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Abstract 
A hybrid Eulerian-Lagrangian numerical method is developed to simulate the blade-vortex interference of ro-
torcrafts. The RANS solver ROSITA is used to solve the near-body region covered by Eulerian grids, while a 
Lagrangian solver developed from DUST is employed for the grid-free farfield to preserve the wake vorticity. 
The coupling algorithm between the two solvers is such that the sectional aerodynamic loads of lifting bodies 
integrated from RANS solution are transformed into bound vortex strength of lifting line elements based on 
Kutta-Joukowski theorem and the induced velocity from all the Lagrangian elements corrects the grid interface 
boundary in return. The hybrid solver is assessed by three well-documented benchmark cases. The achieved 
results show good agreement with the experimental data and correlated well with the parent codes’ results, 
demonstrating the capability of vortex preservation and the efficiency of the proposed solver. 
 
1. NOTATION1 

Symbols  
𝑎𝑎 Local sound speed, m/s 
𝑐𝑐 Chord length, m 
𝐶𝐶𝑙𝑙  Lift coefficient 
𝑒𝑒 Energy, kg/(ms2) 
𝐽𝐽 Contribution of line vortices to a 

particle, m3/s 
𝐿𝐿 Lift force, N 
𝑝𝑝 Pressure, kg/(ms2) 
Re Reynolds number 
𝑡𝑡 Time, s 
𝑢𝑢,𝑢𝑢�⃗  Velocity, m/s 
𝑥⃗𝑥 Position, m 
𝛼⃗𝛼 Intensity of a particle, m3/s 
𝛽𝛽 Rotor flap angle, ° 
Γ Lifting line element intensity, m2/s 
𝛾𝛾 heat capacity ratio 
𝜃𝜃 Rotor pitch angle, ° 
𝜇𝜇 Surface doublet intensity, m2/s 
𝜈𝜈 Dynamic viscosity, m2/s 
𝜌𝜌 Density, kg/m3 
𝜓𝜓 Blade azimuth angle, ° 
𝑏𝑏 Body 
end, left, right Position of line vortices 
𝑔𝑔 Grid 
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2. INTRODUCTION 

Blade-vortex interaction (BVI) is a critical factor in aer-
odynamics of the rotorcraft. It occurs when the rotat-
ing blades or wings intersect with the wake vortices 
generated previously. This interaction leads to not 
only significant aerodynamic loading fluctuations, but 
also vibrations and increased noise levels which are 
major concerns for the next-generation urban eVTOL 
aircraft.  

To understand BVI, both classical numerical ap-
proaches, Eulerian and Lagrangian, have been devel-
oped extensively during the past several decades. 
From the Eulerian viewpoint, the rapid advancement 
of computer technology has enabled the development 
of high-fidelity codes such as OVERFLOW (Ref.1), 
HMB (Ref.2), and ROSITA (Ref.3). These codes 
solve unsteady RANS equations, employing a variety 
of turbulence models, and are applied to problems 
ranging from 2D airfoil-vortex interactions (Ref.4) to 
practical full-aircraft simulations (Ref.3). The kine-
matic of the rotating parts are achieved by CHIMERA 
technique (Ref.5) or mesh deformation (Ref.6). The 
fidelity of these codes depends heavily on the grid 
resolution, necessitating significant computational re-
sources to accurately capture far-field wake vortices 
and represent BVI. To address this issue, dynamic 
adaptive gridding (Ref.7), high-order schemes (Ref.8) 
and vortex confinement methods (Ref.9) augment 
RANS solvers. But these vortex preservation strate-
gies do not change the essence of the Eulerian meth-
ods and usually require greater computational loads. 

On the other hand, the Lagrangian method solves a 
vorticity-velocity formulation of the incompressible 
Navier-Stokes equations. The lifting bodies (e.g. 
blades) are modeled into lifting line elements (Ref.10), 
vortex lattice panels (Ref.11) or surface panels 
(Ref.12). The wake vortices are generated from the 
trailing edge of the lifting bodies and represented as 
vortex filaments (Ref.13) or vortex particles (Ref.14) 
adopting VPM. The method provides a fast and relia-
ble result, especially a better representation of the far-
field wake, and has been applied to complex configu-
rations of eVTOL aircrafts (Ref.15). Nevertheless, 
fluid compressibility and viscosity are neglected in the 
assumptions of these models, and some nonlinear 
aerodynamic phenomenon such as stall effects are 
accounted for empirically, causing a limited flexibility 
and engineering-level accuracy.   

