
structure showed a better aerodynamic performance compared 
with other wing types. 

If the pitching moment coefficient is positive, the nose of the 
airplane tends to move upwards. In the case of negative, the nose 
of the plane tends to move downwards. Therefore, for stable 
flight, when the angle of attack is zero degrees, the coefficient of 
pitching moment should have a negative value and be close to 
zero. The comparison of the pitch moment coefficients (CM) of 
the designed wings is visualized in Fig. 12. When the angle of 
attack was 0°; Pitching moment coefficients of the wings of 
albatross, gull, pigeon, vulture and Cessna 172 were by order; -
0,1978113; -0,2336351; -0,2405375; -0,2616895 and -0,2743365. 
Since its pitch moment coefficient is negative and closer to the 
zero value, It has been observed that the flight balance of the 
albatross wing structure is more stable than the others are. 

 
Fig. 1. Comparison of glide ratio for airfoils  -0,8
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Fig. 2. Comparison of pitching moment coefficient for airfoils  

4. DISCUSSION 

Three-dimensional models of the wing structures were 
created with the help of XFLR5 program. These models are 
given in Figures 6 and 8. While obtaining the three-dimensional 
models of the wing structures, firstly, the Cessna 172 aircraft 
wing, which will be used for comparison, was modeled in 1/1 
scale. Then, the wing models of the bird species given in Figure 
8 were modeled in the same dimensions as the Cessna 172 
model, reflecting only the changes in the wing geometry.  

The rib structure is the structural element of the wings. It 
ensures that the wing maintains its shape in case of excessive 
load and transfers the pressures formed on the wing to the spar. 
Surfaces were added to the designed two-dimensional section 
geometries, thickness was assigned to these surfaces, and the 
rib structure of the wing was created. Holes are drilled on them 
to reduce the weight of the wing. The connections of the ribs 
were provided by the spar design. Fig. 13a. shows rib and spar 
design of the wing. 

The outer geometry of the wing was created by combining 
the surface geometries of the designed ribs with the 'Skin' 
command. With the 'Enclosure' command, a rectangular 
structure covering the wing was created. The created wing 
geometry and the rectangular structure covering are visualized 
in Fig. 13b. in order to define this design structure in the flow 
analysis, the front surface of the rectangle is defined as the 'air 
inlet', the rear surface as the 'air outlet', the wing geometry as 
the 'main body' and the remaining surfaces of the rectangular 
geometry as the 'walls.' After the design process, the mesh 
structure should be created to prepare for the analysis 
environment. In the analysis conducted over the skewness value 
to examine the mesh quality, it was observed that the maximum 
skewness value of the mesh structure created using the 461765 
mesh element was 0.78. According to the mesh skewness table 
which is shown in Fig. 13c, it was seen that the maximum 
skewness value was at a good level. 

 
Fig. 3. Wing design (a) rib and spar (b) mesh structure (c) mesh 

skewness table  

While creating the analysis conditions, the sin (8°) and cos 
(8°) values, which are the equivalent of 63 ms-1, which is the 
cruise speed of the Cessna 172 aircraft, at the 8° angle of attack 
were taken as reference. Additionally, the density of the flow is 
0.996 kgm-3 and its dynamic density is 1.74 e-05 m2s-1 in the 
analysis inputs. The pressure distribution on the wing is shown in 
Fig. 14a. The maximum pressure value was 2481,48 Pa and it was 
formed in the front region of the wing. Because the front part of 
the wing is the part that first encounters the air flow. Due to the 
large curved surface at the front of the wing, the airflow slows 
down for a short time before flowing to the rear parts of the wing, 
causing high pressure. The lowest pressure value occurs at the rear 
end of the wing. Different pressure values occurring at different 
points of the wing will be used as a source for the load information 
on the wing in the static analysis. For static analysis, the first wing 
structure created during the flow analysis was redrawn. 
Aluminum material, which is the wing material of Cessna 172 
aircraft, was chosen for the material assignment. We observed that 
the weight of the wing after the assigned material was 2876,8 kg. 
The mesh structure has been reconstructed for the wing. For the 
static analysis conditions, the pressure values on the wing were 
taken from the flow analysis results. Additionally, the area 
indicated by the symbol B in Fig. 14b. is the surface where the 
wing and fuselage meet, and this surface is fixed. Gravity, 
indicated by the symbol A, has also been added to the analysis 
conditions to obtain realistic results. 

