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Abstract 

Dependence on non-renewable energy remains a major challenge, despite the growing popularity of electric 
cars, as most electricity sources come from coal. In response, this paper proposes E-COBRA, a wind turbine 
system with a magnetic rotor as a renewable electricity source that can extend the battery life of electric cars. 
Functioning as a power bank, E-COBRA utilizes wind energy while the car is moving and converts it into 
electricity to support the battery. The design of the E-COBRA follows the principles of aerodynamics, with an 
installation on the roof of the electric car to capitalize on the kinetic energy from the wind hitting the car. The 
lift generated by the air on the roof of the electric car turns a wind turbine. Inside the generator, the mechanical 
energy is used to spin a magnetic rotor inside a stationary coil of stator wire, changing the magnetic field and 
inducing electricity in the wire. This process generates electricity that is conducted through a cable and 
connected directly to the car's charging port. This paper compares the design of using a diffuser-increased wind 
turbine (DAWT) with a vertical axis wind turbine (VAWT) for the E-COBRA system. The comparison shows 
that the DAWT produces the largest energy, electrical power output of 2.2 kW at a car speed of 71.2 km/h. This 
technology not only reduces reliance on non-renewable energy but also offers a significant solution for 
increasing the efficiency and travel range of electric cars. As such, this approach represents a significant 
development in sustainable transportation solutions. 
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1.​   Introduction - please use 10pt Times New Roman bold for all headings 

    The lack of non-renewable energy is often the main focus and basis of many scientific innovations. Various 
efforts have been made to provide sustainable energy sources for daily life, including in the transportation field. 
Electric vehicles are an innovation that is considered the key to solving the problem of unsustainable 
transportation. According to the Ministry of Transportation of the Republic of Indonesia, the complete use of 
electric vehicles can increase energy efficiency, reduce dependence on carbon fuels, and improve Indonesia's air 
quality (Menhub, n.d.). This is because electric vehicles do not use fuel, so they do not produce pollution that is 
bad for the environment (Ramadhina & Najicha, 2022). Battery-based electric vehicles currently have the lowest 
life cycle greenhouse gas (GHG) emissions and have the potential to reach zero emissions in the future. Electric 
cars currently produce 47%-54% lower emissions than conventional cars (Mera & Bieker, 2023). 

    However, while electric cars do not produce the carbon emissions of burning fuel, they still contribute to 
Indonesia's carbon emissions, not from the mobility of the car, but from the electricity source that is the life of 
the car. In Indonesia, around 60% of electricity comes from coal-fired power plants (Winarto, 2015).  

 
Source: Raksodewanto (2020) 

Figure 1. Transport CO2 Emissions in the EU 
     Figure 1 shows the total carbon dioxide emissions of a vehicle, starting from the vehicle production process, 
fuel production, to fuel combustion. This data shows that carbon dioxide emissions per km of electric cars with 
a coal-fired power plant power source are greater than conventional petrol or diesel cars. This condition will 
only shift the air pollution problem from the city to the area around the power stations (Raksodewanto, 2020). 
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So, this shows that the environmentally friendly transportation goals of electric cars cannot be met without a 
renewable source of electricity. 

     On the other hand, electric cars also have several disadvantages compared to conventional cars that hinder 
the implementation of the renewable energy transition program. As the latest innovation, the availability of 
charging infrastructure, or public electric vehicle charging stations, is still very limited at 1,124 units (2024) 
compared to the number of public fuel filling stations of 14,400 (2023). In addition, the limited range of electric 
cars is due to battery capacity. These issues make electric cars unsuitable for long-distance travel.  

     Therefore, a solution is needed to utilize renewable energy as a power source for electric cars and maintain 
power stability for long-distance travel. This paper proposes the Electric Car Power Bank for Sustainable 
Transportation, or E-COBRA for short. E-COBRA is an innovative power bank for electric cars that utilizes 
wind power using a wind turbine equipped with a magnetic rotor to ensure stable energy output. This innovation 
is designed to support electric car batteries. When the electric car is moving, the E-COBRA, located on the roof 
of the car, will utilize the kinetic energy from the wind hitting the car. The wind turbine will utilize the wind to 
spin the motor and generate electricity which is then transmitted directly through a cable connected to the car's 
charging port, enabling continuous battery charging during the ride.  

