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The drone technology has received a wide range of research focusing on improving 
flight dynamics, battery life, payload capacity and sensor technology. However, for the 
applications of using drone for high rise buildings are limited by battery life for longer 
flight with longer duration tasks. This work presents the implementation of a control 
valve systems for the rotational motion of a microturbine drone. The first objective of 
this project was to design and develop a control valve system for a microturbine with 
propeller. The second objective was to measure micro turbine’s performance output 
which consisted of revolution per minute (rpm) and voltage (V) produced with the 
control valves system. The final objective was to verify the effectiveness of the control 
valve system by measuring the differences of the turbine speed of each turbine on the 
quadcopter to conceptually control the rotational motion of the drones. In conclusion, 
this work demonstrated the concept of the developed control valve system that can 
control the rotational motion of the drone. 

 
 
 
Keywords: 
Control valves; microturbine;  solenoid 
valves;  drone’s control system; pulse 
width modulation  

 
1. Introduction 
 

A typical drone is powered by batteries. The problem arises from using the batteries as the power 
sources is the drone cannot sustain for so long in the air. Due to the limited capacity of the batteries 
used in drones, their flight time is also limited [1]. A typical drone battery has an approximate average 
runtime of 20 minutes [2]. This problem will become the limitation for the drones to be applied for 
some longer duration tasks such as to paint high rise buildings, etc. So, the main idea is to replace 
the drone from battery powered using DC Motor to micro turbine application for the drone. The next 
problem from the ideas is on how to control the dynamics of the drone. Compared to the battery 
powered drone before, the amount of power delivered to each motor will determine the motion of 
the drone. Due to its complicated structure, modelling a quadcopter is not a simple task. The goal 
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was to create the most realistic vehicle model possible. Quadcopters have four input forces, namely 
thrust forced generated by four propellers.  

There are two types of propeller configurations, which are “+” and “x”, as in Figure 1. It is 
expected that a quadcopter with “x” configuration is more stable than a quadcopter with the “+” 
configuration. In hover flight, propellers 1 and 3 rotate counterclockwise, while propellers 2 and 4 
rotate clockwise. The Newton’s Third Law states that this process is necessary to account for the 
effect of action/reaction [3]. To change the pitch angle of a quadcopter, different amounts of thrust 
at front and rear rotors can be given, while maintaining the overall thrust. To change the roll angle, 
different amounts of thrust can be given to both left and right rotors. To change the yaw angle, 
counterthrust can be applied differently to each pair of rotors (1 and 3 or 2 and 4). To move 
counterclockwise, it required to increase the speed of the counterclockwise propeller, while 
decreasing the speed of clockwise propeller and vice versa for clockwise movement. It is important 
to maintain the total thrust while making all these changes to avoid ups and downs movement [4]. 
So, for micro turbine drone the concept will be the same but the approach will be different. The 
speed of each propeller can be controlled by the rotational speed of the turbine. To control the 
rotational speed of the turbine, another problem must be tackled which is to control mass flow rate 
of the inlet air using control valves system. 

 
Fig. 1. Two main types of quadcopter configuration [3] 

 
In real world application, speed governor was used to control the speed of the turbine especially 

hydro powered turbine.  A speed governor for a turbine is a critical control mechanism designed to 
maintain the turbine's rotational speed within specified limits, ensuring stable operation and 
preventing overspeed conditions that could lead to mechanical failure or safety hazards [5]. The 
governor functions by adjusting the input energy to the turbine based on real-time speed 
measurement. Control valve is a mechanical device that regulates the flow of fluids (gases and liquids) 
by opening, closing, or partially obstructing passages in a pipe or duct. The speed governor of a 
hydroturbine typically includes a control valve as a crucial component [6]. Control valves are 
commonly used in a variety of industries, such as oil and gas, chemical processing, power generation, 
water treatment and many others. They are typically used to control process variables such as flow, 
pressure, temperature and liquid level. 

The control valves can be used on the drone. The function of control valves is to control the flow 
of compressed air into the inlet of the micro-turbine, which allows the rotational speed of the 
microturbine to be controlled to a certain speed. It is important to be applied during pitching, rolling 
and yawing of the drone. There are several types of control valves with different shapes, sizes and 
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designs to meet the specific requirements of the application. For hydroturbines speed governors, 
wicket gates, guiding vanes and needle valves are the most often utilized valve types [7]. These valves 
are essential for controlling the water flow into the turbine, which in turn controls its speed and 
guarantees peak performance. For steam turbine, solenoid valves can be used in auxiliary roles within 
the control systems of turbines, such as in hydraulic circuits or for rapid on/off control in pneumatic 
system [8,9]. Their ability to quickly switch states makes them useful for applications requiring fast 
response times, but they lack the precision needed for continuous flow regulation in speed governors 
[10]. Several research papers have discussed on using the solenoid valves as the control valves of the 
turbine for various applications. The research investigates the use of high-speed solenoid valves for 
controlling gas flow in gas turbines [11]. The study includes a detailed analysis of the valve dynamics, 
response time, and the impact on turbine performance. Results indicate that solenoid valves can 
provide precise and rapid control, enhancing the overall efficiency and stability of gas turbine 
operations. 