 
Fig. 4. Preliminary to analysis (a) pressure distribution (b) analysis 

conditions 
To examine the static analysis results, the total deformation, 

maximum stress and Von-Mises stress values were added to the 
analysis conditions in the analysis results. The deformation on the 
wing due to the pressure distribution obtained according to the 
flow analysis results is shown in Fig. 15a. We observed that the 
maximum deformation of the wing was 12,412 mm at the wing 
tip. Moreover, in the region where the wing connects to the 
fuselage, the deformation is minimal. Fig. 15b. Von-Mises stress 
values formed on the wing are visualized. The maximum Von-
Mises stress value was 17,525 MPa, and it occurred at the junction 
of the wing and fuselage. The maximum stress value was 27.51 
MPa, as shown in Fig. 15c. As observed in the Von-Mises stress 
value, the maximum stress value reached the maximum value at 
the junction of the wing and fuselage. 

 
Fig. 5. Analysis results of Cessna 172 (a) total deformation (b) Von-

Mises stress (c) maximum stress 
The design, flow analysis and static analysis studies of the 

Cessna 172 aircraft wing in the Anys program were also applied 
to the albatross wing structure. To make comparisons, aluminum 
material type is used in material definition. With the use of 
aluminum material, the weight of the geometry was 1894,2 kg. 
Fig. 16a. shows the pressure distribution on the albatross wing 
type. The maximum pressure formed is 2178,9 Pa and reached its 
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maximum value in the front part of the wing, as in the wings of 
Cessna 172 aircraft. The minimum pressure value also occurred 
at the tip of the wing, as in other wing types. 

In Fig. 16b, the deformation values caused by the pressure 
values formed on the wing can be seen. The maximum 
deformation was 6,094 mm, and it occurred in the tip region of 
the wing, as in the wing design of the Cessna 172 aircraft. The 
maximum stresses on the wing are shown in Fig. 16c. The 
maximum stress in the wing root region is 7,413 MPa. 
Maximum Von-Mises stress values are shown in Fig. 16d. This 
maximum Von-Mises stress in the root region of the wing is 
5,2126 MPa. The minimum Von-Mises stress occurred at the 
tip of the wing. 

 
Fig. 6. Analysis result (a) pressure distribution (b) total deformation 

(c) maximum stress (d) Von-Mises stress 
The wing structures of the albatross and Cessna 172 aircraft 

are compared according to the static analysis results(Table 3). 
With the Albatros wing design, the wing weight, maximum 
pressure, maximum deformation, maximum Von-Mises stress, 
and maximum stress values improved by 34,156%, 12,193, 
50,902, 70.256, and 73,053%, respectively, as indicated in the 
table. 

Table 3. Comparison of static analysis results of wings 
  Cessna 

172 
Wing 

Albatro
s Wing 

Improvemen
t 

Weight (kg) 2876,8 1894,2 %34,156 
Maximum pressure value 
(Pa) 

2481,4
8 

2178,9 %12,193 

Maximum deformation 
value (mm) 

12,412 6,094 %50,902 

Maximum Von-Mises 
Stress Value (MPa) 

17,525 5,2126 %70,256 

Maximum stress value 
(MPa) 

27,51 7,413 %73,053 

 
5. Conclusions  

In this study, similar studies conducted in the past for 
selecting the airfoil, which is one of the most critical parameters 
in wing design, were examined and the airfoils with the highest 
aerodynamic performance were determined. To compare the 
aerodynamic performance of the designs made, the wing 
geometry of the Cessna 172 aircraft, which is still in use today, 
was taken as reference. At the end of the analysis, it was seen 
that NACA2412 had a higher glide rate than other airfoils have. 
It was also observed that the flight balance is more stable than 
other airfoils. After choosing the airfoil, new designs with 
similar dimensions were studied by taking the wing geometry 
of the Cessna 172 aircraft as a reference in the three-
dimensional wing design by using biomimetic design 
methodology. The biomimetic wing designs created were 
inspired by the bird species  gull, albatross, vulture and pigeon. 
To compare biomimetic designs among themselves and the 
wing of Cessna 172 in terms of aerodynamic performance, 
three-dimensional flow analysis was conducted in the XFLR5 
program. It was observed that this wing structure provides 

6.26% improvement in the lift coefficient, 15.73% in drag 
coefficient and 15.16% improvement in the glide ratio compared 
to the Cessna 172 aircraft wing. Flow analysis was conducted by 
using the CFD. The pressure values on the wing obtained from 
flow analysis were used as the load source for the static analysis. 
According to the findings obtained, it was observed that the 
weight of the albatross wing design was 34.156%, the maximum 
pressure value 12,193%, the maximum deformation value 
50.902%, the maximum Von-Mises stress value 70.256% and the 
maximum tension value 73.053% less than the wing of the Cessna 
172 aircraft. 
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