     E-COBRA's ability to convert wind energy into electricity on the move solves three problems that electric 
cars face: limited battery range, lack of charging infrastructure, and dependence on non-renewable energy 
sources. By utilizing renewable energy sources, E-COBRA not only maximizes the range of electric cars. It also 
contributes to reducing carbon emissions.   

     This paper will review previous research to determine the E-COBRA design that can generate the most 
power and most efficiently. Furthermore, this paper will prove the power that the E-COBRA can generate with a 
simple experiment. This stage aims to ensure that the E-COBRA will function optimally and can be a feasible 
solution to be implemented in Indonesia.  

2.​ Literature Review and Previous Research 

2.1​ Literature Review 

2.1.1​ Electric car 

     An electric car is an automobile vehicle operated by one or more electric systems. Electric cars utilize 
electrical energy to move, which is stored in a secondary battery that can be recharged with a charging system. 
Like cars in general, electric cars have four car wheels attached to each end of the car. the electrical energy used 
to operate the electric car helps the car wheels get balanced torque, giving the electric car smooth movement and 
acceleration (Dzaky, 2018). 

2.1.2​ Electric Car Charging System 

     Electric cars store electrical energy that will be used to operate the vehicle in the battery. The battery in an 
electric car can be recharged through the battery charging process, known as the charging process. In this 
process, the battery is supplied with electrical energy from a power source with a voltage that is adjusted to a 
certain battery capacity. The minimum power required to recharge an electric car is different depending on the 
desired time to fully charge the battery. If the user wants a faster charge, then the minimum power required for 
charging is also greater (Aswardi, Elfizon, & Warman, 2018).  

2.1.3​ Wind Turbine 

     Wind turbines are a windmill technology developed to create power plants that utilize the wind to provide 
torque to windmills. in wind turbines, the kinetic energy formed from the rotation of the wheel that drives the 
electric generator is utilized and converted into electrical energy (Brilliyanto, 2024).  Wind turbines can process 
the creation of electrical energy when the wind blows the rotor blade or pinwheel. In this process, the generator, 
the machine used to produce electricity, also rotates as the rotor rotates. With the principle of electromagnetic 
fields, the generator converts the mechanical energy generated from the rotation into electrical energy which is 
then transmitted through cables (Prasetio, 2019).  

2.1.4​ DAWT  

     DAWT or diffuser augmented wind turbine is a designation used for wind turbines designed with a cone 
shape that is used to obtain high efficiency in wind turbines in converting kinetic energy into electrical energy at 
a lower cost. DAWT wind turbines are modified with a conical wind diffuser, causing a pressure drop at the 
diffuser outlet which helps increase the wind flow rate at the diffuser inlet to obtain the highest efficiency (Naji 
& Jabbar, 2024). 

2.1.5​ VAWT  
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     VAWT or vertical axis wind turbine is a wind turbine whose axis of the wheel rotates with a vertical shaft. In 
VAWT, the direction of the wind blowing is parallel to the rotor which causes the wheel to rotate with the wind 
blowing from various directions. VAWTs require low torque to rotate which allows them to rotate even in low 
wind speeds. In addition, the generator in VAWT is installed under the pinwheel, making it easily accessible for 
maintenance (Maulana, 2019).  

2.1.6​ Linear Regression Analysis   
     Linear regression analysis is a statistical method used to analyze the relationship between one independent 
variable and a dependent variable. The statistical analysis will be expressed by the equation y = mx + c. The x 
values represent the independent variable while the y variable represents the dependent variable of the analysis. 
This equation is done by visualizing the collected data with a scatter plot graph, and then adding a trendline in it 
where the trendline has the equation y = mx + c (Ali & Younas, 2021).  

2.2​ Previous research  
2.2.1​ Numerical Simulation of Wind Speed Effect on Wind Turbine Performance Enhanced with Diffuser 
     Following the principles of aerodynamics, the shape of the wind turbine certainly affects the performance 
and efficiency of the wind turbine. Diffuser Augmented Wind Turbine (DAWT) is a wind turbine made with a 
cone shape that helps wind turbines optimize their performance and produce maximum power output. Referring 
to previous research with ANSYS Workbench 19 computer simulations, tests have been carried out on the 
performance of VAWT at different wind speeds with a blade length of 4.32 meters at wind speeds of 3 m/s, 5 
m/s, and 8 m/s. The turbine was modified by adding a 9-meter-long diffuser. This study showed significant 
differences in performance percentage results, namely 115.6% at 3 m/s wind speed, 99.2% at 5 m/s wind speed, 
and 91.8% at 7 m/s wind speed.  

