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With the development of flight technology, the need for stable aerodynamic and vibration performance of the aircraft in the civil
and military fields has gradually increased. In this case, the requirements for aerodynamic and vibration characteristics of the
aircraft have also been strengthened. ,e existing four-rotor aircraft carries limited airborne equipment and payload, while the
current eight-rotor aircraft adopts a plane layout.,e size of the propeller is generally fixed, including the load capacity.,e upper
and lower tower layout analyzed in this paper can effectively solve the problems of insufficient four-axis load and unstable
aerodynamic and vibration performance of the existing eight-axis aircraft.,is paper takes the miniature octorotor as the research
object and studies the aerodynamic characteristics of the miniature octorotor at different low Reynolds numbers, different air
pressures and thicknesses, and the lift coefficient and lift-to-drag ratio, as well as the vibration under different elastic moduli and
air pressure characteristics. ,e research algorithm adopted in this paper is the numerical method of fluid-solid cohesion and the
control equation of flow field analysis. ,e research results show that, with the increase in the Reynolds number within a certain
range, the aerodynamic characteristics of the miniature octorotor gradually become better. When the elastic modulus is 2.5 E, the
aircraft’s specific performance is that the lift increases, the critical angle of attack increases, the drag decreases, the lift-to-drag ratio
increases significantly, and the angle of attack decreases. However, the transition position of the flow around the airfoil surface is
getting closer to the leading edge, and its state is more likely to transition from laminar flow to turbulent flow. When the
unidirectional carbon fiber-reinforced thickness is 0.2mm and the thin arc-shaped airfoil with the convex structure has a uniform
thickness of 2.5% and a uniform curvature of 4.5%, the aerodynamic and vibration characteristics of the octorotor aircraft aremost
beneficial to flight.

1. Introduction

,e miniature octocopter has the functions of vertical take-
off and landing, hovering in the air and low-speed flight.
Octorcopter aircraft is especially suitable for small envi-
ronment to complete the specified work, its efficiency
characteristics mainly depends on the wing, and the per-
formance of the wing mainly depends on the shape of the
wing, and its propeller Reynolds number belongs to the low
Reynolds number range. ,erefore, the development of
high-efficiency rotors is of great significance for improving
the endurance of the aircraft, the difficulty of control and the
size of the load. For a miniature octocopter, it has a small
rotor and a limited range, usually flying at a Reynolds
number of 20,000 to 200,000. In the case of a small Reynolds

number, the aerodynamic characteristics of the wing are
significantly different from that of the wing when the
Reynolds number is large, and the performance will also
undergo complex changes.

Due to its own advantages, UAS plays an important role
in high-tech local wars and performs very well in recon-
naissance, environmental investigation, disaster prevention,
and rescue missions in high-risk environments. Many
scholars at home and abroad have also conducted in-depth
studies on UAS. ,e performance is outstanding. Huang
et al. used a low-speed wind tunnel to study advection and
thin airfoils with Reynolds numbers ranging from 40,000 to
400,000 and pointed out that only by reducing airflow
separation and reducing gas generation, airfoils can have
better aerodynamics academic characteristics [1]. On the
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basis of Huang et al.’s research, Yuan et al. compared the
aerodynamic characteristics of MDH5006 simple thin
straight airfoil and thin round airfoil through manual ex-
periments. ,e experiment showed that there are large
differences in the magnitude of buoyancy [2]. Rahman et al.
conducted tunnel wind experiments on Ep61 and Pf48 thin
straight airfoils and thin arc airfoils. ,e research results
show that the round thin arc airfoils have higher lifting force
and lift-to-drag ratio, which is suitable for microaircraft [3].
Although the arc-shaped thin airfoil has better aerodynamic
characteristics with small Reynolds number, the absolute
thickness of the shape of the wing is not large because of the
small size of the microrotor, so the structural stability and
rigidity of the rotor are small. Chen et al. proposed that when
the thin arc airfoil is applied to a microaircraft, it is not only
easily damaged but also has poor aerodynamic stability [4].

