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H I G H L I G H T S  G R A P H I C A L  A B S T R A C T  

• The breeze-driven triboelectric nano
generator is proposed. 

• The prototype can harvest the breeze 
energy efficiently. 

• The start-up wind speed of the prototype 
is as low as 3.3 m/s. 

• The energy conversion efficiency of the 
prototype can reach 12.06%.  
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A B S T R A C T   

Smart agriculture is becoming an inevitable trend with the wide application of sensor networks. To supply energy 
for agricultural sensors, the wind energy harvester supports a possible solution. However, the average wind 
speed on the earth surface is only 3.28 m/s, which cannot easily be harvested by traditional generators effi
ciently. To efficiently harvest breeze energy in the farmland environment, a breeze-driven triboelectric nano
generator (BD-TENG) was proposed. By selecting lightweight rotor materials and designing suitable wind scoops 
structures, the start-up wind speed of BD-TENG is as low as 3.3 m/s, and when the wind speed is 4 m/s, the 
energy conversion efficiency of the BD-TENG can reach 12.06%. Moreover, under 4 m/s wind speed, the output 
performance of the BD-TENG is 330 V, 7 μA, 137 nC, and the peak power is 2.81 mW. So, the BD-TENG is easier 
to operate normally even in low wind speed environments and can harvest natural breeze energy efficiently. 
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Experiments prove that in natural environments, the BD-TENG successfully lights up 300 red and blue light- 
emitting diodes in series, which can be applied to increase lighting time for plants at night. Moreover, the 
BD-TENG can power a soil thermometer by harvesting natural breeze energy. Therefore, the BD-TENG can be 
widely used in farmland environments to provide energy for agricultural sensor networks. The BD-TENG has 
bright prospects in smart agriculture and can promote its sustainable development.   

1. Introduction 

Agriculture is an important industrial sector that supports the con
struction and development of the national economy. By combining 
traditional agriculture and modern science and technology, smart agri
culture effectively improves the ability to respond to natural disasters 
thereby improving agricultural production efficiency [1]. Sensors are 
wildly applied in smart agriculture, such as monitoring and controlling 
the ambient environment of crops to ensure healthy growth. However, 
how to meet the energy requirement of sensors is a tricky problem. The 
traditional power supply method requires laborious manual operation to 
replace the waste batteries, moreover, the waste batteries might cause 
environmental pollution [2,3]. In recent years, harvesting the natural 
mechanical energy in the farmland environment and directly powering 
agricultural sensors has been considered as the possible approach for 
solving this problem. Among various mechanical energies, natural wind 
energy has the advantages of large reserves, wide distribution, renew
able, pollution-free, and others. It is an excellent choice to power agri
cultural sensors by harvesting natural wind energy [4,5]. However, 
natural wind energy also has limitations of intermittent and instability. 
For the wind energy generators, when the natural wind speed is lower 
than the start-up speed, it cannot operate normally or the output will be 
interrupted. This will affect the efficiency of wind energy harvesting. 
Therefore, the lower start-up wind speed can make the generator harvest 
weak wind energy and enhance the operating stability, thus supplying 
energy for agricultural sensors more stably. 

In 2012, based on the coupling effect of contact electrification and 
electrostatic induction [6–8], Wang’s group invented a triboelectric 
nanogenerator (TENG) for the first time [9]. TENG has many advan
tages, which include low cost [10], easy manufacturing [11], a wide 
range of material choices [12], broad application scenarios [13,14], and 
so forth. It is widely applied to harvest various natural mechanical en
ergy, including ocean energy [15–17], wind energy [18–20], vibration 
energy [21–23], biomechanical energy [24–26], and sound wave energy 
[27–28]. Based on the unique power generation characteristics, TENG 
has an irreplaceable advantage compared with the electromagnetic 
generators (EMG) in that it has higher low-frequency energy harvest 
efficiency [29,30]. The EMG is currently the most widely used power 
generation method and has higher energy conversion efficiency in high- 
frequency energy environments [31,32]. And the electromagnetic- 
triboelectric hybrid generator can effectively harvest wide-frequency 

wind energy [33,34]. However, the goal of this work is to harvest the 
breeze energy and supply energy for agricultural sensors. The average 
wind speed on the earth surface is only 3.28 m/s [35], so the farmland 
environment is a typical breeze environment. Therefore, the TENG 
should be chosen to efficiently harvest the breeze energy in the farmland 
environment. 

