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ABSTRACT – The widespread use of drones has garnered considerable attention, given their 
diverse range of feasible applications and the modest costs required for operation. Yet, 
materials for drone propellers have not been widely explored. The proper usage of materials 
and the selection of additive manufacturing for structurally complex aerodynamic blade designs 
in drones' design and development provide compelling energy savings. This work presents a 
3D printed propeller using Fused Deposition Modelling (FDM) and Stereolithography (SLA) 
based on Acrylonitrile Butadiene Styrene (ABS) and Polylactic Acid (PLA). ABS resin is the most 
preferred manufacturing method for propellers, with 9.6% more ductility compared to ABS 
filament and PLA resin, as indicated by the stress-strain curve obtained through the tensile test. 
A static test experiment was conducted on an ABS resin-based 3D printed propeller to compare 
the propeller performance between NACA 4412 and Clark-Y. From the experiment, with the 
same diameter and pitch, NACA 4412 was proven to be more efficient compared to Clark-Y, 
with 15.86% higher static thrust and 9.32% higher efficiency. The significant findings from the 
3D-printed propeller are derived from the aerodynamic parameters that influence thrust, power, 
and efficiency. Thus, this study lays the groundwork for achieving optimal propeller 
performance, particularly from an additive manufacturing perspective. 
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1. INTRODUCTION 

Drones, also known as Unmanned Aerial Vehicles (UAVs), have undergone significant technological advancements 

and have experienced rapid growth in recent years, with a wide range of applications across various industries. The 

evolution of drone technology has emerged from the early development of simple remote-controlled aircraft to 

sophisticated unmanned systems with advanced capabilities. The usage of drones has advanced from remote-controlled 

applications to autonomous flight, driven by advances in computing power and sensors, as well as miniaturisation and 

mobility. This evolution has led to the incorporation of advanced features for complex tasks, enhancing accuracy and 

safety. The wide range of applications of drones across various industries includes photography and videography, 

surveying and mapping, delivery services, agriculture, disaster management, and infrastructure applications.  

Drone technology has garnered significant attention in research perspectives, encompassing extensive areas of study, 

particularly in technology and design development. Research on drones primarily focuses on improving flight dynamics 

[1-6], battery life [7-16], payload capacity [17-23], and sensor technology [24-28]. In addition, factors affecting the flight 

performance and capabilities of drones have also gained interest in research studies, particularly aerodynamics [29-37], 

propellers[38-40], weight and balance [41], power systems [42-47], and control systems [48-52]. Propellers are one of 

the crucial components that generate thrust and lift for drones. Factors that impact propeller performance include size, 

pitch, number of blades, and material composition, all of which are subject to the desired flight characteristics, payload 

requirements, and power system specifications of the drones. 

The key factors that affect propeller performance are: (i) Size of the propeller, which is generally based on the weight 

of the drone and the specification of the motor for optimal performance. While the diameter of the propeller influenced 

the thrust generated, specifically, larger propellers generally generate more thrust. However, they need more power to 

rotate. (ii) Pitch is also another important element for a propeller as it generates forward thrust per revolution. A higher 

pitch will produce a higher distance per revolution, which means that a higher pitch will create higher forward speed 

when rotated at the same revolution per minute compared to a lower pitch propeller. However, to produce the same 

revolution per minute, more torque and power are required. (iii) The number of blades on the propeller affects its 

efficiency and thrust characteristics. Two-bladed propellers commonly provide a good balance between efficiency and 

performance. Three- or four-bladed propellers provide better stability and manoeuvrability at the cost of efficiency, 
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subject to energy usage. (iv) The material composition of propellers is commonly made of plastic or composite materials, 

in which lightweight and rigid materials offer great performance and durability. 

There is an emerging trend towards the use of additive manufacturing (AM), commonly known as 3D printing, 

particularly for the manufacturing of UAV or drone structures. The capability of AM can be associated with the production 

of lightweight and highly complex geometries with minimal tooling [53]. Conventional manufacturing methods such as 

drilling, lathing, and machining for metals and moulding for composites and plastics, require a lot of labour and offer less 

design freedom. There are various types of techniques in AM, namely stereolithography (SLA), selective laser sintering 

(SLS) and fused deposition modelling (FDM) for polymer and composite systems [54-55]. In order to achieve the 

lightweight characteristic of propeller structures under realistic loads, it is important to determine the material properties 

of the additively manufactured materials. It should be noted that the use of 3D-printed propellers has received less 

attention in research.  However, this manufacturing method can be used for complex geometries and structural integrity 

of propellers to achieve the required aerodynamic performance. Several researchers have studied the suitability of using 

AM for UAV components. For example, 3D printing materials are mostly being tested for their use in UAV frames, 

wings, landing gear, motors and wheels[56-60]. 

