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Abstract. The electrostatic atomization effect of liquid in high voltage electrostatic field was 
studied under capillary-flat electrodes. The effects of charging voltage, liquid flow rate, and the 
distance between a capillary and flat electrode on droplet size distribution were analyzed by the 
DP-02 laser particle size analyzer. The single-factor method was used to analyze the effects. The 
experimental results show that the charging voltage, the liquid flow rate, and the distance between 
the capillary and the plate electrode greatly influence the droplet's atomization effect. The median 
particle size D50 and the distribution span (Span) decrease with the increase of charging voltage, 
the reduction of liquid flow and the decline of the distance between capillary and plate electrode. 
That is, the droplet particle size distribution is better, and thus the droplet electrostatic atomization 
effect is better. 
Keywords: capillary-plate electrode, electrostatic atomization, Particle size distribution, laser 
particle size analyzer. 

1. Introduction 

When the liquid flows out of the charged capillary at a certain flow rate, the surface of the 
liquid will generate electric field force along the surface under the action of an electric field. When 
the electric field force is large enough, dispersed phase droplets or jets will be generated at the 
end of the capillary. This process is called capillary electrostatic atomization [1-2]. Electrostatic 
atomization [3] is a process in which liquid is broken into small charged droplets under 
electrostatic force. Compared with other atomization methods, atomization with this kind of static 
electricity has its unique advantages: for example, the droplet particle size is smaller, up to 
nanometers; The droplet distribution is more uniform, and the nanodispersion is strong. The 
atomized flow field is highly controllable due to the electric field. High deposition efficiency, etc., 
so it is widely used in spraying, dust removal [4], film preparation [5], pesticide spraying [6], and 
other fields. The process of electrostatic atomization is influenced by many factors, such as 
charging voltage, liquid flow rate, and the distance between the capillary and flat electrode, etc., 
and the atomization process presents diversity [7]. 

In this paper, the effects of charging voltage, liquid flow rate and the distance between a 
capillary and flat electrode on the droplet size distribution were compared and analyzed. The 
influences of various factors on the electrostatic atomization effect were revealed, which provided 
a necessary basis and guidance for improving and developing the electrostatic atomization system 
in different situations. 

https://crossmark.crossref.org/dialog/?doi=10.21595/vp.2022.23087&domain=pdf&date_stamp=2023-02-11
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2. The mechanism of charged droplet breaking and the evaluation index of atomization 
effect 

2.1. The mechanism of charged droplet breaking 

When the droplet is suspended and stationary, a pressure difference 𝑃ఙ is generated inside and 
outside the droplet. When charged, an expansive force 𝑃௘ will be developed in the droplet. The 
force model of a charged droplet is shown in Fig. 1: surface tension 𝜎 and 𝜎ଵ electrostatic force f 
and 𝑓ଵ are two pairs of forces and reaction forces, respectively. According to the theory of 
electrostatic field, at any point E outside the charged droplet, as shown in Fig. 2: 𝐸 = 𝑞4𝜋𝜀଴𝑟ଶ, (1)

where 𝑞 is the charge of the droplet, C; 𝜀଴ is the vacuum dielectric constant, F/m; 𝑟 is the distance 
from the droplet at any point, mm. 

 
Fig. 1. Droplet stress model 

 
Fig. 2. Droplet electric field model 

The droplet surface potential 𝑉 and the electric energy stored on the droplet 𝑊 are 
respectively: 

𝑉 = −න 𝐸ோஶ 𝑑𝑟 = 𝑞4𝜋𝜀଴𝑅, (2)𝑊 = −න 𝑉௤଴ 𝑑𝑞 = 𝑞ଶ8𝜋𝜀଴𝑅. (3)

With 𝑞 unchanged, if the droplet radius increases from 𝑅 to 𝑅 + 𝑑𝑅, we can get: 

𝑑𝑊 = − 𝑞ଶ8𝜋𝜀଴𝑅ଶ 𝑑𝑅. (4)

The work done by 𝑃௘ in this process should be equal to 𝑑𝐸, then: 𝑑𝑊 = −4𝜋𝑅ଶ𝑃௘𝑑𝑅. (5)

Make the above two formulas equal, and you can get: 

𝑃௘ = 𝑞ଶ32𝜋𝜀଴𝑅ଶ. (6)

When 𝑃௘ = 𝑃ఙ, the charged droplet reaches the critical breaking state, and then: 𝑞௠௔௫ = 8𝜋ඥ𝜀଴𝜎𝑅ଷ/ଶ, (7)
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where 𝑞௠௔௫ is charged limit of the droplet, C; 𝑉 is potential, V; 𝑊 is electric energy, J. 
When the surface of the droplet is charged, the surface tension of the droplet decreases under 

the influence of electrostatic force, and the surface tension of the droplet decreases to: 

𝜎ଵ = 𝜎 − 𝑞ଶ64𝜋ଶ𝜀଴𝑅ଷ. (8)

Therefore, the actual charge when the droplet breaks is less than 𝑞௠௔௫. 

