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1. Introduction 

 Electrospinning is a method of producing 

micro/nano fibers by injecting polymer solutions in 

electrostatic field. In an electric field, a polymer 

droplet at the nozzle tip forms a Taylor cone. When 

an electric field force overcomes the surface tension 

of the polymer solution, a charged jet is emitted from 

the tip of the Taylor cone, and during the flying 

towards the collector the solvent evaporation of the 

charged jet results in solid nanofibers deposited onto 

the collector. 

Pratikshkumar et al. (2022) [1], Zhao et al. (2022) 

[2], Li et al. (2021) [3] electrospun nanofibers have 

been widely used in various fields, such as energy, 

filter materials, biomedical applications, etc., due to 

their superior properties such as very small diameter, 

high porosity, large specific surface area. 

Akampumuza et al. (2018) [4], SalehHudin et al. 

(2018) [5], Ahmed et al. (2015) [6] conventional 

single-nozzle electrospinning has limitations in 

industrial applications due to their low productivity. 

Recently, highly productive electrospinning methods 

such as multi-nozzle electrospinning and needle-less 

elecrospinning have been proposed. 

Zheng Gaofeng et al. (2019) [7], Multi-nozzle 

electrospinning is a method of overlapping many 

nozzles, which is difficult to realize stable and 

continuous electrospinning because of corona 

discharge due to strong electrical interaction between 

the nozzles, due to nonuniform distribution of 

electric field at the nozzle tip. Therefore, creating a 

uniform electric field between the nozzles is a very 
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important issue in the multi-nozzle electrospinning. 

Jiang Jiaxin et al. (2020) [8] proposed an arched 

multi-nozzle setup that can weaken the electrical 

interaction between the nozzles by simulating the 

electric field distribution in a multi-nozzle structure 

and validating the optimal nozzle arrangement for 

uniform field distribution. The arched multi-nozzle 

setup provides a stable and continuous jet to improve 

the productivity of nanofibers.  

Zheng Gaofeng et al. (2020) [9] introduced an 

external environmental gas into the arched multi-

nozzle structure to stabilize the electrospinning 

process, prepare nanofibers with relatively uniform 

diameter distribution with diameter range of 131.3 

nm - 142.8 nm, and found that nanofiber ion 

exchange membranes prepared with these 

electrospun fibers were suitable for preparing 

electrodialysis materials. 

Making an estimate of the diameter of electrospun 

fibers is an important issue in their applications. 

Ahmed Adnan et al. (2020) [10] simulated the 

electrospinning process of polymer fibers using CFD 

and obtained that the larger the jet flow rate, the 

smaller the electrospun fiber diameter. 

Not only methods to control the structure and 

diameter of the electrospun fiber by changing 

structure and arrangement of the nozzles, but also 

attempts to improve the structure and orientation 

degree of the electrospun fiber by changing the setup 

of the collector have been proposed.  

Li et al. (2003) [11], Yang et al. (2007) [12], Theron 

et al. (2001) [13], Katta et al. (2004) [14], Akbar et 

al. (2011) [15] have attempted to use the several 

kinds of collectors such as two parallel collectors, 

collector using parallel magnets, thin rotating disc 

collector, rotating roller collector, collector 

combining parallel electrodes and rotating roller. 

Luan Ngoc Mai et al. (2023) [16] studied the co-

existing phenomenon in electric fields (corona 

discharge) in the simulation of electro 

hydrodynamics (electrospinning /electrospray) 

processes. 

In this paper, we propose a new type of profile of the 

collector geometry which is able to obtain uniform 

nanofibers in an arched multi-nozzle setup. Based on 

the calculation of the flow rate in the angular jet flow 

by CFD simulation of the jet flow in electrostatic 

field, we determine the curved shape of the collector 

geometry obtained by the surface of the equal 

velocity, calculate the equation of the curve of the 

curved collector which can obtain uniform diameter 

electrospun fiber in the multi-nozzle electrospinning 

system combining the arched multi-nozzle and the 

curved collector, and obtain the curve equation of the 

curved collector which can produce uniform 

diameter electrospun fiber for electrodialysis, and 

obtain a uniform electrospun fiber with a diameter of 

131.3 nm. 