     The results of this study identified that the performance of the DAWT showed maximum results at a lower 
wind speed of 3 m/s, with a performance percentage of 115.6%. This study provides an important overview of 
the effects of wind speed on the performance of modified wind turbines to help consider determining the best 
operational conditions to innovate the best tools for power support in electric cars (Irawan & Harianto, 2019). 

2.2.2​ Research on Active Power Flow and Efficiency of a Single Vertical Axis Wind Turbine (VAWT)  
     Vertical axis wind turbines (VAWT) are often known as wind turbines that can rotate easily because they can 
be more sensitive to wind gusts from all directions (Naji & Jabbar, 2024). Referring to previous research, the 
power flow characteristics of a vertical axis wind turbine (VAWT) in a single system based on wind conditions 
in South Sulawesi have been investigated, especially in areas with high wind energy potential such as Jeneponto 
and Sidrap. This study shows that at a wind speed of 23 m/s, a single VAWT can generate an active wind power 
flow of 2,980.9 watts, with the highest voltage of 14.22 V and a current of 5.8 A. The efficiency of the single 
VAWT is highest at 0.165% for a wind speed of 10 m/s, although the efficiency decreases as the wind speed 
increases. These data demonstrate the direct relationship between wind speed and generator and turbine rotation, 
as well as the importance of wind conditions in determining the power output of VAWTs, which is relevant for 
the development of power generation for electric cars (Azis, Parawangsa, & Fitri, 2023). 

2.2.3​ Electric Power Generation by Wind Turbines to Charge a Mobile Electric Car 
     In other studies, theoretical calculations have been carried out regarding the estimated electrical power yield 
of a single DAWT mounted on an electric car as a battery support. Adjusting to the aerodynamic concept of the 
car, a single DAWT is placed above the windscreen of the car to get the maximum wind speed when the car 
starts moving. Through theoretical calculations, the electric power generated from the wind shows a figure of 
about 3.26 kW to be distributed to the battery at a car speed of 120 km/h (Quartey & Adzimah, 2014). 

3.​   Methods 

     This paper is written to construct the working system of the E-COBRA product to achieve the ideal output 
target as a power bank for electric cars. The main consideration in the design of E-COBRA is the turbine used, 
which is between the use of a vertical axis wind turbine (VAWT) or a horizontal axis wind turbine with a 
diffuser (DAWT). In this consideration, calculations will be made to compare the efficiency of the two wind 
turbine models and find out the minimum and maximum speed of the car that must be considered by the driver 
when operating the E-COBRA while driving.  

 

 

 

 

 

3.1​ Independent Variables  
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     Here are the independent variables of the study :  

Table 1. Independent Variables in the Study 

Independent Variable Description 

Efficient speed 

 Efficient speed is the wind speed on the roof of the car. In this 
study, calculations will be made from different efficient speeds to 

see the ideal speed that must be met when the car operates 
E-COBRA.  

3.2​ Dependent Variable  
     Here are the dependent variables of the study :  

Table 2. Dependent Variables in the Study 

Dependent Variable Description 

Output power with losses  Output power with losses is the power that can be distributed by 
the wind turbine in total. 

Actual Efficiency 
The Actual efficiency of the wind turbine will be given in the form 

of a percentage (%) to ensure the efficient performance of the 
machine.  

3.3​ Control Variables  
     Here are the control variables in the study :  

Table 3. Control Variables in the Study 

Control Variabel 
Value (m) 

DAWT  

Turbine Radius 0.09 0.09 

Turbine height  0.3 0.3 

Diffuser Inlet Diameter  0.2 -​  

Diffuser Exit Diameter 0.3 -​  

3.4​ Apparatus 
The apparatus needed for the experiment are :  

Table 4. Apparatus 

Name Specification Amount 

Fan  5 wind speed levels 1 

Anemometer Benetech GM816 1 

Wind turbine 9 cm in diameter 1 

Dynamo 12 Volt 1 

Cable - 1 

Multimeter NJTY T21A Digital 1 
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3.5       Experiment Procedure 

     Here is the procedure of the experiment :  
1.​ The anemometer is faced in front of the fan.  
2.​ The fan is turned on at the lowest wind speed level and the wind speed is recorded. 
3.​ The recording repeats at every different wind speed level.  
4.​ Cable and wind turbine is connected to the dynamo. 
5.​ The conductor part of the cable is connected to the test lead of the digital multimeter. 
6.​ The wind turbine is faced in front of the same fan.  
7.​ The fan is turned on at the lowest wind speed level.  
8.​ The power output of the wind turbine is recorded. 
9.​ The recording repeats at every different wind speed level.  