,e so-called Reynolds number is the size marked by the
length of the diameter of the aircraft wing, and the general
size is about 10,000 to 100,000. Compared with the data flow
of large Reynolds number, in the environment of small
Reynolds number, the adsorption and nonsteady charac-
teristics of the airflow field change significantly, resulting in
the flow pattern around the wing generally showing the
airflow pattern and resisting the back pressure gradient.
,ere is a back pressure gradient in the airflow, the airflow
around the wing is easy to block and transition, and then
enter the jet stream state, which will have a significant impact
on the aerodynamic characteristics of the wing.,is requires
studying the aerodynamic characteristics of small UAVs
with low Reynolds numbers. Although increasing the
thickness of the airfoil can improve the rigidity of the rotor
structure, Josef et al. proposed a small Reynolds number
airfoil with a downward concave structure [5]. Gawron et al.
uses a numerical statistical method based on the three-di-
mensional fixed and non-decompressible orifice calculation
formula to calculate the aerodynamic performance of the
airfoil with a Reynolds number of 40,000 to 100,000 and
compare it with the traditional arc thin airfoil [6]. Bari et al.
studied the compressive index distribution area and airflow
movement range of the airfoil at 60,000 hours. Finally, the
airfoil was used to make a carbon fiber rotor with a diameter
of 20 cm and a weight of 16 grams [7].,e hovering state was
completed and the force was applied, and the architecture
stability experiment was conducted. Ding et al. proposed the
theoretical basis, experimental research and theoretical
design of the low Reynolds number wing. In terms of ex-
perimental research, the low Reynolds number was studied
through wind tunnel experiments, the flow reattachment
was counted, and the pressure on the rotor surface of the
aircraft was tested [8]. In terms of simulation analysis, Inui
et al. used functional statistical methods to study the tem-
perature-dependent characteristics of isolated bubbles and
their effects on flight wing signs [9]. Colombo et al. used a
digital model to study the sliding characteristics of equiv-
alent flight wing signs in the case of a small Reynolds number
and used an unsteady compressible viscous flow calculation
model to numerically simulate the uneven airfoil in the case
of a small Reynolds number [10].

,is paper studies the aerodynamic and vibration
characteristics of the micro-octorotor under low Reynolds
number, discusses and analyzes the aircraft state under
different elastic modulus and airflow environment, and
studies the lift coefficient and drag coefficient of the micro-
octorotor with the upper and lower staggered towers. Lift-
to-drag ratio and the elastic modulus of the flight wing
itself and the flight performance under different condi-
tions. In addition, this paper studies the design of the
eight-rotor flight system. By comparing the airfoil data,
combined with the special conditions of the research
object, the parameters of the best flight performance are
determined according to the current situation, and various
aspects of the model construction are successfully dis-
cussed. ,e innovation of this paper is that a different
environment is set up to conduct aerodynamic and vi-
bration research and analysis on the low Reynolds number
miniature octorotor. ,e miniature octorotor is a new type
of aircraft in the current aviation industry. Performance
research contributes to the development of my country’s
aviation technology.

2. Calculation Method of Aerodynamics and
Vibration of the Miniature Octorotor

2.1. Numerical Method of Fluid-Solid Cohesion. ,e inter-
action between airfoil and airflow is a typical problem of
flexible connection of solid structures [11]. ,e deformation
field changes according to the structure of the interface, and
the extremely high distribution and pressure of the defor-
mation field change according to the flow of the airfoil. ,e
split line of airflow parameter transmission destroys the
interaction of solsrfv architecture, and the interface of three
key factors soon appears [12]. Using CXF software to cal-
culate the smooth average Reynolds equation and the S-shed
jet flow calculation method, using the SST model as a
prototype because the STK model has a better ability to
capture the turbulent passage of airflow; the introduction of
a new intermittent transition model can be expressed by the
following equation:
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,e reason for the intermittent period characterized by
the equal space of the elements c is that the airflow cannot be
stagnant and cannot remain stationary with the state un-
changed, while Pc and Ec pass through the highly balanced
space of the format, according to the sequence after a certain
time discrete into the form of equations [13, 14]. Ans is used
to analyze the structure of the large slate domain architecture
and perform solid analysis, so that the components that can
drive the membrane are so soft, some of which are SH190
components, and are limited by capacity. ,e dispersion
control equation is
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Mu″ + Cu′ + Ku � F(t). (2)

