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Summary in English:

This study presents a numerical analysis of the effect of propeller rotational speed on
helicopter takeoff performance using ANSYS Fluent, a Computational Fluid Dynamics
(CFD) software. The research simulates the airflow around helicopter blades under
various rotational speeds to understand how these speeds affect the generated lift force.

The study begins with a theoretical background on helicopters and the aerodynamic
forces involved in flight, emphasizing the principles of lift and thrust generation. A
simplified blade model was created using Gambit for mesh generation, followed by
simulation setup in ANSY'S Fluent.

Simulation results were analyzed to identify the critical RPM value that allows for
efficient takeoff without excessive energy consumption or mechanical stress. The study
included the calculation of lift, drag, torque, power consumption, takeoff speed, and
estimated fuel usage.

The findings demonstrate a direct relationship between rotational speed and lift force.
The study recommends optimizing blade design to achieve better performance at
specific RPM ranges.
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Chapterl Helicopter Overview

1 INTRODUCTION

A helicopter, also known as a hovercraft, helicopter, or hovercraft (French:
Hélicoptére), is a sea-going aircraft capable of flight and elevation from the ground
using two or more blades mounted on top of its fuselage, which rotate around their axes
to maintain altitude and hover in the air. It is classified as a rotary-wing aircraft,
distinguishing it from a fixed-wing aircraft, because the helicopter derives lift from the
rotation of the blades around the shaft. The word "helicopter" is originally French and
came into use in 1861. It is derived from the Greek word helix (€vik), meaning "circular
spiral," and petron (Greek: mtepdv), meaning wing. The basic rotor of the Spirit rotates
around itself and maintains lift without the need to move. It can take off and land
vertically without the need for a rung. This is why it rarely reaches dense areas or areas

where fixed-wing aircraft cannot.

The first aircraft with a rotary wing was built by German Anton Feltner in 1936 and

was named the FL-185.

Although helicopters were invented and built at the beginning of the first half of
aviation, they were produced in limited numbers until 1942, when Igor Sikorsky's 400
became the first mass-produced helicopter. Even early designs used more than one main
rotor, a current practice that uses two sets of anti-rotor rotors. This design is what has

become known worldwide as the Spirit.

Helicopters are used to perform tasks that other aircraft cannot perform due to their
unique operational characteristics, such as their ability to take off and land vertically,
remain airborne for extended periods of time, and handle low airspeed conditions.
Current uses of helicopters include transportation, construction, firefighting, search and

rescue, and military applications.

1.1 Research Problem

The research problem lies in understanding the relationship between propeller
rotational speed and the lift force produced during takeoff, and determining the critical
RPM value that allows for efficient takeoff without unnecessary energy consumption

or exposing the system to mechanical hazards.
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1.2 Motivations for Choosing the Topic

I conducted this study out of my desire to deepen my understanding of the aerodynamic
interactions that occur during helicopter takeoff, and to utilize numerical simulation
tools to approximate reality in a scientific and effective manner. This topic is also of
great importance in the field of aeronautical engineering and serves as a basis for

developing more efficient and stable propulsion systems.

1.3 Study Objectives

This study aims to:

Study the effect of propeller rotational speed (RPM) on a helicopter's takeoff capability.

Determine the relationship between RPM and the propeller's lift coefficient.

Use CFD numerical simulation software to simulate takeoff conditions and analyze the

results.

Determine the critical RPM value required for efficient takeof

1.4 Methodology

The methodology of this study is based on numerical analysis of the effects of propeller
rotation speed on takeoff performance using Fluent software. The helicopter takeoff
condition will be simulated under specific conditions of speed, pressure, and
temperature. Computational Fluid Dynamics (CFD) techniques will be used to model
the airflow around the propeller, taking into account forces such as lift and drag. The
simulation will be performed at several different rotation speeds to determine the

relationship between these speeds and the resulting lift force.
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2 Helicopters
A helicopter is a special type of aircraft that relies on a main rotor rotating

around a vertical axis to generate the lift needed for takeoff and flight. Unlike
conventional aircraft, helicopters are capable of vertical takeoff and landing and
hovering in confined spaces, making them ideal for rescue, surveillance, and special

maneuvering missions.

