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Abstract

The latest trends of Urban Air Mobility (UAM) pushed the aeronautical community towards the eVTOL concept, i.e. electrical
vertical take-off and landing aircraft. Electrical power, tilt-wing configuration and multiple propellers in tandem configuration
(i.e. with the propellers placed one after the other) are the key features of such concept. In particular, the presence of
multiple propellers working at close range introduces a new challenge, i.e. the investigation of the aerodynamic interaction
between front propeller slipstreams and rear propellers. The present work aims to investigate the main physical aspects
of this phenomenon in a typical eVTOL configuration in airplane mode. A dedicated wind tunnel testing campaign was
performed to investigate deeply the interaction between two co-rotating tandem propellers at fixed axial distance and
variable lateral separation. The tests included both thrust and torque measurements of the propellers and Particle Image
Velocimetry (PIV) surveys. Load measurements showed a significant loss in the rear propeller performance as a function
of the overlapping ratio between the propellers. Furthermore a dedicated spectral analysis of wind tunnel thrust signals
outlined high amplitude fluctuations in partial overlapping configurations. The collected experimental results represent
a reference database for the validation of numerical codes implemented during the design phase of such vehicles. In
particular, some experimental data were compared with results obtained by the mid-fidelity aerodynamic solver DUST
relying upon Vortex Particle Method (VPM) in order to enhance the comprehension of the phenomenon. The analysis of
the numerical results allowed to access the flow behaviour involving the front propeller slipstream and the rear propeller
disk, which is responsible of the massive losses experienced by the rear propeller.

Notation 1 INTRODUCTION

The great challenge to create a sustainable world involves
also air transport. Indeed, in the next future the growth
of metropolitan areas will provide a wide increase of ur-
ban traffic, thus having a great impact on pollution and gas
emission. In addition to the great effort spent by automotive
companies for an effective electrification of ground transport
vehicles, the aeronautical world is also looking to the devel-
opment of unconventional VTOL aircraft based on electric
distributed propulsion, called eVTOLs, to be considered, in
the next future, as a sustainable alternative to ground trans-
portation in overcrowded metropolitan areas [1]. This futur-
istic vision opened the market of urban air mobility (UAM).
Thus, in recent years, a large number of startup companies
as well as aerospace industries devoted their effort to the
design of novel short-range VTOL aircraft aimed to trans-
portation in urban areas. Despite the architectures of these

Cp  power coefficient, = P/(pn>D?)

Cr  thrust coefficient = T/ (pn>D*)

D propeller diameter

J advance ratio = V../(nD)

L, axial distance between propeller disks
Ly lateral distance between propeller axis
M, tip Mach number

n rotational speed [rad/s]

P propeller power [W]

R propeller blade radius [m]

Rep  Reynolds number based on propeller diameter
T propeller thrust [N]

u freestream velocity component [m/s]

v vertical velocity component [m/s]

w out-of-plane velocity component [m/s]

Voo free-stream velocity

air density [kg/m?]
blade azimuthal angle [deg]
out-of-plane vorticity component [1/s]

novel air vehicles are rather diverse, as shown in [2, 3], the
common feature that can be clearly distinguished is related
to the use of multiple propellers, typically mounted on a
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single or dual lifting surface. Consequently, a critical as-
pect to be thoroughly investigated is to evaluate possible
detrimental effects on performance, handling qualities and
noise impact of these brand new aircraft concepts due to
aerodynamic interaction between propellers. Considering
the typical layout of eVTOL aircraft [2, [3], two main kind of
propeller-propeller aerodynamic interaction could occur, i.e.
with adjacent propellers in side-by-side configuration (pro-
peller disks lying on same plane) or with propellers disks
lying on planes at a certain axial distance with a degree of
overlapping between them. The latter type of aerodynamic
interaction occurs, particularly, in airplane-mode flight con-
dition for eVTOLs architectures characterised by two rows
of propellers positioned on tandem lifting surfaces (see for
instance the Airbus Vahana aircraft [4] shown in Fig. 7). In-
deed, in cruise flight condition, the fore propeller slipstream
invests the rear propeller blades, thus affecting propellers
performance. Consequently, the investigation of the effects
of aerodynamic interaction between two overlapping pro-
pellers in tandem configuration represents an essential as-
pect to drive the aerodynamic design of such eVTOLs.

Figure 1: Overlapping propellers in tandem on Airbus Va-
hana layout (courtesy of A3 by Airbus LLC).