Among this parameter, M, C, and K are mass linearity
tables, damping linearity table and stiffness linearity table,
respectively; F(t) is the transient cohesion of the airflow
acting on the architecture. ,e Hb-Jm multielectromagnetic
field cohesion calculator MXF (multifield solver) is used to
realize the airflow data transfer between the calculator and
the solid calculator. In each time state of the state change
process, it is applied to the flow field and the architecture
respectively, and the interface data are calculated through
multiple recursions until the recursive convergence condi-
tion is satisfied. ,e visual simulation calculation method is
used in the airfoil adjustment process, which requires visual
modeling of the wing fuselage structure and deformation
parameters, and the use of function analysis tools is needed
to adjust the parameters [15, 16]. Among them, the HiHe
function is used the most in tuning design. ,e HiHe-type
function is based on the original airfoil, which can digitally
characterize all possible wing postures in a given area. It is an
intuitive and simple wing posture digitization method. Its
general formula is

Y1(x) � Y10(x) + 

n

i�1
d1i × fi(x),

Y2(x) � Y20(x) + 
n

i�1
d2i × fi(x).

(3)

In the above formula, Y1 andY2 are the upper and lower
posture parameters of the wing posture; Y10 andY20 are a
function of the upper and lower surfaces of the reference
wing body shape; di1 anddi2 are the design variable of the
upper and lower surfaces of the wing posture; n is the
number of design variables, and f(x) is the control function
corresponding to the design parameter.

,e original HiHe function does not have a control
function for the trailing edge of the wing posture, which
makes the digital space for the trailing edge of the wing
posture unable to expand, limiting the variety of wing
posture adjustments. ,erefore, the formula for adding a
multitype functional function to the trailing edge of the wing
posture is,
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In the above formula, P is the perturbation range pa-
rameter of the control function; q is a one-dimensional array
of length n− 2, which controls the abscissa of the position
corresponding to the peak of the n− 1 contour function. ,e
aerodynamic performance of the lower airfoil has a greater
impact, so the design variable point is encrypted at the leading

edge of the airfoil [17]. Take q � 0.25 0.35 0.5 0.75  and
the change of the slope of the coefficient control function, the
decay speed of the coefficient control function and other
parameters depend on experience. Airfoil optimization
mathematical model’s airfoil aerodynamic performance de-
termines the flight speed and energy efficiency of the aircraft,
and the energy that a microaircraft can carry is limited, so
energy efficiency is particularly important. For the rotor
airfoil, the lift-to-drag ratio is the most important perfor-
mance index, which has a great impact on improving the
efficiency of the rotor [18]. ,erefore, taking the lift-to-drag
ratio of the rotor airfoil as the objective function, a generalized
rotor airfoil objective function model is established:

objective: max
CE

CD

 . (5)