Taking advantages of the aforementioned two types 
of approaches, the hybrid Eulerian-Lagrangian 

method (Refs.16, 17, 18) is emerging recently. The 
fundamental concept is that the near-body region is 
solved by Eulerian or RANS part to accurately predict 
body loads while minimizing the computational re-
quirements, while the far-field wake is convected by 
the Lagrangian VPM for better vorticity preservation. 
Several studies have shown the accuracy and effi-
ciency of the hybrid method in simulating hover and 
forward flight conditions of isolated rotors (Ref.16), as 
well as more severe BVI cases (Refs.17, 18). How-
ever, its application to complicated configurations has 
not been thoroughly investigated. 

In this study, a hybrid Eulerian-Lagrangian method is 
developed, based on the existing CFD code ROSITA 
and the mid-fidelity vortex code DUST. The coupling 
algorithm is designed to keep the consistency be-
tween the two solvers’ results. The paper is organized 
as follows. In Section 2, a brief introduction to BVI and 
state-of-the-art numerical methods is provided. In 
Section 3, the proposed hybrid solver, including its 
parent codes and the coupling algorithm, is described. 
In Section 4, the hybrid solver is validated using three 
benchmark cases and compared with the results of its 
parent codes. In Section 5, the capability and ad-
vantages of the solver are summarized. 

All simulations are performed on 64 cores of two AMD 
EPYC 7513 CPUs with speed of 2.60GHz on the 
high-performance cluster of Politecnico di Milano, 
CFDHub. 

3. NUMERICAL METHODS 

3.1. Eulerian part 

The Eulerian part of the proposed hybrid method 
adopts ROSITA (Ref.3), which solves unsteady 
RANS equations coupled with one-equation SA tur-
bulence model (Ref.19), in a system of moving, over-
set, structured, multi-block grids. The governing 
equations are discretized spatially using a cell-cen-
tered finite volume implementation of Roe’s scheme 
(Ref.20). Second order accuracy is achieved through 
MUSCL extrapolation supplemented with a modified 
version of the Van Albada limiter introduced by Ven-
katakrishnan (Ref.21). Viscous terms are computed 
via the Gauss theorem and a cell-centered discretiza-
tion scheme. Time advancement is conducted with a 
dual-time formulation (Ref.22), involving a second or-
der backward differentiation formula to approximate 
the time derivative and a fully unfactored implicit 
scheme in pseudo-time. The GCG together with a 
block incomplete lower-upper preconditioner, is used 



to solve the resulting linear system. The overset grid 
system is connected by CHIMERA technique, incor-
porating a modified algorithm from Ref. 23 for en-
hanced robustness and performance. 

3.2. Lagrangian part 

The Lagrangian part is developed based on DUST, a 
medium-fidelity, open-source computational tool de-
signed to efficiently and reliably predict the aerody-
namics of unconventional rotorcrafts (Ref.24). The 
lifting line model is employed to discrete lifting bodies 
such as blades. The circulation of the lifting line is the-
oretically derived from tabulated aerodynamic coeffi-
cients of the airfoil, yet in the hybrid method the latter 
are extracted during coupling. Each lifting line ele-
ment is considered as a uniform-circulation vortex 
ring and dimensioned by the length of the lifting line 
segment and the airfoil chord. 

The wake shed from the trailing edge of the lifting 
bodies is initially modelled as vortex lattice elements, 
whose intensity is obtained enforcing Kutta condition 
at the trailing edge. These wake panels are then con-
verted into vortex particles after a prescribed number 
of time steps. The intensity of the particle is integrated 
from three edges (left, right and end) of correspond-
ing panel and their common edges of the neighboring 
panels, see  Figure 1. 

 

Figure 1: Conversion from wake panels to particles 

The contribution of each side is computed as 

(1)   𝐽𝐽left, right =

�
∫ 1
2
�𝜇𝜇𝑖𝑖𝑡𝑡 − 𝜇𝜇𝑖𝑖±1𝑡𝑡 �𝑑𝑑𝑙𝑙 , if neighbor panel 𝑖𝑖 ± 1 is present

∫𝜇𝜇𝑖𝑖𝑡𝑡𝑑𝑑𝑙𝑙 , if neighbor panel  i ± 1 is absent
 

(2)   𝐽⃗𝐽end = ∫�𝜇𝜇𝑖𝑖
𝑡𝑡−𝜇𝜇𝑖𝑖

𝑡𝑡−1�𝑑𝑑𝑙𝑙 

and the intensity of the generated particle is the sum-
mation of the above ones 

(3)   𝛼⃗𝛼=𝐽𝐽left+𝐽𝐽right+𝐽𝐽end 

The radius of each particle is linearly correlated to the 
radius of the circumscribed circle of the transformed 
panel. This correlation determines the overlapping ra-
tio of the starting particle distribution. 