Despite literature review highlights a comprehensive ef-
fort dedicated to the investigation of rotor-rotor aerodynamic
interaction, these studies are mainly aimed to helicopter ap-
plications [5] 6] or to side-by-side propellers [7, 18] in hover
flight conditions. Consequently, there is a certain lack in
literature of experimental activities aimed to gain knowl-
edge about aerodynamic interactions between overlapping
tandem propellers configurations typical of eVTOL aircraft
in forward flight conditions. The present paper describes
an experimental activity performed at Politecnico di Milano
aimed to reproduce the tandem propellers configurations
investigated in the preliminary numerical work performed
by Zanotti et al. [9] using the mid-fidelity numerical solver
DUST [10] and presented at 47" European Rotorcraft Fo-
rum. The experimental activity was aimed to provide a ro-
bust validation of the mid-fidelity numerical approach imple-
mented in DUST and to be used for a thorough investigation
of this interactional aerodynamics problem. Some compar-
isons of the experimental results with numerical simulations
performed with DUST purposely tuned to fit the wind tun-
nel tests parameters are presented in this paper. Moreover,
the present experimental database was also aimed to fill the
gap in literature related to experimental studies investigat-

ing interacting flow mechanisms occurring in airplane-mode
flight condition of eVTOL aircraft.

2 EXPERIMENTAL SETUP

A systematic series of wind tunnel tests were performed at
the S. De Ponte wind tunnel of Politecnico di Milano (1 m
x 1.5 m test section) over two propeller models in tandem
configuration by changing their lateral separation distance
(Ly) at fixed axial distance (Ly). Two propeller models were
purposely designed and manufactured for the wind tunnel
test campaign (see the model layout in Fig. [2h).

Aluminium Spinner
Aluminium Frame

Nacelle

Figure 2: (a) Propeller model layout, (b) Set up of tandem
propellers at the S. De Ponte wind tunnel.

The propeller hub was designed using hobby-grade
components. In particular, a three-bladed hub equipped
with 150 mm radius blades was used. An internal aluminium
frame was designed to support the propeller driving sys-
tem and a bi-axial strain gauge load cell. The propeller was
driven by a brushless motor (5.3 kW continuous power) with
shaft connected directly to propeller hub.
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Figure 3: PIV set up for stereoscopic measurements on tandem propellers interaction at S. De Ponte wind tunnel.

A polycarbonate nacelle was manufactured using FDM
technique and mounted on the internal metallic frame to
shield both the motor and the load cell. The propeller mod-
els were set up in the wind tunnel test section using metal-
lic frames made by 30 mm x 30 mm squared section alu-
minium struts (see Fig. [Zb). A NACA 0025 airfoil shaped
faring made by polystyrene was installed on the aluminium
struts supporting the propellers. The two propellers were
mounted in tandem configuration with an axial distance (L,)
between the propellers disk equal to 5 rotor radii to repro-
duce a typical Vahana-like layout. The aluminium strut at-
tached to one of the lateral walls of the wind tunnel test
section, acting as a rail, enabled to modify the lateral sepa-
ration distance between the models.

Wind tunnel tests included loads measurements (thrust
and torque) to evaluate, particularly, the effects on rear pro-
peller performance provided by aerodynamic interaction of
front propeller slipstream. A FUTEK MBA500 strain gauge
bi-axial load cell (50 Ibs F.S.) mounted inside each nacelle
was used to measure thrust and torque of each propeller.
The load cell has a F.S. range of +50 Ibs for thrust and of
+50 Ibs-in for torque, with £0.25% R.O. non-linearity and
+0.05% R.O. non-repeatability.

The flow field around twin propellers configurations
were investigated through stereo Particle Image Velocime-
try (sPIV) technique. Two pairs of double-shutter cameras
in stereoscopic mode were used to frame two different flow
regions, respectively at inflow and in the near wake of the
rear propeller (see PIV instrumentation set up in Fig. @
The first camera pairs consisted of ILA.PIV.sCMOS CLHS
cameras by Canon (Camera 1 and Camera 2 in Fig. [3) hav-
ing a resolution of 2560 x 2160 pixels, 16 bit dynamic range
and were used to analyse the wake of the rear propeller in
detail. The second camera pairs consisted of Imperx ICL-
B1921M CCD cameras (Camera 3 and Camera 4 in Fig. [3)
with 12-bit 1952 x 1112 pixel array and were used to inves-

tigate the inflow of the rear propeller. The area of investiga-
tion for the inflow was 70 mm wide and 336 mm high, while
the windows for the wake was 190 mm wide and 282 mm
high. PIV surveys were performed both in free-run condition
of the propellers and phase-locked with the azimuthal blade
angle of the rear propeller.

