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 This paper analyzes the model of a cyclone-turbine for a micro-scale wind-
power system being motivated by an idea to harvest the abandoned energy 
from rooftop ventilators. The system under consideration has been equipped 
with a battery to form a wind-battery power system. Data obtained from a 
wind site observation have been used to calculate the potentially generated 
power and efficiency, as well as the mechanical and electrical designs to 
extract the energy. The design has been explored to obtain the best efficiency 
of the cyclone-turbine model. The impact of wind-speed variation on the 
resulted system output has been investigated during the charging process of 
battery. The conclusion emphasizes the relationship between the output 
power and the range values of the resulted current and voltage, as well as the 
optimum wind speed-range of the cyclone-turbine operation. 
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1. INTRODUCTION 

Cyclone turbine, also known as rooftop ventilator, is generally placed on the roof of industrial 
buildings, workshops, and some warehouses to provide a ventilation system. They do not need any electrical 
energy to work. They are functioning by taking advantage of the air flow on the top of the roof or by sucking 
the lifting hot air coming from the inside of the building under the roof and letting pass through the air 
toward outside of the building to maintain the temperature [1]. Being maintenance-free, it is an eco-friendly 
green product, helping in reducing the carbon footprint and contributing to energy savings [2]. 

A wind turbine on the other side is working by capturing the wind’s kinetic energy using a rotor 
consisting of two or more blades mechanically coupled to a generator [3-5]. Two distinct configurations of 
turbine design being available in the market are the horizontal-axis wind turbine (HAWT) configuration and 
the vertical-axis wind turbine (VAWT) configuration [6]. 

A modified cyclone turbine can be categorized into the VAWT type. It spins vertically when 
capturing the kinetic energy of the wind. It operates in the same basic manner and also has the same shaft 
position and blade form as a VAWT does [7]. By re-arranging the positions of rotor and stator, a very low 
starting torque to minimize the self-starting speed of a turbine can be obtained [8]. Torasa, et al. developed a 
model for power generation using rooftop ventilator by mounting a DC generator inside the ventilator geared 
to the central shaft [9]. 

This paper discusses the model of a cyclone turbine for a micro-scale wind-battery power system. It 
has been motivated by the idea to harvest the abandoned small energy from rooftop ventilators. The cyclone 
turbine converts the wind kinetic energy to electricity. A battery has been taken into account considering the 
practical usage of the generated electricity. The resulted free electricity needs to be equipped with a battery 
charger to allow the process of battery charging. It is also useful to ensure no back-flow current if the roof 
ventilator is not functioning. An inverter may be needed if it is used to supply an AC load. 
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2. THE PROPOSED DESIGN AND TESTING METHOD 
The proposed construction of the cyclone-turbine for wind power generation consists of the 

mechanical system and electrical system as shown in Figure 1.  
 
 

 
 

Figure 1. The cyclone turbine construction 
 
 

2.1. Mechanical System Design 
The initial cyclone-turbine used was of the type L45 Split available in the market. It has the 

dimension (LxHxW) of 75x68x68 cm3, 28 wind-blades and the suction capacity of 42.39 m3/min. As this 
type of turbine possesses an inherent low starting torque, it was modified by adding some fins. Eight extra 
fins have been added to increase the spin, cross-sectional area and efficiency. Each of the twenty-eight 
original blades has the surface are of 0.03 m2, whereas each of the eight additional fins has the surface are of 
0.054 m2. The dimensions of the original blade and the additional fins are shown in Figure 2 (left), whereas 
the resulted modification is given in Figure 2 (right).  

 
 

                    
 

Figure 2. The mechanical system design: additional fins dimension (left) and the 
resulted turbine blade modification (right) 

 
 
The generated power can be obtained based on the wind power generation formula as following:  
 
P (watt) = (1/2) x A x ρa x v3       (1) 

 
As can be observed from Equation 1, the increase in speed of spin (v) and cross-sectional area (A) causes the 
increase in the generated power (P) [10-12]. 
 
2.2. Electrical System Design 

The diagram of the electrical system design is given in Figure 3. The boost converter is used to 
increase the voltage of the source (dc generator), so that the necessary voltage can be obtained accordingly 
[13-14]. The boost converter being used during the testing was the XL6009 type which has the input voltage 
range of 3-32V and the output voltage range of 5-35V.  
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The specification of the generator used was: DC generator, 50W, 350 rpm, 12-24 VDC of output 
voltage, 70 mm of diameter, 110 m of height, and 8 mm of shaft diameter. 

 
 

 
Figure 3. Electrical system diagram 

 
 

2.3. Design Testing Method 
The measurements have been carried out to obtain the values of wind speed, rotational speed of the 

dc generator, the input voltage to the boost converter and the current into the battery through solar regulator 
as the battery charge controller, as displayed in Figure 4. 

The boost converter has been used to increase the generator output voltage up to certain desired 
value. The measurement has been undertaken on the output voltage of the generator, the generator rotation 
speed, the output voltage of the boost converter, as well as on the current of the boost converter. 