A helicopter typically has a main rotor responsible for lift and propulsion, and a tail

rotor used to counteract the torque generated by the rotation of the main rotor.

figure I 1: Helicopters

2.1 Helicopter Aerodynamics

During flight, a helicopter is subject to four basic forces that control its motion and

stability: lift, weight, thrust, and drag.

The main rotor produces lift by rotating its blades, creating low pressure above the

blades and high pressure below them, thus lifting the fuselage.
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In contrast, the weight of the helicopter, which results from its mass and the mass of the

payload, acts in the opposite direction to lift.

Thrust, on the other hand, is produced by the forward-leaning motion of the blades,

overcoming the drag caused by air resistance on the fuselage and external components.

To counteract the torque generated by the rotation of the main rotor, a tail rotor is used,
which generates an opposing force that prevents the fuselage from rotating about its

axis.

Yimng

figure I1 2: Forces Acting on a Helicopter During Flight

During flight, a helicopter has sufficient aerodynamic and mechanical forces on the
aircraft and its movement. To understand flight dynamics, it is necessary to identify and

analyze these forces.
Main Forces:

The main forces acting on a helicopter can be summarized as follows:
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Force |Symbol |Direction Description
) ) Generated by the main rotor to counteract the
Lift L Upward (Vertical) . . .
weight and allow the helicopter to rise.
. Downward Caused by gravity; depends on the helicopter's
Weight (W '
(Vertical) mass.
_ Produced by tilting the rotor disc; enables
Thrust ||T Forward / Sideways o o
movement in different directions.
' ' Air resistance that opposes the helicopter’s
Drag D Opposite to motion )
motion.
'  |Reaction to the rotation of the main rotor;
Torque |t Around vertical axis '
countered by the tail rotor.
2.2 Hover

Hovering is the state in which a helicopter maintains a constant altitude and position

above a specific point.

To achieve this balance, the lift force must equal the weight of the aircraft, and the thrust

force must equal the opposing force caused by drag.

Hovering is one of the most difficult modes of helicopter flight, requiring precise and

continuous coordination between various controls, including:

Collective pitch: To uniformly change the angle of the rotor blades, affecting the

amount of lift.

Cyclic pitch: To control the forward, backward, or sideways pitch.

Tail rotor pedals: To control yaw by adjusting the force of the tail rotor.

Governor: To maintain a constant rotor RPM.

—
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Any change in one of these elements requires adjustments in the others, requiring the

pilot to make constant corrections.
FPoussée
Porta n-::e
u Masse
Trainee

figure I1 3 : Hovering Control Inputs

2.3 Lateral Lean and Drift

During hovering, a helicopter may drift sideways due to the tail rotor force, which

pushes the fuselage in the opposite direction to the main rotor torque.

To counter this drift, the rotor disc is tilted slightly to the opposite side.

Or the transmission is designed to be angled, which compensates for the lateral drag.
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In some cases, the fuselage is tilted slightly to balance the forces.

v

Deflexion

’ Poussée RAC

| ‘'avionnaire
figure II 4: Lateral Drift Due to Tail Rotor Thrust
Pendulum Motion

Because the helicopter is suspended from a single point (the mast head), it is susceptible

to longitudinal or transverse swing like a pendulum.

This phenomenon is exacerbated by over-control, especially in semi-rigid rotor

systems, where forces are transmitted directly to the fuselage.

Therefore, the pilot must maintain smooth, controlled movements of the controls to

minimize these swings.
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e, —
.;_F_..,--"lﬁ__'“_, élé
SR ¢

Vol stationnaire

vent calme _f"

e
e = —

Vol vers |'arriére Vol vers |'avant

inaire

figure II 5 : Pendulum Motion of the Helicopter Fuselage

2.4 Conical Path of Rotor Blades

When the blades rotate, two basic forces operate:
Centrifugal force: pushes the blades outward.
Lift force: pushes the blades upward.

The interaction of these two forces causes the blades to follow a conical path. Increasing
the angle of attack to increase lift can lead to excessive blade bending, known as
"excessive taper," which must be avoided to maintain the integrity of the rotor's

structural system.

_t_
|
_l. Angle de
Avant decollage Portance la pale
—
h‘—‘-—-_-___t—__|—--""‘—( ;
L 'avionnaire | Force
| centrifuge

Pendant le décollage
figure IT 6 : Coning Path of Main Rotor Blad 1

—
o
| —
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2.5 The Coriolis Effect

Also known as the law of conservation of angular momentum. When the center of mass
of a blade changes position during movement (inward or outward from the axis of

rotation), its angular velocity changes to conserve momentum.