Airfoil optimization methods can be divided into single-
objective optimization and multiobjective optimization.
Single-objective optimization refers to the evaluation of only
one target, only need to meet the specific function conditions,
to obtain the maximum value. Multiobjective optimization
refers to the existence of multiple evaluation functions, and
the solution using different evaluation functions is different.
,at is to say: in the multiobjective optimization problem,
there are multiple maximizing or minimizing objective
functions at the same time, and these objective functions are
not independent of each other, nor harmonious with each
other.,ere will be more or less conflicts among them, so that
all objective functions cannot be satisfied at the same time.
,e wing parameters need to be tested at different Reynolds
conditions, and it needs to be compared to maintain better
airflow efficiency at large elevation angles. In this case,
multiobjective optimization is more appropriate. ,erefore,
the multiobjective optimization idea of the rotor airfoil under
low Reynolds number can be expressed as the weight coef-
ficient of the airfoil under different conditions. It is a vector
corresponding to different design variables. ,e airfoil op-
timization process is based on themultiobjective optimization
process of the rotor airfoil based on the improved genetic
algorithm. ,e rotor algorithm is used to randomly generate
the initial rotor, and the first generation airfoil set is gen-
erated within the design interval, and output to the wing the
X-type foil aerodynamic solver calculates the performance of
the airfoil set and then inputs the required data into themain
program to calculate the fitness [19]. ,e accuracy and
reliability of the X-type foil have been applied and verified.
In the initial stage of optimization, in order to ensure the
diversity of the rotors, a larger number of rotors and the
probability of cross-mutation are required. In the later stage
of optimization, the individual difference of the airfoil be-
comes smaller, and the operator and fitness functionmust be
readjusted to ensure the continuous development of the
rotor [20].

2.2. Flow Field Analysis Control Equation. ,e microrotor
aircraft works at low Reynolds number, and the air viscosity
has a great influence on it. ,erefore, the influence of air
viscosity must be considered when analyzing the
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aerodynamic characteristics of miniature quadrotor aircraft.
Naiver Stokes equation is used as the control equation of the
flow field because of its stable and incompressible
characteristics.

,e mass equation is
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,e momentum equations in the X- and Y-direction are
as follows:
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,e energy equation is

zE

zx
+

zE

zy
� Q + W, (8)

where P is the fluid density, u and v are the components of
the fluid velocity in X- and Y-directions, respectively, E is
the total energy of the system, p is the heat input into the
system, and μ is the viscosity coefficient of airflow.

2.3. Shape and Structure of the Octorotor Aircraft.
Traditional octorotor aircraft mainly use carbon fiber tubes
as supports and use connecting plates to vertically fix the
carbon fiber tubes and the flight controller, receiver, ESC,
and battery of the octorotor aircraft. ,is method is con-
venient to obtain materials for the manufacture of eight-ring
aromatic compounds and is compatible, but it is not wind-
resistant and adaptable [21]. In order to improve the wind
resistance and durability of the octagonal propeller aircraft,
the manufactured octagonal propeller aircraft adopts
composite film forming technology to produce a lightweight,
strong wind resistance octagonal propeller aircraft structure.
,e integrated structure can effectively reduce the impact of
natural factors on the aircraft [22]. For example, 8-bit
mechanical and electronic equipment is not easily damaged
in rainy weather and is itself waterproof. According to the
bending, shearing, and twisting characteristics of the girders
of the octagonal rotor, the parts are strengthened with
greater force to ensure the safety of the fuselage. Since the
inertia moment of the octagonal motor around the three
axes, the motor inertia moment and the distance between the
center of gravity of the motor, and the center of gravity of the
aircraft are the main factors affecting the angular speed of
the octagonal motor, the octagonal motor inertia moment
controls the aircraft and reduces interference [23]. ,e
moment of inertia of the aircraft around the three axes, the
moment of inertia of the motor and the distance between the
center of gravity of the motor and the center of gravity of the
aircraft should be as small as possible. According to the
overall characteristics of the octorotor aircraft, composite
materials can be used for lamination, aramid paper hon-
eycomb composite materials, glass and carbon fiber, and

