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The ducted coaxial propeller (DCP) is highly advantageous in the design of eVTOL aircraft due to its safety, compactness, and low
noise levels. To study the aerodynamic characteristics of DCP in hovering, a novel eVTOL was used, and a slip grid model was
established to solve the three-dimensional unsteady N-S equation. The aerodynamic characteristics of DCP were compared to
those of the free coaxial propeller (FCP) and ducted single propeller (DSP) to reveal the interaction mechanism of unsteady
flow between the duct and propellers. The results indicate that the duct significantly mitigates the intensity of tip vortexes by
changing the characteristics of propeller tip winding, which reduces the corresponding energy loss. Additionally, the static
pressure loss is decreased by the reduced radical-induced velocity in the slipstream area. Finally, the induced power loss is
reduced by the decreased axial-induced velocity and suppressed wake contraction, resulting in DCP having 39% higher
aerodynamic efficiency than FCP and the duct accounting for 41.7% of the total lift. Although DCP generates 1.77 times more
lift than DSP, its aerodynamic efficiency is only 91.08% of DSP.

1. Introduction

The world aviation industry is currently undergoing signifi-
cant technological changes due to the increasing concerns
about low-carbon development. Developing green and effi-
cient urban air transportation will greatly support the effi-
cient operation of the global economy and society [1, 2].
With the advancement of technologies in distributed electric
propulsion and motors, electrically driven vertical take-off
and landing (eVTOL) aircraft with various configurations
are emerging as a sustainable way to address ground trans-
portation in congested metropolitan areas and have become
a key development direction for the integration of automo-
tive and aviation industries [3]. Ducted coaxial propeller
(DCP), as an innovative form of aviation power device and
a representative emerging technology of the aviation power
electrification, is designed with a duct surrounding the pro-
pellers that makes the safety of the fan more excellent than
that of a conventional free coaxial propeller (FCP). Although
it reduces the efficiency of the duct in forward flight, it has
higher aerodynamic efficiency (lift per power) in hovering

and low-speed forward flight, which is more in line with
the development goals of green, efficient, safe, and low-
noise aviation in the future. Additionally, compared with
the ducted single propeller (DSP), the use of an additional
propeller and motor in DCP allows for better torque balance
and more stable flight and also makes the vehicle more fault-
tolerant, thus more reliable and safer [4, 5]. Therefore, DCP
has become a popular choice for eVTOL aircraft designed
for low-speed flight.

DCP is the key propulsion system of eVOTL aircraft,
and it is crucial to study its aerodynamic characteristics.
Since the lower propeller of DCP is in the downwash and
wake of the upper propeller, the duct suppresses the genera-
tion of the tip vortex, and the contraction of the wake of the
upper and lower propellers. Therefore, there is complex
aerodynamic interference between the duct and the propel-
lers, as well as the upper propeller and the lower propeller.
The interaction of propeller tip leakage flow, the boundary
layer of the duct’s wall, and the propeller wake make the
internal flow field of the duct extremely complex. The strong
unsteady characteristics increase the difficulty in the
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calculation and analysis of the interference mechanisms. In
the last century, a lot of theoretical research and practical
exploration of ducted-UAV were conducted, and some valu-
able conclusions were drawn [6, 7]. However, limited by
computation technology, the relevant methods mainly relied
on experiments and engineering estimation, which inevita-
bly ignored part of the flow field details and interference
mechanism. At the beginning of this century, with the
growth of interest in UAVs and electric propulsion, more
researchers focus on ducted fan aircraft and developer the
combination of modern experimental techniques and CFD
simulations [8, 9]. The results measured by experimental
methods are highly reliable, but the negative factors such
as incoming turbulence, experimental errors, and stand
interference make it difficult to obtain intuitive flow field
information and accurate aerodynamic interference details
[10]. CFD methods combine fluid mechanics and numerical
computation through computer technology to simulate and
analyze fluid problems and visually display their flow fields.
Moreover, the cost of CFD calculation is low, and it is easier
to predict the noise of the propeller [11, 12]. While they can
simulate the details of the flow field, the accuracy of the cal-
culations is questionable, can simulate the flow field details,
but the accuracy of calculation is doubtful. The Navier-
Stokes (N-S) equation, although it has a large calculation
volume, can capture the detailed flow of the propeller and
the boundary layer of the duct surface, such as propeller vor-
tex interference [13, 14]. Qing et al. used the CFD method to
study the effects of duct shape and propeller torsion angle on
the aerodynamic performance of small ducted fans [15, 16].
Shukla et al. adopted a hybrid approach of using both CFD
simulations and experimental methods to investigate the
aerodynamic interference between duct fans in their
research [17–19]. This approach not only enhances the cred-
ibility of the study but also provides a comprehensive under-
standing of the flow field disturbances. However, this type of
research has the following shortcomings. Firstly, the related
research focuses on DSP UAVs, while there is not much
work on the aerodynamic characteristics of the unsteady
flow of DCP aircraft. Secondly, the related researches fail
to analyze the details and mechanisms of the interference
thoroughly. Therefore, the aerodynamic characteristics and
interference mechanism of DCP are still unclear, so it is nec-
essary to carry out further research. Finally, most literature
focused on small ducted fans, with hardly any research pub-
lic on large ones used in eVTOL aircraft. The Reynolds
number of the latter is greatly different from the former.
As a result, the aerodynamic interference performance is dif-
ferent, so there are still many problems that need to be fur-
ther studied and solved.