As the mass approaches the axis, its rotational speed increases, potentially increasing

lift.
Conversely, as the mass moves away from the axis, its velocity decreases.

These changes are absorbed by shock absorbers or the blade design itself, depending
on the type of helicopter.

Axe de Battement
rotation de la palg
_________ Ep —..- -
""" seTe L

Centre de
la masse

figure I1 7: Coriolis Effect on Rotor Blades

2.6 The Principle of Lift Generation by a Propeller

The principle of lift generation by a propeller is based on the principle of aerodynamics,

specifically the lift generated by changes in air speed around the wings or blades of a

helicopter. When talking about a helicopter propeller, the force is distributed as follows:

10

—
| —
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The effect of the propeller's circular motion: When the propeller rotates, its blades cut
through the air at high speed. According to Bernoulli's principle, this results in a lower

pressure on the upper side of the blade

compared to the lower side. This Lift
pressure difference between the two h?; Iz,r:ﬁfcl:tr;
sides produces lift. Upper Streamiine ~ g 1_g
\\\ Longer Distance
) ) Lower Streamline AL . |
Pressure difference: As mentioned, the High Pressure .
. Shorter Distance
Low Velocity

pressure is lower on the upper side of "Longer Path’ or "Equal Transit’ Theory

the blade due to the acceleration of the figure I1 8 : feather spinner
air above the blade. On the lower side,
the pressure is higher due to the slower air movement, generating lift that acts

perpendicular to the blade surface and, consequently, to the propeller as a whole.

Angle of Attack: The angle of attack is the angle between the direction of airflow and
the front surface of the blade. If the angle is too large, the blade will generate more lift,

but with an increased likelihood of stalling or unstable airflow, reducing lift efficiency.

Blade Speed and Fan Rotational Speed: The faster the fan rotates, the faster the airflow
around the blades, enhancing lift generation. Also, the length of the blades significantly

affects the amount of air cut and, consequently, the lift force.

2.7 Effect of rotor speed RPM on lift and thrust

2.7.1 The Effect of RPM on Lift
Lift Increases with RPM:

The higher the rotor rotation speed,
the faster the airflow around the
blades increases, resulting in
increased dynamic pressure on the
surface. This increased pressure
translates  into  higher lift.

Theoretically, lift depends on the

square of the flow velocity

figure IT 9 : fan rotor

(according to the lift equation),

11
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meaning that doubling the rotor speed can increase lift by approximately four times if

other factors remain constant.
Balancing the Angle of Attack and Blade Design:

Achieving optimal lift also depends on the angle of attack and blade design. If the blades
are not designed to handle high rotation speeds, flow separation may occur, reducing

lift efficiency.
Lift Equation:
L=2CSV2p
Where:
L is the lift force.
p is the air density.
V is the air velocity around the blade.
S is the surface area of the blade.

C, Lift coefficient, which depends on the angle of attack and wing shape.

2.7.2 The Effect of RPM on Thrust
Thrust Increases with RPM:

In rotor-based propulsion systems (such as propellers or helicopter blades), increasing
RPM increases the relative velocity of the air and thus generates greater thrust. Thrust
is primarily determined by an equation based on the propeller's rotational speed (RPM)

and other design factors such as rotor diameter and thrust coefficient.
Exponential Relationship:

Thrust increases exponentially with increasing RPM, meaning that an increase in

rotational speed results in a significant increase in thrust. However, as this speed

12

—
| —
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increases, challenges arise such as compressibility effects when approaching sonic

speeds at the blade tips, as well as increased mechanical stress and noise.
Thrust Equation:
Where:
T = %CtSn2 p
T is the thrust.
p is the air density.
n is the fan speed (rpm).
D is the rotor diameter.

C; Thrust coefficient.

2.7.3 Important Considerations When Using High RPM

Aerodynamic Efficiency:

Achieving a balance between increased RPM and angle of attack is vital to avoid

airflow disturbances and loss of efficiency.
Mechanical Stress:

Excessively high RPM increases centrifugal forces on the blades, which can lead to

wear or even damage to components if the design is improper.
Noise and Consumption:

Increased RPM can lead to higher noise levels and increased power consumption, which

can negatively impact performance in some applications.
e Example:

Study this helicopter if you have the following data

13

—
| —



Chapterll helicopter aerodynamics

Helicopter data:

Number of blades: 4 Blade

length: 3 m

Blade chord: 0.25 m

Rotor rotational speed: 400 rpm

Air density: 1.225 kg/m? (at sea level)

Lift coefficient (,C-L.): 0.5

Coefticient of drag (,C-D.): 0.02

Helicopter weight (m): 1500 kg

Gravitational acceleration (g): 9.81 m/s?

