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Abstract

This paper presents an approach using the CFD method to build a calculated model for
studying aerodynamic interaction between the main rotor and helicopter fuselage. The
calculated model consists of two components which are the main rotor and helicopter
fuselage, that is capable of determining the aerodynamic characteristics of the main rotor in
consideration of the influence of the helicopter fuselage. The presented numerical method is
very useful to simulate the velocity field and the airflow around the full helicopter,
calculate the lift coefficient of the main rotor in the presence and absence of the induced
influence from helicopter fuselage. The results of this study show a good agreement with
data from other published work.
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1. Introduction

The need to correct or rectify the effects of aerodynamic interactions that were
unforeseen or mispredicted at the design stage has historically been one of the most
common causes of delay in the advancement of a new helicopter design from prototype
to production. Interference between the wakes and other flow disturbances induced by
the helicopter’s rotors, fuselage, and lifting surfaces can produce strong loads on
geometrically distant parts of the configuration. Any unsteadiness in these loads, or
change in these loads as the flight condition of the aircraft is altered, can have a very
strong negative influence on the dynamics of the wvehicle. Experience within the
helicopter industry suggests that the nature and form of the aerodynamic interactions
that arise from even minor configurational changes to a fuselage can be extremely
difficult to predict, and is lack of predictive capability attaches a significant degree of
risk to any departures from a successful configuration.

In [1], Tan Jianfeng and Wang Haowen used the unsteady potential-based panel
method to consider aerodynamics of finite thickness multi-bladed rotors, and the full-
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span free-wake method is applied to simulating dynamics of rotor wake. These methods
are tightly coupled through trailing-edge Kutta condition and by converting doublet-
wake panels to full-span vortex filaments. A velocity-field integration technique is also
adopted to overcome singularity problem during the interaction between the rotor wake
and blades. By method as CFD-FASTRAN solver, Sijun Zhang, Madhaveswer Gentela
and T. Fuchiwaki [2] realized the computational simulation of flows over the generic
rotor fuselage interaction (ROBIN) configuration. The helicopter model studied in this
work consists of a fuselage, a four-bladed rotor, and tails. The results of this work show
that low Mach number preconditioning and dual time-stepping greatly improve the
accuracy and efficiency of CFD-FASTRAN for helicopter flows. But in this work, the
influence of the fuselage (fuselage) on the aerodynamic characteristics of the main rotor
is not shown. In the studies of Xu HeYong and Bum Seok Lee and colleagues [3, 4]
used the CFD method on the basis of unstructured meshing to simulate the aerodynamic
characteristics of the rotor blade with fuselage of helicopter. Both of these works
focused on calculating the pressure distribution on the helicopter fuselage in case the
helicopter moves alone in space or when the helicopter fuselage moves in the air from
the rotor blade. The influence of the fuselage on the aerodynamic properties of the rotor
blade was not studied. In [6], authors used vortex theory to study helicopter rotor-
fuselage aerodynamic interaction. In this paper, with CFD method, authors will focus on
a particularly poorly understood element of the interactional aerodynamic environment
of this configuration, namely the effect on the performance of the main rotor of its
operation in close proximity to the fuselage. The interaction of the main rotor wake with
that of the fuselage, and more directly, its impingement on the frame of fuselage itself,
adds both unsteadiness and nonlinearity to the performance of the main rotor.

2. Simulating aerodynamic interactions of helicopter main rotor-
fuselage by CFD method in ANSYS Fluent

Computational fluid dynamics is a branch of fluid mechanics that uses numerical
methods and algorithms to solve and analyze problems that involve fluid flows. CFD is
particularly dedicated to the fluid, in that motion and how the fluid flow behavior
influences process, that may include heat transfer and possibly chemical reactions. The
physical characteristics of the fluid motion can usually be described through
fundamental mathematic equations usually in partial differential form which govern a
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process of interest and are often called governing equations in CFD. In order to solve
these mathematical equations, they are converted into computer programs or software
packages using high level computer programming languages as ANSYS Fluent. The
CFD is based on the Navier-Stokes equations, and these equations describe the pressure,
temperature; velocity and density of a moving fluid are related.

For studying airflow around the helicopter main rotor-fuselage in flight by CFD
method, in this work, the 3D models of the main rotor and helicopter fuselage, which is
used for numerical simulation, are done using Inventor 2015. The presented method was
applied in order to determine the thrust distribution along the span of the Mi-8
helicopter main rotor blade. The input data are given for the helicopter Mi-8 [5]:

Tab. 1. The input data of helicopter model

Rotor area S =355.7 m?
Rotor diameter D=21.29m
Number of blades 5

Blade airfoil NACA 23012M
Blade chord B=052m
Blade twist 9°

Rotor rotational speed Q = 20.94 rad/s
Rotor solidity 6 =0.0777

The enclosure around the main rotor and fuselage is made in ANSYS Workbench
16.1 as shown in Fig. 1, 2. The meshing of the main rotor and helicopter fuselage is
done using ANSYS ICEM CFD 16.1 with type of unstructured mesh. The continuum
from ANSYS Workbench is imported, then the continuum is divided into different parts
like inlet, outlet, wall, main rotor and fuselage and the required meshing conditions are
applied and the continuum is meshed (Figs. 1, 2, 3).