VPM is used to preserve the wake vorticity in the grid-
free farfield region. The vorticity field is expressed by 
the sum of contributions of vortex particles: 

(4)         𝜔𝜔��⃗ = ∑ 𝛼⃗𝛼𝑖𝑖(𝑡𝑡)𝜁𝜁(𝑥⃗𝑥 − 𝑥⃗𝑥𝑖𝑖(𝑡𝑡))𝑛𝑛
𝑖𝑖=1  

The evolution of vorticity field is governed by the dis-
crete equation in convection-diffusion form (Eq.(5)). 
The first term ∇𝑢𝑢�⃗ 𝑖𝑖(𝑡𝑡) ∙ 𝛼⃗𝛼𝑖𝑖(𝑡𝑡)  in the second equation 
describes the vortex stretching/tilting and is formu-
lated in a transpose scheme, while the second viscos-
ity term 𝜈𝜈∇2𝛼⃗𝛼𝑝𝑝(𝑡𝑡) is solved by PSE method. 

(5)    �
𝑑𝑑𝑥⃗𝑥𝑖𝑖(𝑡𝑡)
𝑑𝑑𝑑𝑑

= 𝑢𝑢�⃗ 𝑖𝑖(𝑡𝑡)
𝑑𝑑𝛼𝛼��⃗ 𝑖𝑖(𝑡𝑡)
𝑑𝑑𝑑𝑑

= ∇𝑢𝑢�⃗ 𝑖𝑖(𝑡𝑡) ∙ 𝛼⃗𝛼𝑖𝑖(𝑡𝑡) + 𝜈𝜈∇2𝛼⃗𝛼𝑖𝑖(𝑡𝑡)
 

A Cartesian FMM is implemented to accelerate the 
𝒪𝒪(𝑁𝑁2) problem of the particle interaction (Ref.25). 

3.3. Coupling algorithm 

The computational domain consists of two parts: Eu-
lerian domain and Lagrangian domain, as is shown in 
Figure 2. The Eulerian domain is covered only by 
near-body grids with lifting bodies, thus significantly 
reducing the computational load. The Lagrangian do-
main includes not only the lifting bodies but also the 
shed wake elements. 

 
Figure 2: Schematic of the computational domain 

The data transition from Eulerian domain to Lagran-
gian domain follows Kutta-Joukowski theorem. The 
sectional aerodynamic loads of the lifting bodies are 
integrated from the RANS surface solution and are 
transformed into bound vortex strength of lifting line 
elements by 

(6)    Γ = −1
2
𝑢𝑢rel𝑐𝑐𝐶𝐶𝑙𝑙 



where  𝐶𝐶𝑙𝑙 = 𝐿𝐿
1
2𝜌𝜌𝑢𝑢∞

2 𝑐𝑐
 and 𝑢𝑢rel = 𝑢𝑢∞ − 𝑢𝑢𝑏𝑏 + 𝑢𝑢𝑖𝑖. 

The computation of Γ requires an interactive proce-
dure similar to the loosely coupled algorithm in Ref.26. 
The circulation is initialized considering a relative ve-
locity of 𝑢𝑢∞ − 𝑢𝑢𝑏𝑏. This allows to calculate the induced 
velocity and hence to update 𝑢𝑢rel. The difference be-
tween the present hybrid method and Ref.26 is that 
the 𝐶𝐶𝑙𝑙 is here extracted from the Eulerian computa-
tion and remains constant during the iterative proce-
dure. 

