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Abstract: In recent years, there are more and more researches on electrospinning, but some problems are still difficult to solve, such as the 

difficulty of controlling the structural size of the product fiber. Therefore, we need to explore basic theories, perform dynamic analysis on the 

jet behavior, so that the quality of the produced fiber is good and the output is large.

In this paper, mechanical analysis of the unstable segment of electrospun charged jet is carried out and the dynamic model of the jet is 

established. The trajectory of the jet in the unstable segment is calculated using Matlab software. Basing on the Maxwell viscoelastic model, 

establish a dynamic model of the jet. Taking a single jet in a single-needle electrospinning device as the research object. The jet is discrete 

into multiple charged particles, and the movement trajectory of the charged particles is simulated using Matlab software. The results show 

that the influence of voltage on jet trajectory distribution is obvious. 
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1. Introduction
In the electrospinning process, the polymer solution forms a jet under the action of high-voltage static electricity, and the jet is com-

posed of an infinite number of fluid particles. This paper mainly performs numerical calculations on the trajectory of the jet. A dynamic mod-

el is set to simulate the unstable section of the jet to analyze the force of the particles. 

2. Calculation method
The method of using Matlab simulation is the slope method: first, the interval is discretized, and the upper and lower limits of the x-ax-

is, y-axis, and z-axis are input. The value range of the x-axis and y-axis is [-6, 6] ,and the value of the z-axis is [26, 30], which is divided 50 

equal parts, and then perform the following calculation. .In the process of two-dimension simulation drawing, each trajectory is divided into 

x-axis component and y-axis component according to the data, that is, the force received by particle i can be decomposed into x-axis and y-axis 

components. As it is very short that the particle separation distance can be taken as a straight line. The particle trajectory can be gotten by 

solving the x-axis and y-axis coordinates of particle i and the deflection angle of the xoy plan[2]. In the process of three-dimensional dynamic 

simulation of jet particles, the movement trajectory of each micro-element segment in space is decomposed into x-axis component, y-axis 

component and z-axis component. As the distance between adjacent particles is very small, each trajectory can be approximated as straight 

line, and only solve the coordinates of the particle i and the deflection angle of the xoy plane. The deflection angle of the z axis to simulate 

the three-dimension trajectory of the jet in the unstable section. The premise is that you need to input parameters such as voltage, calculate 

the surface tension, viscoelastic force, Coulomb force, and electric field force that particle i is subjected to to obtain the size and direction 

of the particle’s total force[3]. The entire particle coordinates obtained by calculation, the deflection angle of the xoy plane and the deflection 

angle of the z-axis are brought into programming to simulate the movement trajectory from particle 1 to particle i (including 2D and 3D tra-

jectory diagrams).

3. Establishment of a model of jet dynamics
According to the Newton’s second law the resultant force acting on the particle i in the unstable section of the jet is[1,2] （

                 (1)

The resultant particle should satisfied as[1,2]
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             (2)

In the formula,   i


, j


, k


 are respectively representing the Cartesian coordinate system three direction unit vectors, m, f is quality 

and force of the ith particle respectively,  0ε  is dielectric constant and  N  is total number of particles. In the formula,  1q , 2q  denotes two 

charge quantities respectively,  l  is the distance between the charges,  esu1=ek  is the Coulomb force constant,  0ε  is the vacuum capacitance, 

 F/m 108548 12
0

-.ε ×= .

4. Simulation of experiment program

4.1 Initial model values and simulation parameters

Set the simulation parameters as follows: particles charged is  C1084.2e 9−×= , particle mass is kg10842 9−×= .m , elastic modu-

lus is ( )smkg/104 ⋅=η  , the viscosity coefficient is  10MPa , the solution surface tension coefficient is  N/m07.0=α  , the needle diameter is 

 m102 3
0

−×=a  , the initial length of the elastic element in the viscoelastic model is  EaeL 2
0

2 π= .                 
Only when the distance between the tip particle and the needle is greater than the initial length L of the viscoelastic element, the simu-

lation will start.

The initial values of the parameters defined in the model are:

Define t = 0 as the initial moment of charged particles;

At the beginning of the simulation, the number of jet particles is N = 2, and the longitudinal distance from the needle is L and 2L re-

spectively, and the initial velocity of both particles is zero.

At the initial moment, the viscoelastic stress of the particles and the chain length between the connected particles are also zero, that is 

 01 =dσ ； 01 =dl ； 0=nNσ ； 0=nNl  .
The specific steps of the numerical calculation of the electro-jet kinematics model of the electrospinning ribbon:

(1) Initial time t = 0, initial position of charged particles, initial velocity.