In Section 2 of this paper, we summarize the 

calculation method of velocity distribution of the 

charsed jet flow using CFD simulation in an arched 

multi-nozzle electrospinning system. In Section 3, 

based on the velocity field distribution obtained in 

section 2, we determined the surface equal velocity 

to obtain uniform electrospun fiber and compared the 

distribution of the electric field in an arched multi-

nozzle electrospinning system when using a straight 

and a new curved collector respectively. And the 

curve equation of the new collector geometry to 

obtain uniform fibers with diameter of 131.3 nm, 

suitable for preparing nanofiber ion exchange 

membrane for electrodialysis application, was found. 

The average diameter of the electrospun nanofibers 

obtained by applying this curved collector and a 

straight collector in the arched multi-nozzle 

electrdspinning system was compared and the 

average diameter error of fibers was reduced from 

8.4% to less than 2%. Section 4 describes the 

conclusions and the significance of our work. 

2. Numerical experiments and verification 

2.1. Numerical simulation 

 The polymer jet kinetics in the electrostatic 

field are simulated using COMSOL 

MULTIPHYSICS 5.2a. The assumptions for 

numerical calculations are as follows: 

(ⅰ) The jet from each spinneret fly straight toward the 

collector plate and do not take into account the 
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kinetic change of the jet due to solvent volatilization 

in the polymer solution that occurs during flying 

towards the collector. 

(ⅱ) The surface charge in all flow paths of the 

polymer fluid remains unchanged. 

The initial data and boundary conditions necessary 

for the simulation calculation are referred to the data 

presented in Ref. 10. 

A Lagrangian dispersion phase model (DPM) is 

applied to the calculation of the fluid kinetic process 

in which any particle of the jet jet is injected into the 

collector plate, which considers the jet solution as a 

continuous phase and solves the Navier–Stokes 

equations. In this method, the jet solution is 

considered as a continuous phase and the Navier–

Stokes equations are solved. 

 

 

2.1.1. Charge Equations 

 Anagnostopoulos et al. (2002) [17], Van Thanh Daua et al. (2016) [18] the electric field is connected by 

the charge density and Poisson equation as follows; 

∇2𝜑 = −
𝜌

𝜀0
                                  (1) 

Where φ is the electric potential, ρ the ionic charge density, and ε0 the air permittivity. 

By the relation J = −𝜌𝑏∇𝜑 between the current density j and the electric field, and the continuity equation ∇J =
0, we read the following expression; 

∇(ρb∇φ) = 0                                 (2) 

Where J is the current density and b the ion mobility. 

Equations for the liquid phase 

When the jet is in isothermal state and mass transfer at the interface is neglected, the conservation equation of the 

qth phase is as follows: 

- Continuity equation 

𝛻(𝛼𝑞𝜌𝑞𝑢𝑞) = 0                                (3) 

- Momentum transport equation 

𝛻(𝛼𝑞𝜌𝑞𝑢𝑞 − 𝛼𝑞𝜏) = −𝛼𝑞𝛻𝑝 +𝑀𝑞                         (4) 

Where αq is the volume fraction, ρq is the density, uq is the velocity, τ is the viscous force tensor, and Mq is the 

total interfacial force acting on the qth phase. 