The aim of this paper is to investigate the aerodynamic performance of a 3D printed propeller using different 3D 

printing techniques. The propeller is fabricated using SLA and FDM 3D printers for two types of material, namely ABS 

and PLA, in the form of resin and filament, in order to determine the respective mechanical properties of the material. 

PLA is a thermoplastic polyester made from renewable resources such as sugar cane or starch and, unlike the 

petrochemical plastics, is readily biodegradable [61]. On the other hand, ABS is also a thermoplastic that is often chosen 

due to its structural stability, durability and good corrosion, impact, wear and chemical resistance [62-63]. In this study, 

the material with the best mechanical properties is selected to design and fabricate two different airfoils, namely, Clark-

Y and NACA 4412, prior to performing static tests to investigate the aerodynamic performance of the airfoils. 

2. METHODS AND MATERIAL 

 The flowchart of this study is depicted in Figure 1. This study is conducted based on several phases, starting with the 

fabrication of samples for tensile tests and conducting these tests to select the best material for the propellers. Then, the 

propellers are designed and fabricated using the selected material. Finally, static tests are carried out on the fabricated 

propellers to analyse the aerodynamic performance of the chosen design using the 3D printed material. However, if the 

static test shows unacceptable aerodynamic performance, the propellers are required to be fabricated again and undergo 

the static test. 

 

Figure 1. Flowchart of 3D printed propeller model 

2.1 Tensile Test on 3D Printed ABS and PLA 

2.1.1 Preparation of specimens 

The materials used to fabricate the tensile specimens were Magma DuraABS tough resin (ABS resin), Flashforge’s 

ABS filament and e-Sun’s PLA resin. The properties of the materials provided by the supplier are summarised in Table 
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1. The tensile specimens are designed following the standard of ASTM D638 using SolidWorks computer-aided design 

software, as shown in Figure 2. The thickness of the specimen is 3.2 mm. 

Table 1. Material properties of PLA and ABS used in this work as obtained by the supplier 

Properties 

Materials 

Resin Filament 

ABS PLA ABS 

Viscosity (mPa.s) 200-350 100-270 - 

Density (g/cm3) 1.05-1.13 1.07-1.10 1.04 

Tensile strength (MPa) 42-62 24-55 43 

Elongation at break (%) 11- 21 24-37 22 

Flexural strength (MPa) 60-80 25-61 66 

Impact strength (J/m) 60-80 27-40 - 

Heat distortion temperature 

(℃, 0.45 MPa) 
- - 78 

Melt flow index (g/10 min) - - 12 (220℃/10kg) 

IZOD Impact strength (kJ/m2) - - 29 

Hardness (Shore D) 75-80 75-82 - 

 

 

Figure 2. Tensile specimen dimension (unit: mm) 

The machines used to print the specimens were Zortrax M200 and Creality LD-002R for FDM and SLA printing, 

respectively. ABS filament is printed using the Zortrax M200 printer, while ABS resin and PLA resin are printed using 

the Creality LD-002R printer. The design part files from SolidWorks are imported in STL format into the 3D printing 

software for the respective slicer of the printer. The Z-suite software is used to slice the 3D file for the Zortrax M200, as 

shown in Figure 3(a). For the Creality LD-002R, the 3D files are sliced using Chitubox, as shown in Figure 3(b). The 

ABS filament is printed horizontally, as in Figures 3(a) and 3(c). This increases the adhesion of the filament to the printer 

bed. On the other hand, both ABS and PLA resins are printed vertically, as depicted in the Figures. 3(b), 3(d)and 39(e). 

