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The Serindit V-2 is a flying vehicle (UAV) that was successfully developed to participate 
in the Indonesian Flying Robot Contest with a mission to fly at high speed and 
acceleration. The purpose of this research is to obtain the optimum aerodynamic 
performance of the propeller and its effect to the flight performance of the Serindit V-
2 Unmanned Aerial Vehicle (UAV). The study began by testing the aerodynamic 
performance of propellers (static thrust value, time consumed, and power consumed) 
with different sizes of propellers, ranging from 8 inches to 12 inches. From the test 
results, the 12-inch propeller at 100% throttle generates the highest thrust value of 
29.607 N, time consumed of 4.91 minutes, and power consumed of 717.57 Watt. The 
study was continued by calculating the flight performance with the results that the 
maximum speed value was 24.11 m/s, the rate of climb was 3.347 m/s, and the stall 
speed was 14.6 m/s. Finally, the Serindit V-2 UAV was tested to fly using a propulsion 
system with a 12-inch propeller and varied throttle opening from 50% to 100%. The test 
results show the vehicle's maximum speed of 24,562 m/s is obtained at a throttle 
opening of 100%. The climb rate and the flight time at 100% throttle opening is 2,656 
m/s and 3 minutes 27 seconds, while the vehicle's stall speed during cruising flight 
(angle of attack at 1 degree) is 13 m/s. The difference between the theoretical 
calculation results and the actual test is at least caused by 2 factors. The first is the 
aerodynamic factor, in theoretical calculations, the overall aerodynamic design of the 
aircraft is considered very smooth/seamless. This has an impact on the fluid flow that 
occurs on the aircraft. On the actual conditions, the vehicle has several parts that cause 
drag, such as the pitot sensor located at the tip of the right-wing, and the ballast located 
on the left-wing.  
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1. Introduction 
  

An unmanned Aerial Vehicle (UAV) is an aircraft that is controlled without the presence of a pilot 
on board. The UAV utilizes aerodynamic forces in the form of lift force generated by the wings [1, 2]. 
Based on the type of wing, the UAV is divided into two types, which are the rotary wing and the fixed-
wing. The fixed-wing UAV has an advantage in terms of efficiency because the propulsion system is 
only used to generate thrust for the aircraft [3, 4]. In its application, fixed-wing UAVs are used to 
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monitor agricultural, plantation, and mining areas [5]. In addition, in the military field, UAVs are also 
used for combat missions [6]. Serindit V-2 is an UAV developed by the Mechanical Engineering 
Research Team of Riau University [7]. The development process of Serindit V-2 was started from the 
design process, molding process, airframe construction process, electronic component assembly, and 
flight test. Based on these tests, the Serindit V-2 UAV managed to fly stably at an altitude of 150 
meters above ground level.   

Serindit V-2 was developed to participate in the Indonesian Flying Robot Contest (KRTI) with a 
mission to fly at high both speed and acceleration. According to the regulation of the contest, UAV 
should be able to complete as many tracks as possible within three minutes [8]. To obtain the 
optimum flight performance of Serindit V-2, in this study, research was carried out to find the 
optimum aerodynamic performance of the propeller. The optimum aerodynamic performance of the 
propeller is determined based on the highest thrust value and eligible battery consumption time 
(more than or equal to three minutes). 

 
2. Fundamental Theory 
2.1 Aerodynamic Performance of Propeller 

 
Propellers are widely used in the aerial vehicles including unmanned aerial vehicles and small 

aircraft. Generally, propellers are made using carbon fiber, metal, or plastic materials. The 
aerodynamic performance of the propeller such as the static thrust value, rotational speed, time 
consumed, and power consumed greatly determines the flight performance of the UAV. Figure 1 
shows the blade element of a propeller with the corresponding aerodynamic forces and velocities. 

  

 
Fig. 1. Blade element of a propeller with the 
corresponding aerodynamics forces and velocities 

 
Static thrust is the thrust generated by the propeller when the aircraft is in a stationary condition 

[9]. To obtain the thrust of a propeller, the static thrust test was carried out using the bench test 
method [10]. In this test, data will also be obtained in the form of propeller rotational speed, power 
used, and time consumed. Tests for static thrust values are usually varied based on throttle opening, 
propeller dimensions, and motor type [11].  
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2.2 Flight Performance of UAV 
 

Flight performance of UAV can be estimated through theoretical calculations or examined by 
experimental testing [12]. On the UAV used for fast-flying missions, flight performance parameters 
such as maximum speed, rate of climb, stall speed, and flight time are important parameters that 
need to be obtained.  