This paper is aimed at investigating the aerodynamic
interference mechanism within the DCP system for eVTOL
aircraft. To achieve this goal, a combination of experimental
and CFD methods is used to analyze the unsteady interfer-
ence among the duct and propellers. By comparing the aero-
dynamic characteristics of the DCP, DSP, and FCP, the
study aims to provide guidance for noise reduction and
improvement of aerodynamic performance in eVTOL air-
craft applications. Due to the complex aerodynamic interac-

tion between the components within the DCP system, it is
difficult to measure the aerodynamic forces of different com-
ponents separately in experiments. Therefore, a numerical
simulation method based on the slip grid model is estab-
lished to verify the accuracy of the CFD method with exper-
imental data.

This paper is structured as follows: Section 2 describes
the numerical simulation method and grid refinement
method used in the study and validates the method with
experimental data. Section 3 compares the unsteady aerody-
namic characteristics of DCP, FCP, and DSP, respectively,
and discusses the aerodynamic characteristics of the
unsteady flow between the duct and propellers. Finally, Sec-
tion 4 presents the conclusions of the study.

2. Methodology

2.1. Study Object Description. The overall design of a novel
eVTOL aircraft (rendering as Figure 1(a)) is carried out. It
contains 4 DCPs with the lift of 3000N for each, thus reach-
ing a takeoff weight of 1.2 tons [20]. The novel eVTOL air-
craft is capable of vertical take-off and landing, as well as
independent hovering, and features high efficiency, low
noise, and a wide operational range. Its main operating con-
ditions include hovering and forward flight at low speeds. It
can be applied in various fields such as urban firefighting,
urban air transportation, and tourism. This paper mainly
focuses on the aerodynamic interference characteristics of
DCP. Figure 1 presents the main aerodynamic parameters
of DCP. Propeller parameters can be found in reference
[20]. The simplified model consists of an upper propeller, a
lower propeller, and a duct. The complete duct structure is
shown in Figure 1(b).

In order to analyze the interference characteristics of
DCP, it is compared with FCP and DSP, respectively. Com-
pared with DCP, FCP has no duct, and DSP has one less
lower propeller, as shown in Figure 2. The other parameters
are the same for the three configurations. The aerodynamic
interference between the duct and coaxial propellers and
the related aerodynamic mechanism of lift increase can be
obtained by comparing the aerodynamic characteristics of
DCP and FCP. The aerodynamic interference between the
duct with one propeller and the other propeller and the
related interference mechanism can be obtained by compar-
ing the aerodynamic characteristics of DCP and DSP.