In return, the induced velocity from all the Lagrangian 
domain (lifting line elements and vortex particles) cor-
rects the interface boundary of the RANS grids, 
where the characteristic boundary condition using 
ghost cells are employed to avoid reflection, following 
the equations below: 

(7)  

⎩
⎪
⎪
⎪
⎨

⎪
⎪
⎪
⎧ 𝑢𝑢�⃗ = 𝑢𝑢�⃗ ∞ − 𝑢𝑢�⃗ 𝑔𝑔 + 𝑢𝑢�⃗ 𝑖𝑖
𝑎𝑎2 = 𝑎𝑎∞2 + 𝛾𝛾−1

2
(𝑢𝑢∞2 − 𝑢𝑢2)

𝑝𝑝 = 𝑝𝑝∞ �
𝑎𝑎2

𝑎𝑎∞2
�

𝛾𝛾
𝛾𝛾−1

𝜌𝜌 = 𝜌𝜌∞ �
𝑎𝑎2

𝑎𝑎∞2
�

1
𝛾𝛾−1

𝑒𝑒 = 𝑝𝑝
𝛾𝛾−1

+ 1
2
𝜌𝜌𝑢𝑢2

 

In addition, the hybrid method is parallelized based 
on a hybrid MPI-OpenMP master-only style to retain 
the acceleration characters from its parent codes. 

The flowchart of the hybrid solver is shown in Figure 
3. 

 
Figure 3: flowchart of the hybrid solver 

4. RESULTS AND DISCUSSION 

4.1. Wing NACA0015 

The static NACA0015 semi-span wing, designed by 
McAlister and Takahashi (Ref.27), was proved to be 
a relatively simple and effective case to give insights 
into the formation and maturation process of trailing 
vortex from rotor blades. In their experiment, different 
wing geometries (aspect ratio, chord length, tip type) 
and different operation conditions (AOA and Re) were 
combined, and the pressure data on the wing and the 
velocity across the vortex trailing downstream from 
the tip were extracted. This particular model has be-
come a widely used benchmark test for novel CFD 
solvers (Ref.28), with focus on preventing vortex dis-
sipation.  

In the current study, the square-tip wing with the as-
pect ratio of 6.6 and the chord length of 0.52m under 
an operation condition of AOA = 12° and Re = 1.5 × 
106 is selected. It is important to note that an addi-
tional 0.51° of AOA has been introduced to compen-
sate for the closed-tunnel wall effect. 

The pure RANS simulation is firstly carried out using 
a grid system consisting of a Cartesian FBG, a Car-
tesian NBG and a C-H body-fitted grid, as is shown in 
Figure 4. The body-fitted grid extends approximately 
1.0c outwards from the wing surface in all directions, 
and the first layer thickness is set to 1 × 10−5c to en-
sure y+ < 1. To check the grid independence, three 
body-fitted grids with different spatial resolution are 
generated and the medium one with 234×64×64 
nodes on the wing surface is found to achieve a sat-
isfactory resolution for sectional pressure distribution 
and used for hybrid simulation.  

  

Figure 4: Wing NACA0015: computational domain 
and overset grids for pure RANS simulation 

For the Lagrangian part of hybrid method, the semi-
wing is modelled into 33 lifting line elements uniformly. 
A relatively large time step ∆𝑡𝑡 = 0.75 with 200 steps 
and maximum 30 pseudo time steps in each physical 
time step is chosen in consideration of efficiency. A 
sensitivity study is performed on the number of rows 



of wake panels and the overlapping ratio of particles 
to ensure the consistency of the intensity of trailing 
vortex at 1c behind the trailing edge between the Eu-
lerian and Lagrangian parts. Same parameters are 
also used in DUST computation, and the aerody-
namic table in c81 format is prepared with Xfoil 
(Ref.29). 

The spanwise sectional lift and drag coefficients com-
puted by the three solvers are compared with the ex-
perimental result in Figure 5. It can be seen that the 
hybrid solver underestimates the spanwise Cl, which 
is aligned with the ROSITA solution, and a slight but 
acceptable difference is found in spanwise Cd. On the 
other hand, although DUST gives a better spanwise 
Cl, the outboard Cl becomes less smooth and Cd de-
viates from the experimental results significantly due 
to the simplicity of the 2D lifting line theory. 

  

Figure 5: Wing NACA0015: sectional lift and drag co-
efficients along the wingspan 

Figure 6(a) shows the sectional pressure distribution 
at y/span=0.974 and 0.994. At section y/span=0.974, 
the hybrid result agrees well with the ROSITA result 
and the experimental data points, inheriting the errors 
of the pure RANS computation as well. At section 
y/span=0.994, a minor gap between the ROSITA and 
hybrid solver is found from 0.4c backward, which is 
the result of a slight difference in pressure field at the 
blade tip, as shown in figure 6(b) where color isolines 
refer to ROSITA predictions and black isolines refer 
to hybrid predictions. 