4.​ Results and discussion 

4.1 Calculations  
     In calculating the power output with losses produced by wind turbines, several fundamental concepts and 

equations must be addressed to ensure the necessary variables are accounted for in the calculations. In this study, 
the process to determine the efficiency and power output with losses for each turbine is carried out in the 
following sequence. First, the total power available in the wind must be determined. The power generated by a 
wind turbine is fundamentally derived from the kinetic energy of the wind. The basic formula to calculate the 
power available in the wind is 

 𝑃
𝑤𝑖𝑛𝑑

= 1
2 × ρ × 𝐴 × 𝑣

𝑒𝑓𝑓
3

 Where, 
​  ​ = Power available in the wind (watt) 𝑃

𝑤𝑖𝑛𝑑

​ ρ ​ = Air density (kg/ ) 𝑚3

​  ​ = Swept Area of the turbine ( ) 𝐴 𝑚2

​  ​ = Efficient speed (m/s) 𝑣
𝑒𝑓𝑓

 
     Then, the total efficiency of the turbine will be calculated to determine the overall power output of the 
turbine,  

 μ = (1 − 𝑘
𝑚

​)×(1 − 𝑘
𝑡
​)×(1 − 𝑘

𝑒,𝑡
)×(1 − 𝑘

𝑡
​)×(1 − 𝑘

𝑤
)×𝑐

𝑝
​​

Where,  

​ ​ = Efficiency of the wind turbine (must be lower than the Betz limit of 59.3% and is typically 𝑐
𝑝

between 30% and 40%). 
​ ​ = Losses due to terrain topography, usually 3%–10%. 𝑘

𝑤
​ ​ =  Mechanical losses from the blades and gearbox, typically 0%–0.3%. 𝑘

𝑚
​ ​ = Electrical losses from the turbine, usually 1–1.5% 𝑘

𝑒
​ ​ = Electrical losses from transmission to the grid, usually 3–10% 𝑘

𝑒,𝑡
​ ​ = Percentage of downtime due to failure or maintenance, usually 2–3% 𝑘

𝑡
​ ​ = Actual efficiency μ

     The final stage of calculation for power output with losses or net power produced by a wind turbine is derived 
from multiplying the actual efficiency with the power available in the wind. 

 𝑃
𝑜𝑢𝑡𝑝𝑢𝑡 

=  µ ×  𝑃
𝑤𝑖𝑛𝑑

Where,  
​ = Output power with losses or total power produced by the wind turbine 𝑃

𝑜𝑢𝑡𝑝𝑢𝑡 
​           = Actual efficiency μ
​    = Power available in the wind (watts)​𝑃

𝑤𝑖𝑛𝑑
​  
     This calculation applies to both machines—DAWT and VAWT—as generic wind turbines. However, due to 
their significantly different structures, the power output calculations for DAWT and VAWT differ. The following 
outlines these differences:  

a.​ Difference in Turbine Swept Area (A) 
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     As the name implies, VAWT (Vertical Axis Wind Turbine) is a vertical-axis wind turbine with blades facing 
upwards, while DAWT (Diffuser-Augmented Wind Turbine) is a horizontal-axis wind turbine with a 
cone-shaped diffuser surrounding it. Due to the structural differences between these turbines, their swept area 
calculations also differ. The formulas for turbine swept area (A) are as follows: 

VAWT DAWT 

 𝐴 =  𝐷 × 𝐻
Where, 

 = Turbine swept area ( ) 𝐴 𝑚2

 = Diameter (m) 𝐷
 = Turbine height (m) 𝐻

 𝐴 =  π × 𝐿2

Where, 
 = Turbine swept area ( ) 𝐴 𝑚2

 = Blade length (m) 𝐿

 
b.​ Boost Factor of the Diffuser in DAWT 

     A diffuser is added to a DAWT to enhance the airflow passing through the turbine. The diffuser creates a 
low-pressure area behind the turbine. This pressure difference increases the wind speed passing through the 
blades, thereby improving efficiency. The formula used to calculate the power output of a DAWT differs from a 
normal turbine: 