2.2. Numerical Method. The widely applicable and highly
functional commercial CFD software Ansys Fluent was used
to simulate the flow field of the DCP [21]. In this paper, the
RANS (Reynolds Average Navier-Stokes) equations were
used to describe the flow characteristics of the viscous fluid.
A coupled solver is used to solve the mass, momentum, and
energy equations simultaneously, and then the turbulence
equation is solved. The equations are as follows [22]:

∂ρ
∂t

+ ∂
∂xi

ρui = 0, 1
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−ρui′uj′ is the Reynolds stress component term, which
can be written through the vortex viscosity hypothesis pro-
posed by Boussinesq as:
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δij 3

μt is the turbulent viscosity, ui is the time-averaged
velocity, and k is the turbulent energy.

Turbulence models can be used to close the fluid flow
control equations and are crucial for accurately simulating

unsteady and complex flow. In this paper, the k-ω SST
(shear stress transport) turbulence model is chosen [23].
To reduce computational costs, the finite volume method
with second-order accuracy is used for spatial discretization
[24]. The ROE format is used for convective flow calcula-
tion, and the approximate Riemann approximation is used
to solve the convective flow on the grid boundary [25]. In
order to improve the efficiency and accuracy of solving the
unsteady flow field, the dual-time implicit LU-SGS iterative
method is used for time discretization [26]. The idea is to
conduct approximate LDU decomposition on the implicit
operator, and the LU-SGS decomposition method avoids
matrix inversion by performing two iterative solutions in
both the forward and backward directions.

2.3. Grid Refinement. The geometry of the DCP system, par-
ticularly in the blade gap area and near the tip region, is
complex with duct surfaces and varying pressure gradients
due to the presence of shock waves and flow separation.

(a) Model of FSP (b) Model of DSP

Figure 2: Model of FSP and DSP.

(a) The novel eVTOL aircraft with DCP

D = 1.78 m
d = 1.5 m

H = 0.55 mm

𝛿 = 5 mm Dust
Upper propeller

Low propeller

(b) Parts diagram of DCP

Figure 1: DCP aerodynamic model and parameters [20].
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To accurately capture the complex flow physics, a non-
structured mesh with strong adaptive capabilities was gener-
ated using the ICEM program. This type of mesh is good at
handling complex geometries, can conform to the shape of
the geometry, is flexible in generating meshes, and is not
restricted by the topology of mesh nodes, with strong spatial
filling capability.

Although a larger computational domain theoretically
leads to less interference with the model results, limited
computing resources necessitated the use of a rectangular
box as the computational domain. The inlet and outlet
boundary conditions were set as velocity inlet and pressure
outlet, respectively, as shown in Figure 3. The grid around
the cylindrical intersection was further refined to improve
computational efficiency and simulation resolution. The
sliding mesh technique was used to avoid distortion of the

boundary layer mesh during mesh movement and improve
computational efficiency. The fluid domain was divided into
one static and two rotating domains, with the duct located in
the static domain. Each rotating zone was enclosed by a cyl-
inder with a volume greater than that of the propeller and
within the duct, with the propeller simulated through the
sliding mesh technology. The rotating zones were further
refined to improve grid quality. A conservative coupling by
pitching row was used to connect the different rotating
domains to ensure mass, momentum, and energy
conservation.

The use of prismatic mesh in the duct and propellers
improved the accuracy of the viscous boundary layer mesh
and allowed for accurate simulation of the flow velocity
and friction drag, resulting in more precise calculation of
power. The computational domain was filled with

Velocity inlet

Press outlet

Static zone

Density increases zone

(a) Static zone

InterfaceStatic wall

Rotation zone

(b) Dynamic zone

Figure 3: Boundary conditions [20].
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tetrahedral meshes, with a boundary layer growth rate of 1.1
and a y + value of 1.