Maximum speed is the speed attained when the maximum thrust is equal to the drag force [13]. 
To increase the maximum speed of an UAV, the aerodynamic performance of the propeller mainly 
static thrust value must be increased anyway. It is because the speed of the UAV is directly 
proportional to the thrust value. The maximum speed of an aircraft can be determined by following 
equation 1 below [14]. 

 

𝑉𝑚𝑎𝑥 =  √
2 𝐹𝑡𝑚𝑎𝑥

𝐶𝐷 .  𝜌 . 𝑆
                                                                                                                                             (1) 

 
The rate of climb is the maximum speed of the vehicle in the vertical axis direction [15]. The rate 

of climb value determines the length of time of UAV to reach cruising altitude. Theoretically, the rate 
of climb can be calculated using the following equation 2. 
 

𝑅𝑂𝐶 =  √
2 (𝐹𝑡𝑚𝑎𝑥 −  W sin θ) 

𝐶𝐷 .  𝜌 . 𝑆
sin θ                                                                                                            (2) 

 
For the actual test result, the rate of climb value is obtained from the graph of changes in altitude 

with respect to time when the vehicle takes off with a certain angle of attack. From the graph, the 
values for initial altitude, final altitude, and the time spent are next inputted into the following 
equation 3. 

 

𝑅𝑂𝐶 = |
∆ℎ

∆𝑡
|                                                                                                                                                           (3) 

 
Stall speed is the lowest speed a plane can fly to maintain a level flight. From the perspective of 

aircraft performance, a higher angle of attack will result in reduced vehicle speed. Stall speed can be 
calculated using the following equation 4 [14].  
 

𝑉𝑠 = √
2𝑊

𝜌𝑆𝐶𝐿
                                                                                                                                                          (4) 

 
Flight time is the total time from an aircraft first moving under its power to take off until it comes 

to rest at the end of the flight. In an electric motor-driven UAVs, the value of flight time is influenced 
by the capacity of the battery used. The flight time value can be calculated using equation 5 as follows 
[16].  
 

𝑡𝑓 =  
𝑊

𝑉𝑜. 𝐼𝑜
 𝑥 60                                                                                                                                                   (5) 
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3. Methodology 
3.1 Specification of Serindit V-2 UAV 

 
The Serindit V-2 UAV was designed by the research team from Mechanical Engineering, University 

of Riau. It was designed to take part in the Indonesian Flying Robot Contest (KRTI) for the racing plane 
category. Table 1 shows the specification data and propulsion system of the Serindit V-2 UAV. 
 

Table 1  
Serindit V-2 UAV Specification 
No Parameter Specification 

1 Brushless Motor 900 Kv 
2 UAV Type Fixed Wing 
3 Fuselage length 1060 mm 
4 ESC Hobbywing 80A 
5 Wingspan 1300 mm 
6 Battery Capacity 3500 mAh 
8 Autopilot Pixhawk PX4 
9 Total Mass  2000 gr 
10 Material  Hybrid fiberglass-fiber carbon Composite 

 
3.2 Aerodynamic Performance Test of Propeller 
 

The aerodynamic performance of the propeller is examined through the bench test method. This 
experimental test is done by measuring the thrust generated by 900 kV electric brushless motor with 
5 variant diameters of propeller such as 8, 9, 10, 11, 12 inches. These propellers will be tested 
consecutively using a lithium polymer battery with the specification of 3500 mAh and 16.8 Volt. Tests 
were also carried out with varying throttle openings from 50% to 100%. Each variation is tested until 
battery voltage down to 12.6 Volt. Figure 2 below shows the process of bench test. 
 

