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1. Introduction 

Aerodynamic drone performance depends on their 

rotor's design, influencing the natural dynamics and 

propulsion power efficiency. Several factors should be 

considered when designing a new drone propeller blade. 

Primary geometry factors such as the number of blades, 

rotor diameters, and pitch were the main contributors to the 

propulsion efficiency and were extensively studied in the 

past [1]. However, not much research has been published 

on the effect of rotor configuration on propulsion system 

efficiency in hover. Thus, additional influence of rotor 

configuration such as the coaxial propeller configuration 

investigated in this work to supplement findings in factors 

that affect a drone system's propulsion efficiency.  

Coaxial rotors are a pair of rotors positioned one above 

the other on concentric shafts, rotating in opposite 

directions but with the same axis of rotation. There is 

interference between the flows of the two propellers in a 

coaxial propulsion system, resulting in a lesser total thrust 

than when the two propellers are isolated. This propulsion 

system is commonly employed because it has an excellent 

thrust-to-volume ratio. After all, the two engines are close 

together and the overall output thrust is greater than a 

single engine [2-4]. Aircraft come in a variety of forms, but 

this study will focus on coaxial arrangements. 

The geometry influence on rotors is critical for 

improving a drone's lift and drag performance. The 

generation of lift is affected by the form of an airfoil as 

well as variations in the angle of attack. The amount of an 

object's drag is determined by the form of the blade and 

how it travels through the air. An intelligent discussion of 

the factors affecting the magnitude of rotor blade lift and 

drag requires knowledge of blade section geometry [5,6]. 
It was shown that the equivalent single rotor performs 

better than the coaxial rotor at moderately high advance 

ratios, while the coaxial rotor performs better in hover [7-

9]. Recent research suggests that the performance and 

other characteristics of a coaxial rotor system may have 

been overestimated, and they are certainly not as well 

understood as single rotors.  

Abstract: A propeller is a device with a rotating hub and blades that form a helical spiral at a 
specific pitch angle. It acts on a moving fluid, such as air, to convert rotational power into linear 
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The thrust generated by a motor-propeller combination 

is critical in the design and simulation of an unmanned 

aerial vehicle (UAV). As a result, it must rely on the 

correct geometrical characteristics to attain the best 

efficiency in performance [10,11]. Aerodynamics is the 
dynamic division that deals with the motion of air and 

other gases that allows us to fly [12]. It can refer to forces 

acting via the air on a moving item or a stationary object in 

an air stream. Aerodynamic efficiency is a metric that 

analyses a flight parameter's efficiency in generating 

aerodynamic forces [13-15]. The objectives of this project 

are: (1) To study the effect of the chord length, pitch, 

number of the blade toward coaxial blade thrust 

generation. (2) To validate the accuracy of the simulation 

of the single rotor with experimental data. (3) To propose 

a near-optimal design blade design of the coaxial rotor and 

compare the aerodynamic performance with a single rotor. 

 

2. Designs and Methodology 

2.1 Modelling and Setup 

In this study, the scope is focused on simulating and 

comparing the airflow behaviour of both single propellers 

and coaxial configuration propellers. Fig. 1 shows 

preparation for a simulation work where the rotating region 
is the place for the propeller and inlet and outlet ducts are 

showing the flow of air from the upper (inlet) to the lower 

(outlet) then all this happens in a stationary region. The 

model was created in SolidWorks by referencing the 

parameters as shown in Table 1 

 

Fig. 1 – Setup for simulation work 

 

Table 1 – Parameter for propeller design   

Parameter Propeller 

Hub thickness (mm)  7.6  
Hub diameter (mm)  12.7  
Tip radius (mm)  14.7  

Hub radius (mm)  33.6  
Propeller diameter (mm)  24  
Rotational speed, (rpm)  6000  
Blade number  2  

A total of two different propeller setups are used for 

this study to observe and differentiate the airflow 

properties between different setups. In this setup, there are 

variations of inlet velocity 15 m/s were used to observe the 

airflow pattern of the setup. The parameters of the fan 
setups are shown in Table 2. The setups were coaxial rotor 

and single rotor. For the coaxial setup, 2 blades fans as the 

front rotor rotating in a clockwise direction while 2 blades 

fans as the rear rotor rotating an anti-clockwise direction. 

Lastly, for the single setup, 2 blades fan rotating in the 

clockwise direction. In this setup, there are variations of 

inlet velocity 15 m/s were used to observe the airflow 

pattern of the setup. A positive rotational speed indicates 

that the fan rotates in the clockwise direction, while a 

negative rotational speed means that it rotates in the anti-

clockwise direction. 

Table 2 – Parameter for configuration setup  

Name  
No. of 

fans  

No. of 

blades  

Inlet velocity 

(m/s)  
 (RPM)  

Single rotor  1  2  15.0  (+6000)  

Coaxial rotor  2  2  15.0  
(+6000), 
(-6000)  

 

2.2 Geometry 

The model was created in SolidWorks by referencing 

the parameters previously mentioned in Table 1 and the 

initial sketch in Fig. 2. The model was created in 

SolidWorks by referencing the parameters previously 

mentioned in Table 1 and the initial sketch in Fig. 2. The 

single propeller will use only one propeller while for 

coaxial configuration system will use two-propeller that 

will be set on top of each other with a 148 mm gap between 

propellers as shown in Fig. 3. 