 𝑃
𝑜𝑢𝑡𝑝𝑢𝑡

= 1
2 × ρ × 𝐴 × 𝑣

𝑒𝑓𝑓
3 × 𝐶

𝑝
× 𝐾

Where,  
   = The factor representing the increase in airflow velocity caused by the diffuser 𝐾

Research by Phillips (2006) demonstrated that a diffuser with an Exit-Area-Ratio (EAR) of 2.62 has a 𝐾
value of 2.2. 

 𝐸𝐴𝑅 =  
𝐴

𝐸
 

𝐴
𝐼

Where  and  are the exit and inlet areas of the diffuser respectively. 𝐴
𝐸

 (=
π𝐷

𝐸
2

4 ) 𝐴
𝐼
 (=

π𝐷
𝐼
2

4 )
Using an inlet diffuser diameter of 0,2 m; (𝐷

𝐼
) 

 𝐴
𝐼
 = π×0,22

4 = 0. 03141592654  𝑚2

Then,   
 𝐴

𝐸
= 𝐴

𝐼
× 𝐸𝐴𝑅 = 0, 03141592654 × 2, 62 = 0, 08230972752 𝑚2

From this calculation, the diffuser’s  is: 𝐷
𝐸

 

 𝐷
𝐸

= 4×0.08230972752
π = 0. 3237282811 = 0, 3 𝑚 

With this diameter, a  value of 2.22 can be used for turbine power calculations. 𝐾

4.2 Experiment 1: Power Generated by DAWT and VAWT 

     This demonstration aims to collect primary data to determine the power output of each wind turbine (DAWT 
and VAWT) when subjected to a fan set at varying speed settings. The wind speed generated by each fan is 
measured using a Benetech GM816 Anemometer, and the power output of each turbine is calculated using an 
NJTY T21A Digital Multimeter. 

Table 5. Power Output VAWT and HAWT 

Wind speed (m/s) 
Power output (watt) 

VAWT HAWT 

1.5 11.0 20.0 

3 9.0 40.0 

3.9 13.0 42.0 
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4.8 11.0 57.0 

5 12.0 65.0 

     Due to the limitations of the equipment used, the demonstration for DAWT was conducted using HAWT 
without a diffuser. The power output produced by DAWT can be determined by multiplying by K. Therefore, 
the power output of DAWT is calculated as follows: 

Table 6. Power Output VAWT and DAWT 

Wind speed (m/s) 
Power output (watt) 

VAWT HAWT 

1.5 11.0 44.0 

3 9.0 88.0 

3.9 13.0 92.4 

4.8 11.0 125.4 

5 12.0 143.0 

      The data obtained from the study shows that the results are consistent with existing secondary data, 
indicating that DAWT is capable of producing greater power output compared to VAWT. This highlights 
DAWT's advantage in wind energy conversion efficiency into electrical power. These findings form the reason 
for choosing DAWT in the design of E-COBRA. 

4.3 Experiment 2: Wind Speed Compared to Vehicle Speed​
     This verification uses the Benetech GM816 Anemometer with a calculation standard of m/s to determine the 
average wind speed. The anemometer is operated while riding a motor vehicle at varying speeds to demonstrate 
that the wind speed received by E-COBRA is directly proportional to the speed of the electric car. Additionally, 
this experiment aims to prove that DAWT will be capable of generating sufficient power to charge an electric 
car. 

 
Figure 2. Graph of Wind Speed vs. Turbine Power Output 

4.4 Data Processing​
     After plotting the experimental results on a graph, the trend of wind speed versus total turbine power output 
from experiments using the wind turbine prototype and multitester was analyzed. The graph in Figure 3 
illustrates that the total power output of DAWT is significantly higher than VAWT. Linear trend lines were 
added to identify the correlation between increased wind speed and turbine power output. From these linear 
trend lines, the Pearson Correlation Coefficient (r) and the linear equations were calculated to describe the 
relationship of the correlation. The coefficients obtained were 0.9487 for DAWT and 0.1375 for VAWT. These 
values indicate that DAWT exhibits a strong positive correlation between wind speed and turbine power output 

, whilst VAWT shows a very low correlation between the two variables . Based on 0. 8 < 𝑟 < 1 0 < 𝑟 < 0. 19
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these coefficients, the linear equation derived for DAWT is considered highly reliable for predicting the 
minimum vehicle speed required to achieve the power needed for charging an electric car, which is 2.200 kW. 
This prediction will be made using the linear equation derived from DAWT's correlation. 