 
Fig. 2. Process of bench test 

 
3.3 Flight Performance Calculation of Serindit V-2 UAV  
 

The maximum speed of the Serindit V-2 UAV is calculated using equation 1. The maximum speed 
calculation is done by varying the throttle opening from 50% to 100% and the propeller variation 
starting from 8 inches - 12 inches. In this calculation, the Serindit V-2 UAV is assumed to fly at an 
altitude of 100 meters above ground level. The thrust force (Ftmax) value is obtained through the static 
thrust test data. The drag coefficient (Cd) is 0.0874 (cruise mode), the surface area of the vehicle is 
0.9171 m2 and the density of air is 1.225 kg/m3. Figure 3 below shows Serindit V-2 UAV. 
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Fig. 3. Serindit V-2 UAV 

 
The rate of climb is the maximum speed of UAVs on the vertical axis. In calculating the rate of 

climb, the Serindit V-2 UAV is assumed to be an object moving on an inclined plane with an incline 
angle (θ) of 16°. This incline angle represents the vehicle's angle of attack when take-off with a 
throttle value of 100% and a propeller variation of 8 inches – 12 inches. The rate of climb value is 
carried out using equation 2, the drag coefficient value of 0.29209 (AoA 16°), and the total weight’s 
UAV of 19.62 N.  

Stall speed is calculated using equation 4. The calculation is carried out when the vehicle takes 
off with a lift coefficient value of 1.2967 (AoA 16°). Stall speed calculation is also carried out when 
the UAV series V-2 flies in the cruise phase with a lift coefficient value of 0.5611 (AoA 1°). 

According to the design target of the Serindit V-2 UAV, the minimum flight time that must be 
achieved while flying is at least three minutes. The flight time of Serindit V-2 UAV is calculated using 
equation 5 and the power parameters used are obtained through the static thrust test, while the 
available power parameters are obtained through the specifications of the battery used (3,500 mAh 
16.8 Volts). 
 
3.4 Flight Performance Test of Serindit V-2 UAV  
 

The flight test was carried out based on the most optimum propulsion system performance. The 
optimum propulsion system performance is determined based on the highest static thrust value and 
eligible battery consumption time (more than or equal to three minutes). The flight test of Serindit 
V-2 UAV was carried out in wind conditions with speeds below 1.5 m/s. Waypoints are created in 
mission planner software with a straight path of 1 km back and forth. Throttle opening, cruise altitude 
(100 meters), and angle of attack at takeoff (16°) are set in the mission planner software. In this test, 
the speed value of the Serindit V-2 UAV was measured using a digital airspeed sensor connected to 
a flight controller. During testing, the Serindit V-2 UAV was flown manually to a height of 70 meters 
above ground level. At an altitude of 70 m, the flight mode of the Serindit V-2 UAV is changed to 
autonomous, so that the vehicle flies to a cruising altitude of 100 meters. At an altitude of 100 meters 
above ground level, the Serindit V-2 UAV flies with the following waypoint that has been made until 
it lands. The flight test was carried out with various throttle values ranging from 50% to 100%. Figure 
4 shows the flight test of the Serindit V-2 UAV. 
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(a)                                                                                 (b) 

 
(c) 

Fig. 4. Flight test of Serindit V-2 UAV. (a) Waypoint (b) Preflight check (c) Take-off phase 

 
4. Result and Discussion 
4.1 Aerodynamic Performance of Propeller 
 

The aerodynamic performances of propellers related to static thrust value, time consumed, and 
power consumed are shown in Figure 5, Figure 6, and Figure 7, respectively. 
 

 
Fig. 5. Static thrust test of the 8-inch to 12-inch propeller graph 
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Fig. 6. Time consumed vs throttle of Serindit V-2 UAV 

 

 
Fig. 7. Power consumed vs throttle of Serindit V-2 UAV 

 
The propulsion system with the 8-inch to 12-inch propeller generated the maximum thrust of 

10.091N, 14.238 N, 18.57 N, 26.238 N, and 29.607 N, respectively. In accordance with the design 
prerequisite of fixed-wing type UAV for high-speed missions, the static thrust value is should be 
greater than the total weight of the UAV. Thus, 8-inch, 9-inch, and 10-inch propellers are not 
recommended for the propulsion system of Serindit V-2 UAV. 

The trend of the time consumed and power consumed shown in Figure 6, is inversely proportional 
to the dimensions of the propeller used. It is due to the larger the size of the propeller, the greater 
both the value of the thrust generated and the electrical power used. Increased use of electrical 
power automatically reduces the time consumed by the battery. Figure 6 also shows that the 
propulsion system with 11-inch and 12-inch propellers at 100% throttle produces time consumed of 
5.21 minutes and 4.91 minutes, respectively. The small difference value of time consumed/power 
consumed and the significant difference value of static thrust shows that the propulsion system with 
the 12-inch propeller has the most optimal aerodynamic performance.  
 