The lift force is calculated using the following relation:
1.2
Fr=Cr o pVPA (1)
Here p is the density of fluid, C, is the lift coefficient; A is swept area of rotor,

A=rR?, Ris radius of rotor; V = QR is tip speed of rotor.
36



Journal of Science and Technique - N.205 (3-2020) - Le Quy Don Technical University
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Fig. 1. Boundary condition of helicopter Fig. 2. Meshing station part
main rotor-fuselage model of calculation domain
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Fig. 3. Meshing rotation part of calculation domain and meshing blades of rotor

The simulation of this continuum is done in application ANSYS Fluent ver. 16.1.
In this calculation domain, initially the meshing of the continuum is checked and once
the software approves it, the models, materials and boundary conditions are set. For
detail, the turbulence model used for this kind of simulation is the k-¢ model. This is a
two equation model in which one equation corresponds to the turbulent kinetic energy
(k) and the other is the Specific dissipation rate (¢). The working fluid in this simulation
is air. The important boundary conditions in an External Flow Analysis are pressure at
inlet and outlet of the continuum. The outlet boundary condition is given as pressure
and its value is given as 0 Pa. The rest of the faces of the continuum are mentioned as
wall, which means that these faces are under no-slip condition, i.e. there is zero velocity
on these faces. This no-slip condition means that the flow conditions will not apply
outside these walls and adjacent to these walls.

3. Results and discussions

After setting up the solution methods and controls for this simulation, we get
some images of results as shown in Figs. 4-8.
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Fig. 4. Pressure contour around the airfoil of rotor blade
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The both helicopter rotor and rotor-fuselage models have fairly consistent results.
The pressure difference below the blade surface is relatively large, especially at the

leading edge of the blade (Fig. 4). Figs. 5, 6 and 7 show that the distribution of velocity
field in the both models is similarities.

c) d)
Fig. 5. Contour of velocity on vertical plane in the models of main rotor
without fuselage (a, ¢) and with fuselage (b, d)

38



Journal of Science and Technique - N.205 (3-2020) - Le Quy Don Technical University

Ry

3
N
N
N
N

\

\
\
.
v

.. - - TR

Fig. 6. Field of velocity vector on vertical plane in the models of main rotor
without fuselage (a, b) and with fuselage (c, d, €)

The stream line of air are shown very clearly in Figs. 5a, 5b. When the helicopter

operates, the air flow through the rotor will be accelerated, and the velocity value
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increase with the length of the blade (Fig. 6e). Images of the vorticity distribution on the
rotor from models without fuselage and with fuselage are very similar (Fig. 7).
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Fig. 7. Vorticity discriminant in the models of main rotor without fuselage and with fuselage
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Fig. 8. Rotor lift coefficient and rotor-fuselage lift coefficient convergence

The lift coefficients of the helicopter rotor in the alone rotor model converges
gradually to value 0.0101, that in accordance with the calculation results in the work of
Mouaps I1.W. [7]. In rotor-fuselage model lift coefficients of the rotor converges to
value 0.00983. Thus, the lift coefficients of the helicopter rotor in the alone rotor model
and rotor-fuselage model have a certain changes. However, the change is not great.
Accordingly, the lift coefficient of the helicopter rotor in the alone rotor model will
decrease when the helicopter fuselage is added to the model (Fig. 8).
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4. Conclusions

In the paper, the authors have set up a mathematical model to study the
aerodynamic characteristics of the main rotor in consider influence of helicopter
fuselage by CFD method. Computational simulation and comparison of individual main
rotor model with the main rotor-fuselage model in hover regimes. The results are
consistent with the theory calculation by vortex model of main helicopter rotor in [5],
that influence of helicopter fuselage on the aerodynamic characteristics of the main
rotor in terms of lifting force is not much.

CFD is an effective method for simulating aerodynamics of helicopter rotor and
can be used to verify the accuracy of other theoretical models.
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TiINH TOAN PAC TRUNG KHI PONG CUA CANH QUAY CO XET BEN SU
ANH HUONG CUA THAN TRUC THANG BANG PHUONG PHAP CFD

T6m tidr: Bai b&o trinh bdy mét cdch tiép cin sir dung phuwong phap CFD dé xdy dung
mo hinh toan nghién ciru fwong tdac khi dong giita canh quay va than tryc thang. M6 hinh tinh
toan gom hai thanh phan [a canh quay va than truc thing, c6 kha nang xdc dinh dic tinh khi
dong luc hoc ciia canh quay xét dén anh huéng cia than triee thiang. Phwong phdp sé trinh
bay trong bai bao rdt wu viét trong viéc mé phong triwong toc dé va dong khong khi chdy bao
xung quanh toan bé truec thang, tinh todn hé sé liec néng ciia canh quay trong trueong hop cé
va khong co s tdc déng cam vmg tir than triee thang. Két qua nghién ciru cho thdy sw twong
dong véi s6 liéu da cong b trong cdng trinh nghién ciru quéc té khdc.
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