The energy produced can be obtained by integrating the graph of power with respect to time. Based 
on the measurement of the generated power with certain time interval, an approach to obtained the generated 
energy can be obtained using the trapezoidal method [15], as displayed in Figure 5. 

 
 

 
 

Figure 4. Testing and measurement 
circuit 
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Figure 5. An approximation to calculate the energy produced during 

certain time interval using the trapezoidal method 
 
 
As seen in Figure 5, the produced energy can be found using Equation 2. 
 

∫ 𝑃(𝑡)d𝑡t2
t1

 ≈ ∆𝑡
2

[𝑃(𝑡1) + 𝑃(𝑡2)]      (2) 

 
As given in Equation 2, ∆t represents the time interval between two consecutive measurements of 

the generated power P at time t1 and t2. Using small value of measurement time-interval, the produced energy 
in watt-hours can be approximated based on the measurement of power at two consecutive times. 
 
2.4. Calculation of System Efficiency 

The efficiency of the resulted wind-power generating system can be approached by the following 
equation. 

 

𝜂 =  𝐺𝐺𝐺𝐺𝐺𝑎𝑡𝑡𝐺 𝑡𝑜𝑡𝑜𝑜𝑡 𝑜𝑡𝑝𝐺𝐺 
𝑊𝑊𝐺𝑊 𝑜𝑡𝑝𝐺𝐺

 𝑥 100%      (3) 
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Using the measurement data, the generator output power can be calculated, whereas the amount of the wind 
power is obtained from the measurement of wind speed at a temperature of 300C. 

 
 

3. RESULTS AND ANALYSIS 
3.1. System Implementation 

The variation of measurement parameters as a function of time is given in Table 1. It shows the 
results of system implementation testing data, including the recorded wind speed, rotation, generator voltage 
and current, voltage and current of boost converter, and the battery voltage and current during the battery 
charging. 

   
 
Table 1. The measurement data of system implementation-the battery charging as a function 

of time 
Hour Wind Speed (m/s) Generator Boost Converter BCR Battery 

RPM V1 (V) A1 (A) V2 (V) A2 (A) V3 (V) A3 (A) 
9:00 6.32 206 8.72 1.41 13.02 0.85 10.50 0.80 

10:00 8.07 263 11.15 2.31 13.01 1.78 11.31 1.68 
11:00 7.96 259 10.99 2.25 13.01 1.71 11.49 1.60 
12:00 7.52 245 10.38 2.00 13.00 1.44 11.62 1.37 
13:00 8.55 278 11.80 2.59 13.01 2.11 11.76 1.99 
14:00 8.69 283 12.00 2.68 13.01 2.22 11.89 2.07 
15:00 8.59 279 11.85 2.61 13.02 2.14 12.02 2.01 
16:00 8.55 278 11.80 2.59 13.00 2.11 12.14 1.96 
17:00 8.47 276 11.69 2.54 13.01 2.06 12.24 1.93 
18:00 8.07 263 11.15 2.31 13.01 1.78 12.32 0.27 
19:00 7.96 259 10.99 2.25 13.01 1.71 12.39 0.44 
20:00 7.51 244 10.37 2.00 13.02 1.43 12.44 0.73 
21:00 6.89 224 9.51 1.68 13.00 1.11 12.47 1.09 
22:00 5.91 192 8.17 1.24 13.01 0.70 12.49 1.22 
23:00 6.32 206 8.72 1.41 13.01 0.85 12.55 1.33 
0:00 5.24 171 7.24 0.97 12.60 0.50 12.58 1.74 
1:00 1.31 43 1.81 0.06 2.17 0.05 12.59 1.99 
2:00 1.66 54 2.29 0.10 1.56 0.13 12.59 1.98 
3:00 1.90 62 2.62 0.13 2.17 0.14 12.59 1.98 
4:00 1.66 54 2.29 0.10 1.00 0.20 12.59 1.99 
5:00 1.31 43 1.81 0.06 1.00 0.10 12.60 2.00 
6:00 1.90 62 2.62 0.13 1.87 0.16 12.60 0.00 
7:00 1.66 54 2.29 0.10 1.51 0.13 12.60 0.00 
8:00 1.31 43 1.81 0.06 1.87 0.05 12.60 0.00 

 

 
 
As can be observed from the table, the maximum wind speed occurred at 14:00, i.e. of 8.69 m/s, 

which had been produced at the rotation speed of around 283 rpm, the generator voltage of 12V and the 
battery charging current of 2.31A. 

The implementation of the whole system testing has been performed to measure the wind speed 
during 24 hours. The testing on the battery charging has also been carried out using the lighting lamp load of 
5W, 10W and 15W. 