Blade area: 0.75 m? (calculated from the length of the blade and chord)

2.7.4 Calculation of lift generated by the blades

General formula for lift per blade :

L=l
—ZPU L
_ 2™ _ 4189

V=w *r =41,89 x 3 = 125,67
L= % *1,225%(125,67)% % 0,5% 0,75 > L =485291N

2.5.2 Calculation of the drag generated by the blades

Drag is the air resistance that opposes the movement of the helicopter. It can be

calculated using the drag coefficient C_D and the relative air velocity.

14
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Formula for drag :

1
D= E'DUZCDS

D= %*1,225*(125,67)2 * 0,02 x 0,75 D = 48529 N

2.7.5 alculation of the rotational moment (Torque) on the rotor
The rotational moment is the force that causes the rotor to rotate. It is caused by the
drag and lift of the blades and must be balanced by the helicopter engine to maintain

constant rotation.
The rotational moment can be calculated from the drag generated by each blade.
T =X(D;Xr;)
T=D*V =48529*1,5
T=727,94 N,m

2.7.6  Calculation of the power required to rotate the rotor
The power required to rotate the rotor depends on the drag generated and the rotational

speed.

Formula for the required power :

P=727,94 * 41,89
P =30493,4066 w

2.7.7 Helicopter weight calculation
For the helicopter to take off, the lift must equal the total weight of the aircraft. Weight

is the gravitational force acting on the helicopter.

Formula for Weight :

15
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Ppoidszm'g

Ppoias = 1500 % 9,81 »>» Ppoias = 14715 N

2.7.8 Take-off speed calculation
Take-off speed is the speed at which the lift generated by the rotor balances the weight
of the helicopter. For analytical calculation, it is possible to solve this relationship to

determine the take-off speed as a function of lift and weight.

Liotar = Ppoids

Leotar = L % 4 > Lioray = 19411.64

2.7.9 Estimated fuel consumption and range
Fuel consumption depends on the power required to maintain stable flight, usually

based on the power calculated to rotate the rotor and the efficiency of the engine.

Estimated fuel consumption :

:
= LHV
LHV = 43% 105 MJ/kg
And we have P=30493.4066 w  n=0,3
| _ 304934066 _ o
M= 03w 43x106  o°00kg/

16
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3 Introduction

Gambit and Fluent are commercially licensed software packages for performing 2D or
3D fluid mechanics simulations, ranging from mesh construction with Gambit to

solving Navier Stokes equations and post-processing with Fluent.

Widely used in industry (automotive, aeronautics, space, etc.) due to their powerful
graphical interface and extensive options, they allow simulations on all types of
complex geometries (fixed or moving) associated with fixed or adaptive meshes and

with various physical models (two-phase, turbulent, etc.).

3.1 Introduction to Gambit and Fluent

3.1.1 Gambit

Gambit (Geometry And Mesh Building Intelligent Toolkit) is a 2D/3D mesher; a
preprocessor that allows meshing geometry domains of a CFD problem. It allows you
to generate a structured or unstructured mesh in Cartesian, polar, cylindrical, or
axisymmetric coordinates. It can create complex two- or three-dimensional meshes
with rectangular or triangular meshes. Gambit's generation options offer flexibility.
Geometry can be decomposed into several parts to generate a structured mesh.
Otherwise, Gambit automatically generates an unstructured mesh adapted to the type

of geometry being constructed. With mesh verification tools, defects are easily detected.

It can be used to construct geometry and optionally generate a mesh for it; geometry
from other CAD software can be imported into this preprocessor. It generates *.msh

files for Fluent.

3.1.2 Gambit Interface and Steps:

a/ Launch Gambit: After launching the software, the user interface appears.

