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Abstract.

Aircraft are significant because they transport people and commodities through a wide range of terrains in a
short amount of time. Newton's third law states that thrust is created by fly motors due to the response
powers provided by fume gases. In this paper, computational fluid dynamics (CFD) analysis of an aeroplane
is used to create an ideal design. Prior to the time-consuming production of aircraft, qualitative and
quantitative wing characterisation gives important information for verifying wing choices and design. Each
wing was independently subjected to CFD study at vatious velocities. Each wing's lift, drag, pressure, and
velocity were measured, and a comparison analysis revealed how little adjustments to the wing's pressure,
drag, velocity lift may have a significant impact. Each wing's lift, drag, pressure, and velocity were measured,
and a comparison analysis revealed how small adjustments to the wing's overall flow characteristics improved
the overall flow characteristics.
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1. Introduction

Remote controlled plane has all the dynamic charecteristics of an aircraft. RC planes are used to find the missing
things by fixing camera with it. Many Organisations such as Government or military or scientists they use this aircrafts
for weather readings, drones and finding enemies and many uses instead of travelling by human and this decreases the
human effort and it also solves many problems|[1]. The basic components of the RC Plane are

*  Power plant

*  Landing gears

*  Aileron

e Tail

* 5 Elevator

*  The fuselage

e Vertical stabilizer

e The wings
*  Flaps
e Rudder

e Horizontal stabilizer

Vertical
Stabilizer

Ailerons

Horizontal
Stabilizer

Landing Gear
Fuselage

Figure 1: Components of RC plane|2]

Elevators, Rudder and ailerons are the control surfaces of an RC Aircraft. The stabilizers are Horizontal and Vertical.
These RC Planes are controlled with the help of joysticks. The Four forces exerted on the RC Plane are Lift, weight,
Thrust, Drag[3]. Thrust is generated for moving of a plane in the forward direction through air. Lift is obtained by the
pressure difference of the upper and lower surface[4].

If the thrust force is greater than drag, there will be an acceleration in the plane. If the weight is greater than the lift
Plane falls down. If lift is greater than the weight Plane moves upward or raises. If drag is greater than the Thrust force,

there will be deceleration in the Plane[5].
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Design of an RC plane:

RC Plane is designed by using CATIA V5 software and design is symmetrical. Many functions in the CATIA are
used and create a geometry of RC plane and it is saved in the “iges’ format. This can be loaded in the Ansys software
with the help of import tool in Ansys [6]. By opening the saved folder and selecting .iges files the design can be uploaded
in the Ansys workbench . It can be observed with Design modler. After design of RC Plane a boundary should be
created such that the air flows through. This is for the simulation pupose. The shape of the closed surface is cuboid and

it should be more than 10 times the sizee of the plane[7].

000 35000 700 00 (mm)
]

Figure 2: Geometry of RC Plane

Meshing the surface:

For meshing the cuboid Fine meshing should be selected for meshing. The Quality for smoothing is high. Inflation
is program controlled. The size of the mesh is 5 mm. Then by clicking Generate mesh option a mesh of 5 mm is
generated as shown in the figure 3. For naming the surfaces the front part of the RC plane is named as inlet and the rear

part is named as outlet. And entire medium is named as Air. Before closing the mesh update mesh.

900.00 (mm)

Figure 3: Meshing

Setup:

For setup tool 3D dimension is taken and Double precision and the solvers are 4. For the simulation process in the
Ansys fluent, some parameters to be set in setup. The solver in the setup is set as pressure based and the velocity

formulation is absolute.
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Task Page

General |@‘
Mesh
| Scale... J [ Check ] {Repart Quality|
[ Display... l Units...
Solver
Type Velocity Formulation
@) Pressure-Based @) Absolute
Density-Based Relative
Time 2D Space
@) Steady @) Planar
Transient Axisymmetric

Axisymmetric Swirl

Figure 4: General setup

The viscous model used here is Realizable k-epsilon (2 equation) and the model constants used are shown in Figure

5. The original motive for using the k-epsilon model was to find alternative to algebraically prescribing turbulent length

scales in moderate to high complexity flows[8]. The first transported variable is the turbulent kinetic energy(k). The

second transported variable is the rate of dissipation of turbulent kinetic energy(epsilon).