In contrast to the Zortrax M200 printer with a build volume of 200 mm × 200 mm × 180 mm, the Creality LD-002R 

printer had a smaller build volume of 119 mm × 65 mm × 160 mm, which meant that the tensile specimen could not fit 

horizontally on the built plate. As such, both ABS and PLA resins are printed vertically instead. 

Both printers are set to an infill density of 100%. The layer height of the Zortrax M200 was 0.19 mm, while the layer 

height of the Creality LD-002R was 0.10 mm. For the specimens printed with Zortrax M200, the additional parts were 

trimmed with a clipper and smoothed with sandpaper. The specimens printed using Creality LD-002R are then post-cured 

under sunlight for about 3 hours before use. 
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(a) Z-suite slicer used for Zortrax M200 

  

 
(b) Chitubox slicer used for Creality LD-002R 

  

   
(c) ABS tensile specimen using Zortrax 

M200 

(d) ABS tensile specimen using 

Creality LD-00R 

(e) PLA tensile specimen using 

Creality LD-002R printer 

Figure 3. Software interfaces and 3D printing machines used in tensile sample preparation 

2.1.2 Experimental setup for tensile test 

The tensile test is conducted according to ASTM D638-10 standard test for tensile properties of plastics. In this 

experiment, seven specimens of each material are tested by clamping the wider part of the specimen to promote failure 

within the thin part. The tensile tests are performed using a 5kN Instron series model 3382 Universal Testing Machine. 

The crosshead speed was set to 5 mm/min with a strain rate of 0.1/min. An axial extensometer is used to analyse the 

strain. The tensile test is conducted as depicted in Figure 4. The analysis is based on the tensile strength, the modulus and 

the stress-strain curve obtained from the tests conducted. An average of five specimens is used for the analysis, with 

specimens where failure occurred near the wider section or specimens that tended to contribute to a high coefficient of 
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variation being considered as outliers. From the tensile test results, a material is selected for the fabrication of the 

propeller.  

 

Figure 4. Tensile test experiment 

2.2 Static Test on Propeller based on Selected Material 

2.2.1 Design and fabrication of propeller 

The propellers were designed using the Airfoil Plotter from Airfoil Tools and Solidworks® 2016 software. In this 

study, two 4.2 × 4 (propeller with a diameter of 4.2 inches and a pitch of 4 inches/revolution) two-bladed propellers are 

designed using NACA 4412 airfoil for the first propeller and a Clark-Y airfoil for the second propeller [64]. The NACA 

4412 and Clark-Y airfoils were chosen because they are frequently referenced in the literature, which facilitates the 

comparison and validation of the results. The geometry of the propeller blade was created referring to the APC Free Flight 

Propeller from the University of Illinois at Urbana-Champaign (UIUC) Propeller Data Site [65]. 

The geometry of both propellers was also obtained from the UIUC Propeller Data Site and summarized in Table 2 

[66]. From Table 2, the geometry of the propeller, such as radius distribution (r/R), chord distribution (c/R), pitch angle 

(Beta/°), radius and chord length, can be compared for each section. 

Table 2. APC Free Flight propeller geometry (Deters, 2015) 

Radius distribution,  

r/R 

Chord distribution,  

c/R 

Pitch angle 

[Beta/°] 

Radius  

[mm] 

Chord  

[mm] 

0.15 0.2027 38.363 8.001 10.812020 

0.20 0.1909 42.864 10.668 10.182610 

0.25 0.1865 45.208 13.335 9.947910 

0.30 0.1823 44.502 16.002 9.723882 

0.35 0.1800 42.724 18.669 9.601200 

0.40 0.1817 40.263 21.336 9.691878 

0.45 0.1860 37.416 24.003 9.921240 

0.50 0.1895 34.613 26.670 10.107930 

0.55 0.1902 32.197 29.337 10.145270 

0.60 0.1880 30.083 32.004 10.027920 

0.65 0.1830 28.195 34.671 9.761220 

0.70 0.1750 26.509 37.338 9.334500 

0.75 0.1642 24.943 40.005 8.758428 

0.80 0.1506 23.468 42.672 8.033004 

0.85 0.1341 21.855 45.339 7.152894 

0.90 0.1145 19.775 48.006 6.107430 

0.95 0.0855 17.162 50.673 4.560570 

1.00 0.0090 15.732 53.340 0.480060 

For the first propeller, the NACA 4412 airfoil geometry is applied to all sections. By implementing the geometry values 

in Airfoil Tools, the plotted airfoil is then converted to CSV coordinates, which are tabulated in Microsoft Excel for 

further adjustment. Table 3 summarises the parameters of NACA 4412 and Clark-Y. Figure 5 illustrates the NACA 4412 

airfoil with the desired geometry. The same method is repeated for the second propeller using the Clark-Y airfoil, as 

shown in Figure 6. 
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Table 3. Parameters of NACA 4412 and Clark-Y aerofoils [67] 