2.1.2: Equations of motion for particles 

 The trajectory of the particle is represented in the Lagrangian reference system by integrating the force 

balance acting on the dispersion phase. Xu Lan (2018) [19] this force balance Mq is equal to the inertia of the 

particle with the force acting on the particle and can be expressed as follows for the X-axis direction of Cartesian 

coordinates: 

𝑑𝑢𝑝

𝑑𝑡
= 𝐹𝐷(𝑢 − 𝑢𝑝) +

𝑔𝑥(𝜌𝑝−𝜌)

𝜌𝑝
+ 𝐹𝑥                          (5) 

Where FD(u-up) is the gravitational force per unit particle mass and Fx is the additional acceleration force, which 

is important in the particle force balance when ρ > ρp. 
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𝐹𝐷 =
18𝜇

𝜌𝑝𝑑𝑝
2

𝐶𝐷𝑅𝑒

24
                                    (6) 

𝐹𝑥 =
1

2

𝜌

𝜌𝑝

𝑑

𝑑𝑡
(𝑢 − 𝑢𝑝)                                  (7) 

Where u is the velocity of the liquid phase, up is the velocity of the particle, μ is the molecular viscosity of the 

liquid, ρ is the density of the liquid, ρp is the density of the particle, and dp is the diameter of the particle. 

Three CFD submodules - MHD model, turbulence model and DPM model, are applied to numerically simulate 

the two-phase jet. 

The most suitable module for the equations in Part 1 is Fluid Flow/Single Phase Flow/Turbulent Flow k-ε2 (spf2) 

in COMSOL MULTIPHYSICS 5.2a. 

 

The model was constructed in 2D coordinates, as shown in Fig 2.1.1. 

 

Fig. 2.1.1. 2D coordinate model 

 

2.1.3: Boundary conditions 

 Each boundary condition is as follows: 

The meshing is Predefined/Fine. 

The surrounding medium is air, and the properties of 

the jet medium are selected as Density 1013, 

Dynamic Viscosity 0.317 and Relative Permittivity 

3. 

The computational domain is 240×160 mm. 

Flow inlet: uin ≈ 0.02 m/s (according to the 

volumetric flow rate). 

Free surface: zero standard gradient for all variables, 

∂Φ/∂n = 0. 

No-slip bound: zero velocity for all walls, uwall = 0. 

2.2: Experiments for verification 

 Experiments are carried out to verify the 

effectiveness of the curve collector obtained from 

simulation calculations. 

In the experiment, for comparison with the results of 

Ref. 9, nine nozzles with an inner diameter of 0.2 mm 

were placed to be 15 mm in distance between the 

nozzles along the circumference of 17 cm radius and 

connected to the anode of the high-voltage power 

source through a conductive plate. The high-voltage 

power supply is self-manufactured with the voltage 

regulation range is 0–30 kV. The collector was 

grounded and connected to the cathode of the high 
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voltage power supply. The distance between 

electrodes is defined as the distance between 

outermost sides of the nozzle and collector, and its 

distance is adjusted in the range of 0–20 cm. To 

ensure the objectivity of the experiment, the 

experiment was performed five times under the same 

conditions, and calculate the average diameter. 

 

Fig. 2.2.1 shows the schematic of our experimental setup. 

Fig. 2.2.1. Schematic diagram of experimental setup 

 

The nozzle is an arched multi-nozzle, and the 

collector is a surface with a curved profile. The 

injection pump supplies a certain amount of polymer 

solution to the electrospinning nozzle, and the jet 

injected in the electrospinning nozzle is solidified in 

the collector to obtain nanofibers. 

Using SEM images of the nanofibers obtained at the 

end and midpoint of the collector evaluated the 

degree of the nanofibers obtained at the curved 

collector. 

3. Results and discussion 

 According to the formula πr2ρu = Q of mass 

conservation in electrospinning process, the diameter 

of the electrospun fiber decreases as the velocity of 

the charged polymer jet increases. Therefore, the 

diameters of the electrospun nanofibers are equal 

each other at the position where the velocity of the 

charged jet is equal when the inlet flow rate is 

constant. Hence, if the surface of equal velocity, the 

surface where the velocity of charged jet is equal, is 

determined, the diameter of the charged jet is equal. 