Based on the measurement data, the output power of the generator under loading condition with 
respect to time can be determined, as given in Figure 6. As indicated, the generated power as a function of 
time indirectly represents the variation of wind speed during the whole day. During the test, the generator has 
been loaded with three variations of load power, namely 5W, 10W and 15W. The daily generated energy may 
be approximated by the trapeziodal method to integrate the power curve as a function of time. The 
approximated daily energy produced was 314.66Wh. 

 
3.2. Voltage Variations 

It is interesting to know the relationship between the voltage of generator, boost converter and the 
battery charging. These variations are given in Figure 7. It is clear from the figure that the charging voltage 
variation starting at 1:00 o’clock tends to be linear due to the wind speed condition, which was blowing 
slowly, resulting in small voltage values. 

 
3.3. Current Variations 

It is also important to know the relationship between the currents in generator and the boost 
converter, as shown in Figure 8. It indicates that the patterns of the current generated on the generator and 
boost converter are strongly influenced by the wind speed captured by the designed system. 
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Figure 6. The generator output power as a function of time 
 
 

 

 
Figure 7. Voltage variations in generator, boost converter and battery 

 

 
 

Figure 8. The current variations in generator and boost converter 
 
 

A similar pattern was also obtained when the observation and measurement of the battery charging 
current were done, as shown in Figure 9. Figure 8 and Figure 9 clearly show the same graph patterns. The 
difference lies only in the values of the corresponding parameters. The highest generator current was 2.68A, 
the converter current was 2.19A, whereas the highest charging current was 2.28A. 
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Figure 9. The variation of battery charging-current 

3.4. Battery Capacity 
 The battery capacity has been tested by loading it with 3 different power capacities of LED lamps, 

i.e. 5W, 10W and 15W. The loading has been started with 100% of battery capacity, or equivalent to 12.7V 
of the battery voltage. The remaining battery capacity measurements have been done every 1 hour and the 
results can be seen in Table 2. 

 
 

Table 2. The decrease in battery capacity because of loading 
No. Time Battery Capacity 

5W Load 10W Load 15W Load 
1 9:00 100% 100% 100% 
2 10:00 100% 100% 100% 
3 11:00 100% 100% 100% 
4 12:00 100% 100% 100% 
5 13:00 100% 100% 100% 
6 14:00 100% 100% 100% 
7 15:00 100% 100% 100% 
8 16:00 100% 100% 100% 
9 17:00 100% 100% 100% 

10 18:00 99% 97% 96% 
11 19:00 97% 94% 92% 
12 20:00 96% 92% 88% 
13 21:00 94% 89% 83% 
14 22:00 93% 86% 79% 
15 23:00 92% 83% 75% 
16 0:00 90% 81% 71% 
17 1:00 89% 78% 67% 
18 2:00 88% 75% 63% 
19 3:00 86% 72% 58% 
20 4:00 85% 69% 54% 
21 5:00 83% 67% 50% 
22 6:00 83% 67% 50% 
23 7:00 83% 67% 50% 
24 8:00 83% 67% 50% 

 

 
Based on the observation on Table 2, it appears that within 24 hours the battery capacity decreased 

to 83% or 12.45V for 5W load, 67% for 10W and 50% for 15W respectively. Graphically, it is described in 
Figure 10. The figure proves that greater the load on the battery, faster the battery capacity decreases. 

 
3.5. System Efficiency 

Before determining the efficiency of the system, the potentially generated wind power should be 
calculated based on the wind speed measurement results. The relationship between the wind speed and the 
power generated can be seen in Figure 11. 

After determining the generated wind power, the output power of the generator can be obtained. 
Finally, the efficiency of the system can be found. The relationship between the wind speed and system 
efficiency is shown in Figure 12.  
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Figure 10. The decrease of battery capacity because of loading 
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Figure 11. Wind power as a function of wind speed 
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Figure 12. System efficiency as a function of wind speed 
 
 
Figure 12 indicates that the system efficiency rises drastically at wind speeds of 2 - 3.5m/s. The 

maximum efficiency of 46.6% has been obtained at a speed of 4.3m/s. Beyond this speed the efficiency tends 
to decrease. This fact shows that during the executed experimentation the optimum tip speed ratio or 
maximum power coefficient occurs during wind speed of 4.3 m/s. Through this, the rotational speed should 
be identified during this wind speed measurement, and hence, the optimum generator speed could be 
determined for this cyclone-turbine. 

 
 

4. CONCLUSION 
The designed cyclone-turbine model presented in this paper could be used to extract energy from the 

rooftop ventilator. The addition of extra fins on the turbine blades has been used with the aim to increase the 
speed and the area of the rotor sweep area, and consequently the captured energy.  
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The cyclone turbine specification used in this study was capable of working well at certain 
maximum wind speed, resulting in the best system efficiency and being determined by the design. 

The variation of current values as a function of time on the generator, boost converter and during the 
battery charging indicated the same graph pattern. The difference was only in the values of the corresponding 
parameters. 

The reduction of the battery capacity is determined by the load power used. Higher the power of the 
load, faster will be the battery capacity reduction. 
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