other materials can be used for lamination, and heating and
vacuuming processes can be used for lamination. ,e fu-
selage can be integrated [24]. ,e molding uses a composite
material connection process between the upper and lower
bodies to produce an integrated 8-rotating body with high
structural strength and lightweight. Under normal condi-
tions, the efficiency number of a high-efficiency engine is
about 20 grams per watt, and the rated output is 250 watts
[25]. ,e maximum pulling force is 7.2 kg. An eight-rotor
aircraft has a mass of approximately 8 kg and a maximum
flight load of only 16.4 kg. ,e aircraft power unit is com-
pletely provided by the aircraft wing, and 8 identical sub-
flight systems are arranged symmetrically and evenly tomeet
the load requirements of the aircraft. ,e high-speed plane
flying engine is selected as the power source, and the pro-
peller model is selected to obtain the maximum efficiency
according to the current and pulling force of the electric
motor [26]. ,e propeller model is APC15∗4, it uses the
selected motor to measure the relationship between motor
output, lift, and efficiency at different speeds, different
propellers and different motor outputs, so as to produce the
highest efficiency. ,is choice can effectively improve the
flight efficiency and durability of octets [27, 28].

3. Design of Aerodynamic and Vibration
Detection for the Microaircraft

3.1. Research Objects. ,is experiment takes a miniature
octorotor aircraft as the research object, adopts a staggered
tower layout of upper and lower layers, and further re-
searches on the basis of the existing four-axis multirotor
aircraft with low carrying and external hanging capacity,
adjustable thrust-to-weight ratio, and higher wind resis-
tance. ,e technical solution adopted in the practical model
includes 8 rotors including basic components, mechanical
assembly, motor assembly, and running gears. ,e basic
components are equipped with organic arm components
and robotic arm components. ,e features of the practical
model include that the upper cover plate of the machine base
is round, the four convex rectangular pressing plates are
evenly distributed in the circumferential direction, the fixed
plate of the machine base is round, and the 8 rotors protrude
equally in the circumferential direction.

3.2. Design of Detection Steps

3.2.1. Aerodynamic Testing Design of the Aircraft. ,e mi-
cro-air vehicle uses pneumatic control signals, and all dif-
ferential pressure sensor signals are output from the filter.
,e output voltage signal is usually mV level of the pie-
zoresistive sensor, and the output instrumentation amplifier
amplifies the signal sensor. ,e maximum deviation of rail-
to-rail output voltage is only 17 μV, and the noise reaches the
peak value, that is, the peak value, and its frequency response
range is 15Hz∼0.017 μV, which is greater than 2.2 kΩ. At the
same time, if the symbols of the filter are gathered in the
space of the SM2580 to perform the airflow area of the
differential amplifier, the input radio frequency on the basis
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of the filter will be added to the airflow area of the amplifier if
necessary. Similarly, if the implementation is not good, then
any difference in the common mode of the converted
standard input. ,ere are at least 10 reference objects, so the
micro-octocopter can suppress the mismatch level of the
differential through the filter. ,e output signal of the in-
strument amplifier should be filtered to adjust the signal’s
instrument amplification to zero and use the MA295 chip in
the filter. ,e universal 8-order filter chip can reduce the
error of pneumatic detection, and the operation is extremely
simple. ,e cut-off frequency and clock frequency method
can arbitrarily obtain the filter controlled by the same
method clock, and the ratio of the cut-off frequency is 25 :1.