Based on the simulation of the electric field 

distribution in the arched multi-nozzle setup and the 

calculation of the velocity field distribution in the 

polymer jet, the equal velocity profile of the polymer 

jet is determined. 

Based on the simulation of the electric field 

distribution in the polymer jet, the equal velocity 

profile of the polymer jet was determined. 

The main force affecting the flow rate at a point of 

the charged jet can be considered as the electric force 

due to the interaction between the electric field 

strength and the surface charge at that point. Based 

on this, under the assumption that the surface charge 

in all flow paths of the charged jet remains 

unchanged, at the considering point the electric force 

affecting on the charged jet is calculated, and 

simulate the jet process taking place due to the 

electric force.  
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The simulation calculation results are shown in Fig. 3.1. 

 

Fig 3.1. Surface of equal velocity magnitude of charged jet 

 

As shown in Fig. 3.1, the surface of equal velocity magnitude of charged jet in the arched multi-nozzle 

electrospinning system is curved. 

 

 

Fig. 3.2 shows the distribution of electric field in the arched multi-nozzle electrospinning system and the intensity 

of electric field near the nozzle. The distribution of the electric field in the nozzle setup arranged as the arc array 

is uniform. The uniform electric field allows the electrospinning process to proceed more smoothly. 

a)                                                                                                         b) 

Fig. 3.2. Distribution of electric field in arched electrospinning multi-nozzle setup 

(a) Electric field distribution when using a straight collector, (b) Electric field distribution when using 

curved collector. 

 

As shown in Fig. 3.2, the distribution of the electric 

field toward the collector is more uniform and the 

interaction of the electric field near the nozzles is 

relatively relaxed when using the curved collector, 

compared to the straight collector in the 

electrospinning system consisting of the spinneret 

and collector. When using a straight collector, the 

electric field becomes strong in the central region and 

weak in the outer region, the point have same 

intensity of the electric field seem to be concentrated 
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in the central region and gradually rarefied towards 

the outer region. When using a curved collector, the 

electric field is not so much different from the central 

and outer parts, and the intensity of the electric field 

is not so high compared to the case when using a 

straight collector. At the position which is 50mm 

away from the nozzle, the electric field strength of 

the central and outer parts are 159.65 kV/m and 

131.89 kV/m, respectively. The ratio of the electric 

field strength of two parts is 1.21 when using a 

straight collector, while the strength of the central 

and outer parts are 93.428 kV/m respectively, which 

show the ratio is 1 when using curved collector. 

Therefore, when the curved collector is introduced 

into the multi-nozzle setup arranged in an arc array, 

improvement of electric field distribution, mitigation 

of electric interaction, enhancement of uniformity 

and stability of electrospinning process, will be 

achieved. 

This is because the better uniformity of the electric 

field strength is formed the nozzle arc type of 

electrode relationship when using curved collector 

compared to the nozzle-plate type of electrode 

relationship when using a straight collector. 

When using a straight collector, the intensity of the 

electric field is relatively strong near the nozzle and 

unevenness of the electric field is increased near the 

collector, but when using a curved collector, the 

intensity of the electric field near the nozzle is rather 

weak, and the unevenness of the electric field near 

the collector is decreased, so the stability of the 

electrospinning process becomes very high. The 

better the uniformity of the electric field is, the better 

the stability of the electrospinning process and the 

higher the productivity of the spinning fiber. 

In Ref. 9, the external environmental gas flow was 

applied to the arched multi-nozzle electrospinning 

system to improve the jet characteristics of the 

polymer fluid and reduce the average diameter of the 

electrospun fiber from 282.48 nm (251.5 nm–308.7 

nm) to 141.18 nm (131.3 nm–142.8 nm), increased 

the uniformity of the electrospun nanofiber ion 

exchange membrane for electrodialysis application 

made of these fibers. 

