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The propeller requires precise design tailored to various flight conditions. In
this study, the aerodynamic relations governing propeller performance were
examined, focusing on the analysis of lift and drag forces acting on the
blades. To achieve an optimized design, several propeller configurations
were investigated, and the effects of parameters such as angle of attack,
thrust distribution, and velocity profiles on propeller efficiency were
analyzed. Subsequently, based on the Blade Element Momentum Theory
(BEMT), a propeller suitable for an electrically powered aircraft capable of
operating at speeds above 60 m/s was designed. The initial design and
simulation were performed using JavaProp software, and the obtained
results were validated through comparison with reference data. The results
demonstrated that the presented design enhances aerodynamic behavior at
high speeds and can serve as an efficient option for electric propulsion
systems. For the flow analysis around the propeller, a CFD approach based
on the Reynolds-Averaged Navier—Stokes (RANS) equations and the k-
turbulence model was utilized. As the engine rotational speed increased
from 2500 to 5000 rpm, the thrust rose from approximately 4,500 N to
12,500 N, and the uniform velocity field indicated stable and coherent flow
structures around the blades. Furthermore, the gradual increase in thrust with
rotational speed confirms the proper adaptation of attack angles and
geometric twist to real-flow conditions. Overall, the designed propeller
demonstrated a 35 % increase in efficiency making it a reliable and effective
choice for electric propulsion systems in light and aerobatic aircraft
applications.
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1. Blade Element Momentum Theory (BEMT)
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Fig. 2. Lift coefficient versus angle of attack at different
Reynolds numbers [28].
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Fig. 4. Propeller configurations: (a)Tractor, (b)Pusher, (c)
Multi-engine [6].
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Table 1. Input data to design propeller.

Design Specifications Description
Type of Propeller Tractor
Propeller Diameter (m) 1.5t02 (m)
Number of Blades 2t03
Engine Speed Range (RPM) 2500 to 5000
Engine Power (kW) 50
Design Method BEM+CFD
Propeller Efficiency More than 85%
Propeller Tip Mach Number Less than0.8
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Table 2- Efficiency and performance coefficients of the three
designed propeller types.

Parameter Design 3 Design 2 Design 1
Propeller
Diameter 1.7 1.7 1.5
(m)
Number of
Blades 2 2 2
Efficiency
(%) 75.52 75.55 66.94
Thrust
Coefficient 0.1003 0.1001 0.3144
Torque
Coefficient 04473 0.7950 0.4473
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Fig. 5. Design and simulation of propeller flowchart.
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Table 3. Aerodynamic characteristics of the airfoils at various
sections of the propeller [28].

Airfoil 1 | Airfoil 2 | Airfoil 3 | Airfoil 4

Angle
of
Attack
)
Airfoil
Name

Design 1

E-193 E-193 MH-116 | MH-114

Angle
of
Attack
(@)
Airfoil
Name

Design 2

MH-114 | MH-114 | MH-114 | MH-114

Angle
of
Attack
)
Airfoil
Name

Design 3

MH-116 | MH-114 | MH-116 | MH-116
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Fig. 10. Comparison of single-blade lift tp drag with respect to
the non-dimensional propeller length.
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Table 6. Input data.

Parameter Value
Airfoil Name NACA 6412
Propeller Diameter 4m
Propeller Diameter 0.15m
Rotational Speed 120 RPM
Freestream Velocity 4mls
Number of Blades 2
Thrust 100 N
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Fig. 8. Comparison of propeller thrust with respect to the non-
dimensional propeller length.
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Fig. 9. Comparison of single-blade Mach number with respect
to the non-dimensional propeller length.
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Table 4. Validation of the obtained results through
comparison with the reference data.

Parameter Our Results | Reference % Error
L 0.5 0.5 0
nD

Efficiency 70.47 76.56 0.1

Thrust (T)

100 100 0
(N)
Power (P)
567.5 566.8 0.1
(W)
Blade Pitch
Angle, pat 18 17.9 0.5
75%R (°)
Y 0.159 0.159 0
R
Prope.ller Moderate Moderate -
Loading
Thrust
Coefficient, 0.08 0.08 0
Torque
Coefficient, 0.058 0.0567 0.17
Pitch Ratio, 3.05 3.05 0
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Fig. 11. Designed propeller.
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Table 6. Boundary conditions.

Input Condition Value
Temperature (K) 293
Pressure (kPa) 101
Rotational Speed (RPM) 2500-5000
Rotational Speed (RPM) 25x10°°
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Table 7. Meshing specifications.

Title Mesh 1 Mesh 2 Mesh 3
Number
of
Boundary
Layer
Cells
Number
of
Boundary 10 15 25
Layer
Cells
First
Layer
Height
(mm)
Cells
Around

the 300 100 50
Blade(mm
)
Number
of Fluid
Domain
Cells
Total
Number
of Cells

3 byl )90 48l ilisee (6400 )Seo i (Slawlre &S | s

Unstructured | Unstructured
, Multi-block | , Multi-block

Unstructured
, Multi-block

0.1 0.01 0.001
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Table 5. Turbulence model coefficients.

Coefficient | A, o o, C,, C,

Value 4.04 1.2 1 1.9 1.44
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Fig. 13. Domain boundaries.
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Fig. 14. Meshing performed.
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Fig. 16. Validation of the simulation with the reference [29].
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Table 8- Type of boundary conditions.

Domain Pressure Velocity | Temperature
Inlet Zero Constant Constant
Gradient Value Value
Static Zero
| . Isothermal
Outlet Pressure Gradient sotherma
Zero Zero .
Wall Gradient Gradient Zero Gradient
Zero
Propeller . No Sli Zero Gradient
P Gradient P
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Fig. 19. Pressure distribution around the propeller at 3,000
RPM.
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Fig. 18. Velocity distribution around the propeller at 3,000
RPM.
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