3.2.2. Aircraft Vibration Detection Design. ,e experience of
the airfoil controller using the aforementioned method of
the controller, including the allocation of airfoil analysis
algorithm resources and the pressure of the resultant force of
the designed analyzer depends on the way of operation. ,e
first two methods themselves have been widely used in
practice. ,e structure of the thin elliptical arc-shaped wing
surface at the upper edge of the lower edge of the triangular
curved arc is curved on the back. ,e arc maintains the
traditional wing structure, and convex surfaces are added to
the upper wing to provide room for stiffening. It contains 8
parts of the airfoil, the first of which passes through the
mouth line of the upper row of the arcuate upper bow. What
follows is a curved concave arch shape that is connected to
the top, and the result is to close the lower curved mouth to
form an airfoil. To facilitate the calculation, the wings of the
front end and back end are circular arc form, comparison is a
small arc airfoil aerodynamic effect of the different mea-
surement index, coefficient of airfoil increases coefficient
increases with the decrease of the thickness and the increase
of the thickness of the wing increases with the increase of
vibration frequency, on a flat surface, the surface has the
opposite concave near trailing edge, trailing edge thin, and
bent down. When the airflow bypasses the leading edge of
the ordinary airfoil, the velocity increases more and the
velocity continues to increase on the upper surface of the
airfoil. ,e thicker the airfoil, the more the upper surface
bulges up, and the more the speed increases. At high enough
speeds, the local flow rate on the upper surface of the airfoil
reaches the speed of sound. ,erefore, the thickness of the
airfoil is more than 2 times the camber, and the aerodynamic
performance is better. But at the same time, the strength of
the airfoil structure has not decreased, and the difficulty and
rigidity of processing it have not increased. ,e rotor
checked the need for processing the fiber itself, and analyzed
that a layer of fiber film and the internal coating itself were
forced to maintain two unidirectional fiber ribs with a
thickness of 0.3mm. In addition, the high performance of
the safely placed aerodynamic airfoil has a thin and uniform
arc structure thickness, and the convexity of the airfoil is
designed to be uniform and elastic, varying within the elastic
limit of 2.5% to 4.5%.

4. Aerodynamic and Vibration
Characteristics of the Aircraft

4.1. Aerodynamic Characteristics of Different Reynolds
Numbers. First, the aerodynamic characteristics of the
microairfoil under different air pressure models are calcu-
lated and analyzed. Figure 1 shows the relation between the
lift-to-drag coefficient of the flexible wing and the angle of
attack when the Reynolds number is 12,500 and the curing
modulus is 2.25MPa and 1.5MPa, and it is compared with
the rigid wing. Before reducing the air pressure, the lift
coefficient will increase linearly, and then decrease the air
pressure greater than 0.8MPa. When the lift coefficient of
the rotor slows down, and the coefficient reaches the extreme
value of the angle of attack of the wing, the lift coefficient
increases by 0.8.

As shown in Table 1, for such a wing with a modulus of
elasticity of 2.5MPa, the aerodynamic coefficient is not
much different from that of a rigid wing at this time. ,e
impulse angle of the airflow is 30, and the impulse is greater
than 0.8. Because they destroy the growth rate, the angle of
attack begins to increase. Compared with the rigid structure,
when the deceleration rate of the rigid wing is reduced and
the stall angle and lift are delayed, the 1.2MPa peak will
increase by 4.5%. Compared with the rigid wing, it has a
maximum increase of 27% at a proper angle of attack
(α�1.5) and has a drag coefficient to a certain extent. When
the elastic mode of the wing with a coefficient of 2.5MPa
does not occupy the highest price of the rise time, most of its
corners will do its expansion, thereby further increasing the
aerodynamic coefficient of the rhombic airfoil with vibration
stability. ,e elastic modulus increases, and the surface
characteristics of the flow airfoil in this area are still con-
trolled by the steady flow.