The curve equation of a curved collector geometry is 

obtained to obtain a electrospun fiber with diameter 

of 131.3 nm, which is suitable for the preparing of 

nanofiber ion exchange membrane for 

electrodialysis. Fig. 3.3 show the shape of the curved 

collector geometry can be obtained electrospun fiber 

of 131.3 nm in diameter. 

 

 

The curve equation of the collector geometry for obtaining the nanofiber with diameter of 131.3 nm in arched 

multi-nozzle electrospinning system is y= -2E-12x3+0.002x2-2E-08x-91.991. 
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Fig. 3.3. Curved collector geometry for preparing 131.3 nm diameter of electrospun fiber. 

 

Fig. 3.4 shows the diameter distribution of the 

electrospun fibers in different regions obtained by 

applying the external environmental gas flow when 

using a straight collector in an arched multi-nozzle 

electrosinning system of Ref. 9 and the diameter 

distribution of the electrospun fibers in different 

regions obtained when using a curved collector. 

Fig. 3.4. Diameter distribution of electrospun 

fibers in different regions. 

When using a straight collector, the moving distance 

of the jet from the nozzle at the inner position is 

shorter than that of the jet from the nozzle at the outer 

position. 

The diameter of the electrospun fibers at different 

regions is different, because the difference in the 

moving distance is not eliminated whether the 

external environmental gas is applied or not. 

Therefore, the average diameter of the electrospun 

fiber obtained in this case is 131.3 nm in the outer 

nozzle region and 142.8 nm in the inner nozzle 

region, which is 8.4% in the average diameter error 

of the electrospun fiber. 

 

 

Fig. 3.5 a) and b) shows SEM images at the end and midpoint, respectively, when using a curved collector in a 

multi- nozzle electrospinning machine. 

Fig. 3.5. SEM images 

( a)-at the end b) at the midpoint) 

 

As shown in the figure, the fiber thickness at the end 

and middle of the collector becomes basically 

uniform. 

However, in the case of using the curved collector, 

the collector geometry is the curve obtained with the 

surface of equal velocity - the surface where the 
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velocity of the charged jet is equal, so the moving 

distance of the jet from each nozzle is equal, 

accordingly the diameter of the electrospun fiber 

obtained in different regions will be equal. The 

average diameter of the electrospun fiber obtained in 

the experiment is 131.3 nm ± 2.6 nm, with the 

average diameter error of the electrospun fiber less 

than 2%. 

4. Conclusion 

 In this paper, based on the calculation of the 

velocity field distribution in charged jet, a new 

curved profile of the collector was proposed to obtain 

uniform nanofibers in an arched multi-nozzle 

structure. 

The curve equation of the collector geometry was 

developed to obtain a uniform electrospun fiber 

membrane with a diameter of 131.3 nm, which is 

suitable for the preparation of electrodialysis 

nanofiber ion exchange membrane in an arched 

multi-nozzle electrdspinning system. The average 

diameter of the electrospun fiber obtained by 

applying this curved collector in the arched multi-

nozzle electrdspinning system is 131.3 nm ± 2.6 nm, 

with the average diameter error of the electrospun 

fiber less than 2%. 

To compare the results studied in this paper with the 

results of Ref. 9, we used the same phase and 

trajectory of the jet as the experiment of Ref. 9. 

In the present study, numerical simulations were 

focused on the velocity characteristics of the jet flow 

in electrostatic field and the profile of the collector to 

obtain fibers of uniform diameter at uniform 

velocity. 

So, the study of co-existing phenomenon (corona 

discharge) occurring in simulations in fields such as 

electrohydrodynamics 

(electrospinning/electrospray) have not been carried 

out in depth. 

In the next work, we will refer to the study of co-

existing phenomenon (corona discharge) and other 

new configuration. 

In future work, we will investigate the effect of 

collector morphology on the stability of the 

electrospinning process and nanofiber quality. 

This study may contribute to providing a new 

methodology to obtaining uniform electrospun fibers 

in a multi-nozzle electrospinning system without 

additional means. 
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