 

Fig. 1 - Geometry of single blade 

 

 
Fig. 2 - Geometry of blade for a coaxial rotor 
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2.3 Meshing  

Mesh is described as a particle size measurement that 

is frequently used to determine the particle-size 

distribution of a granular substance. Meshing is one of the 

most essential processes in the fluid simulation since it 

influences the correctness of the computation result. The 

more precise the output, the smaller and finer the mesh 

size. However, even with a powerful computer, 

excessively fine mesh might result in extremely long 

calculation times. It may potentially cause instabilities or 

software crashes. For this study, a mesh size of 30 mm was 

used to maintain a balance between mesh size and 

calculation time.  

The fan blades, rotating boundary, domain, inlet, 

outlet, and walls are selected and added as named 

selections to ease the future process. To control the mesh 

refinement, face sizing, body sizing, and inflation were 

added to the selected geometry. Figure 3 shows the Grid 

structure of the mesh for the full stationary region. 

 

Fig. 3 - Grid structure of the mesh created 

A grid-independent test was performed to evaluate the 

correct mesh size and number of elements that did not 

substantially affect the grid sensitivity of the analysis. It 

needs to be remeshing into a smaller element size to reach 

the acceptable mesh size level of adaptive. The size which 

has been re-meshing focused only on the blade part as it is 
an essential element that needs to be simulated and the 

performance result analyzed. The experimental tests on the 

inlet-velocity of 15 m/s were shown in Table 3. 

Table 3 – Parameter for rotating fan   
Element 

size (mm) 

Element 

size (mm) 

Element 

size (mm) 

Element 

size (mm) 

80 80 80 80 
55023 55023 55023 55023 
350442 350442 350442 350442 

 

 

According to the grid-independent test, the 20 mm 

element size was chosen due to the most elements 

compared to the others. It was therefore considered to be 

the most reliable and appropriate element size. 

3. Results and Discussion 

3.1 Velocity Contour 

Two setups then had the inlet velocity set at 15 m/s to 

simulate the airflow created by spinning fans. The contour 

maps are taken from the last frame of the 100 times steps 

as before, and the results are as shown in Fig. 4 below. 

 
(a) Single propeller 

 
(b) Coaxial configuration propeller 

Fig. 4 - Contour maps of the two setups for 15 m/s  

Based on the two setups, the single setup had the 

uniform contour compare to the other setups, but even 

though the coaxial setup had the less uniform contour 

compare to the single setup, the coaxial setup had a larger 

maximum velocity ranging from 394.4 to 416.3 m/s. while 

the maximum velocity for a single setup ranging 130.0 to 

137.2 m/s. 
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3.2 Streamline 

A streamline is a direction through the fluid domain 

that a particle with zero mass can follow. Streamlines start 

on a given locator at each node; in which case the 

streamline begins at the inlet. Another way to visualize the 

behaviour of airflow required for this study to be analysed 

is to Streamline. The procedure is the same as before, using 

the last frame of the 100-time measurement of measures as 

the analysis subject. 

 
(a) Single propeller 

 
(b) Coaxial configuration propeller 

Fig. 5 - Streamline results of the two setups for 15 m/s 

 

From 5(a) and 5(b), single setup produced a straight 
and wide with traverse airflow occur at the center. Single 

and coaxial setups produced an airflow with similar 

behavior, but the coaxial setup’s airflow less focusing on 

the center. Note that in coaxial setup the flow has 

turbulence before entering the rotating region and has 

another turbulence when out from the region. This is likely 

caused by the rear fan disrupting the flow of the air. 

4. Conclusion 

Throughout this analysis, the approached 

computational fluid dynamics was used to numerically 

evaluate the performance analysis of the propeller. The 
simulation research was carried out using the steady 

procedure used to calculate the quantity. k-epsilon 

turbulence had been used for this solution as it can be 

expected well below the boundary wall. The results from 

the numerical simulations provided a strong understanding 

of the internal flow around the rotating region, and an 

aerodynamic airflow. The first objective of this research 

was to study the factors affecting propeller efficiency 

which is the propeller chord length, pitch, and the number 

of blades towards aerodynamic performance which shows 

that these three factors are the main contribution for the 
drone propeller to hover. Next, the objective was to 

propose the optimal or near-optimal blade design and rotor 

configuration to improve aerodynamic performance and 

propulsion efficiency. To propose the optimal blade the 

experimental data from the previous study help to provide 

specific data during propeller blade designing. This 

objective has been achieved after the finished design of the 

new propeller blade to be utilized for both configuration 

setups. The final objective is to validate the performance 

of propeller configuration CFD simulation. The overall 

aim is to demonstrate the accuracy of the CFD solution to 

be used for aerodynamic simulation with confidence and 
that the results are considered reliable for design decision-

making. CFD may provide corrections to experimental 

observations at a higher precision than the existing CFD 

method.  
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