18
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= E

[Ele@/ul |1 | Mainmenu

JJE@@«L

Glohal Control

| we P ||| [ o |
AL Dispnlay menu
2= I

Transcript

Cosyright(c) 2004 ALL Rights Reserved

=g

Spatial Indexing Libracy version 0.91h (beta) previded under GVU Lesser General Bublic License

command: [

figure III 10 : The Gambit interface

b/ Construction of the geometry: To create our geometry, we choose the geometry
operation.

T[T oo ¢+ & |
B = R W

Create Real Rectangular Face

WAt |

= H
Height F [

Tase

Coordinate Swys. |_.;,3\..(_ 1 - |
Direction e —
Latsel I

g pling | Reset | Close 1

figure III 11: Construction of geometry

C / The mesh:

19
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To mesh the geometry, we proceed by selecting the mesh operation

rMesh Faces

Faces I - |
Scheme: B Spply Defaultl
Elements: Quad I

Type: FPave — |

Spacing: B Aspply Defaulll
5] Interval size — |

figure III 12: Mesh of a face and a volume 1

3.1.3 Fluent

Fluent is a commercial CFD code widely used in industry. It can solve fluid flows and
heat transfer for various types of problems. For example, it can calculate the lift of an
aircraft wing, the drag of a car, the cooling of electronic circuits using ventilated air,
etc. When starting the Fluent software, you must select the dimensions of the
computational domain (2D or 3D) and the precision the software should use: single or
double precision.

3.2 Blade Design in Gambit and Boundary Conditions

Workflow in Gambit for mesh generation. Common problems can be solved using two
different methods, such as a 2D model and a 3D model. In the case of a 2D model,
Gambit consumes less memory and takes less time to solve problems. Gambit software
was used to create a 2D mesh to solve a fluid problem on Fluent. Our work in 2D is on
a horizontal-axis wind turbine blade with an S809 blade.

3.2.1 Importing Point Coordinates into Gambit

The software will display an S809 profile curve. To convert the curve into a sketch, you
can then manipulate it in Gambit: file — file — ICEM Input — file name profile S809
— access
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S
File | Edit
New ___
Oopen ...
Save
Save Hs .

Print Graphics ___

Run Journal ...
CTlean Journal ...
Miew File __.

Import ==
Export —

ACIS ...
Parasolid ...

E it ISES ...

STEP ...

Catia V4 ...
ICEM Input ...
Mertex Data ...

figure III 13: Menu for creating geometry elem

3.2.2 Drawing the geometry of a blade by gambit

figure III 14:Face of a wind turbine blade Pr 1

3.2.3 Creating the Different Geometry Elements

To create our geometry, we choose the geometry operation (see Figure 111-6).
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Différents élément:

de la géométrie

1 1 1 1
{ Point _[ Face [ Volume ]
Operation Operation Operation Operalion
oleil | [6 o|wli] | [ @@ [ [5 o6 b
o Geometry Geometry

= =1 = s

Vertex

Create Real Vertex

Geometry

BRI ERTE =

E

E=AR= LK

Face

Jijmlile
wgoel 3]

'FJJJJ

Type: @ Real - Wirtual

1 Crzate olznar tolerant face

L

Coordinate Sys. [ sys.1  #| _l_I_#lgl
Type Cartesian —
Global I_:cal .‘ J J _l _l

st
z: E:J) z: E‘.’ Vertices [} E
Label [T | Type: 4 Real Vi
ERERE| EH | I e [l
e Ll O
!I ., g __.E'il__cil Label B
EIH_%I&I Apply | Reset I Close |

abel

—

Apply | Reset | Close

i Fe| @] i &
Faces,iilﬂ

@ Sincle volume

Number:
~ Multiple volumes
4 Real

~ Virtual

Type:

~ Pea and Vs
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Figure Il 6 Création des différents éléments de la géométrie

Figure Ill 7 Géométrie de [’aube en 2D

figure III 15 : (figure 7) ( figure 6)

Dynamic Meshing in GAMBIT

Mesh generation is a very important phase, given the influence of its parameters on the
calculated solution. A high-quality mesh is essential for obtaining accurate, robust, and
meaningful computational results, and has a significant impact on convergence,
solution accuracy, and, above all, computation time. To mesh the geometry, we proceed
by selecting the mesh operation (see Figure I11-7).
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[ Maillage ]

1 1
[ Linge Face ] [ Volume ]
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Figure Il 8 Maillage Dynamique
figure III 16: malillge dynamique
3.2.4 Boundary Conditions