Parameters NACA 4412 Clark-Y 

Max Thickness [%] 12 11.7 

Chord at max thickness [%] 30 30.9 

Max Camber [%] 4 3.4 

Chord at max camber [%] 40 43.5 

Trailing edge angle [°] 14.4 15.3 

Lower flatness [%] 76.1 71.8 

Leading edge radius [%] 1.2 1.2 

Max lift coefficient 1.507 1.295 

Angle of max lift coefficient [°] 11 8.5 

Max Lift/Drag ratio 57.209 51.615 

Max Lift/Drag angle 5.5 7 

Max Lift/Drag lift coefficient 1.188 1.18 

Stall angle [°] 6 8.5 

Zero lift angle [°] -4 -3.5 

 

 

Figure 5. Plotted NACA 4412 aerofoil from airfoil tools  

 

 

Figure 6. Plotted NACA Clark-Y aerofoil from Airfoil Tools 

The CSV coordinate files are only tabulated in the coordinates of the y- and z-axis of the airfoil. The x-axis is added 

to all sections before the file is saved in .text format. The propeller design is drawn in a plane-to-plane section. The curve 

function in the Solidworks® 2016 software is used to insert the saved airfoil coordinate file. Then, the lofted boss/base 

feature is applied, connecting the curve on the plane section by section to create a solid drawing. The final design is shown 
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in Figures 7 and 8. As with the tensile specimens, the drawing is converted to STL file format and then sliced using the 

Chitubox software, as the chosen material for the propellers was ABS resin (the reason for using this material is discussed 

in the results section). The propellers are printed using the Creality LD-002R 3D printer, using the same settings as for 

the tensile specimens. 

 

Figure 7. NACA 4412 propeller 

 

 

Figure 8. Clark-Y propeller 

2.2.2 Experimental setup of static test 

To investigate the performance of the propeller, it is important to conduct static and advanced flow analysis. In this 

study, the static test is performed using a Mayatech MT10-PRO test rig, which is made of CNC-processed metal, equipped 

with a motor mounting seat, XT60 plug, load cell, LCD screen with galvanometer display and has a thrust measurement 

range of 0-10 kg. The upper LCD screen displays the current, voltage and power consumed by the motor. The static test 

rig is shown in Figure 9. 

 

Figure 9. Mayatech MT10-PRO static test rig 

From Figure 9, the load cell acts as a transducer that converts a force, such as tension, into a measurable electrical 

output. The electrical signal changes proportionally to the force exerted on the load cell. A micro linear guide rail connects 

the load cell and the motor. Other essential components of this setup include a Skywalker 40A electronic speed controller 

(ESC), a set of DS-6A transmitters, a Turnigy 3s 2650 mAh Lipo battery and a 2450 kV Racestar brushless motor with a 

locking mechanism. The transmitter sends the signal to the receiver, which passes the command to the ESC to control the 

speed of the motor according to the throttle movement. 

The setup for the static test is shown in Figure 10. Since the propeller rotates at high speed and vibrates uncontrollably 

during the static test, safety precautions are required in the event of a propeller failure. A safety box is built to contain the 

shattered propeller in the event of catastrophic failure to prevent unwanted injuries. In addition, the propeller enclosure 

is placed approximately 4 cm away from the base to allow for the upstream and downstream airflow. The motor is properly 

mounted on the motor mounting seat of the test rig. A reflective tape is attached to the propeller to measure revolutions 

per minute (RPM). Then, the propeller is tightened into the motor until the locking mechanism can be unlocked by hand. 

A tachometer is used to measure the RPM of the propeller during the static test. A hole is cut in front of the safety box to 

 

Thrust display 

Load cell Motor 

mounting 

seat 

Power display Linear guide 

rail 
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allow the laser to pass through for the RPM measurement. With the same setup and instruments used in this experiment, 

the test can easily be repeated in the future. 