Pulse-width modulation (PWM) enhances solenoid valve response times through several key 
mechanisms. The first one is rapid switching. PWM operates by rapidly turning the solenoid on and 
off, which allows for quicker adjustments in the valve's position. This fast switching reduces the time 
the solenoid spends in transition states, leading to improved responsiveness [12-14]. Second is 
controlled current flow, by varying the duty cycle (the ratio of the on-time to the total cycle time), 
PWM can control the average current flowing through the solenoid. This allows for precise control 
over the solenoid's magnetic force, enabling it to respond more quickly to control signals [15-18]. 

Through real-time programming, [19] implement PWM method in pneumatic systems allows for 
the use of quick and affordable on/off valves in closed-loop control applications that are integrated 
to digital systems [19]. Wongsathon et al., [20] studied the frequency of pulsating from 0 to 10 Hz 
using a solenoid valve to see the effect on flame jet on flow and heat transfer characteristics. These 
technologies can provide actuation properties at a far lower cost than electromechanical actuation 
systems. However, precise control is difficult to achieve because of the solenoid valves' significant 
delay time and unique on/off feature [21]. 

Based on the literature reviews above, most of the studies focusing on using the solenoid valves 
system in gas turbine. There is significant gap of using the control valves system in controlling the 
speed of the microturbine, hence regulating the speed of the drone’s propellers for rotational 
motion. So, this paper have developed a control valves system using the solenoid valves to regulate 
the speed for all microturbines and propellers. 
 
2. Methodology  
 

The development phase will concentrate on choosing the right microcontroller, relay, and valve. 
To determine how well the control valve system manages turbine speed and voltage, it will first be 
tested on a single turbine. If it doesn't work, the design will be redone; if it works, the system will be 
integrated into the quadcopter frame, which includes wiring, hose installation, and valve placement. 
A leak test and component inspection will then follow. A tachometer will then be used to measure 
the turbine RPM in order to simulate propeller speed changes and assess speed variations. At this 
research conclusion, successful results will be examined and discussed, while any problems will be 
brought back to assembly checks. 
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2.1 Control Valves System Setup 
 
The purpose of the control valve system was to manage the turbines' speed by controlling the 

inlet flow rate of four valves. A 5V Direct Current (DC) relay that serves as an electromagnetic switch, 
enabling the low-power control signal from the Arduino to operate higher-power circuits; solenoid 
valves that precisely control the flow of fluids by opening and closing as needed; a transmitter that 
sends activation signals to the solenoid valves, either wirelessly or through a wired connection; a 
receiver that receives the signal from the transmitter and relays it to the Arduino Uno, establishing 
effective communication within the system; and the Arduino Uno, which serves as the system's 
central microcontroller and processes input and output signals to control various tasks. 

The signal from the transmitter triggers the Arduino Uno to produce a PWM signal, which is 
subsequently transmitted to the relay, as seen in Figures 2 and 3. The relay controls the power supply 
to the solenoid valves by switching its internal contacts in response to this control signal. This 
configuration efficiently controls fluid flow by enabling the valves to open in accordance with the 
designated duty cycle. Through the integration of the transmitter and receiver, the system enables 
remote control of the solenoid valves. The Arduino Uno and relay coordinate the opening process in 
response to the duty cycle of the PWM signal. 

 
Fig. 2. Flowchart of control valves system 

 

 
Fig. 3. Control valves system circuit diagram 
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2.2 Control Valves System Integration with Quadcopter 
 

Several essential parts are used in the construction of the quadcopter. Because it can transform 
fluid movement, like air or exhaust fumes, into rotational motion that powers a rotor with 
electromagnets, a Micro Pelton Turbine has been chosen. These electromagnets create a magnetic 
field while the rotor rotates, which interacts with stationary wire coils to produce an electrical 
current. In this setup, a 7-inch propeller is attached to the turbine by a shaft, which facilitates thrust 
creation while the turbine turns and ensures frame compatibility.  