For boundary conditions, follow these steps: Operation Zones Specify Boundary Types
(see Figure III-8). This menu allows you to define the physical boundary conditions of
the domain, namely whether the lines (in 2D) are inlets, fluid outlets, free surfaces, axes

of symmetry, etc.
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Specify Boundary Types

FLUENT 5/6

Action:

@ Add ~ BAodify

~ Delete ~ Delete all

Mame Type

aubez WAL L

entre WELODCITY
mure 1 WA LL

murez WAL L

sortie OUTELOW
<3 =<1 ]

| Show labels _| Show colors

Name: |I

Type:
CUTELOY =
Entity:
Faces — ”E tl
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[ = T
Remove | Edit |

| Apply I Reset | Close |

figure III 17:Boundary conditions in 2D

3.2.5 Meshing of the face of the wind turbine blade

figure III 18: Geometric mesh and boundary conditions

3.3 Calculation in Fluent

a/ Importing the geometry (*.msh) To begin the simulation, you must
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.import the file (*.msh) generated by Gambit

File Read Case

=) FLUENT [2d, dp, pbns, lam]

File Grid Define Solve Adapt Surface Display Plot Report Parallel Help

Read > Case...
Write > Data...
Import > Case & Data...
Export... el

DTRM Rays... 1_s1119-64.dmp™
inmees View Factors...
Hardcopy... Profile...
Batch Opticns... ISAT Table...
Save Layout S
Run... Journal...
S 5809
Exit 5809 D=2

Building. ..

grid,

materials,

interface,

domains,

Zones,
default-interior
entree
interior_2
extrados
intrados
sortie
paroi_exterieur
fluid

shell conduction zones,

Done .

figure III 19 :Importing geometry

b/ Checking the imported mesh.

Grid Check
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Grid Check
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Checking

Checking

Checking

Checking

Checking

Checking

Checking

Checking

Checking

Checking

Checking

Checking

Checking

Checking

Checking

Checking

Checking

Done.

tents:

inate: min {m)
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face node order.
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boundary types:
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figure I1I 20 : Mesh verification in Fluent
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figure III 21 : Unit verification
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d/ Choice of solver

Define Models ——  Solver

Solver
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" Density Based
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* 2D
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" Axisymmetric Swirl
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* Absolute
" Relative
Gradient Option
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Help |

figure III 22: Solver choice in Fluent

e/ The energy equation

Define Models

Operating conditions Define Operating conditions

—_—

Energy

[ Energy Equation

Ok Cancel Help

figure III 23 : The energy equation
Operating conditions ~ Define ——»

Operating conditions
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= Operating Conditions

Pressure Gravity
Operating Pressure [pascal] || | Gravity
|1 81325

Reference Pressure Location
X (m) o

Y (m)[o

0K | Cancel Help

figure III 24 : Choice of reference pressure

g/ Usual boundary conditions

Define ———  Boundary Conditions

ﬁ Boundary Conditions

Zone Type
default-interior | | inlet-vent ~
intake-fan
extrados interface
fluid mass-flow-inlet
interior_2 outflow
intrados outlet-vent
paroi_exterieui| | pressure-farfield
sortie pressure-inlet
pressure-outlet
symmet
wall w

D
‘s

Set... | Cnpy...| Cluse‘ Help |

figure III 25 : Values of boundary conditions

h/ Velocity inlet
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IEJ ﬁ Velocity Inlet
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figure III 26 : Input speed

viscous ...

In our experiment we chose k-epsilon (2 eqn )
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figure III 27 : Choice of viscous model

j/ Choice of order of the equations and the algorithm

Solve —» Controls —» Solution
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@] Solution Controls
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Flow
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figure III 28 : Choice of order of equations and the algorithm

Solve ———— Initialize—— Initialize...

