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I. INTRODUCTION 
 
Propeller is one of the most important equipment in 
aircraft technology. Propellers with a special section 
geometry, called airfoil, provide the necessary 
propulsion for aircraft. Propellers produce thrust by 
moving air. The basic principle of a good propeller 
design is to achieve maximum propulsion with 
minimum torque. Numerical and analytical methods 
and test setups are applied to obtain the performance 
characteristics of the designed propeller. 
 
In this study, the results of twomethods, which are the 
Lifting Line Theory and CFD Methodology,are 
compared with the torque and thrust coefficients from 
test results based on a NACA report [1]. The Clark Y 
airfoil section based 2-blade propeller is chosen for 
the comparison. Tests were done for 1200 rpm 
rotational speed of the propeller for different air 
speeds. 
 
II. PROPELLER THEORY REVIEW 
 
2.1. Analytical Methods 
 
2.1.1. Lifting Line Theory 
In this method, a lifting line, with trailing vorticity 
aligned to the local flow velocity, represents propeller 
blade. Forces are computed by integrating the 
sections load over the blade span [2]. The velocity 
and the force diagram are shown in Figure 1. 

 

 

Fig.1. Propeller velocity and force diagram at radius r 
2.1.2. Blade Element Theory 
Blade element theory is widely used in the analysis of 
propellers. Assuming that blade is composed of 
aerodynamically independent, chord wise-oriented, 
narrow strips or elements [3]. The aerodynamic 
forces on the elements are shown in Figure 2. 
 

 
Fig.2. Blade Element Aerodynamic Forces 

 
2.1.3. Momentum Theory 
In momentum theory, the propeller is considered as 
an infinitely thin actuator disk. Across the disk, while 
pressure chances, the velocity does not. Figure3 
shows the slipstream and the other parameters [4]. 
 

 
Fig.3. Momentum Theory Propeller Approach 

 
2.2. Numerical Methods 
2.2.1. CFD Methodology 
Computational Fluid Dynamics (CFD) is widely used 
in aerodynamic design and analysis. It uses the 
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governing Navier-Stokes Equations tonumerically 
solve the flow field. Using CFD gives the possibility 
to simulate and analyze complex problems without 
simplified flow models.In this study,the Autodesk 
Simulation CFDTM software [6] was used. 
 
III. ANALYSES AND RESULTS 
 
3.1. Propeller Geometry 
Propeller geometry specifications are given in Table 
1 and the CAD model is shown in the Figure4. 
 

 
Table.1: Propeller Geometry [1] 

 
 

Fig.4. 2-Blade Propeller Geometry 
 
3.2. Lifting Line Theory Analysis 
For lifting line method, OpenProp[5], which is 
written in MATLAB M-code, is used. The code is 
based on lifting line theory. Some parameters are 
rearranged for air properties and the Clark.Y airfoil 
section. Input screen is shown in Figure5. 
  

 
Fig.5. OpenProp Input Screen 

  
Inputs values are taken same as the test setup done by 
NACA. The code gives the thrust, torque, efficiency 
values for a specific advance ratio and gives the 
performance characteristics of the propeller for 
different air speeds. The circulation distribution is the 
main goal of the theory and it is given in Figure 6. 

 
Fig.6. Circulation Distribution over Span 

 
3.3. CFD Analysis 
The calculations have been performed with the 
commercial CFD code Autodesk Simulation 
CFDTM[6], which is based on finite element method 
to reduce the governing partial differential equations 
to a set of algebraic equations [6].The domain is 
divided into two main parts, which are stationary part 
and the rotating region around the propeller. SST-k-

turbulence model [7]was used.  
 
The computational domain is defined as a cylinder 
and it contains two other cylindrical volume. One of 
them is for the rotating region and the second one is 
for refinement region around the propeller. The grid 
structure of the propeller blade and the domains 
shown in Figure7 and Figure8. 
 

 
Fig.7. Grid Structure of the Propeller 

 

 
Fig.8. Grid Structure of the Domain 

 
The model has 8,085,426 fluid elements 166,403 
fluid nodes.The analyses were done for rotational 
speed of 1200 rpm and advance ratio of 0.20,  0.40, 
0.55, 0.60, 0.70 and corresponding air speeds which 
are given in Table2. 
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Table.2:CFD Analyses Points 

 
3.4. Test Results 
Test results were shown graphically in aNACA report 
[1]. In the report, Power Coefficient and Thrust 
Coefficients are given. The graphs are shown in 
Figure 9 and Figure 10.The calculations of the 
coefficients are given in equations (1), (2), (3), (4). 
 
J = 

୬ୈ
 , Advance Ratio   (1) 

 
C = 

ρ୬మୈర
 , Thrust Coefficient  (2) 

 
C୕ = ୕

ρ୬మୈఱ
 , Torque Coefficient  (3) 

 
C = 

ρ୬యୈఱ
 , Power Coefficient  (4) 

 
ρ:density of air (kg/m3), V: air speed (m/s),                 
n: rotational speed (rev/sec), D: diameter (m),              
T: Thrust (N), Q: Torque (Nm), P: Power (W) 
 

 
Fig.9. Power Coefficient Curves for 2-Bladed Clark Y. Section 

Propeller 

 
Fig.10. Thrust Coefficient Curves for 2-Bladed Clark Y. 

Section Propeller 
 
III. COMPARISION OF THE RESULTS  
 
CFD results including the torque and thrust values for 
the five different advance ratios are given in Table.3. 
 

 
Table. 3:CFD Results of Thrust and Torque 

 
Torque Coefficient and Thrust Coefficient are given 
in Table4.for the CFD results and in Table 5.for the 
test results. 
 

 
Table.4:CFD Results of Thrust and Torque Coefficients 

 

 
Table. 5:Test Results of Thrust and Torque Coefficients 
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Test, the lifting line theory and the CFD results are 
given in Figure 11.andFigure 12. 
 

 
Fig.11. Torque Coefficient Results 

 
 

 
Fig.12. Thrust Coefficient Results 

CONCLUSIONS 
 
Propeller performance prediction analyses was done 
and major conclusions are given as follows: 
1. Lifting Line Theory is a quick and an accurate 

model for performance analysis of propellers. 
2. CFD analysis is more accurate with proper setup 

and grid structure. It also resolves more physics 
with a high computational cost. 
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