The advance ratio range selected for the tests was
aimed to evaluate interactional effects from a moderate to
a fast cruise flight speed of eVTOLs aircraft flying in ur-
ban environment [2} [3], while the propellers rotated at fixed
7050 RPM to reproduce a typical tip Mach number, i.e.
M, = 0.325, of full-scale eVTOL aircraft propellers in cruise
flight condition [1] 11}, 4]. The blade pitch angle evaluated
at 75%R of both propellers models was fixed to 26.5° for
all the tests. Preliminary tests were performed over a sin-
gle propeller (i.e. rear model) to characterise a reference
aerodynamic performance for the evaluation of interactional
effects by comparison with tandem propellers tests results.
Stereo PIV surveys were performed for some selected test
conditions, particularly focused on a typical target cruise
flight velocity of an eVTOL aircraft in urban environment,
i.e about 100 km per hour corresponding to advance ratio J
equal to 0.8. More details on the experimental set up can
be found in [12].

3 RESULTS AND DISCUSSION

This section discusses the main results obtained from the
experimental campaign in terms of aerodynamic perfor-
mance coefficients and flow field analysis. Figure 4] shows
the averaged thrust coefficient and power coefficient of the
rear propeller as a function of the advance ratio for each
tested lateral separation distance L,. The same plot re-
ports the experimental curves evaluated for the single pro-
peller as a reference to evaluate the impact of the aerody-
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namic interaction on tandem propeller performance. Each
test point was measured four times and 95% simultaneous
confidence bands were calculated based on these four rep-
etitions and plotted as errorbars on the performance curves
comparison. As clearly visible from the curves comparison,
a strong decrease of the rear propeller performance oc-
curs while reducing the lateral separation distance between
the propellers. This behaviour is similar for both thrust and
power coefficients in the whole range of advance ratio.
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Figure 4: Comparison of the rear propeller experimental
performance for tandem propellers configurations, L, = 5R,
Rep = 1.96-10°, M, = 0.325.

The most detrimental condition is the coaxial configura-
tion (i.e. L, = 0) where the propellers are completely over-
lapped and the front propeller slipstream is fully impinging
on the rear propeller disk. As far as the degree of over-
lap between the propellers is reduced, the effects on the
rear propeller performance decrease and becomes gradu-
ally negligible when the degree of overlap becomes zero,
i.e. Ly, = 2R. Indeed, the performance of the rear propeller
approaches the isolated propeller one, since the lateral sep-
aration is such that the wake produced by the front pro-

peller not influences the rear propeller inflow. Moreover, the
decrease of performance is not proportional to the lateral
separation distance reduction between the two propellers.
Indeed, a larger reduction of performance is found in the
range between 0 < L, < 1R compared to the range be-
tween IR < L, < 2R, where the losses on rear propeller
performance are smaller. These outcomes related to the
analysis of the rear propeller performance are in quite ac-
cordance with the experimental results obtained by Stokker-
mans et. al [13].

An extensive analysis of the interaction effects on the
rear propeller is provided for advance ratio J = 0.8, repro-
ducing a typical target cruise flight velocity of an eVTOL air-
craft in urban environment, i.e about 100 km per hour.
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Figure 5: Comparison of the rear propeller performance
evaluated with experiments and numerical simulations for
tandem propellers configurations at J = 0.8, L, = 5R, Rep =
1.96-10°, M, = 0.325.

This condition was also considered by the numerical
simulations performed with DUST that will be compared in
the following to experimental data to assess the robustness
of the mid-fidelity numerical approach used to represent
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such a complex interactional problem and to enhance the
physical comprehension of the performance results. The
details of the numerical model used to simulate the tandem
propeller configuration are described in [14, 15/ [16} [12]. In
particular, the propellers blades were modeled in DUST with
lifting lines elements, while the spinner-nacelle surface with
surface panels [10].