 

Figure 10. Full static test setup 

2.2.3  Measurement of propeller speed and thrust 

The initial preparation of the static test is conducted by connecting the battery, ESC, receiver and motor and ensuring 

that they are connected correctly. For the static test, the load cell is reset until the thrust display shows a value of zero. 

Using the DS-6A transmitter, the throttle stick is adjusted and trimmed to zero percent. The tachometer is aligned so that 

it points toward the reflective tape on the propeller surface. The static test rig rotated the propellers while the tachometer 

measured the RPM of the propeller attached to the test rig. The power required to rotate the propeller at a particular RPM 

is recorded, as is the thrust generated by the propeller. 

To start the static test, the throttle stick of the ESC is pushed up until the propeller starts to rotate. The measurement 

of thrust and RPM starts with the lowest value of the RPM measurement. Starting from the lowest RPM value, the 

corresponding thrust value is recorded in the display. Then, the throttle is pressed further to the desired RPM value, such 

as 2000, 3000, 4000 RPM onwards, with a constant increment until the maximum RPM of the propeller or the maximum 

limit of the throttle has been reached. All the RPM and thrust data are collected and tabulated to analyse the propeller 

performance based on efficiency (η). The efficiency can be calculated using the momentum-blade element theory as 

shown in Eq. (1) to Eq. (3) [67],  where CT is the coefficient of thrust, CP is the coefficient of performance, 𝑛 is the 

rotational speed in rev/s, 𝐷 is the propeller diameter in meters, and ρ is the density of the air in kg/m3. The density of air 

in the equation is assumed to be the standard air density of 1.225 kg/m3. 

𝐶𝑇 =
𝑇

𝜌𝑛3𝐷4
 (1) 

  

𝐶𝑃 =
𝑃

𝜌𝑛3𝐷5
 (2) 

  

𝜂 =
𝐶𝑇
𝐶𝑃

 (3) 

3. RESULTS AND DISCUSSION 

3.1 Tensile Test Results 

The result is presented in the form of strength, modulus and stress versus strain curve. As can be seen in Figures 11 

to 13, most of the specimens broke in the centre area of the specimen. The validity of the test is based on the repeatability 

of at least five specimens. Specimens with failure near the wide section of the specimen, such as sample number 9 of the 

ABS resin, are considered outliers and removed from the data analysis.  
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Figure 11. Condition of specimens after tensile test for the ABS filament specimen 

 

 

Figure 12. Condition of specimens after tensile test for the ABS resin specimen 

 

 

Figure 13. Condition of specimens after tensile test for the PLA resin specimen 

The tensile strength is the maximum strength that the specimen achieves before the strength weakens and fails. On 

the other hand, the tensile modulus or Young’s modulus represents the stiffness or rigidity of a material. The tensile 

modulus is a quantity that indicates the ability of a material to withstand a force before it deforms. Figure 14 shows the 

tensile strength and modulus of the tested specimens. At 40 MPa and 4.07 GPa, ABS filament shows the highest strength 

and modulus compared to the other materials, followed by PLA resin and ABS resin. In terms of strength and modulus 

perspective, PLA filament can be considered the most suitable material. However, it should be noted that FDM-based 

printing produces anisotropic products. This is due to the material itself and the printing method. The FDM printer first 

prints the outermost layers (shells) of the model and then fills the inside (infill) with filaments by overlaying the previously 

printed layers [68]. The shells provide the shape and surface of the model and contribute to the structural integrity of the 

model, while the infill provides internal support and prevents the model from being hollow or fragile [69]. As the infill is 

printed in the chosen pattern, the structural properties of the shells and infills vary, making the model itself anisotropic. 