2.2. The evaluation index of atomization effect 

Droplet size distribution is a critical evaluation index of the atomization effect. In the 
measurement statistics, the median particle size D50 is selected as the atomized droplet size 
measurement index. The size distribution span is used to measure the size distribution width, 
expressed in equation 9. The smaller the values of median particle size D50 and span (Span) 
indicate that the overall particle size of the droplet is smaller, and the particle size is more 
concentrated, so the liquid atomization effect is better: 𝑆𝑝𝑎𝑛 = 𝐷ଽ଴ − 𝐷ଵ଴𝐷ହ଴ . (9)

2.3. Experimental apparatus and method 

Fig. 3 is a schematic diagram of an electrostatic atomization device. To study the effect of 
external parameters on electrostatic atomization, a laser particle size analyzer measured the 
particle size distribution of atomized droplets. 

The measuring area of the laser particle size analyzer (DP-02) is shown in Fig. 4. The distance 
h from the bottom of the capillary is variable. The particle size and distribution of droplets in the 
measuring area are measured and analyzed through the light scattering principle. 

 
Fig. 3. Droplet size distribution  

measuring device 

 
Fig. 4. Laser particle size analyzer  

measurement area 

Table 1. Physical property constants of liquids 
Liquor 𝜌 / (kg∙m-3) 𝜇 / (10-3 Pa∙s) 𝛾/ (10-3 S∙m-1) 𝜎 / (10-3 N∙m-1) 
Water 998 1.007 0.200 73.2 

3. Experimental results and analysis 

3.1. Influence of charging voltage on atomization effect 

Under the condition of the liquid flow of 80 μl/min and spacing between a capillary and flat 
electrode of 80 mm, the relation curve between charging voltage, median particle size D50, and 
distribution span (Span) is shown in Fig. 5. As can be seen in Fig. 5, the median particle size D50 
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and distribution span (Span) of atomized droplets both decrease with the increase of charging 
voltage. This is because the increase of charging voltage will strengthen the electric field intensity 
between the capillary and the plate electrode. Thus, the atomized droplet size is reduced, and the 
distribution becomes more uniform, which can achieve better atomization effect. 

 
Fig. 5. The relation curve between charging voltage and particle size distribution 

Fig. 6 shows the distribution of aqueous particles and the statistical distribution of particle size 
under 14 kV voltage. It can be seen from Fig. 6 that the droplet distribution is relatively uniform, 
and the median particle size is about 9 μm. 

  
Fig. 6. Fog drops distribution of aqueous solution at 14 kV 

3.2. Influence of liquid flow rate on atomization effect 

Under the condition that the charging voltage is 10 KV and the distance between the capillary 
and the plate electrode is 80 mm, the relation curve of the liquid flow with the median particle size 
D50 and the distribution span (Span) is shown in Fig. 7. As seen in Fig. 7, the median particle size 
D50 and distribution span of atomized droplets increases with the increase of liquid flow rate. This 
is because, with the increase in liquid flow rate, some particles float away before they arrive or 
atomize, thus increasing the particle size and distribution span of droplets, indicating that liquid 
flow rate should be minimized in the electrostatic atomization system. 
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Fig. 7. The relationship between liquid flow and particle size distribution 

Fig. 8 shows the distribution of aqueous droplets at two different liquid flows. By comparison, 
it is found that the droplet particle size and distribution range are significantly more extensive than 
40 μl/min, at 80 μl/min. The number of droplet particles in the same region is minimal because 
the droplet distribution range is relatively wide at 80 μl/min. So the number of droplets displayed 
in the same area will be relatively small. 

 
a) 40 μl/min 

 
b) 80 μl/min 

Fig. 8. Distribution of aqueous droplets at different liquid flows 

3.3. Effect of capillary plate electrode spacing on atomization effect 

Under the charging voltage of 10 KV and liquid flow of 80 μl/min, the relation curves of 
capillary-plate electrode spacing with median particle size D50 and distribution span (Span) are 
shown in Fig. 9. As seen in Fig. 9, the median particle size D50 and the distribution span (Span) 
of atomized droplets increase with the capillary-flat electrode spacing. This is because the increase 
of the capillary-flat electrode spacing reduces the electric field intensity in the atomized region, 
thus worsening the atomization effect of droplets.  

 
Fig. 9. The relationship between capillary-plate electrode spacing and particle size distribution 

Fig. 10 shows the droplet distribution diagram of the aqueous solution under two different 
spacings. By comparison, it is evident that the larger the spacing, the larger the droplet size and 
the more comprehensive the droplet size distribution range. Therefore, appropriately reducing the 
capillary-plate electrode spacing helps improve the droplet atomization effect. 
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a) 40 mm 

 
b) 60 mm 

Fig. 10. Droplet distribution of aqueous solution at different spacing 

4. Conclusions 

In this paper, the electrostatic atomization effect of liquid in high voltage electrostatic field 
was experimentally studied under capillary-plate induction electrode, and the effects of charging 
voltage, liquid flow rate, and the distance between capillary and plate electrode on droplet size 
distribution were compared and analyzed. The following conclusions were drawn: 

1) Increasing the charging voltage will increase the electric field intensity between the capillary 
and the plate electrode, making the atomized droplets smaller in size, more uniform in distribution 
and better in atomization effect. 

2) The increase of liquid flow will increase the number of liquid particles simultaneously, and 
some particles will drift away before being atomized and broken so that the particle size and 
distribution span of the droplets will increase, and the atomization effect will become worse. 

3) The increase of the spacing between capillary and plate electrodes will reduce the intensity 
of the field in the atomization region, which will make the atomization effect worse. 
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