In recent years, several wind-driven TENG has been developed to be 
applied in the specific environment of farmland. A fur-brush TENG with 
a start-up wind speed of 8 m/s was reported to harvest wind energy with 
high output performance in a high humidity environment by using high 
humidity resistance animal fur as the dielectric layer [36]. A contactless 
mode triggering-based ultra-robust rotary hybridized nanogenerator 
was reported with a low wind speed of 2 m/s [37]. The output power of 
TENG is about 5.39 mW with an input speed of 500 r/min. These pre
vious works are of great significance to promote the wide application of 
the TENG in smart agriculture, but they do not have the two advantages 
of low start-up wind speed and high energy conversion efficiency. The 
TENG with the film flutter will be easier to meet these two needs at the 
same time [19,38]. However, the air inlet and outlet will cause the 
power generation part to directly contact the external environment, 
which will seriously affect the output performance and service life of the 
TENG. Therefore, a sealed TENG structure with low start-up wind speed 
and high energy conversion efficiency should be designed to effectively 
harvest the breeze energy in the farmland environment. 

In this paper, a breeze-driven triboelectric nanogenerator (BD- 
TENG) was proposed, which can supply power for sensors by harvesting 
natural breeze energy in smart agriculture. By choosing low-density 
materials to make the rotor, the kinetic energy loss and friction loss of 
the BD-TENG during operation can be reduced, thereby increasing the 
energy conversion efficiency up to 12.06%. By reducing the mass of the 
rotor to reduce the moment of inertia, and choosing a suitable wind 
scoop structure to effectively harvest wind energy can effectively reduce 
the start-up wind speed, so the starting wind speed of BD-TENG is as low 
as 3.3 m/s. Moreover, under 4 m/s wind speed, the output performance 
of the BD-TENG is 330 V, 7 μA, 137 nC, and the peak power is 2.81 mW. 
Therefore, the BD-TENG can operate normally at low wind speeds and 
harvest the breeze energy efficiently. As a demonstration, based on the 
low start-up wind speed, the BD-TENG can be driven by the human 
blowing and power the light-emitting diode board with the pattern 
“BINN TENG”. In natural environments, the BD-TENG can power 300 
red and blue light-emitting diodes in series applied to supplement night 
lighting for crops. Besides, it can successfully power a soil thermometer 
after a period of natural breeze energy harvesting. Based on the above 
application experiments, proving the BD-TENG can be widely applied in 
farmland environments, and power the sensor network required for 
smart agriculture through harvesting breeze energy. Therefore, the BD- 
TENG could play a vital role in developing smart agriculture and could 
promote its sustainable progress. 

2. Results and discussion 

2.1. Structural design and operation principle 

In smart agriculture, three necessary elements to ensure the normal 
growth of plants are suitable temperature, humidity, and light intensity, 
as shown in Fig. 1a. To provide energy for the smart agricultural pro
duction system, a breeze-driven triboelectric nanogenerator was 
designed (BD-TENG) that can effectively harvest the natural breeze 
energy. Because the wind speed on the earth surface is only 3.28 m/s, 

Nomenclature 

m rotor mass of the BD-TENG 
n input speed of the BD-TENG 
Ek the kinetic energy of the rotor 
Pi average input power of the BD-TENG 
S total windward area of the wind scoops 
ηavg average energy conversion efficiency 
J1 moment of inertia of the rotor 
T input torque of the BD-TENG 
Po the average output power of the BD-TENG 
J2 moment of inertia of the wind scoop  

X. Li et al.                                                                                                                                                                                                                                        



Applied Energy 306 (2022) 117977

3

the breeze energy is widely distributed in the farmland. Taking the main 
grain-producing areas of China as an example, over 90% of days in a 
year exit an average daily wind speed of lower than 5 m/s (Fig. S1, 
Supporting Information), which provides bright prospects to the BD- 
TENG in smart agriculture. Fig. 1b shows the detailed structure of the 
BD-TENG, which consists of wind scoops, coupling, rotor, stator, and 
shells. Fig. 1c is the BD-TENG photo, and the photo of the stator struc
ture is shown in Fig. 1d. In addition, the rotor structure photo is depicted 
in Fig. 1e, which consists of an acrylic shaft, a foamed flywheel, and the 
FEP films. The natural wind is harvested by the wind scoops, which 
drives the FEP films to produce sliding friction with the copper elec
trodes. Therefore, the BD-TENG realizes the conversion of natural wind 
energy into electric energy. 