@] solution Initialization
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" Absolute
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Figure 211
figure III 29 : Initialization of the calculation

L/ Choice of convergence criteria

Solve Monitors Residual...
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ﬁ Residual Monitors
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figure III 30 : Residual monitors

m/ Lancement du calcul
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figure III 31 : Choosing the number of iterations

n/ Allures de 1’évolution des résidus de calcul

31

—
| —



Chapterlll

Digital study

Residuals
continuity
x-velocity
y-velocity

epsilon

1e+01

1e+00

1e-01

1e-02

1e-03

1e-04

1e-05

1e-06

20 40

60 80
Iterations

100 120

Scaled Residuals

A
FLUENT 6.3 (2d,

pr 15, 2025

pbns, ske)

figure III 32: Trends in the evolution of calculation residues
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figure III 33 : Contours of static pressure
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4 Introduction

In this chapter, we present the results of numerical simulations of airflow around a
helicopter rotor blade using two-dimensional flow-force distribution (2D CFD). The
results include an analysis of the convergence of the numerical calculations, as well as
a study of the pressure distribution and velocity changes in the area surrounding the
blade. The focus is also on studying the effect of different rotation speeds on blade
performance. This section examines the velocity and pressure distribution along the
horizontal (X) axis at different rotation speeds.

4.1 Study of the pressure curve at different rotation speeds: V =94 m/s,
V=157 m/s, V=188 m/s, and V = 251 m/s

This section examines the changes in the pressure distribution around a helicopter
rotor blade at four different rotation speeds: 94 m/s, 157 m/s, 188 m/s, and 251 m/s.
These changes are represented using color maps (pressure contours), where each
color reflects the actual pressure value in a specific area. This analysis aims to study
the relationship between rotational speed and pressure increase around the blade,
which contributes to improving our understanding of the dynamic performance of the
blade under various operating conditions.
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4.2  Pressure Distribution Analysis for Different Effects

In this section, the static pressure distribution (static pressure) was analyzed as the fan moves
independently from four different rotating wheels, respectively: V=251, V=188, V=155, and
V=94. The results were obtained using ANSYS Fluent by plotting isobars (pressure profiles).

4.3 General Effect:

It is evident from the images that increasing the operating speed significantly reduces the
pressure above the fan surface, as it is relative to the downward pressure, resulting in a
significant difference in the generated lift force.

4.4 Detailed Analysis for Each Case:

At V=251: A significant difference is evident between the pressure on the upper surface (low
pressure, dark blue areas) and the lower surface (full pressure, green and yellow colors). This
difference generates a significant lift force, demonstrating high efficiency at this speed.

At V=188: There is still a clear difference in pressure, but to a lesser extent than in the previous
case. The pressures remain constant and low, and the pressure below them is moderate,
indicating a good ability to generate lift, but less than in the first case.

At V = 155: Noticeable discomfort is reduced. This is evident in the close color gradient
between the two sides, indicating that the propeller is capable of generating lift.
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At V = 94: The pressure difference is very small, with the pressure values above and below V
being almost identical. In this case, the generated lift is insufficient for takeoff or maintaining
flight.

4.5 Conclusion:

Understand, through analyzing the pressure distribution, that increasing the rotational speed
directly leads to increased generated lift. This is consistent with fluid mechanics requirements
and is essential for understanding propeller performance during takeoff and flight.

4.6 presentation of the pressure and speed curves a function of X at
different stations (X=0 to X=1)
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4.7 Analysis of pressure curves as a function of X for v=94m/s , v=155
m/s, v=188 m/s, v=251 m/s

EI

4.8 4,8CONCLUSION

4.9 In this chapter, we study the pressure across several regions in the
vane domain and represent it as a function of X as the pressure
changes. We see the pressure at each location as a function of X.
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General Conclusion :

This numerical study, which utilized computer simulation tools (CFD), specifically
ANSYS Fluent, achieved a deeper understanding of the effect of propeller rotational
speed (RPM) on a helicopter's takeoff capability. The results showed a clear direct
relationship between rotational speed and the generated lift force, with lift force
increasing significantly with increasing rotational speed, confirming the theoretical
foundations of aerodynamics.

However, increasing rotational speed is not always optimal. Exceeding a certain RPM
threshold leads to increased energy consumption, increased noise, and mechanical
stress on the blades, which may lead to performance degradation or mechanical failure.
Therefore, one of the most important outcomes of this study is determining a critical
RPM value that achieves the ideal balance between aerodynamic efficiency, energy
consumption, and operational reliability.

The study also emphasized the importance of using numerical simulation tools in the
design and analysis of helicopter propulsion systems, as they provide accuracy and
efficiency in testing various scenarios without the need for costly physical
experimentation.

Thus, this study contributes to paving the way for the development of more efficient
and stable helicopters and opens new horizons for improving the performance of
vertical takeoff systems by optimizing the aerodynamic design of propellers and
determining optimal operational parameters.
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