The propellers are made to generate lift and propulsion through airflow. All parts of the drone 
are supported by the frame, which acts as its structural core. The F330 quadcopter frame was chosen 
for its compact design, which aligns well with the size of the propeller and overall system 
requirements. The control system of the four valves was integrated and assemble with quadcopter. 
Three 6 mm hose T joint was used to divide the hose to four ways from the source. As can be seen in 
Figure 4, each 6 mm hose was connected to the inlet of the micro turbine. Each solenoid valves were 
place below the quadcopter arms and relay was placed above it. 

 

 
Fig. 4. Hose connection on quadcopter frame 

 
2.3 Experiment on the Microturbine Performance without and w5 Experimental Analysis of Micro 

Turbine Voltage Production with Increasing Inlet Air Pressure with and without Propeller (1 ways) 
ith Propeller (1 Ways) 

 
A set of tests was conducted to investigate the performance of the microturbine when the air 

pressure was applied. The first test was conducted to study the relationship between the inlet air 
pressure and revolutions per minute of the turbine with and without propeller. The setup of the 
experiment can be seen in Figures 5 and 6. 

 



Journal of Advanced Research Design  

Volume 122, Issue 1 (2024) 46-59 

51 
 

 
Fig. 5. Test setup for rotational speed measurement of turbine without propeller 

 

 
Fig. 6. Test setup for rotational speed measurement of turbine with propeller 

 
2.4 Experimental Analysis of Micro Turbine Voltage Production with Increasing Inlet Air Pressure with 

and without Propeller (1 ways) 
 

The objective of this experiment is to examine how the voltage production in a micro turbine 
system is affected by the increase in inlet air pressure. Base on Figure 7, consists of a micro turbine 
unit, a mechanism for controlling the inlet air pressure, and a voltmeter for measuring the generated 
voltage. The experiment involves systematically raising the inlet air pressure in predetermined steps 
and noting down the corresponding voltage readings. For comparison, the test was repeated with 
the addition of 7 inches propeller. To ensure precision and dependability, multiple measurements 
are taken at each pressure level. 
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Fig. 7. Setup for voltage reading 

 
Before the continuation to the 4 valves system, one simple control valve was fabricated consisting 

of a solenoid valves, one relay and an Arduino Uno. The data taken from this experiment is the micro 
turbine’s rotational speed. The valves will open and close to different duty cycle (0, 10, 20, 30, 40, 
50, 60, 70, 80, 90, 100) %. The inlet pressure was set to a constant 60 psi. Different open and close 
duration in a minute was setup so that the variation of duty cycle can be implemented. The open and 
close time was setup based on Table 1 hence generate the duty cycle. The rotational speed of the 
turbine has been taken by tachometer for each duty cycle. 

 
      Table 1 
      Duration of open and close and duty cycle 

Duration (ms) Duty Cycle (%) 

Open Close 

0 500 0 
50 450 10 
100 400 20 
150 350 30 
200 300 40 
250 250 50 
300 200 60 
350 150 70 
400 100 80 
450 50 90 
500 0 100 

 
A set of tests has been conducted to measure the changes of each turbine speed on the 

quadcopter. Because of the inlet air pressure of 8 bar from an air compressor was not enough to run 
all four turbines at a time, two turbines were run by using an air compressor. This mean that Turbine 
1 and 3 was run by an air compressor and Turbine 2 and 3 was ran by another compressor as shown 
in Figure 8. Both air compressor was open until the inlet pressure at 4 bar for a constant variable. 

After that, initial speed of each turbine was measured and recorded by the tachometer. Then, to 
test the control valves system, the duty cycle of 80 % have been applied on each solenoid valves by 
the Arduino and the transmitter. Based on Figure 8, for example, firstly, solenoid valve 1 that 
responsible for controlling turbine 1 undergo open and close rapidly at duty cycle of 80 % (400 ms 
open and 50 ms close) for ten seconds. Then, the turbine speed of Turbine 1 and Turbine 3 was 
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measured. Next, solenoid valve 3 that responsible for controlling Turbine 3 will undergo the duty 
cycle of 80 % and the turbine speed of Turbine 1 and 3 was recorded again. The reading was taken 
10 times. The same process was repeated for Turbine 2 and 4. 