Fig. 2 shows the power generation principle of the BD-TENG. The 
four working states during the power generation process are shown in 
Fig. 2a. The FEP film is an electronegative material, and the copper is an 
electropositive material. When they contact each other, electrons on the 
copper-1 surface are transferred to the surface of FEP film based on the 
triboelectrification principle. [Fig. 2a(i)]. In Fig. 2a(ii), the FEP film 
gradually slides to copper-2. During this process, electrons are trans
ferred from the copper-2 surface to copper-1, an opposite direction 
current is generated in the external circuit. As shown in Fig. 2a(iii), the 
FEP film is completely attached to copper-2, electrons on the copper-2 
surface are completely transferred. As described in Fig. 2a(iv), when 
the FEP film gradually slides to copper-1, electrons on the copper-1 
surface are transferred to the copper-2 surface, an opposite direction 
current is generated in the external circuit. When the FEP film separates 
from copper-2 again, an electron transferred cycle is completed. 

The COMSOL Multiphysics 5.5a software is applied to show changing 
process of the potential difference (Fig. 2b). The surface charge densities 
of copper electrodes and FEP films are 2.54 nC/cm2 (Eq. S1, Supporting 
Information). When the FEP film is completely attached to copper-1, 
Fig. 2b(i) shows the potential difference of the BD-TENG, which rea
ches the maximum value. When the FEP film gradually slid to copper-2, 

the potential difference gradually decreases [Fig. 2b(ii)]. The potential 
difference increases to the maximum again [Fig. 2b(iii)] when the FEP 
film is completely attached to copper-2. When the FEP film is gradually 
slid to copper-1, the potential difference gradually decreases again 
[Fig. 2b(iv)]. The changing process of the potential difference proves the 
feasibility of the power generation principle. 

2.2. Performance 

In order to improve the efficiency of harvesting wind energy of the 
BD-TENG, the experiment is carried out to research the influence of the 
rotor mass on energy conversion efficiency with different input speeds 
(Fig. 3). Five input speeds and nine rotor masses have been selected for 
experiments. The output performance of BD-TENG with the input speed 
of 100 r/min is shown in Fig. 3a and Fig. S2 (Supporting Information), 
and the output performances with input speeds of 300 r/min, 500 r/min, 
700 r/min, and 900 r/min are described in Fig. S3a-d, respectively 
(Supporting Information). As shown, when the input speed is constant, 
the output performance of the BD-TENG will not be affected by varia
tions in rotor mass. However, when the rotor mass remains unchanged, 
the open-circuit voltage and the transferred charge remain constant as 
the input speed increases. In addition, the short-circuit current and the 
load current through the 100-MΩ resistance increase. 

As shown in Fig. 3b and c, the moment of inertia J and the kinetic 
energy Ek of the rotor will increase with the rotor mass m rising. In 
addition, the increase of input speed n will also cause an increase in the 
kinetic energy Ek. In natural environments, the wind speed is unstable, 
which will cause the rotor speed to change frequently. Therefore, the 
loss of kinetic energy caused by variations in rotor speed can be reduced 
by adopting a lightweight rotor. 

The increase of the rotor mass will cause the increase of the friction 
of the transmission parts, and the increase of the input speed will cause 
the increase of the friction between the FEP film and the copper elec
trode. Both will cause an increase in input torque T of the BD-TENG. To 

Fig. 1. Structure of the breeze-driven triboelectric nanogenerator (BD-TENG): (a) three essential elements in smart agriculture, (b) illustration of the BD-TENG 
structure; Photographs of (c) BD-TENG, (d) stator structure, and (e) rotor structure. 
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accurately measure the input torque of the generator, a test system is 
constructed. The stepper motor is used as the excitation source, and the 
input torque of the excitation source to the BD-TENG is accurately 
measured through the torque sensor, as shown in Fig. 3d. According to 
Eq. (1), the average input power Pi of the BD-TENG can be derived as: 

Pi =
Tn

9549
. (1) 

After calculation, the average input power Pi is shown in Fig. 3e. 
According to Eq. (2), the average output power Po of the BD-TENG 

can be derived as: 

Fig. 2. Power generation principle of the BD-TENG: (a) four working states in the process of power generation, (b) potential simulation diagrams of four work
ing states. 