Figure [5| shows the comparison of the numerical and
experimental thrust and power coefficients plotted against
the lateral separation distance L, for advance ratio J = 0.8.
The performance coefficients were normalised with respect
to the single propeller values. Numerical results show good
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agreement with experimental results over the whole range
of tested configurations. As a matter of fact, the maximum
gap between experimental and numerical normalised per-
formance coefficients was found to be less than 5% and
3% respectively for thrust and power coefficients. Thus, the
mid-fidelity numerical tool DUST can be considered appro-
priate to describe the aerodynamic interactional effects con-
nected with this problem. Later on, numerical results will
be, indeed, used to provide additional insights to the flow
physics in order to enhance the comprehension of the aero-
dynamic interaction between the two propellers with differ-
ent degree of disks overlapping.

06

L,=05R

05F

04}

03

ITI [N]

o2t n

0.1}

A

6/rev

06

05}

ITI IN]

02}

01F

T LS P PRI
3/rev 6/rev

f [Hz]

(@) Ly =2R

Ml S |
1/rev

Figure 6: Comparison of the measured rear propeller thrust spectra at J = 0.8, L, = 5R, Rep = 1.96-10°, M, = 0.325.

Both the normalised thrust and power coefficients com-
puted at L, = 2R resume unity for J = 0.8 confirming that
the aerodynamic interaction effects for such configuration
are negligible. Increasing the degree of overlap between
the propellers up to the configuration with L, = 1R the per-
formance losses are limited to few percents. Increasing the
overlap further, a rapid divergence of the curves is found.

In the co-axial configuration experimental results provide
a loss on rear propeller performance of nearly 30% of the
thrust coefficient and 20% of the power coefficient. More-
over, the experimental data shows an higher level of er-
rorbars for both the rear propeller thrust and power coef-
ficients occurring at L, = 1R. This configuration, charac-
terised by the overlapping of almost half propeller disk is
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characterised by the highest loads fluctuations on the rear
propeller blades, while reducing or increasing the degree of
overlap between the propellers disks the loads fluctuations
decrease. This feature is confirmed by the representation
of the rear propeller sectional lift coefficient along the rotor
revolution computed by numerical simulations with DUST
presented in the past works [14} [15].

The analysis of the spectra of rear propeller thrust sig-
nals measured at advance ratio J = 0.8 for different lateral
distances of the propellers confirms again that the interac-
tion effects become stronger as the degree of overlap be-
tween the two propellers decreases. As during wind tunnel
test sessions the two three-bladed propellers were not syn-
chronised in term of blade azimuthal position, the interac-
tional effects can be considered related to the 6/rev peaks
in the thrust signal spectra comparison shown in Fig. [6]
In particular, the amplitude of the 6/rev peaks of measured

'

thrust increases between L, = 0 to L, = 1R, proving that this
latter configuration presents the highest level of blade loads
fluctuations. This latter result highlighted that possible se-
vere issues in terms of acoustic impact that could occur for
vehicle configurations considering partial overlapping tan-
dem propellers disks.

A complete overview of the flow physics involved in the
aerodynamic interaction between tandem propellers is pro-
vided by the analysis of the flow fields evaluated through
PIV surveys and DUST numerical simulations results. In
particular, the results presented in the following figures were
obtained at J = 0.8 for some specific tandem propellers con-
figurations, i.e. L, =0, Ly = 0.5R, L, = 1R. In particular, PIV
results were here ensemble-averaged over the free-run sur-
veys data, while numerical flow fields were here averaged
over the time steps of the last computed rotor revolution.
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Figure 7: Comparison of the averaged freestream and out-of-plane velocity components for the tandem propellers config-
uration with L, = 5R and L, = 0 at J = 0.8, Rep = 1.96- 10%, M, = 0.325.

Figure[7] shows the results for the coaxial configuration,
i.e. Ly =0, highlighting the remarkable influence of the front
propeller slipstream on the rear propeller disk inflow. A sig-
nificant acceleration of the rear propeller outer wake region
is observed from free-stream velocity component represen-
tation. On the other hand, in terms of out-of-plane velocity
component, the ingestion of the front propeller slipstream
produces a non-negligible magnitude increase of swirl with

respect to front propeller flow field. Numerical simulations
results show a quite good agreement with experiments,
capturing both velocity fields and a symmetric flow pattern.
In particular, numerical simulation allows to access a larger
field of view with additional insights on the flow field. In-
deed, DUST results show a slipstream core contraction of
the rear propeller higher with respect to the front one.
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Figure 8: Comparison of the averaged freestream and out-of-plane velocity components for the tandem propellers config-
uration with L, =5R and L, =0.5R at J = 0.8, Rep = 1.96 - 10°, M, = 0.325.