4.2 Maximum Speed Calculation Result 
 

Figure 8 shows a graph of the maximum speed concerning throttle opening value on a propeller 
variation of 8 inches - 12 inches. 
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Fig. 8. Maximum speed vs throttle value of Serindit V-2 UAV 

 
The trend graph shown in Figure 8, shows conformity with the trend of static thrust value in Figure 

5. This is because the greater the value of static thrust, the greater the maximum speed that can be 
achieved by the Serindit V-2 UAV. In Figure 8, the propulsion system with a 12-inch propeller at a 
throttle of 100% is capable to produce a maximum speed of 24.55 m/s. 
 
4.3 Rate of Climb Calculation Result 
 

Figure 9 shows the rate of climb calculation result for 8-inch to 12-inch propeller.  
 

 
Fig. 9. Rate of climb vs propeller diameter 

 
To prevent stalls caused by the insufficient thrust generated by the propulsion system, the 

throttle value is set to be 100%. Therefore, the rate of climb calculation does not vary the throttle 
value. From Figure 9, it can be seen that the highest rate of climb of Serindit V-2 UAV is 3.34 m/s, 
occurring on a 12-inch propeller. 
 
4.4 Stall Speed Calculation Result 
 

Table 2 shows the stall speed calculation result of the Serindit V-2 UAV. It can be seen from Table 
2, at the cruise phase, the Serindit V-2 UAV speed must be more than 14,602 m/s so that it does not 
experience a stall. On the take-off phase, the UAV speed must be more than 9.06 m/s.   
 

14.07

16.72

19.09

22.69
24,55

0

5

10

15

20

25

30

5 0 6 0 7 0 8 0 9 0 1 0 0

M
ax

im
u

m
 S

p
ee

d
 (

m
/s

)

Throttle (%)

8 inch 9 inch 10 inch

11 inch 12 inch

3.347468548

1.472583572

1

2

3

4

7 8 9 10 11 12 13

R
at

e 
o

f 
C

li
m

b
 (

m
/s

)

Propeller (inch)



Journal of Advanced Research in Fluid Mechanics and Thermal Sciences 

Volume 91, Issue 2 (2022) 120-132 

 

128 
 

Table 2 
Result of Stall Speed Calculation  
Mode Stall Speed (m/s) 

Take-off phase (AoA 16°) 9.06 
Cruise phase (AoA 1°) 14.602 

 
4.5 Maximum Speed Test Result 
 

Figures 10 show the flight test results in the form of speed values at each throttle opening varies 
from 50% to 100%. 
 

 
(a)                                                                                                 (b) 

 
(c)                                                                              (d) 

 
(e)             (f) 

Fig. 10. Speed vs Time graph (a) Throttle 50% (b) Throttle 60% (c) Throttle 70% (d) Throttle 80% (e) 
Throttle 90% (f) Throttle 10%  
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Figure 10 shows that the maximum speed of Serindit V-2 UAV cannot be maintained continuously. 
This is related to wind conditions and the vehicle's maneuver when turning to the home position. The 
actual maximum speed value is then compared with the theoretical maximum speed value as shown 
in Table 3. 

 
Table 3  
Comparison of the theoretical and actual maximum speed value 
Throttle % Maximum Speed (m/s) 

Actual Actual Average Theoretical Difference 

50 20.053 19.959 15.76 4.199 
19.701 
20.123 

60 20.448 20.464 17.53 2.934 
20.541 
20.403 

70 20.587 20.600 19.35 1.25 
20.098 
21.116 

80 21.965 21.865 21.87 0.005 
21.713 
21.918 

90 23.183 23.388 24.04 0.652 
23.760 
23.222 

100 24.017 24.562 24.55 0.012 
24.801 
24.867 

 
Based on Table 3, the propulsion system of Serindit V-2 UAV with 50% - 100% throttle produce 

average maximum speed of 19.959 m/s, 20.464 m/s, 20.6 m/s, 21.86 m/s, 23.388 m/s dan 24.562 
m/s. The difference between the calculation results and the test result looks relatively small at 70% 
to 100% throttle opening, while at 50% and 60% throttle the difference tends to be larger. This is due 
to the remaining initial speed generated when the vehicle takes off with a throttle of 100%. 
 