Fig. 3. Influence of the rotor mass on the BD-TENG output performance with different input speeds: (a) the input speed is 100 r/min, (b) moment of inertia J of 
different rotors, (c) kinetic energy Ek of different rotors (d) input torque T, (e) average input power Pi, (f) average output power Po, and (g) energy conversion 
efficiency ηavg. 
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Po = IR
2R, (2)  

where IR is the load current through the external resistance of 100 MΩ, 
and R is the external resistance of 100 MΩ. After calculation, the average 
input power Pi is shown in Fig. 3f. 

According to Eq. (3), the average energy conversion efficiency ηavg of 
the BD-TENG can be derived as: 

ηavg =
Po

Pi
. (3) 

Analysis shows, at the same input speed, the average input power 
increases linearly with the increase of the input rotor mass. And there is 
no relationship between rotor mass and output power, the output power 
of the BD-TENG remains unchanged when the input rotor mass in
creases. Therefore, when the input speed is the same, the average energy 
conversion efficiency of the BD-TENG is continuously reduced with the 
increase of the input rotor mass. On the other hand, when the rotor mass 
remains constant, as the input speed increases, the average input power 
of the BD-TENG increases linearly, while the output power increase rate 
gradually decreases. Therefore, when the rotor mass is the same, as the 
input speed increases, the average energy conversion efficiency of the 
BD-TENG continues to decrease. The improvement of average energy 
conversion efficiency can be achieved by reducing the rotor mass and 
the input speed (Fig. 3g). The detailed data in Fig. 3g are shown in 
Tables S1 (Supporting Information). 

By choosing lightweight materials, the mass of the rotor could be 
reduced, and the energy conversion efficiency could be improved. As 
shown in Table 1, because the density of foam materials is low, the rotor 
with the foam flywheel has a lower mass of 0.005 kg. When the input 
speed is 100 r/min, and the rotor mass is 0.005 kg, the average input 
power, average output power, and average energy conversion efficiency 
of the BD-TENG are 10.47 mW, 1.263 mW, and 12.06%, respectively. 
The peak output power and peak energy conversion efficiency of the BD- 
TENG are 2.81mW and 26.84%, respectively (Fig. S4). In addition, in 
order to verify the output performance of the BD-TENG when the rotor 
mass is less than 0.005 kg, related experiments are carried out (Fig. S5 
and S6). After comparison, the 0.005 kg foam rotor is chosen to be 
installed in the BD-TENG. For detailed analysis, please refer to Sup
porting Information. 

Furthermore, to study the influence of the rotor mass and input speed 
on the BD-TENG, the influence of the wind scoops structure on the 
output performance is also carried out. Fig. 4a and Fig. S7a (Supporting 
Information) show the BD-TENG output performance with three wind 
scoops of 50-mm diameter, Fig. 4b and Fig. S7b (Supporting Informa
tion) show it with three wind scoops of 80-mm diameter, and Fig. 4c and 
Fig. S7c (Supporting Information) show it with six wind scoops of 50- 
mm diameter. As the wind speed increases, the open-circuit voltage 
and the transferred charge remain unchangeable. However, the short- 
circuit current and the load current through 100-MΩ resistance increase. 

Fig. 4d shows the influence of the rotor mass on the start-up wind 
speed of the BD-TENG with different kinds of wind scoops. With the 
same type of wind scoop, as the rotor mass increases, the start-up wind 
speed of the BD-TENG increases. Because as the rotor mass increases, the 
moment of inertia of the rotor increases (Fig. 3b), which makes the BD- 
TENG is more difficult to start under the breeze environment. On the 
other hand, the BD-TENG with three wind scoops of 80-mm diameter is 
the easiest to operate normally under the breeze environment, the start- 
up wind speed is 2.5 m/s. Secondly, the BD-TENG with six wind scoops 
of 50-mm diameter also has a lower start-up wind speed of 3.3 m/s. The 

reason of which is that the start-up wind speed will decrease with the 
increase of the total windward area S of the wind scoops, and after 
calculation, the total windward area S of the three types of wind scoops 
is shown in Table 2. 