Viscous Model

Model

Inviscid
Laminar
Spalart-Allmaras (1 eqn)

@ k-epsilon (2 eqn)
k-omega (2 eqn)
Transition k-kl-omega (3 eqn)
Transition SST (4 eqn)
Reynolds Stress (7 eqn)
Scale-Adaptive Simulation (SAS)
Detached Eddy Simulation (DES)
Large Eddy Simulation (LES)

k-epsilon Model
@ Standard
RNG
Realizable

Near-wall Treatment
Standard Wall Functions
Scalable wall Functions
Non-Equilibrium Wall Functions
® Enhanced Wall Treatment
Menter-Lechner
User-Defined Wall Functions

Enhanced Wall Treatment Options
Pressure Gradient Effects
Thermal Effects

Options

| Viscous Heating
Curvature Correction

L Production Kato-Launder
|| Production Limiter

Model Constants
Cmu =
0.09
C1-Epsilon
1.44
C2-Epsilon
1.92
TKE Prandtl Number
1
TDR Prandtl Number
1.3
Energy Prandtl Number
0.85
Wwall Prandtl Number
0.85

User-Defined Functions
Turbulent Viscosity
|none
Prandtl Numbers
TKE Prandtl Number
Inone
TDR Prandtl Number
[none

L

Energy Prandtl Number
Inone

Wwall Prandtl Number
|none

W | LY

Figure 5: Viscous Model

Materials Used:

Air is used as a fluid in the enclosure. The properties of the material are specific Heat of 1006.43 J/Kg-K and

Thermal Conductivity of 0.0242 w/m-K and viscosity of 1.784x10-5 Kg/m-s[9].
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Create/Edit Materials

Name Material Type

air |ﬂuid j
Chemical Formula Fluent Fluid Materials
air j
Properties J
Cp (Specific Heat) U{kg—k)‘ constant j IE B
1006.43
Thermal Conductivity (w/m—kj‘ constant j
0.0242
Viscosity (kg{mfsj‘ constant j
1.7894e-05

Change/Create

Figure 6: Properties of Air

Boundary conditions:

The inlet velocity of air is taken as 15 m/s and the turbulent intensity is 5% and turbulent viscosity ratio is 10

conditions and values are shown in the figure 7. The thermal zone condition is taken as 313 K.

Velocity Inlet X A
EVeIocnylnlet X
Zone Name
velocity-inlet Zone Name
velocity-inlet
Momentum Thermal Radiation )P phase e D
Thermal i Specie I dultiphase otenti uDs
Velocity Specificati Method| de, Normal to Boundary l] Momentum Radiation Species DPM Multiphase Potential D
Reference FramelAbsqute ;I Temperature (k) 313'
Velocity Magnitude (m/s) ilS lconstant v/
Supersonic/Initial Gauge Pressure (pascal) 0
Turbulence

Specification Method[ Intensity and Viscosity Ratio
Turbulent Intensity (%) |5
Turbulent Viscosity Ratio 10

Figure 7: velocity inlet momentum condition

= =4

The outlet pressure conditions are taken as the gauge pressure of 0 and turbulent conditions are same as the inlet

conditions as shown in figure 9. These conditions are backflow pressure conditions.

E Pressure Outlet X

Zone Name
velocity-outlet

DPM Multif

Momentum Thermal Radiatior

Species

Backflow Reference Frame[Absolute

Gauge Pressure (pascal) 0 constant

Pressure Profile Multiplier 1

Backflow Direction Specification Method[NormaI to Boundary

Ll =Ll

Backflow Pressure Speciﬁcation|TotaI Pressure

Radial Equilibrium Pressure Distribution
Average Pressure Specification

Target Mass Flow Rate

Turbulence
| Specification Method| Intensity and Viscosity Ratio :I
: Backflow Turbulent Intensity (%) 5 |[F]
Backflow Turbulent Viscosity Ratio |10 |[F]

Figure 8: Pressure outlet
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The reference values may be found in the table below. This section will allow you to choose the technique for

computing the variable parameters.

