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1. Introduction

In recent years, the aeronautical industry has
embraced the eVTOL concept to provide more
intelligent and sustainable mobility options,
where its main key feature is the incorporation of
multi-propellers. One particular challenge arises
from the usage of several propellers nearby: un-
derstanding the flow interference between ro-
tors. Hence, a numerical aerodynamics inves-
tigation of the interference effects of a coaxial
rotor configuration in hover conditions is done
to better understand this rotor-rotor interaction.
The high-fidelity CFD code ROSITA, created by
Politecnico di Milano with a particular empha-
sis on rotor aerodynamics, is used for the nu-
merical analysis. Its main features include the
use of multi-block structured grids, the Chimera
technique, and RANS equations. To better un-
derstand this rotor-rotor interaction, the perfor-
mance of an isolated rotor is also being anal-
ysed and compared with the coaxial case. In
the context of this work, which is also intended
to broaden the knowledge of CFD and all its im-
plications, two types of simulations, steady and
unsteady, are conducted for the isolated case,
where the results of these two setups are pre-
sented in an attempt to comprehend the reason
behind those differences, if they exist.

Previous numerical studies have been conducted
on this specific coaxial configuration [3], more
precisely the GARTEUR Action Group HC/AG-
26, hence, the validity of the different simulation
results is going to be checked.

2. Rotor Aerodynamics Frame-
work

ROSITA (ROtorcraft Software ITAly) is a soft-
ware specialized mainly in the study of rotor’s
aerodynamics where unsteady phenomenons oc-
cur especially on the wake region. To represent
the turbulent characteristics of the flow, it em-
ploys a combination of RANS equations with
the single-equation Spalart-Allmaras turbulence
model. It also uses structured multi-block grids
to represent the computational domain, that can
be fixed or in relative motion. As the domain is
composed of more than one mesh, to compute
the connectivity between the different grids, the
Chimera technique is used. This technique is
based on the modified Chesshire and Henshaw
algorithm [2].

2.1. Chimera Methods

When having complex geometries, it can be
hard or almost impossible to create structured
grids with smooth properties, hence, to over-



come these limitations, a partitioning of the do-
main into simpler overlapping structured subdo-
mains can be carried out thanks to the Chimera
technique. This computational approach for
solving PDEs is also called Querset Grid Method
[1]. The process involves categorizing the differ-
ent points into Valid Points, where the PDE is
discretized; Fringe Points, points in the overlap-
ping regions with other grids where its solution is
interpolated from the neighbours, the resultant
points are called Donor Points; and Hole Points,
points outside the computational domain. Ex-
plicit and implicit interpolation methods are
employed for communicating between different
grids. The explicit method involves interpolat-
ing only from valid points, while the implicit
method uses fringe points as donors, requiring
the solution of an equation system. The process
includes identifying solid wall conditions, using
an iterative algorithm to find donor and fringe
points, and assigning priority indices to different
grids based on their overlapping regions.

3. Computational Model
3.1. Problem Geometry & Set Up

The rotor blade used is an available commercial
rotor blade (Xoar model PJN), more specifically,
a two-blade 13x7 rotor, having 13 inches or 0.33
m in diameter. For the isolated case, a single
Right-Handed Rotor (RHR) is used, where the
coordinates’ origin lies in the centre of the rotor
disk, as shown in Figure 1. R refers to the radius
of the propeller, being R = 0:165 m

Figure 1: Isolated ISO view

When referring to the coaxial configuration, in
this case, a Left-Handed Rotor is used as the
upper one, and a Right-Handed for the lower.
The lower rotor is placed at X =0and Yy =
0, but with an axial distance from the upper
rotor of z = 0:5R, Figure 2. Two different
conditions are being tested for both isolated and
coaxial configurations, but always keeping the

hovering flight condition. A rotating speed of
8’000 rpm and 12’000 rpm. The flow conditions
are standardized to the International Standard
Atmosphere (ISA) model at mean sea level.

Figure 2: Coaxial ISO view

3.2. Grid Generation and Indepen-
dence Analysis

The meshing tool used to create the different
grids and suitable for the ROSITA CFD solver
is the commercial ANSYS ICEM CFD software.
To be able to use the Chimera method, three
different structured grids have been created. An
outer cylindrical grid as the farfield with r =
12R and L = 24R, a finer intermediate cylinder
to capture the effects of the wake with r = 2:6D
and L = 6D, and lastly, a mesh surrounding
the blade with the proper boundary layer refine-
ment to guarantee ay™ 1. To ensure that the
results obtained are not dependent on the dif-
ferent meshes used for the simulation, it is im-
portant to perform a mesh independence test. It
has only been done for the steady isolated case,
as the unsteady simulations require too much
computational time. The farfield grid has been
kept the same for all configurations, while vary-
ing the refinements and number of elements for
the mid and blade grids. To know which con-
figuration has the least influence on the results,
six different steady simulations for the Isolated
case at 8000 RPM have been done. The er-
ror has been computed taking the experimental
value from DLR [3| as a reference. After com-
puting all the loads and errors, the configuration
with one of the smallest relative errors has been
chosen, as it has a good compromise between
the fidelity of the results and the total computa-
tional cost. Hence, the final grid configuration
has 5’418°138 elements for the isolated case, and
7°694’571 elements for the coaxial one.



4. Results & Data Comparison

To better understand the rotor-rotor interaction,
unsteady simulations for the two rotors have
been computed with different angular velocities.
Additionally, data from isolated steady and un-
steady simulations have been put in comparison.

4.1. Isolated Rotor
4.1.1 Steady Case

The isolated steady configuration for 8’000 rpm
and 12’000 rpm are the first to be computed, as
they are the least complex and time-demanding
of all the different cases. After 30’000 iterations,
the simulations arrive at a stable state, taking
37 hours to converge. Table 1 shows the average
values of T and M; of the different simulations
and the experimental values obtained from the
DLR AWB group, as shown in Figure 3.
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Figure 3: Time averaged thrust and torque from
[3] along with ROSITA’s results.

Evaluating data from Table 1 [3|, good results
have been obtained with the proposed ROSITA
steady code, as they adjust to all computational
and experimental data. Hence, some conclusions
can be made when studying the flow field for the
12’000 rpm case at the last time step.
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Figure 4: Cp vs x/c for steady 12’000 rpm

Taking the value of the last iteration for the
12’000 rpm case, Figure 4 shows the Cp in three
different y locations: one near the tip at y=R =
0:95 (Slice 1), one in the middle, y=R = 0:70
(Slice 2), and lastly, near the root, y=R = 0:3
(Slice 3). The pressure difference between the
upper and lower surfaces indicates insignificant
loads for the third slice. In the middle position,
a standard pressure behaviour is observed with a
progressive decrease at the leading edge and re-
covery towards the trailing edge. High velocities
at the rotor blade tip lead to a strong suction
peak and intense pressure gradient. However,
within this suction region, due to a poor rep-
resentation of the surface (red circles in Figure
5), the fluid changes its velocity causing pressure
variations that lead to a boundary layer separa-
tion, creating a recirculating region.

Figure 5: Vx contour at y=R = 0.95

To examine the wake region, Figure 6 shows
a colour map on the OYZ plane of the verti-
cal velocity and pseudo-stream traces, providing
a comprehensive view of the rotor wake. The
Froude B.C. can be applied to avoid recircula-
tion in the downstream wake region, which is
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