The relationship between the wind speed and the rotation speed of 
the BD-TENG with three kinds of wind scoops is shown in Fig. 4e. The 
start-up wind speed of the BD-TENG with three wind scoops is 2.5 m/s. 
However, after the wind speed reaches 4 m/s, the rotation speed is lower 
than the BD-TENG with six wind scoops of 50-mm diameter. Because 
both the mass and diameter 80-mm diameter scoops are the largest 
among three kinds of wind scoops, the moment of inertia J2 is the 
largest, thus, the rotation speed is slower in a high wind speed envi
ronment. The moment of inertia of three kinds of wind scoops is shown 
in Table 2, and the specific calculation process is shown in the Sup
porting Information. Because the average output power P′

o is propor
tional to the wind speed, after the wind speed reaches 4 m/s, the BD- 
TENG with six wind scoops of 50-mm diameter has the highest 
average output power, as shown in Fig. 4f. Finally, six wind scoops of 50- 
mm diameter are selected for the BD-TENG to harvest breeze energy. 
Therefore, BD-TENG has a low start-up wind speed of 3.3 m/s, and when 
the wind speed is 4 m/s, the energy conversion efficiency can reach 
12.06%. 

The start-up wind speed of 3.3 m/s is roughly the same as the average 
wind speed on the earth surface, which enables the BD-TENG to be 
applied in the breeze environment of farmland appropriately. Taking 
farmland environments of China as an example, the grain productions of 
various provinces in 2019 are statistically analyzed (Relevant grain 
production data can be queried at the official website of the National 
Bureau of Statistics, http://www.stats.gov.cn). The top eight provinces 
and their grain productions are shown in Fig. S8a and Fig. S9a (Sup
porting Information). Furthermore, the China Surface Climate Standard 
Data Set can be queried at the China Meteorological Data Service Center 
(http://data.cma.cn). It is found that, for the representative city of these 
eight provinces, the monthly average wind speeds are lower than 5 m/s 
in general (Fig. S8b-i and Fig. S9b-i, Supporting Information), which is a 
typical breeze environment. This proves that the BD-TENG is meaningful 
in the farmland environment. 

2.3. Demonstration 

The peak power with different resistances of the BD-TENG at various 
input speeds is measured (Fig. 5a). And it is 0.58 mW, 2.81 mW, 5.59 
mW, 9.74 mW, 12.51 mW, and 14.76 mW, respectively, when the load 
resistance is 100 MΩ. When the input speed is 100 rpm, the charging 
performance of the BD-TENG for seven commercial capacitors is shown 
in Fig. 5b, and the BD-TENG can charge a 10 μF capacitor to 12 V in 38 s. 
The load voltage and the load current of the BD-TENG are shown in 
Fig. 5c. 

As shown in Fig. 5d, because the BD-TENG has a lower start-up wind 
speed, it can be driven by an adult man blowing into the wind scoops to 
supply power to the light-emitting diode board with the pattern “BINN 
TENG” (Movie S1, Supporting Information). This proves that the BD- 
TENG can be well applied in the typical breeze environment of farm
land. As shown in Fig. 5e, in natural environments, the BD-TENG can 
harvest natural breeze energy to supply power to 300 red and blue light- 
emitting diodes in series, which can supplement lighting for plants at 
night and promote the growth of crops (Movie S2, Supporting Infor
mation). This extra light will increase the blue and red wavelengths of 
lighting for plants, which has a significant effect on plant growth. Be
sides, As shown in Fig. 5f, the BD-TENG can drive an agricultural ther
mometer to operate normally by harvesting the breeze energy in the 
natural environment to monitor the temperature of the soil where crops 
are grown (Movie S3, Supporting Information). Therefore, the BD-TENG 
can normally power some small agricultural sensors, which is of great 
significance for monitoring crop growth environment information and 

Table 1 
Densities of different materials in the rotor structure.   

Acrylic Foam FEP 

ρ (kg/m3) 1190 119 2150  
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ensuring crop growth. 
To better apply the BD-TENG in the actual environment of farmland, 

it uses the shell to seal the generation, reducing the negative impact of 
the external environment on the output performance. To verify the 
sealing effect of the shell, the influence of different humidity environ
ments on the output performance of the BD-TENG is researched, as 
shown in Fig. S10. In a high-humidity environment, the BD-TENG with a 
sealed shell has better output performance than directly exposing the 
generation unit to the outside environment. To verify that the BD-TENG 
can operate stably for a long time, a long-term operation experiment was 
carried out under a normal temperature and humidity environment. As 
shown in Fig. S11, during the 100,000 cycles of the BD-TENG operation, 

the open-circuit voltage is relatively stable, and the total attenuation 
rate is 5%. This proves that the BD-TENG can be used as a stable power 
source to supply energy for agricultural sensor networks by harvesting 
natural breeze energy and has important guiding significance for the 
development of smart agriculture. 