In the mesh irrelevance analysis, taking viscous effects
into account, the influence of the height of the first boundary
layer mesh of the propeller and the duct as well as mesh
density on the calculation results were analyzed separately.
To accurately simulate the viscous interaction within the
boundary layer, an appropriate boundary layer grid is
required for flows with Reynolds numbers ranging from
105 to 106. In this study, the first boundary layer grid
height (d1) was varied between 0.0001m, 0.00005m,
0.00003m, and 0.00001m with a growth rate of 1.2 and
12 total layers of the mesh. The total lift of the DCP in
hovering was then calculated with both upper and lower
propellers operating at 2500 rpm. The mesh irrelevance
analysis results, shown in Table 1, indicate that a grid
height of 0.00003m is sufficient for achieving the desired
calculation accuracy.

The setting of the grid quantity is a crucial step in deter-
mining the grid strategy. The refinement level of the grid
affects the simulation results, and setting different grid sizes

for different areas can save computational resources while
ensuring simulation accuracy. However, once the grid quan-
tity reaches a certain level, the simulation results become less
sensitive to changes in the grid quantity. In order to investi-
gate the effect of grid density on the calculation results, the
grid density was controlled by adjusting the mesh size of
the rotation domains enclosing the propellers and the static
domain enclosing the duct. The total number of grid ele-
ments used was 6 million (overall sparse), 10 million (base-
line), 14 million (refined in rotation domains), and 18
million (overall refined). The total lift of the DCP during
hovering was calculated at 2500 RPM for both the upper
and lower propellers, and the results are presented in
Table 2. It was found that the mesh density of the rotation
domains had a significant impact on the calculation results,
and a mesh with 14 million elements was chosen to calculate
the aerodynamic performance of the model.

Based on the analysis of the grid irrelevance, it has
been determined that a grid with 14 million elements
and a first boundary layer height of 0.00003m, as depicted
in Figure 4, is appropriate for achieving accurate calculations.

Table 2: Lift of the DCP with different mesh density.

Mesh number Lift(N) Iteration error = LNewmesh − LOldmesh/LNewmesh
∗100%

100 million 2773 Baseline

140 million (refined in rotation domains) 2802 1.03%

180 million (overall refined) 2818 0.57%

80 million (overall sparse) 2705 3.8%

(a) Body grid sections (b) Grid detail of propeller and duct

Figure 4: Grid diagram [20].

Table 1: Lift of the DCP with different heights of the first boundary layer.

d1 Lift (N) Iteration error = LNewmesh − LOldmesh/LNewmesh
∗100%

0.0001m 2686 Baseline

0.00005m 2763 2.78%

0.00003m 2802 1.4%

0.00001m 2819 0.6%
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2.4. Method Validation. To establish a reliable and accurate
numerical simulation method, a verification process was
conducted by comparing simulation results with experimen-
tal data. A ground-based performance test of the DCP sys-
tem was carried out, which included lift and power
measurement using a designed DCP lift and power measure-
ment system, as described in reference [20]. The experimen-
tal rig is illustrated in Figure 5.

During the experiments, the entire DCP system operated
steadily and reliably without any significant anomalies
from 500 rpm to 2500 rpm. The ground performance test
was carried out to obtain some steady-state performance
data of the DCP. Comparison with the experimental data
is presented in Figure 6, indicating that the CFD simula-
tion results are consistent with the experimental trends
and in good agreement. However, the calculated lift and
power values were slightly lower than the experimental
values, with errors of less than 5%. Therefore, the CFD
method established in this study is suitable for simulating
the flow field of the DCP system.

3. Aerodynamic Characteristics Feature
and Discussion

3.1. DCP and FCP Comparison. FCP has the advantages of
compact structure and power redundancy, so it is widely
used in eVTOL aircraft, such as EH216. While DCP has
one more duct than FCP, which can effectively improve
the lift characteristics [27].