 

 
Fig. 8. Setup of turbine drone for testing 

 
3. Results  
3.1 Microturbine Performance without and with Propeller 
3.1.1 Turbine inlet pressure and revolution per minute (rpm) of turbine with and without propeller 
 

Based on Figure 9 Inlet air pressure and rpm of turbine with and without propeller. Relationship 
between the inlet pressure and number of rotations of the turbine is proportional for both without 
and with propeller. As the blades rotate faster, they create a lower-pressure region at the inlet, which 
encourages more fluid or gas to flow into the turbine. Consequently, an increase in the inlet pressure 
results in a higher force on the blades, causing them to rotate at a faster rate. For turbine without 
propeller, at lowest inlet value of 20 psi, the rpm of turbine stated to be 10,000 rpm while at highest 
inlet value of 60 psi, the rpm of turbine stated to be 23,000 rpm. Similarly, in a turbine with a 
propeller, the propeller serves to accelerate the fluid or gas as it flows through the turbine. As the 
inlet pressure increases, more fluid or gas is pushed through the propeller, generating a greater 
rotational force on the blades. This increased force leads to a higher number of rotations. For turbine 
with propeller, at lowest inlet value of 20 psi, the rpm of turbine stated to be 1,490 rpm while at 
highest inlet value of 60 psi, the rotational speed of turbine stated to be 4,100 rpm. 
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Fig. 9. Inlet air pressure and revolution per minute (rpm) of turbine with and without propeller 

 
Meanwhile, Table 2 shows the rotational speed drop due to the implementation of propeller at 

the turbine. It can be observed that the percentage of speed drop shows quiet high between the 
turbine without propeller and turbine with propeller. On average, it can be concluded that the 
introduction of turbine with propeller has reduced around 79.75 % of rpm. However, the differences 
can be observed from the differences of rpm between without and with propeller. A turbine with 
propeller has less rpm compared to propeller-less turbine at same inlet pressure. The results in Figure 
16 show that at maximum inlet pressure of 60 psi, the maximum rpm value for turbine without 
propeller is stated to be 23,000 while turbine with propeller is stated to be 4,100 rpm. Meanwhile, 
based on Table 2, the average speed drop between turbine without propeller and turbine with 
propeller is stated to be 79.75 %. These results show that adding a propeller to a turbine increases 
the load on the turbine's rotor. The propeller blades create resistance that must be overcome, 
requiring additional energy for rotation. This extra load affects the torque output of the turbine. 
Generally, the presence of a propeller increases the torque demand on the turbine. To maintain the 
desired rotational speed, the turbine needs to generate a higher torque. 

 
Table 2 
Percentage rotational speed drop due to the implement of propeller 
Inlet Pressure 
(psi) 

Rotational speed 
without propeller (rpm) 

Rotational speed 
with propeller (rpm) 

Percentage Rotational 
speed drop (%) 

20 6300 1490 76.35 
30 10000 2200 78 
40 15635 3100 80.17 
50 19495 3500 82.05 
60 23000 4100 82.17 

Total Average 79.75 

 
3.2 Control Valves System on the Turbine Performances 
 

Figure 10 shows the rotational speed versus percentage of duty cycle of the turbine with 
propeller. It can be observed that the graph pattern shows significant increment of rpm when the 
percentage of duty cycle increase. At minimum duty cycle of 10 %, the rpm produce from the turbine 
with propeller is stated to be 5,290 rpm. The rpm shows increment when the percentage of duty 
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cycle increase and reach its peak at 100 % duty cycle with 13,680 rpm value. Based on these results, 
it shows that by changing the duty cycle of the valve, the rpm of the turbine can be controlled. When 
the valve in the turbine inlet remains open for a longer duration with a higher duty cycle, it permits 
a larger volume of compressed air to enter the turbine. This increased flow rate can potentially 
elevate the pressure within the system. Consequently, the greater flow rate and pressure exert a 
stronger driving force on the turbine, leading to an increase in its speed. 
 

 
Fig. 10. Valve Duty Cycle vs Rotational speed of turbine 

 
3.3 Control Valves System on Turbines Rotational Speed on Quadcopter 
 

Based on Figure 11, with 4 bar inlet pressure into the turbine 1 and turbine 3, the inlet pressure 
was balanced as the speed for both turbines was the same on the beginning which was around 2700 
rpm for each turbine. When input was applied for valve 1 at t = 10s, the turbine speed was changes 
for both turbine 1 and 3. For turbine 1, the speed was around 3100 and for turbine 3, the speed drop 
to 2100.This makes the speed differences between the turbines to be around 1000. After that, at t = 
20 s, the input was applied for valve 3, making the speed for turbine 3 increases to 3255 and turbine 
1 decreased to 2100, thus making the speed differences between the two turbines to be around 1100 
rpm. The pressure difference between the two turbines was constant at average 1000 rpm showing 
that the system was quite stable. 
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Fig. 11. Turbine Speed vs Time for turbine 1 and 3 