4.6 Rate of Climb Test Result 
 

The rate of climb is measured when the Serindit V-2 UAV begins to change to autonomous mode, 
which is at an altitude of 70 meters above the ground. Figure 11 shows a graph of altitude vs time. 
Figure 11 shows initial altitude, final altitude, and climb time are 70.639 meters, 104.22 meters and 
8.4 seconds, respectively. These three values are then substituted to equation 3. Its result rate of 
climb at the take-off of 3.998 m/s. It’s then compared to the theoretical rate of climb of 3.347 m/s 
so that a difference of 0.651 m/s is obtained. The difference in the rate of climb value is caused by 
several factors. The first factor is the wind condition. Although before the test the wind condition 
remained at 1 m/s, it doesn’t guarantee the wind conditions will be consistent during the test. The 
second factor is the design of the Serindit V-2 UAV airframe. Holistically, the airframe is considered 
seamless, however, in actual conditions, some complex parts of the fuselage and wings have relative 
taper shape, or slightly wavy. This of course causes a difference in the value of the actual drag 
coefficient that affects the rate of climb.  
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Fig. 11. Altitude vs time 

 
4.7 Stall Speed Test Result 
 

The stall speed of the Serindit V-2 UAV was carried out with 50% throttle, which is the lowest 
throttle during the test. The stall speed is obtained when the Serindit V-2 UAV begins to lose altitude, 
while the behavior of the vehicle remains in a level condition. This level condition can be seen on the 
aircraft pitch which is stable around 10.  Figure 12 shows a graph of the vehicle's flight altitude, pitch 
angle, and speed of the Serindit V-2 UAV during the stall phase. 
 

 
Fig. 12. Stall Condition Phase 

 
From Figure 12, it can be seen that at an altitude of 20.32 meters, the Serindit V-2 UAV began to 

experience a decrease in altitude, without a significant change in pitch angle. This shows that the stall 
speed of the Serindit V-2 UAV on the level condition (cruise phase) is 13 m/s. If we compare the actual 
stall speed value (cruise) with the theoretical stall speed (14.602 m/s), there is a difference of 1.602 
m/s.   
 
4.8 Flight Time Test Result 
 

The actual flight time value is obtained from the time difference that occurs when the vehicle 
starts takeoff to landing. Figure 13 shows a graph of the flight phase of the Serindit V-2 UAV from 
takeoff to landing.  
 

22:48.5, 

70.639

22:56.9, 

104.220

60

70

80

90

100

110

22:47.4 22:49.2 22:50.9 22:52.6 22:54.3 22:56.1 22:57.8

A
lt

it
u

d
e 

(m
)

Time (min)

20,32

12.225

0

5

10

15

20

25

54:16.7 54:17.6 54:18.4 54:19.3 54:20.2 54:21.0 54:21.9 54:22.8

A
lt

it
u
d

e 
(m

)

Time (minute)

Airspeed (m/s)

Pitch (degree)

Altitude (m)



Journal of Advanced Research in Fluid Mechanics and Thermal Sciences 

Volume 91, Issue 2 (2022) 120-132 

 

131 
 

 
Fig. 13. UAV Flight Phase 

 
From Figure 13, it can be seen that the Serindit UAV started to take off at the 22nd minute 12 

seconds and landed at the 25th minute 49 seconds. This shows that the flight time value of the Serindit 
V-2 UAV when flying with 100% throttle is 3 minutes 27 seconds. When compared with the 
theoretical flight time value (4.91 minutes), there is a difference of 1.46 minutes.  
 
5. Conclusion 

 
The conclusions that can be drawn from the research on the performance analysis of the 

propulsion system of Serindit V-2 UAV are as follows 
i. From the bench test test results, the optimum aerodynamic performance is generated by the 

12-inch propeller and 100% throttle opening with the thrust value of 29.607 N, time 
consumed of 4.91 minutes, and power consumed of 717.57 Watt. 

ii. From the flight performance calculation result, the 12-inch propeller with 100% throttle 
opening, produces the best performance with a maximum speed value of 24.55 m/s, rate of 
climb of 3,347 m/s, and the stall speed of 14.602 m/s. 

iii. From the flight performance test result, the 12-inch propeller with 100% throttle opening, 
produces the maximum speed of 24.56 m/s, a climb rate of 2.65 m/s, the flight time of 3 
minutes 27 seconds, and the stall speed of 13 m/s. This shows that the difference between 
the actual and theoretical performance values is not too significant. 
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