According to Figure 7, compared with FCP, the charac-
teristics of the lift and torque of each component of DCP
are as follows. (1) At the same rotational speed, the action
of the duct makes the lift of the upper and lower propellers
within the duct smaller than that of FCP; that is, the duct
will decrease the lift generated by the propellers. The upper
propeller in the duct accounts for 75.8% of the propeller lift
of FCP, and the lower propeller in the duct accounts for
86.6%. (2) Due to the flow-inducing and contraction effect
of the propellers, the winding flow of the duct lip provides
additional lift. The duct lift accounts for 41.7% of the total
lift of DCP; this value does not change with the variation

Protective netDuct

Motor

(a) Duct inlet

ESC Cooling system

Propeller

Power supply cabinet

(b) Duct outlet

Figure 5: Lift and power measurement test bench [20].
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of rotational speed, and it is related to the aerodynamic
shape parameters of the duct and propeller. (3) The addi-
tional lift of the duct makes the total lift of DCP larger than
that of FCP, and the total lift of DCP is 1.39 times that of
FCP, but the torque is basically the same. It means the total
aerodynamic efficiency of DCP is 1.39 times that of FCP. (4)
Due to the interaction between the duct and propeller, the
lift generated by the lower propeller is larger than that of
the upper propeller; this is the opposite to the characteristic
of FCP.

The following analysis focuses on the relevant mecha-
nism from the flow field perspective. Figure 8 shows the
streamline diagram and pressure contour of FCP and DCP.
Compared with FCP, the characteristics of DCP mainly lie
in: (1) at the propeller tip of FCP, the phenomenon of tip
vortex flow occurs. The lower propeller produces a larger
tip vortex compared with the upper propeller, while there
is no significant vortex generated around both the upper
and lower propellers for the DCP. Thus, the duct signifi-
cantly reduces the tip vortex generation and reduces the tip
vortex energy loss. (2) FCP has an obvious wake contraction
effect. In contrast, the inner wall of the duct suppresses the
wake contraction, improving the airflow state under the
upper propeller disc in DCP. As a result, the area of down-
wash is increased and the induced velocity is reduced, which
further reduces the induced energy loss of the whole system.
(3) The leading edge of the inlet area of the duct produces a
large negative pressure zone, while the pressure in the lower
half of the outer and inner walls of the duct is larger than the
pressure in the negative pressure zone at the leading edge, so
the duct produces additional lift. (4) The two propellers of

DCP each produce a negative pressure zone above the pro-
pellers larger than that of FCP, which produces a smaller
high pressure zone, resulting in a smaller total lift generation
compared with FCP.

The three-dimensional effect caused by the tip vortex
leads to pressure loss at the propeller tip and reduction of
effective angle near the tip, reducing the lift-to-drag ratio
of the propeller tip. Propeller efficiency depends on the lift
direction of blade element, so the reduction of lift to drag
ratio will decrease the lift and the FCP aerodynamic effi-
ciency. It can be seen that duct can change propeller tip
winding and reduce the strength of tip vortex, which thus
reduces the aerodynamic load on the propeller, increases
the lift-to-drag ratio of the propeller tip, and improves the
aerodynamic efficiency of the propeller tip.

Figure 9 shows the contour of the axial induced velocity
of DCP and FCP. It can be seen that the axial airflow accel-
eration by the upper propeller of DCP is slightly smaller
than that of FCP. This is because the duct suppresses the
wake contraction, indicating that the duct changes the
downwash downstream of the propeller and reduces the
slipstream area-induced velocity. From the momentum the-
orem, it is known that the lift generated by the propeller
decreases when the axial induced velocity decreases. The
ideal efficiency of propeller is determined by the axial
induced power. Axial-induced power loss is the mechanical
energy carried by the airflow in the slipstream area of the
propeller, which is converted into kinetic energy of the air-
flow. Therefore, when axial induced velocity decreases, the
axial induced power decreases accordingly, and the aerody-
namic efficiency of the propeller increases. In FCP, the lower
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Figure 6: Comparison of CFD calculated values and experimental values [20].
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propeller is subject to the aerodynamic interference of the
upper propeller, and the downwash velocity of the lower
propeller is larger than that of the upper propeller, so the

efficiency is smaller than that of the upper propeller. In con-
trast, in DCP, the effect of the duct on the propeller down-
wash makes the lower propeller more efficient. The

Upper propeller (DCP)

Lower propeller (DCP)

Duct (DCP)

Total lift (DCP)

Upper propeller (FCP)
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Figure 7: Lift and torque breakdown on each parts of DCP and FCP.
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Pressure: −2000 −1400 −800 400−200 1000 1600