4.5 Equation Analysis​
     The linear regression analysis produced equations representing the trend between increasing wind speed and 
total turbine power output for VAWT and DAWT, respectively, as  and  𝑦 = 0. 3829𝑥 + 9. 8061

 Given that DAWT generates higher power than VAWT, this study will focus on 𝑦 = 25, 817𝑥 + 4, 3893.
predicting the minimum vehicle speed required for charging, using DAWT's equation. To account for the 
difference in radius between the prototype turbine (4 cm) and the actual E-COBRA turbine (9 cm), scalability 
was applied based on the surface area ratio. The area ratio is calculated as follows: 

  𝐴𝑟𝑒𝑎 𝑟𝑎𝑡𝑖𝑜 =  
π ×𝑟

𝑎𝑐𝑡𝑢𝑎𝑙 𝑡𝑢𝑟𝑏𝑖𝑛𝑒
2   

π × 𝑟
𝑝𝑟𝑜𝑡𝑜𝑡𝑦𝑝𝑒 𝑡𝑢𝑟𝑏𝑖𝑛𝑒
2

 𝐴𝑟𝑒𝑎 𝑟𝑎𝑡𝑖𝑜 =
π ×92  

π × 42 = 5. 0625 

Since the power output with losses  is a function of wind speed and swept area, along with other (𝑝)
coefficients, the actual turbine's power output is theoretically scaled by a factor of 5.0625 compared to the 
prototype's results. The estimated power output with losses for the actual turbine is given by: 

​    𝑃
𝑎𝑐𝑡𝑢𝑎𝑙 𝑡𝑢𝑟𝑏𝑖𝑛𝑒

= 𝑃
𝑝𝑟𝑜𝑡𝑜𝑡𝑦𝑝𝑒 𝑡𝑢𝑟𝑏𝑖𝑛𝑒

× 5. 0625

Using this formula, the estimated power output with losses from the actual turbine is as follows, 

Table 7. Estimated power output of DAWT   (𝑃
𝑎𝑐𝑡𝑢𝑎𝑙 𝑡𝑢𝑟𝑏𝑖𝑛𝑒

)

Wind speed (m/s) 

DAWT Power output (watt) 

Experiment Result Scaled Calculation Estimation 

1.5 44.0 222.75 

3.0 88.0 445.50 

3.9 92.4 467.78 

4.8 125.4 634.84 

5.0 143.0 723.94 

     Based on the calculation, an estimation of the power output of the E-COBRA DAWT at specific wind speeds 
has been obtained. Further adjustments will be made to the wind speed to predict the power output of the 
E-COBRA turbine when the wind speed corresponds to the wind speed of a moving vehicle. This adjustment 
will be carried out by deriving a linear equation from the correlation between wind speed and the estimated 
power output with losses of the actual turbine. 

 
Figure 3. Graph of Wind Speed against Estimated Power Output with Losses 
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     In the graph above, the function  representing the correlation between wind speed and the estimated 𝑦

power output with losses for the final E-COBRA design has been established. With a correlation coefficient of 
, the derived equation, , can be used as a reference to determine the 𝑟 = 0. 9487 𝑦 = 130. 97𝑥 + 22. 22

minimum vehicle speed required to achieve a power output of 2.2 kW for charging an electric car battery. To 
utilize this equation, information about the wind speed at the roof of the car, where the E-COBRA is installed, 
relative to the vehicle's speed is needed. 

Given the equation  , where    is the estimated power and is the wind speed, the 𝑦 = 130. 97𝑥 + 22. 22 𝑦 𝑥 
minimum power required to charge the electric vehicle battery is 2200 watts. By substituting   for 2200, the 𝑦
minimum wind speed can be calculated. 