It has been shown that SLA-printed specimens are isotropic compared to highly anisotropic FDM-printed specimens, as 

there are no interfaces between the layers due to the same curing process of the resin, which leads to bonding between 

layers[70]. Therefore, the results shown in Figure 14 for ABS resin and PLA resin are similar for he stresses at different 

angles, while the value for ABS filament can be significantly lower or higher depending on the printing condition. 
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Figure 14. Tensile strength and modulus of the tested specimens 

Figure 15 presents the general stress-strain curve for each type of material. The deformation of polymers is divided 

into two parts: elastic and plastic deformation. Elastic deformation is attributed to the linear regression section in the 

stress-strain curve at lower strain, where the polymer returns to its original shape after the load is removed. In Figure 15, 

the ABS filament has the greatest elasticity, while PLA resin and ABS resin show hardly any elasticity. At the end of 

elastic deformation, the polymer yields and goes into plastic deformation, where it does not return to its original shape 

after the load is released. The stress-strain curve of the ABS filament shown in Figure 15 agrees with the study by Cosmi 

et al. [70] in which the ABS filament failed when reaching the yield point and a maximum stress before failure. For PLA 

resin and ABS resin, the stress-strain curve shows plastic deformation with the highest strength at the breaking point. This 

curve pattern is similar to Cosmi et al. [70]. ABS resin fails at a significantly higher strain compared to both ABS filament 

and PLA resin.  

 

Figure 15. General stress-stain curve for each type of material 

While ABS resin has lower strength, the post-curing regimen used in this work may not be the most suitable for SLA-

based resin. Riccio et al. [71] reported that post-curing of SLA samples with 405 nm ultraviolet (UV) light at elevated 

temperature (60-80°C) strengthened the materials the most, but at the cost of increased brittleness. Exposure to UV light 

improves mechanical strength by forming additional chemical bonds that solidify the resin, while increasing the 

temperature helps to accelerate the process [72]. In this work, UV light is not available, so the sample is exposed to 

sunlight to promote the post-curing process [73]. However, the UV radiation of sunlight is in the range of 100-400 nm, 

and the specimens are exposed to a temperature of about 30°C [74]. This means that the SLA-printed specimens produced 

in this work did not receive the optimal post-curing conditions with the highest strength and modulus. 
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Figure 16. Elongation at break for each material 

As can be seen in both Figures 15 and 16, ABS resin shows the highest ductility among the three materials, which is 

characterized by the elongation at break of the material. ABS resin fails at an average elongation of 8.2%, 314% greater 

than PLA resin. Both PLA resin and ABS filament had similar ductility. Ductile materials can absorb a large amount of 

energy in the plastic region before they fail [74]. Important properties for propellers include being light, strong, ductile,  

easy to fabricate and resistant to erosion and corrosion [74]. In this work, the propellers are used for small UAVs. 

Therefore, the focus is not on the strength, but on the ductility of the material. For this reason, ABS resin is chosen to 

fabricate the NACA4412 and Clark-Y propellers. 

3.2 Static Test Results 

Figure 17 shows the power required to rotate the propellers. The relationship between the power required and the 

propeller rotation shows a proportional pattern, and both propellers produced almost the same result from 0 to 25 W. 

However, at higher rotation, Clark-Y shows a lower power consumption required to generate one propeller rotation at the 

same speed compared to NACA 4412, with a small percentage difference. At the highest rotation speed of 22500 RPM, 

Clark-Y consumes 100.9 W less power than NACA 4412 at 109.5 W, a percentage difference of 8.52%. This shows that 

Clark-Y requires less power to operate at the same speed compared to NACA 4412.  

 

Figure 17. Power required to rotate propellers 

Figure 18 represents the thrust generated as a function of propeller speed between NACA 4412 and Clark-Y. The 

graph shows that the thrust generated increases proportionally with the increase in RPM for both airfoil propeller shapes. 
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However, NACA 4412 generates higher thrust at every RPM point compared to Clark-Y and achieves the highest thrust 

value of 2.16 N at a maximum 22500 RPM, compared to Clark-Y at 2.06 N.  

 

Figure 18. Thrust produced by propellers 

Referring to Figure 19, the propeller with the NACA 4412 blade showed higher CT values than the Clark-Y propeller 

in relation to the rotational speeds. The CT of the propeller with NACA 4412 airfoil increased with an average of 15.86% 

compared to the Clark-Y propeller, corresponding to the rotational speed. The trend shows that the CT increases rapidly 

with rotational speed at the beginning and drops sharply from 6500 RPM to 7500 RPM. A further increase in rotational 

speed results in the CT showing a consistent pattern from 7500 ABS to the maximum rotation of 22500 RPM.  