After testing by the numerical solution method, the NE
algorithm is used to determine the Reynolds of the wing of
the micro-multirotor as 1.0×105, 5×105, 1.0×106, and the
aerodynamic characteristics of the approach angle are cal-
culated numerically, and the picking angle is within a certain
range conduct statistical analysis. As shown in Figure 2, the
relationship diagram of the blade lift index, inertial gravity,
and lift-to-gravity ratio is obtained by numerical calculation.
As can be seen from the figure, the smaller the incident angle
is, the smaller the uplifting force index and boundary in-
cident angle are. In other words, with the increase of the
degree of AOA, regardless of positive or negative, the value
of Cd will also increase. When Cd� 1.36 and Aoa� 20, the
ratio of rising force index to inertial gravity is very large.
When the pickup angle is 7, the ratio of the rising force is
most obvious. As the elevation angle increases, the wing
transition area will move from the rear end to the front end
along the rear edge. When the pickup angle reaches 17°, it
reaches the vicinity of the front edge. When Re � 5.0×105,
the lift coefficient becomes linear at medium and small
elevation angles and increases at small elevation angles. Both
the maximum lift coefficient and the angle of incidence are
very large, Cd� 0.143. When the drag coefficient is small and
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the elevation angle is 4, the lift ratio is the largest. As the
elevation angle increases, the wing transition position will
move along the rear surface from the trailing edge to the
leading edge, so that the elevation angle Aoa is 12.When you
reach the forefront, if Re is 1.0×106, the lift coefficient, drag
coefficient, lift reaction ratio, and the transition position
change caused by the incident angle are basically the same
when compared with Re� 5.0×105. Even if the incident
angle is small, the value is basically the same. At high ele-
vation angles, the drag coefficient is small, the lift coefficient
is large, the critical elevation angle and the maximum lift/
reaction ratio are both large, Cd� 0.152. Generally, as the
Reynolds number continues to increase, the aerodynamic
characteristics of the winged clarke will gradually improve.
,e specific performance is that the lift increases, the critical
elevation angle increases, the drag decreases, and the lift
ratio increases significantly. Preferably, the elevation angle of
the multirotor wing decreases. However, the transition
position of the flow around the airfoil surface is getting
closer and closer to the leading edge, and its state is more
likely to transition from airflow to turbulent flow.

4.2. Vibration Characteristics of Angle Attack of the Flexible
Wing. As shown in Figure 3, the lift coefficient increases
with the increase of the wing camber within a certain range
and decreases with the increase of the wing thickness, and
the drag index increases with the increase of the thickness.
As the curvature increases, it becomes smaller.,erefore, the
smaller the wing thickness and the greater the camber angle,
the better the aerodynamic performance of the octorotor. At
this time, the structural stability and rigidity of the wing will
be reduced to a certain extent, and the manufacturing
difficulty will also increase. Since a layer of nanofibers needs
to be embedded during production, this layer of material has
a great influence on the fluidity of the wing, which is
conducive to the improvement of efficiency.,e relationship
between the internal resistance of the motor and the no-load
current is traded off. Select a high-efficiency motor directly
by selecting a small internal resistance and a small no-load
current. ,e motor efficiency is also closely related to the
equivalent voltage and current. ,e control effect of the
cascade fractional Cd is better than that of the cascade in-
teger Cd, the overshoot of both is close to zero, the cascade
fractional Cd is adjusted to 0.18, and the cascade integer Cd
is more flexible. ,e system response simulation curve when
the roll angle is limited to a certain range at random steps.
,e cascade fractional-order Cd response curve is always
located between the input signal curve and the cascade
integer-order Cd response curve, which indicates that the
cascade fractional order Cd can track the change of the
expected attitude and always maintain a stable and fast state,
thus obtaining the close relationship between the motor and
the current.

As shown in Figure 4, when the modulus of elasticity is
2.5, whether it is a wing with a greater hardness or a wing
with a less rigidity, the noncritical angle of attack flows on
the suction surface, and the wing with a greater hardness is

Table 1: Performance comparison between the optimized airfoil and initial airfoil under various Reynolds numbers.