A more evident effect of the aerodynamic interaction be-
tween the propellers is visible when increasing the separa-
tion distance between them to L, = 0.5R. In this configura-
tion an asymmetric behaviour of the rear propeller inflow is
observed (see Fig. [8), which is consequently reflected in
the rear propeller wake. In particular, the upper region of
the front propeller slipstream is forced to overcome the rear
propeller nacelle with an upward deviation. This produces
an accelerated flow region due to the spinner curvature over
the rear nacelle. The same region is also characterised by
a small positive increase of the out-of-plane velocity compo-
nent (see Fig. [Bk). The observation of PIV measurements
highlights also that the lower inner portion of the front pro-
peller wake is interacting with the lower region of the rear
propeller wake. The outcome of the interaction is a non-
uniform accelerated flow region that is expanding as long
as the wake progresses. This feature can be observed in
the free-stream velocity component representation, but also
the out-of-plane velocity component is characterised by an
increased negative value, as particularly evident from the
numerical results (see Fig. [BH).

The analysis of the results for the configuration with L,
= 1R clearly shows that the upper portion of the rear pro-
peller disk is not influenced by the front propeller wake. On
the other hand, the lower portion of the rear propeller disk,
is fully immersed in the front propeller wake, showing ma-
jor effects with a strongly accelerated flow region in this area
(see Fig. [TOR). Moreover, in this configuration the lower por-
tion of the rear propeller disk is typically affected by negative
swirl velocity, while the interaction with the upper portion of
the front propeller slipstream, characterised by positive swirl
velocity, modifies significantly the flow field. The outcome is
a strong reduction of the out-of-plane velocity component

in the wake region past the lower portion of the rear pro-
peller disk compared to other configurations (see Fig. [TOg).
Numerical simulations allowed to access the global picture
of the flow field, showing the front propeller wake which is
dragged downward in this configuration and the lower por-
tion of the rear wake that is strongly affected by the acceler-
ation imposed by the front propeller slipstream. Therefore,
the rear propeller wake core shows higher level of asym-
metry with respect to previous configurations and the lower
portion of the rear wake is dragged downward. The com-
plexity of the flow region is testified also by the observation
of the out-of-plane velocity field shown in Fig. [T0d, which
highlights the coexistence of flow regions with opposite sign
velocity component.

In order to investigate the vortex-vortex interaction oc-
curring for tandem propellers configuration, the instanta-
neous flow fields are analysed and compared, considering
the phase-locked PIV measurements results and numeri-
cal simulations. In particular, Fig. [T0] shows the compar-
ison of the out-of-plane component of vorticity evaluated
for blade azimuthal angle y = 170°. The zero blade az-
imuthal angle is considered in the present work with pro-
peller blade axis aligned vertically. Moreover, in order to
obtain a three-dimensional representation of the vortices
behaviour, numerical results are presented combining iso-
surface of Q-criterion and vorticity contours. In the instan-
taneous flow field comparison experimental data were ob-
tained by phase-averaging the phase-locked PIV measure-
ments triggered by the azimuthal position of the rear pro-
peller blade, with the front propeller in free-run condition.
On the other hand, numerical simulations were performed
considering the two tandem propellers with synchronised
blade azimuthal phase.
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Figure 9: Comparison of the averaged freestream and out-of-plane velocity components for the tandem propellers config-
uration with L, = 5R and L, = 1R at J = 0.8, Rep = 1.96 - 10%, M, = 0.325.

For coaxial propellers configurations, the phase-
averaged PIV results show distinctly the pattern of front pro-
peller blade-tip vortices moving towards the rear propeller
disk. The interaction with the rear propeller blade-tip vor-
tices results in a reduced vorticity intensity. The observa-
tion of numerical results for the same configuration clearly
highlights a pattern of vortex couples in the rear propeller
wake. The interaction happening at the level of the vortex
couple leads to a faster loss of coherence of the vortical
structures, as highlighted by Q-criterion iso-surfaces (see
Fig. [T0b). Blade root vortices are also visible in the instanta-
neous flow fields representation and similar considerations
can be made thanks to the axial-symmetry characterising
the coaxial configuration.