 

Figure 19. CT of propellers 

Meanwhile, Figure 20 shows the CP determined for NACA 4412 and Clark-Y propellers. At 7500 RPM, there is no 

difference between the CP of these two propellers. This means that the power consumption at this rotational speed is the 

same as that at the other rotational speeds. The percentage difference in CP at the other rotational speeds is less than 10%. 

Considering this, the NACA 4412 airfoil has a slightly better CP performance, the difference with the Clark-Y propeller 

is minimal. 
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Figure 20. CP of propellers 

On the other hand, Figure 21 shows that the propeller with the NACA 4412 blade generally has a higher efficiency 

than the Clark-Y propeller. Ultimately, the higher CP leads to a lower efficiency, and the higher CT results in a higher 

efficiency or vice versa. The propeller with the NACA 4412 blade shows a higher efficiency from 5500 RPM to 19500 

RPM, but the difference between the efficiencies of the propellers slowly decreases with increasing rotational speed until 

the Clark-Y propeller shows the highest efficiency at 22500 RPM. 

 

Figure 21. Efficiency of propellers 

The increase in efficiency with increasing rotational speed is the most striking feature, as shown in Figure 21. A higher 

thrust coefficient is obtained with increased propeller speed, as can be seen from the thrust coefficient graphs. The 

increased thrust is most obvious as depicted in the static thrust plots. The aerodynamic performance of airfoils improves 

with increasing Reynolds numbers, as shown in this study and previous studies on aerodynamics at low Reynolds 

numbers. Extending this improved performance to propeller airfoils confirms that this trend is to be expected. 

Figure 22 shows the data of the coefficient of lift (CL) versus the coefficient of drag (CD) taken at a Reynolds number 

of 500,000. The CD of the Clark-Y airfoil is up to 0.085 at -0.50 CL. For NACA 4412, however, the CD is only depicted 

up to 0.04. At CD values from 0.03 to approximately 0.085, NACA 4412 has a higher CL value, reaching up to 1.50, 

compared to the Clark-Y airfoil with a slightly lower CL. Since the CL and CD profiles influence the thrust, power and 

efficiency performance of the propeller, the generation of higher lift at a lower drag means that the NACA 4412 airfoil 

should perform better than the Clark-Y airfoil. Figure 23 represents the CL versus angle of attack (α) of NACA 4412 and 

Clark-Y at (a) 50000, (b) 200000, (c) 500000 and (d) 1000000 Reynolds number from the Airfoil plotter. It can be noticed 

that the NACA 4412 airfoil generally produced a higher CL value at each Reynolds number, compared to the Clark-Y 
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airfoil at each angle of attack. These results support that a propeller performs better aerodynamically when using an airfoil 

shape with a higher CL, especially in terms of the thrust produced. 

 

Figure 22. CL vs CD of NACA 4412 versus Clark-Y at 500,000 Reynolds number from Airfoil plotter 

 

 
Figure 23. CL versus α (unit: degree) of NACA 4412 and Clark-Y at (a) 50000, (b) 200000, (c) 500000 and (d) 1000000 

Reynolds number from Airfoil plotter  

4. CONCLUSION 

In this work, the most suitable material for fabricating the propeller is determined based on the results of the tensile 

test. The analysis of the aspects of strength and ductility is measured and compared with ABS filament, ABS resin and 

PLA resin. The results show that ABS resin fulfilled the criteria for propeller material with a ductility of 9.6%. 

 The performance of the propeller is investigated by conducting static tests. The overall static characteristics of the 

propeller are measured and compared with those of the NACA 4412 airfoil-based propeller and the Clark-Y airfoil-based 

propeller. A complete experimental setup and the procedure for both cases are presented in this work. The comparison 

results of the two propellers show static thrust differences of 15.86% and 9.32% efficiency, respectively, for the respective 

NACA 4412 and Clark-Y propellers used in this work. However, there is a small difference in the power coefficient 

of15.86%, which could be due to the recorded average rotational speed of the propellers. The results have shown that 

propellers designed with NACA 4412 airfoil are generally more efficient with the same diameter and pitch. In the future, 

other experiments, such as dynamic tests, can be conducted to obtain real flight conditions, as the static performance of 

the blade was addressed in this work. 
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