(2) Calculate the viscoelastic force, surface tension, Coulomb force and electric field force acting on the particles at time t.

(3) According to formula (2), calculate the position of the particle now.

(4) Repeat steps (2)-(3) for each particle.

5. Numerical simulation of trajectory of single jet
Taking the single needle electrospinning device as an example. According to the kinematic model of the unstable section of the elec-

trospinning jet described , a voltage of 14 KV is applied to the needle using the Matlab simulation method, the distance from the needle to 

the receiving plate is h =30 cm, and the receiving plate does not move relative to the polymer jet, keeping the receiving plate stationary. Then 
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input parameters, carry out simulation, reach the bottom, simulation stop.In this simulation, the z-axis distance range is set to [26, 30], the set 

voltage is 14KV, and the receiving distance is set to 30 cm. 
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Figure 1 Simulation of the motion trajectory of a single jet         Figure 2 Relationship between diameter and heightand 

Figure 1 is the simulation results of the electrospinning motion trajectory. The electrospray ribbon electro-jet has a spiral shape as a 

whole, gradually diffusing outward, and the closer it is to the receiving plate, the larger the trajectory diameter that is, the greater the rotation 

amplitude. Figure 2 shows the relationship between the trajectory diameter of the jet and the height of the jet. We can see that the diameter of 

the trajectory of the jet increases gradually with the direction away from the needle.It can be seen from the comparison between Figure 1 and 

Figure 3 that the trajectory obtained from the model is basically consistent with the real trajectory of the electrospinning jet.

         

Figure 3 Curve of unstable section of electrospray ribbon electrojet    Figure 4 Simulation of the trajectory of a single jet 

Next, set the second set of simulation voltage to 16 KV. The other parameters remain the same as the first set of parameters. Figure 4 is 

a three-dimension diagram of the simulation of the trajectory of a single jet.
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Figure 5 Relationship between diameter and height     Figure 6 Relationship between diameter and input voltages

Figure5 shows the change of the diameter of the jet trajectory when h = 30 cm and V = 16 KV. Figure6 shows the relationship between 

the trajectory mode diameter of a single jet and different voltage values at 14 KV and 16 KV, respectively. As can be seen from Figure6, the 

increase in voltage “constrains” the track diameter of electrospinning from becoming larger.
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6. Summary 
Based on the established jet motion equations Matlab is used to numerically calculate the trajectory of a single jet in this paper. The 

calculation method and flow chart of jet trajectory simulation are involved. The relationship among the height of the jet and the diameter of 

the fiber trajectory and the different voltage conditions is analyzed. The influence on the diameter of the jet trajectory, and the actual experi-

mental result.

References
[1] Blachowicz, T., Ehrmann, A. (2023). Methods and Engineering of Electrospinning. In: Das, R. (eds) Electrospun Nanofibrous Tech-

nology for Clean Water Production. Nanostructure Science and Technology. Springer, Singapore.

[2] Wei L, Cheng X, Wang Q, et al. Establishment of a one-dimensional physical model for electrospinning multiple jets of spinner-

ets[J]. Journal of Industrial Textiles, 2023, 53: 15280837231196327.

[3] Lauricella M, Succi S, Zussman E, et al. Models of polymer solutions in electrified jets and solution blowing[J]. Reviews of Mod-

ern Physics, 2020, 92(3): 035004.

[4] Kumar M, Hietala M, Oksman K. Lignin-based electrospun carbon nanofibers[J]. Frontiers in Materials, 2019, 6: 62.

[5] D. A. Saville, viElectrohydrodynamics: The Taylordynamics: The Taylor8–3026302689(5)Annu. Rev. Fluid Mech. 29, 27 ~1997.

Author Introduction:
Zhiyong Liang (1966-), male, Han, born in Hubei, holds a doctoral degree and is an associate researcher. His research interests include 

computational fluid dynamics, solid mechanics, and textile forces. The main research focuses on the mechanical properties of textile fibers, 

ship resistance in the ocean, inverse design of wings, and other fluid dynamics problems. Numerical simulation is used to provide design ba-

sis for specific experiments, and finite element methods and variational principles are used in numerical calculations;

Yuhan Wang (1995-), female, Han, from Gansu, is a graduate student. Her research direction is mainly focused on the mechanical 

properties of textile fibers, providing design basis for specific experiments through numerical simulation.