(a) Streamline diagram and pressure contour of FCP

Pressure: −2000 −1400 −800 400−200 1000 1600

(b) Streamline diagram and pressure contour of DCP

Figure 8: Streamline diagram and pressure contour.
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downwash velocity of the lower propeller is more or less the
same as that of the upper propeller, resulting in the efficiency
of the lower propeller being close to that of the upper pro-
peller. Duct brings contradiction to lift and efficiency of
the propeller. The downwash kinetic energy loss due to the
duct is converted into pressure energy of the duct, which
generates additional lift, so the total lift and total aerody-
namic efficiency generated by DCP are larger than that of
FCP.

Figure 10 shows the streamline diagrams. It can be seen
that the upper and lower propellers of DCP and FCP are
coaxially reversed, and their streamlines have certain simi-
larities. The spiral of the streamlines below the lower propel-
ler is obviously weakened, but they all show a certain spiral
shape, which is due to the existence of radical-induced veloc-
ity in the slipstream area due to the rotation of the propeller.
Compared with FCP, DCP has relatively smaller twist
streamlines, which indicates that the duct has a certain
inhibitory effect on the radical-induced velocity of the pro-
peller slipstream area. The formation of radical-induced
velocity requires a corresponding centrifugal force on the
airflow, which reduces the static pressure in the slipstream
area and increases the loss of axial-induced power. This
result in less mechanical energy of the propeller converted
into pressure energy, making the propeller’s aerodynamic
efficiency lower. The duct reduces the radical-induced veloc-
ity of the propeller, decreasing the static pressure loss in the

slipstream area. This is the reason why the static pressure of
the slipstream area of FCP is smaller than that of DCP. Since
the corresponding energy loss is reduced, the propeller’s
aerodynamic efficiency is improved.

3.2. DCP and DSP Comparison. DSP has the advantages of
high efficiency and low noise [28], making it plays a signifi-
cant role in eVTOL aircraft application. Compared with
DSP, DCP has one more propeller. The coaxial propellers
not only make the structure more compact but also make
the vehicle safer due to the power redundancy.

Figure 11 shows the lift and torque variations of DCP
and DSP. Compared with the DSP, the force and torque
characteristics of each DCP component are as follows: (1)
At the same rotational speed, the action of the lower propel-
ler increases the airflow speed of the duct lip, so the propor-
tion of lift generated by the duct of the DCP is larger than
that of the DSP, where the lift of the duct of the DCP
accounts for 41.7% of the total lift and that of the DSP is
37.1%. (2) The total lift of DSP is smaller than that of
DCP, but the lift of the propeller in DSP is larger than that
of the upper propeller of DCP, while the torque is basically
the same, thus the power consumed is almost equal. It
reveals that the total aerodynamic efficiency (lift/power) of
DSP is larger than that of DCP.

Then the interference mechanism of the propeller on
DCP is analyzed from the flow field perspective. Combining

4540353025201510X velocity: −5 50

(a) Contour of the axial induced velocity of FCP

4540353025201510X velocity: −5 50

(b) Contour of the axial induced velocity of DCP

Figure 9: Contour of axial induced velocity.
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Figure 12 with Figures 8(b) and 9(b), it can be seen that the
aerodynamic characteristics difference between DCP and
DSP mainly lies in (1) DCP has one more co-axial counter
propeller based on DSP; the additional lower propeller pro-
duces suction effect, increases the inlet air through the duct
and the airflow speed at the lip of the duct, and thus
increases the lift of the duct. At the same time, the speed
of the downwash is increased, which decreases the effec-
tive angle of the propeller in the duct, and thus the lift
of the propeller is reduced. (2) Although the lift distribu-
tion has been changed, the torque magnitude of the
upper propeller remains the same, and the aerodynamic
efficiency (lift/power) of DSP is larger than that of DCP
because the induced velocity and the induced power
increase and the overall efficiency decreases. (3) The inner
wall of the duct inhibits the wake contraction and
improves the state of the airflow below the upper propel-
ler disc in the DCP, which increases the area of the slip-
stream area and reduces the induced velocity, further
reducing the energy loss of the whole system. However,
the magnitude of the wake contraction in the DSP is
larger than that in the DCP. (4) Compared with the pro-
peller in DSP, the upper propeller in the DCP has a
larger negative pressure area above the disc and a lower
high-pressure area below the disc, resulting in less lift
generated. Unlike the DSP, the lower propeller in the
DCP is affected by the upper propeller downwash; the