The analysis of PIV measurements for the configura-
tion with L, = 0.5R shows a moderate higher level of dissi-
pation compared to the previous configuration as the rear
propeller vortices are immersed in the accelerated flow re-
gion related to the influence of the front propeller slipstream.
This is evident while observing the lower portion of the rear
propeller wake in Fig. [TOE, where the blade-tip vortices of
the rear propeller interact with front propeller blade root vor-
tices. The effect is confirmed by the analysis of numeri-
cal results which also show a loss oh coherence of vortical
structures in this region (see Fig. [TOd). Moreover, numeri-
cal simulations show an upward motion of the front propeller
upper blade-tip vortices due to the presence of the rear pro-

peller nacelle. As a result of such motion, the front propeller
blade-tip vortices interact with the rear propeller blade root
vortices with consequent dissipation and loss of coherence.

Results for tandem propeller configuration with L, = 1R
show a turnaround in term of vorticity dissipation with the
vorticity level of blade-tip vortices slightly higher compared
to previous tandem configurations (see in particular PIV re-
sults in Fig. ). This evidence is connected with the
relative position of vortex traces in the flow field, with the
front propeller blade-tip vortices pattern in the lower por-
tion of the wake that is positioned nearly midway between
rear propeller blade-tip and root vortices (see Fig. [T0f). In
addition, the numerical instantaneous flow field for this con-
figuration highlights an intense dissipation process happen-
ing at the level of the rear propeller spinner. The blade-tip
vortices associated with the upper portion of the front pro-
peller slipstream impinge on the spinner, dissipate and be-
come almost undetectable downstream the rear propeller.
Moreover, a vortex-vortex interaction can be observed while
considering the lower portion of the rear propeller wake,
in which rear propeller blade-tip vortices interact with front
propeller root vortices. Consequently, the numerical flow
field shown in Fig. points out the fact the the loss of
coherence of helical structures represented by Q-criterion
isosurfaces is related only to lower the portion of the rear
propeller wake, i.e. the one immersed in the front propeller
slipstream.
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Figure 10: Comparison of the instantaneous out-of-plane vorticity component and iso-surface of Q-criterion, for the single
and tandem propellers configurations with L, = 5R at J = 0.8, y = 170°, Rep = 1.96 - 100, M, =0.325.

4 CONCLUSIONS

A comprehensive wind tunnel test campaign was performed
at Politecnico di Milano to investigate the aerodynamic inter-
action effects between two tandem propellers with several
degree of overlap, reproducing characteristic airplane mode
flight conditions for eVTOLs. Loads and flow field measure-
ments were performed to achieve a complete and detailed
picture of the phenomena involved in the aerodynamic in-
teraction. Numerical simulations performed the mid-fidelity
aerodynamic solver DUST developed at Politecnico di Mi-
lano were used to improve the understanding of the flow
physics of this complex phenomenon.

Performance measurements highlighted the effects of
aerodynamic interaction between the two tandem pro-
pellers, with particular focus on the detrimental effects pro-
vided on rear propeller performance for different configura-
tions which differed in degree of overlap of the propellers

disks. The systematic analysis of the wind tunnel measure-
ments enabled to observe the highest aerodynamic perfor-
mance losses for the coaxial configuration, which was char-
acterised by a major reduction of the rear propeller thrust
in the order of 30% for the current propeller configuration
test case. On the other hand, the spectral analysis of the
measured thrust signals highlighted that the highest loads
fluctuations on rear propeller due to the interaction can be
found with a separation distance between the propellers
axis equal to one propeller radius. Consequently, the con-
figurations with partial overlap between the propellers disks
can produce more severe conditions in terms of acoustic
impact.

The stereo PIV surveys performed in wind tunnel en-
abled to collect details about the flow field characterising the
aerodynamic interaction between the tandem propellers.
Furthermore, the comparison of the flow fields obtained
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through PIV with numerical simulations results enabled to
validate the capabilities of the mid-fidelity numerical code
used to describe this problem. Consequently, the additional
information obtained from simulations allowed to show how
the front propeller slipstream modify the rear propeller in-
flow and wake as a function of the separation distance be-
tween the two propellers. In particular, a detailed picture
of the complex interaction phenomenon occurring between
vortices arrays issued by both blades roots and tips of the
tandem propellers was collected and analysed.

Generally speaking, the experimental data base col-
lected through the experimental campaign over a simpli-
fied but informative model constitutes a guideline for the de-
sign optimisation of eVTOL vehicle configurations and rep-
resents a suitable tool for the validation of CFD solvers with
different level of fidelity to be used for aerodynamic studies
of complete eVTOL aircraft.
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