 

(a) Sectional pressure at y/span=0.974 and 0.994 

 
(b) Pressure distribution at blade tip 

Figure 6: Wing NACA0015: pressure distribution at tip 

The trailing vortex is visualized in Figure 7 truncated 
by Q-criteria=0.005. It is clear that because of a rela-
tively coarse NBG, the trailing vortex in the RANS cal-
culation dissipates so quickly that the isolated Q sur-
face only extends approximately 2.5c. On the con-
trary, the hybrid solver preserves the trailing vortex 
well with the oscillation of the starting vortex. 

 

Figure 7: Wing NACA0015: trailing vortex visualiza-
tion 

To quantify the vortex preservation of the hybrid 
solver, the maximum vertical velocities within the trail-
ing vortex at seven downstream stages are presented 
in Figure 8. 

 
Figure 8: Wing NACA0015: downstream maximum 
vertical velocity within the trailing vortex 



At x/c=0.1 stage, the maximum vertical velocity pro-
duced by ROSITA and hybrid solver is only approxi-
mately 57% of the experimental value. The velocity in 
the RANS calculation downpours swiftly by 61.3% at 
x/c=1.0 because the grid spacing of NBG is set to 
0.1c. In contrast, the hybrid solution shows little dissi-
pation, and the maximum vertical velocity only de-
creases 8.4% from x/c=1.0 to x/c=6.0, which is similar 
to the DUST solution. Therefore, the hybrid solver 
demonstrates a good performance on computation 
accuracy and vorticity preservation for further investi-
gation. 

4.2. Caradonna-Tung rotor in hover 

The isolated Caradonna-Tung rotor in hover is a well-
documented benchmark case (Ref.30). The rotor op-
erates at a tip Mach number of 0.877 and has a col-
lective pitch of 8° and a pre-cone of 0.5°. The body-
fitted blade grid has 137×77×37 nodes in each direc-
tion totaling 1.01M nodes. The steady ROSITA simu-
lation employs an overset grid system of 5.86M nodes, 
including a NBG of 2.91M nodes and a FBG of 0.93M 
nodes. The maximum grid spacing near the rotor ro-
tational plane is 0.1c to resolve the near-field wake. 
Froude boundary condition (Ref.31) is used to avoid 
flow recirculation. For unsteady hybrid and DUST 
computation, each blade is modelled into 20 lifting 
line elements divided uniformly. The overlapping ratio 
of particles is 1.2. To achieve a steady condition, both 
solvers require 10 revolutions with 60 physical steps 
per revolution, and each physical step includes 30 
pseudo time steps in hybrid computation. 

Figure 9 demonstrates the coupling effectiveness of 
the hybrid solver. The wake vortex is consistently 
convected into and out of the Eulerian grid along with 
the vortex particles, thanks to the induced velocity ap-
plied at the outer boundary of the grids. No wave re-
flection is observed at the grid boundaries, see Figure 
10, indicating the robustness of the characteristic 
boundary condition. 

 

Figure 9: Caradonna-Tung rotor: coupling effective-
ness of the Eulerain and Lagrangian domain in re-
spect of wake vortex 

 
Figure 10: Caradonna-Tung rotor: pressure distribu-
tion at section r/R=0.89 

In Figure 11, the spanwise lift coefficient computed by 
the three solvers is compared. The ROSITA solver 
overestimates the spanwise lift coefficient, while 
DUST provides a better prediction. The difference be-
tween the two parental solvers leads to a mild devia-
tion in the hybrid solution with respect to the RANS 
solution, which may stem from inaccuracies in the in-
duced velocities at the interface of Eulerian grid. Spe-
cifically, the near-field induced velocities are largely 
composed of those from the lifting line elements, 
which provide a coarse representation of the blade 
geometry. 

 

Figure 11: Caradonna-Tung rotor: spanwise sectional 
lift coefficient 

To further investigate this error, Figure 12 shows the 
sectional pressure distribution at four radial positions 
produced by ROSITA and hybrid solver. Generally 
both of them agree well with the experimental results. 
At tip region, for example, r/R=0.96, the shock loca-
tion of the hybrid solution is predicted a bit more ac-
curately than RANS one, resulting in a slightly smaller 
lift coefficient. 