negative pressure area above its disc is significantly
smaller than the same part of the upper propeller, and
the high-pressure area below the upper propeller disc in
the DCP is smaller than the same part of the lower pro-
peller. The high-pressure area below the DCP upper pro-
peller is smaller than the same area of the lower
propeller, resulting in the pressure difference between
the upper and lower surfaces of the lower propeller being
larger than that of the upper propeller. This brings a
larger lift to the lower propeller, although the difference
is not significant. This phenomenon can be explained as
the interference of the upper propeller because of the suc-
tion effect of the lower propeller, which makes the lift
generated by the upper propeller decrease. Due to the
interference of the suction effect of the upper propeller,
the lift generated by the lower propeller is increased. (5)
The suction effect of the lower propeller changes the
downwash state of the propeller, increasing the axial
induced velocity, and the lift of both the upper and lower
propellers is decreased. On the one hand, it increases the
additional lift of the duct; on the other hand, it increases
the loss of axial induced power loss and decreases the
propeller aerodynamic efficiency. Therefore, the total lift
generated by DCP is larger than that of DSP, but the
aerodynamic efficiency is not as good as that of DSP.

By comparing Figures 10 and 13, it can be seen that the
streamline of DSP shows a regular spiral shape, due to the

(a) Top view of FCP (b) Top view of DCP

(c) Main View of FCP (d) Main View of DCP

Figure 10: Streamline diagram of FCP and DCP.
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existence of radical-induced velocity in the slipstream area.
The DSP streamline twist is larger and more regular than
that of DCP. The radical-induced velocity consumes part

of the mechanical energy of the propeller, which reduces
the static pressure in the slipstream area and decreases the
aerodynamic efficiency of the propeller.
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Figure 11: Lift and torque break down on each parts of DCP and DSP.
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Figure 12: Streamline diagram and pressure velocity contour of DSP.
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4. Conclusions

This paper aims to investigate the aerodynamic features of
DCP in hovering and proposes a numerical simulation
approach based on slip grid capable of simulating the
DCP’s flow field. The CFD calculations were compared
with experimental results to validate the accuracy and reli-
ability of the proposed CFD method. The aerodynamic
characteristics of DCP were compared to those of FCP
and DSP to reveal the interaction mechanism of unsteady
flow between the duct and propellers. The following con-
clusions can be made.

(1) Compared with FCP, the duct decreases the lift of
the upper and lower propellers, and the lift loss of
the upper propeller is higher than that of the lower.
In addition, the duct generates additional lift that
offsets the propeller lift loss, resulting in the total lift
1.39 times that of the FCP. With similar power con-
sumed by DCP and FCP, the aerodynamic efficiency
of DCP is 39% higher than that of FCP

(2) Duct improves the aerodynamic efficiency of FSP,
and the aerodynamic mechanisms are as follows.
Firstly, the duct changes the propeller tip winding
characteristics, significantly reducing tip vortex and
increasing the lift-to-drag ratio of blade tip. Sec-
ondly, the duct decreases the radical-induced veloc-
ity in the slipstream area, reducing the static
pressure loss. Thirdly, the wake contraction is sup-
pressed, reducing the axial induced velocity and
induced power

(3) The duct lift factor of DCP is larger than that of DSP,
where the duct lift factor of DCP is 41.7% and that of
DSP is 37.1%. The total lift generated by DCP is 1.77
times that of DSP, but its total aerodynamic effi-
ciency is 91.08% that of DSP

Abbreviations

eVTOL: Electric vertical takeoff and landing
DCP: Ducted coaxial propeller
FCP: Free coaxial propeller
DSP: Ducted single propeller
ESC: Electronic stability controller.
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