Rate
NACA0012 New airfoil

Rate change of C1 (%) Rate change of C4 (%)
Cl1 Cd1 Cl2 Cd2

Re� 100,000 0.84082 0.0304 1.01788 0.02284 21.06 −24.87
Re� 200,000 0.85228 0.0222 1.02682 0.01734 20.48 −21.89
Re� 300,000 0.85994 0.01826 1.03698 0.01538 20.59 −15.77
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when the aerodynamic performance of the airfoil is not
greatly affected, the leading edge separation flow is made to
flow again, which greatly increases the rising force index.
However, for a large critical angle of attack (16°), due to
severe airflow separation, the influence of airfoil deforma-
tion is limited, the separated flow can no longer adhere, and
the lift index increases insignificantly. When the modulus of
elasticity is 0.7 E, the wing with greater rigidity will produce
greater vibration, and the flow field on the airfoil surface has
a strong unsteady flow phenomenon. When the modulus of
elasticity is 0.7 E, the transient flow field of the airfoil surface
at 13° angle of attack is obtained. ,e large-amplitude vi-
bration of the wing with a relatively hard middle makes the
separated flow periodically adhere to the wing surface, and
the vortex is rolled up on the wing surface.,e vortex moves
along the trailing edge of the wing and falls off, causing the
lift index to fluctuate greatly. ,e second-level flexible airfoil
nodes P1, P2, and P3 are all deformed to 2.5 E at different
angles of attack. ,e deformation of the wing with greater
leading edge hardness is not obvious, and the deformation of
the trailing edge is the most obvious. Before reaching the
critical value, the time-average deformation of the two airfoil
surfaces with less rigidity at the leading edge increases as the
angle of attack increases, and the time-average deformation
of the airfoil segment with the less rigid trailing edge

decreases as the angle of attack increases. After the stall, as
the angle of attack increases, the deformation of the two
wing surfaces with less hardness at the leading edge grad-
ually decreases, and the deformation of the wing with the less
hardness at the trailing edge increases rapidly.

5. Conclusions

Microaircraft is a new type of aircraft that has emerged in
recent years. Due to its low price and simple operation, it is
widely used in military and civilian fields. At present, the
optimization and debugging of microaircraft is in the climax
of the world, and the related aerodynamic research is one of
the frontiers of the research of micro-multirotor. MAV has
small size, low operating speed, and small Reynolds number.
Its entire flight loop is usually between tens of thousands to
hundreds of thousands, and the Reynolds number is very
low. If its Reynolds number is further reduced, its Reynolds
number will be even lower, which is not available in previous
conventional aircrafts.

,e eight-rotor aircraft has the characteristics of large
load demand, variable rotor size, and variable quantity.
Currently, there are various rotor sizes available on the
market, and there are many types of motors, and various
rotor–motor matching schemes are available. How to
quickly determine the power unit is one of the challenges in
the development of micro-octorotors. When designing
UAVs, the 4/6/8 rotors are usually selected first. In order to
ensure the application of the selected design in actual en-
gineering, it is not only necessary to improve efficiency but
also reduce the cost of components. Generally speaking,
microaircraft can be divided into the following categories:
fixed-wingmodel, flapmodel, rotor model, or a combination
of the above three models. For flapping-wing aircraft, es-
pecially for eight-rotor aircraft, it is a more effective pro-
pulsion method than traditional multirotor aircraft. For the
study of flap aerodynamic characteristics, a lot of research
has been done in theoretical experiments and numerical
simulations, but many studies are limited to the case of two-
dimensional airfoils. ,is article analyzes the impact of key
factors such as aspect ratio, reduced frequency, initial fre-
quency, and angle of attack, and provides a certain theo-
retical basis for the design.

Due to its flexibility, low cost, and broad application
prospects, the miniature eight rotor has attracted many
researchers. However, aerodynamics under low Reynolds
number has always been a difficult point in research. ,e
fluid–solid cohesion analysis is performed on the miniature
octorotor, the flow field in the suspension is calculated
numerically, and the structure is analyzed statically and
modally.,e closer the rotor flow field is to the rotor surface,
the greater the wind speed and the larger the outer circle of
the rotor along the rotor center. ,e maximum pressure in
the flow field occurs at the tip of the blade. ,e state of the
flow field has nothing to do with the flight attitude and the
speed of the aircraft, it is mainly related to the rotation speed
of the rotor.,emaximum stress on the rotor surface occurs
at the maximum thickness of the blade section.
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In addition, this article also has some shortcomings. Due
to the limited cost and funds, this experiment only carried
out simulation and did not conduct field research. ,ere
may also be some errors. It is hoped that through future
research on miniature octorotors, we can gain further
understanding.
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