3. Conclusions 

In summary, the wind speed of major grain-producing provinces in 
China was summarized, and the statistics prove that the natural wind in 
the farmland environment is low frequency typically. Therefore, a 
breeze-driven triboelectric nanogenerator (BD-TENG) was designed, 
which is applied in smart agriculture to harvest natural breeze energy 
efficiently and provide energy for agriculture sensors. By selecting 
lightweight rotor materials and designing a suitable wind scoops 
structure, the start-up wind speed of the BD-TENG could be as low as 3.3 
m/s, and the energy conversion efficiency of the BD-TENG could reach 
12.06% with the wind speed of 4 m/s. Therefore, the BD-TENG can 
operate normally in a low wind speed environment and harvest breeze 
energy efficiently. When the input speed is 100 rpm, the peak power of 

Fig. 4. The output performance of the BD-TENG with three kinds of wind scoops: (a) three wind scoops of 50-mm diameter, (b) three wind scoops of 80-mm 
diameter, and (c) six wind scoops of 50-mm diameter; Performance comparison of the BD-TENG with different wind scoops structures: (d) start-up wind speed 
with different rotor mass, (e) relationship between wind speed and rotation speed, and (f) average output power P′

o at different wind speeds. 

Table 2 
The total windward area S and moment of inertia J2 of three kinds of wind 
scoops.   

d1 = 50 mm, N1 = 3 d2 = 80 mm, N2 = 3 d3 = 50 mm, N3 = 6 

S (m2)  0.01178  0.02356  0.03015 
J2 (kg⋅m2)  2.17 × 10− 4  9.14 × 10− 4  4.34 × 10− 4  
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the BD-TENG is 2.81 mW, and which can charge a 10 μF capacitor to 12 
V in 38 s. In natural environments, the BD-TENG can harvest natural 
breeze energy to light up 300 light-emitting diodes in series used to 
supplement lighting for plants at night. Besides, it can successfully 
power the soil thermometer by harvesting breeze energy. Therefore, the 
BD-TENG has bright prospects in smart agriculture and can promote the 
sustainable development of smart agriculture. 

4. Experimental section 

4.1. Fabrication of the BD-TENG 

The external dimensions of the breeze-driven triboelectric nano
generator (BD-TENG) are 200 mm (diameter) × 140 mm (height). The 
main structure of the BD-TENG includes the wind scoops, coupling, 
stator, rotor, and shell. The material of the wind scoops and the coupling 
is aluminum alloy. The stator and shell are made from polylactic acid 
(PLA) using a 3D printer (A6S, JGAURORA, P. R. China). Sixteen copper 
electrodes are evenly fixed on the inner wall of the stator, which di
mensions are 40 mm (length) × 17 mm (width) × 65 μm (thickness). The 
rotor is composed of the shaft, flywheel, and fluorinated ethylene pro
pylene (FEP) films. The material of the shaft is acrylic, which is made by 
turning. The material of the flywheel is foam, which dimensions are 80 
mm (diameter) × 40 mm (height). The dimensions of eight fluorinated 
ethylene propylene (FEP) films are 40 mm (length) × 35 mm (width) ×
100 μm (thickness). Please see the Supporting Information for other 
information. 

4.2. Electrical measurement 

In order to test the performance of the BD-TENG, the stepper motor 
(57BYGH56D8EIS-P, HOHI, China) is applied to provides input torque 
to the BD-TENG. The input torque and rotation speed are measured by 
the torque sensor (DR-2112-R, Lorenz Messtechnik, Germany). The 
electrometer (6514, Keithley, USA) is applied to collect electric signals 
of the BD-TENG, which is converted into data by an acquisition system 
(BNC-2120, National Instruments, USA). Related data is displayed and 
stored by the software LabVIEW with the computer. The COMSOL 
Multiphysics 5.5a software is applied to show changing process of the 
potential difference. 
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