 

Figure 12: Caradonna-Tung rotor: sectional pressure 
distribution 

The wake of the ROSITA and hybrid solutions is vis-
ualized in Fig. 13 (left) using Q-criteria = 0.1. ROSITA 
captures no more than one revolution of the rotor 
wake, whereas the hybrid solver fully presents the 
wake, including the near-field helicoidal structure and 
the far-field breakdown of the initial starting ring vor-
tex. Figure 13 (right) shows the vorticity contour per-
pendicular to the blade span across the rotation cen-
ter. The ROSITA result is supplied by the overset 
background grid. As the vortices convect downstream, 
significant numerical diffusion occurs, especially at 
the interface where grid density changes. Ref.32 indi-
cates that a grid size of 0.005c is essential for im-
provement, but the computational cost is extremely 
high. However, the hybrid solver exhibits better per-
formance in tracking the far wake.  

 

 

Figure 13: Caradonna-Tung rotor: wake visualization 

The computation time for the hybrid solver to rotate 
10 revolutions is 60% of the time required for 20k 
pseudo-time steps of a converged RANS 

computation, demonstrating the efficiency of the hy-
brid solver even if the unsteady simulation is carried 
out for a steady case. 

4.3. AH-1G main rotor in low-speed forward fight 

The main rotor of AH-1G cobra helicopter in forward 
fight is reported in TAAT performed in NASA Ames 
Research Center (Ref.33). The rotor has two unta-
pered rectangular blades with a linear twist of -10°. 
The radius of the “gloved instrumented blade” is 6.7m 
and the chord is 0.727m. The blade root is cut at 
0.18R. Selected operation condition is test point 2157. 
The advancing airspeed is 82 knot and the rotor rota-
tion speed is 315.9 rpm, resulting in a tip Mach num-
ber of 0.65 and an advance ratio of 0.19. The pre-
cone and shaft tilt angles are set to 0°. The blade pitch 
and flap motion are controlled by the following equa-
tions: 

(8)  �𝜃𝜃
(𝜓𝜓) = 6.0 + 1.2 cos𝜓𝜓 − 5.0 sin𝜓𝜓
𝛽𝛽(𝜓𝜓) = 2.13 cos𝜓𝜓 − 0.15 sin𝜓𝜓  

The dimension of the body-fitted blade grid is 
233×94×53 with 2.33M nodes in total. Cartesian NBG 
and FBG grids are also generated, and the number of 
total nodes of the overset grid system is 14.5M for 
ROSITA computation. The blade is modelled into 40 
lifting line elements refined at tip region for hybrid and 
DUST computation. The particle overlapping ratio is 
set to 1.3. All the simulations are performed for 5 rev-
olutions and each revolution has 72 physical time 
steps which is a compromise between the Eulerian 
and Lagragian methods. In each physical step, there 
are 50 pseudo steps for ROSITA and hybrid compu-
tation.  

The prediction of the normal force coefficient at radial 
sections of r/R = 0.75, 0.86, 0.91, and 0.96 is shown 
in Figure 14. Both the ROSITA and hybrid solvers 
produce reliable results compared to experimental 
data. Discrepancies are primarily observed at azi-
muth angles around 90° and between 300° and 340°, 
where the blade strongly interacts with the tip vortex. 

 



 
Figure 14: AH-1G main rotor: normal force coefficient 

Figure 15 compares the tip vortex trajectories by Q-
criteria=0.01 (coloured by vorticity magnitude) of the 
rotor wake system from ROSITA and hybrid solver. 
The ROSITA solution only maintains about 2-revolu-
tion wake while the hybrid solver preserves the whole 
of it with little dissipation of the vorticity magnitude 
thanks to the coupled Lagrangian method.  

 

 

Figure 15: AH-1G main rotor: wake visualization 

Furthermore, during the hybrid simulation, 16 out of 
64 cores are activated for Lagrangian part and the 
tagger process of CHIMERA is not necessary, saving 
48% of the computational time. 

5. CONCLUSIONS 

1. Based on the comparative analysis of blade/wing 
loads with experimental results, it can be con-
cluded that the hybrid solver is capable of simu-
lating complicated blade-vortex interference and 
has the potential to be applied to more severe 
cases, including rotor-rotor interactions.  

2. The hybrid solver entirely inherits the vortex 
preservation characteristic of VPM and largely 
overcomes the numerical diffusion of RANS 
solver. 

3. The hybrid solver also inherits the accuracy of the 
RANS solver for vortex generation at the blade tip: 

care is needed to provide sufficient grid resolution 
to allow for a correct vortex generation. 

4. The hybrid solver has advantages of computa-
tional efficiency for rotorcraft simulation, even if 
the original case is steady. 
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