 
In Figure 12, initially, both turbine 2 and turbine 4 were operating at approximately 2800 rpm, 

with an inlet pressure of 4 bar. However, when valve 2 received an input at t = 10 seconds, it caused 
a speed change in both turbines. Turbine 2's speed increased to around 3250 rpm, while turbine 4's 
speed decreased to 2323 rpm, resulting in a speed difference of approximately 930 rpm between the 
two turbines. Subsequently, at t = 20 s, valve 4 received an input, causing turbine 3's speed to 
increase to 3369 rpm and turbine 1's speed to decrease to 2430 rpm. This led to a speed difference 
of approximately 940 rpm between the two turbines. Despite these speed variations, the pressure 
difference between the turbines remained constant at an average of 950 rpm, indicating a stable 
system. 
 

 
Fig. 12. Turbine Speed vs Time for turbine 2 and 4 

 
Based on Table 3, due to slight difference of inlet air pressure from compressor 1 and compressor 

2, the average minimum and maximum rpm will be different between the pair of turbines (1 and 3) 
and (2 and 4). For Turbine 1 and Turbine 3, the average minimum speed was around 2000 while the 
average maximum of rpm was around 3300. This shows that percentage of rpm difference was 11 %. 
While for Turbine 2 and Turbine 4, the average minimum rpm was around 2400 and for the maximum 
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was around 3300. The percentage difference for rpm of turbine 2 and 4 was around 9.7 %. This result 
shows that the turbine 1, 2, 3 and 4 shows stable system when the control valve of the inlet is 
implemented. 

 
Table 3 
Percentage difference of average maximum RPM and average minimum 
RPM for each Turbine 
Rotational Speed 
(rpm) 

Turbine 1 Turbine 2 Turbine 3 Turbine 4 

Average minimum 2072.67 2391 2118 2421 
Average maximum 3314 3363.33 3179.33 3381.67 
Percentage 
difference (%) 

12.41 9.72 10.61 9.61 

 

Apart from the turbine speed, the voltage produced during the testing also have been measured 
and recorded. Based on Figure 13, the maximum voltage produced for each turbine was around 30V 
and the minimum voltage been produced was around 16V. The minimum voltage produced by the 
turbine can be used to recharge the battery if the battery will be used during flying. Apart from that, 
it is enough to power each solenoid valve which required 12V. However, when the propeller was 
added on the turbine, more inlet pressure was needed to get the same voltage production as the 
torque needed to move the propeller was higher. 

 

 
Fig. 13. Voltage production vs time 

 
In summary, the voltage produced during turbine testing ranged from approximately 16V to 

approximately 30V. The minimal voltage is sufficient for battery charge and solenoid valve operation. 
When a propeller is added, the turbine's input pressure must be adjusted to maintain the same 
voltage output due to increasing torque needs. The addition of a propeller increases torque 
requirements and necessitates higher inlet pressure to maintain the desired voltage output. 
Furthermore, the rotational speed of the turbine has a direct influence on voltage production, 
emphasising the need of achieving the proper balance for best performance. 
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4. Conclusions 
 

This paper focused on reaching the objective to use control valves concept to control the 
rotational speed of the turbine to make the drone have the rotational motion. The turbine and the 
control valves system itself have been tested to see the effectiveness on the quadcopter. All the 
objectives of this project were achieved. A new concept drone has been made which using the 
turbine for controlling the motion of the drone. The turbine can generate energy and power during 
flying which can then be used to recharge the battery. If this type of tethered drone be made in the 
future, this kind of control system using the valves can be used because based on this project, the 
control valves system can control the speed of each turbine, hence controlling the speed of each 
propeller which then is the basic principle for the drone to do pitching, rolling and yawing motion. By 
maximising the effectiveness of the recharging process, this optimisation adds to the sustainability 
of the drone's duration. By efficiently converting turbine energy into electrical power, the drone's 
battery may be recharged more effectively, potentially expanding flying time and decreasing charging 
time. 

The microturbine's performance was assessed through speed and voltage output measurements, 
showing increased inlet pressure led to higher speeds and voltage production. The control valve 
system was tested, demonstrating effective control of turbine rpm for drone operation. The control 
valve system was tested on a quadcopter, demonstrating stable performance and achieving research 
objectives, confirming the control valve system's viability. Future works may focus on the whole 
drone rotational motion which are the rolling, yawing and pitching motion. Using the same control 
valves system, the movement of the quadcopter was analysed to test its manoeuvrability and the 
stability of the drone.  
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