2. Results and Discussions:

In the Fluent, there are two forms of discretization: temporal and spatial. The former refers to the discretization of
time-related concepts, while the latter refers to the discretization of space-related phrases. The pressure-based solver is
linked the continuity and momentum equations to solve these equations, as mentioned in the previous chapter, therefore
the Coupled scheme is employed in the Pressure-Velocity Coupling[10]. The Pressure term is discretized spatially using
the Body Force Weighted scheme, which is an optimal scheme for buoyancy driven flows. The Second Order Upwind
technique is used to decrease the truncation error in the computation of Momentum, Turbulent Kinetic Energy, and

Energy equations. Figure depicts the entire solution arrangement.

Solution Methods |Q|

Pressure-Velocity Coupling
Scheme
Coupled et
Spatial Discretization
Gradient
Least Squares Cell Based -
Pressure
Body Force Weighted -
Momentum
First Order Upwind -
Turbulent Kinetic Energy
Second Order Upwind -
Turbulent Dissipation Rate
Second Order Upwind >
Energy
Transient Formulation
MNon-Tterative Time Advancement
Frozen Flux Formulation
Pseudo Transient

Warped-Face Gradient Correction

High Order Term Relaxation Wl

Structure Transient Formulation

Default |

Figure 9: Solution Methods

By using the hybrid initialization setup and setting up the reporting intervals. Calculation is initialized. The
definitions to be reported are Facet maximum pressure and velocity. The lift and drag in the walls are also reported.
For the k-epsilon method the residuals obtained are x,y,z velocities and energy k and epsilon. After 50 iterations the

solution gets converged and the graph obtained is shown below.
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Figure 10: Residuals

In the figure 11 the static pressure in pascals versus position is plotted and the static pressure is increasing at 6.33m

from the inlet. The nature of pressure can be observed in the graph.

-0.2000

-0.3000 — T T
-633.5899 -633.5899 -633.5899 -633.5898

Position (mm)

Figure 11: Static pressure vs distance

The drag on the wall and the pressure outlet is reported and the graph obtained is shown in figure 12. The outlet
pressure is strictly decreasing as the air flows from high pressure to low pressure when air starts hitting the airfoil the
air gets contacted with upper and lower surfaces of the airfoil. And reaches the tailing edge so from the graph, the

pressure outlet is decrease hence the air reaches the tailing edge. And drag on the wall is 0.
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Figure 12: drag on wall

As moving to the CFD post the contours and streamline are observed. At first, the pressure contour is shown in

tigure 13. The pressure in RC plane is moderate and more pressure is on the airfoil edges this is because of the high
pressure wind hits the airfoil and moves to the tailing edge as pressure reduces.

Figure 13: Pressure contour

Maximum pressure is 738.931 pascals and minimum pressure is -1240.62 pascals.

Geometry Labels Render

View

Domains ‘air '| D
Locations ‘mnmireginn trg = | D
Variable ‘Pressure '| D
Range |Global -
Min -1240.62 [Fa]
Max 738.931 [Fa]

# of Contours ‘ 11 E|
Advanced Properties

By observing the velocity contour in figure 14. The velocity of air at the tip of the plane is high and as going to the

edge or stagnation point there is reduction in velocity of air as it strikes the end by using the Bernoulli’s equation tailing
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edge velocity can be obtained and that is lower than the velocity of air at inlet. Maximum and minimum velocities are
10.8112 m/s and -53.1794 m/s

Details of Contour 1
Geometry  labels  Render  View

Domains |air ~ | lz‘
Locations |mnlact7regiun trg i | lz‘
Variable Velocity v - =
Range |Global -
Min -53.1794 [m s™-1]
Max 10.8112 [m s~1]

# of Contours |11 E|
Advanced Properties

Figure 14: velocity contour

In the figure 15 the air streamlines can be observed as the air going from inlet and moving towards the outlet the
pressure difference is created at the ends of thee airfoil and at the plane edge.

Figure 15: Velocity streamline
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3. Conclusion:

RC planes are fast becoming a frequent feature in many applications as inexpensive hardware becomes more widely

available and diversified, and practically all of its connected subsystems are functional, and operating costs and

complexity fall dramatically. The majority of the study has focused on the k-epsilon model. For linear and non-linear

analysis, the Finite Element Analysis approach was used. The performance of the radio-controlled aircraft may be

improved by optimising the design parameters, according to the findings. To improve performance, the design should

first be analysed, and then characteristics such as the length of the RC plane, the angle of the airfoil, and the length of

the airfoil may be altered to optimise the design.
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