 2200 = 130, 97𝑥 + 22, 22

 𝑥 = 2177,78
130,97

 𝑥 = 16, 63 𝑚/𝑠

     Thus, theoretically, for E-COBRA to effectively charge an electric car, a minimum wind speed of 16.63 m/s 
is required. To adjust wind speed measurements relative to the vehicle’s movement, an experiment will be 
conducted to measure wind speed at an estimated height of 1.6 meters above ground level while the vehicle is in 
motion. This experiment will employ an Anemometer Benetech GM816 on top of a vehicle, which will record 
wind speed as the car travels at constant speeds. The experiment will vary the vehicle's speed at intervals of 10 
km/h, 20 km/h, 30 km/h, 40 km/h, and 50 km/h as the independent variable. The dependent is the efficient speed 
on the wind speed measured at the rooftop of the vehicle. The results are as follows:  

Table 8. Results of Wind Speed Against Vehicle Speed 

Vehicle Speed 
(km/h) Wind Speed (m/s) 

10 2.1 

20 6.5 

30 7.1 

40 10.5 

50 11.2 

 
Figure 4. Graph of Vehicle Speed Versus Wind Speed 

     With a coefficient of , this equation can serve as a basis for calculating the required vehicle 𝑟 = 0, 9297
speed. Thus, by substituting  to 16.63, the necessary vehicle speed is determined as follows: 𝑦

 16, 63 = 0, 222𝑥 + 0, 82
 𝑥 = 15,81

0,222
 𝑥 = 71, 216 𝑘𝑚/ℎ

     Thus, the equation indicates that the minimum speed required for E-COBRA to charge an electric vehicle is 
71.26 km/h. Given an average vehicle speed of 80 km/h, this equation demonstrates that E-COBRA is capable 
of generating sufficient power to charge the vehicle's battery. 
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4.6 Final Design of E-COBRA 

     The findings from the data analysis and both experiments serve as the foundation for the E-COBRA design. 
The dimensions of E-COBRA are determined based on the experimental data analysis from Phillips (2006). The 
choice of turbine is supported by the data analysis and Experiment 1, which demonstrated that DAWT can 
generate significantly more energy compared to VAWT. Meanwhile, Experiment 2 supports the design, as the 
derived equation proves that the E-COBRA design with these dimensions can theoretically generate sufficient 
power to charge an electric vehicle when exposed to the average wind speed in Indonesia. 

     The diffuser length is determined based on the turbine's divergence angle. According to the research by Li et 
al. (2020), divergence angles between 5° and 15° are considered optimal for diffuser geometry to achieve 
maximum pressure recovery. This is because larger angles can cause flow separation, while smaller angles fail 
to produce the desired diffuser effect. The diffuser length can be determined using the ratio of inlet to exit 
diameters and the divergence angle through the following formula: 

 𝐿 =
𝐷

𝐸
−𝐷

𝐼

2×𝑡𝑎𝑛(θ)

 𝐿 = 0,3−0,2
2×𝑡𝑎𝑛(10)

 𝐿 = 0,1
2×0,1763 = 0, 284 𝑚

     Thus, to achieve optimal diffuser functionality, the E-COBRA will have a length of approximately 0.284 m, 
rounded up to 0.3 m. 

  

Figure 5. E-COBRA Final Design Figure 6. E-COBRA Final Design on a Car 

   At the base of E-COBRA, there is a metal handle designed for easy installation and removal. This metal 
handle is attached to the roof rack component on the vehicle's roof, ensuring the E-COBRA can be easily 
mounted or detached. The DAWT turbine has a structural frame made of metal casing. This casing serves to 
protect the turbine from large foreign objects and creates a pressure difference as air enters and exits the 
E-COBRA. This pressure difference induces a temporary vacuum effect, drawing in more air and consequently 
generating greater energy output (Quartey & Adzimah, 2014). 

5.​ Conclusion 

Based on the required minimum vehicle speed and the power output achieved, E-COBRA with DAWT is 
theoretically effective as a supporting technology for electric vehicle batteries. At a minimum speed of 71.26 
km/h, E-COBRA can produce 2200 watts of power, enough to charge electric vehicle batteries with power 
output comparable to public charging stations. This"power bank technology can address the challenges of 
long-distance travel faced by electric vehicles, ensuring the battery remains charged even during extended 
journeys. By utilizing wind turbines, E-COBRA generates electricity from renewable energy sources, thereby 
reducing dependency on coal-fired power plants. As a result, this innovation represents a significant step 
forward in sustainable transportation solutions. 
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