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This research aims to increase the aerodynamic efficiency of the Bonanza light aircraft propeller in cruising flight and
improve its flight range by applying suction slots to its airfoil surface. In previous research, the application of suction
slots to delay flow separation on the airfoil of an aircraft wing, engine compressor blades, wind turbines, and UAV
propellers has been investigated. These slots are used in two active and passive forms, but in this study, the passive
type is used so that an increase in weight and a change in the center of mass do not occur. The location of the suction-
slot application on the lower surface of a two-dimensional asymmetric airfoil is considered relative to the leading edge.
Geometric pitch angle calculations have been performed for cruising altitude and speed. In the present simulation, the
temperature, pressure, and humidity quantities of Tehran Mehrabad International Airport were considered as the base
environmental variables. Initial computations were performed using the Blade Element Momentum Theory (BEMT),
and a numerical solution was then obtained with ANSY'S Fluent to study the flow field and evaluate the performance
of the propeller with the slot. The results showed that the closer the slot is to the leading edge, the less its effect on
reducing the lift coefficient. However, if the slot is applied to the selected airfoil components of the blade according to
the geometric dimensions presented in this study, the propeller lift coefficient (C;) increases by about 7%, and its
moment coefficient (Cy) at the blade reference station increases by about 6%, and the propeller efficiency improves
within the range of 4% advance ratio. It was also observed that the effectiveness of the slot in propeller efficiency ()
is reduced in the stations closer to the blade tip.
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Fig.1 Surface Suction Slot with Assumed Depth and Length
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Table 1 Flight area parameters

Parameter Value
Runway in use 29L
Tare 36.82/C
Elevation 3796 ft
Cruising Altitude 11500 ft - 3.5052 km
Tisa 287.182/K
Pisa 100673.8995 Pa
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Table 2 Mesh Metrics
Case Cell Count Aspect Ratio Skewness Orthogonal Quality
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Coarse 216,589 21916 0.16114 0.95008
Very coarse 158,284 29.822 0.15734 0.95227
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Table 4 Boundary Conditions Value

Value Parameter
T 287.18
P 100673.8995
u 3.80E-07
P 1.204
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M 0.703
a -0.01487067
c 0.14
R. 1.367128E+08
v 1
Ay 0.000034
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Table 3 Solution Setup
Field Settings
Solver Steady-state, 2D, Density-based

Turbulence model k-omega SST
Inlet & Outlet: Pressure Far-Field

Eeundan/jconditions Airfoil boundary: Wall

Solution Methods Coupled

Convergence Criteria-Residuals 1le-06

Turbulent Viscosity 1

Under-Relaxation k, @ 0.8

Gradient Least Squares Cell Based
Pressure PRESTO!

Density Second Order Upwind, Ideal-Gas
Momentum Second Order Upwind

Turbulent Kinetic Energy (k) First Order Upwind
Specific Dissipation Rate (w) First Order Upwind
Material Fluid: Air

Length Scale Meter

Grid Levels Cp_net Var (%) Ca C
Very fine 0.137709 0.46 0.14344 -0.000223
Fine 0.138339 0.08 0.14366 0.000520
Medium 0.138448 0.18 0.14392 0.003492
Coarse 0.138194 0.56 0.14319 -0.001442
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Sta. D Ve BHP P Mstot
3 220.04917  281.864 550 4454  0.25318994
4 192.01721 281.864 550 445.4 0.22093619
6 142.0376 281.864 550 4454  0.16342934
9 99.7245 281.864 550 4454  0.11474363
10 93.754783  281.864 550 4454  0.10787483
11 97.26268 281.864 550 4454  0.11191104
12 117.45194  281.864 550 4454  0.13514093
13 263.28566  281.864 550 4454 030293811
14 473.50615  281.864 550 4454  0.54481911
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