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Abstract 

This paper presents a simulation of electric potential distribution, electric field intensity and temperature in the spiral 

wound supercapacitor. The paper simulation using the 3-D finite element method that all coded by MATLAB 

program and show the graphical representation for electric potential,
 
the electric field intensity

 
and temperature

 
of 

inner part for a supercapacitor and studies the permittivity
 
of the electrolyte that affect the electric field intensity

 
and 

temperature
 
of supercapacitor. The simulation results show an electric field intensity

 
and temperature

 
of the inner part 

with various electrolytes including KOH and sodium iodide in various solvents electrolyte.
 
Solvents of sodium iodide 

consist of CH3OH, (CH3)2SO, HCONH3

 
and HCONHCH3

 
that have different relative permittivity. It can indicate to 

the working process of supercapacitor.
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1.
 

Introduction 

At present, supercapacitors are popular as a source of electrical energy or used in backup power 

applications because of their long lifespan. Supercapacitors are electronic devices that have an unusually 

high energy density when compared to common capacitors [1]. However, supercapacitors have many 

advantages such as high efficiency, fast dynamic response, high capacitance, high level of stability and 

wide temperature operating range [2-4]. Supercapacitors exploit the electrostatic separation between 

electrolyte and high surface area electrodes, typically activated carbon [5][6]. Due to the low rated 

voltage cell of a supercapacitor, the series and parallel connection of supercapacitors are used to increase 

the energy storage capacity or high voltage requirement [7].  

The finite element method (FEM) is a numerical technique used to perform finite element analysis 

(FEA) of any given physical phenomenon. The analytical solution of problems generally requires the 

solution to boundary value problems for partial differential equations (PDE) it can utilize to solve 

problems in electric field intensity [8] and heat transfer [9] of supercapacitor. 

This paper will discuss on electric field intensity inside supercapacitor in activated carbon electrode 

layer and temperature distribution by using the 3-D finite element method. The finite element modeling of 

a supercapacitor in section 2, electrostatics analysis of supercapacitor in section 3 and thermal analysis of 

supercapacitor in section 4. Section 5 presents the 3-D FEM simulation result, and section 6 presents the 

conclusion of the study. 
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2. The Finite Element Modeling of Supercapacitor 

In this paper study is the inner part of the spiral wound stacked supercapacitor produced by the 

domestic manufacturer, which is made up of the aluminum shell, phenolic cover and the inner part, and 

the dimension is 21 mm × 44 mm (Diameter × Length, lead wire is excluded) [9]. The structure is shown 

in Fig. 1. The inner part is a stackable structure that consists of the aluminum current collector, 

polypropylene separator and activated carbon electrode with KOH organic electrolyte system [10] stacked 

in layers.  

In this paper study inner part of supercapacitor by using SOLIDWORK program to mesh the entity 

model shown in Fig. 2. by using linear tetrahedron elements. The whole element model consists of 33,873 

elements and 6,449 nodes. 

 

 
(a)                                                                                                        (b) 

Fig. 1. Structure schematic of supercapacitor: (a) Details of supercapacitor and (b) Details of inner part 

 

Fig. 2. Mesh of supercapacitor 
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3. Electrostatics Analysis of Supercapacitors 

The partial differential equations (PDE) in Equation (1) is shown 3-D the Poisson’s equation with the 

electrostatics is used to obtain the electric potential distribution in a supercapacitor. 
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Where, U is electric potential (V), ρ is charge density (C/m
3
) and ε is electric permittivity (F/m) derived 

from ε=εoεr where, εo is the permittivity of free space is equal to 8.854 × 10
-12

 F/m and εr is relative 

permittivity 

Formulating of the element interpolation function in three dimensions is derived from the Poisson’s 

equations, assume the characteristics distribution of solution in the element by linear representation 

shown in Equation (2) [11]. 
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Where, Ni, Nj, Nk, Nl are the shape function in the element of node i, j, k, l respectively, and Ui, Uj, Uk, Ul 

are the electric potential at node i, j, k, l respectively. The shape function of each element is derived from 

Equation (3). 
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Where, n = i, j, k, l, and V is the volume of the element, which derived from Equation (4). 
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The positional coefficient defined by 
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The formulating each element equations used the weighted residual method and the approximate 

results in Equation (1) which is equal residual function as follow Equation (5). 
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Where, R is the residual function, and make the integration by parts using Gauss’s theory as follow 

Equation (6). 
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Equation (6) can be divided into two parts as follows 
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From equation (7) each element equation can be expressed in matrix form 

    K U F                                                                      (8) 

Where [ K ] is the permittivity matrix of problem. From Equation (7) became the permittivity matrix 

depends on coordination x, y and z direction of each node as follow Equation (9). 
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And {F} is the source vector of a problem as follow (10). 
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The result of the problem is derived from solving a linear equation for calculation of electric potential. 

Therefore, the electric field intensity can be calculated as follows Equation (11). 

E U                                                                   (11) 

Where, E is an electric field intensity of the supercapacitor. 

4. Thermal Analysis of Supercapacitors 

Studying thermal in supercapacitor use PDEs thermal heat transfer equation as follow Equation (12). 

That used to obtain temperature distribution in supercapacitor. 
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Where, T is temperature (˚K), k is thermal conductivity (W/ ˚K.m
2
), c is specific heat capacity (J/kg. ˚K), 

ρ is density (kg/m
3
) and Q is internal heat generation (W/m

3
) can be calculated as follows Equation (13) 

JEQ                                                                          (13) 

Where, J is current density (A/m
2
) and E is electric field intensity (V/m

2
) 

From Equation (12), solving finite element method same as electrostatic analysis. Each element 

equation can be expressed in matrix form 

    [ ]{ } { } { } {q }c h hC T K K T Q                                                (14) 

Where, [C] is heat capacity matrix, [KC] is heat diffusion matrix, [Kh] is heat convection matrix, {Q} is 

internal heat generation load vector and {qh} is heat convection load vector can be obtained from 
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Where, h is convective heat transfer (kJ/kg) and T∞ is ambient temperature (˚K) 

From Equation (14), T is the derivative of temperature. Therefore, using the backward difference 

method as follows Equation (20) [12]. 
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5. 3-D FEM Simulation Result 

The 3-D finite element method simulation in this paper is coded by MATLAB programming for 

calculated the electric field intensity and temperature distribution within supercapacitor. 

5  .1. Electrostatic model 

For the simulation results, this paper has considered the electric potential of the spiral wound 

supercapacitor with each type of electrolyte by assuming electrolyte are made sodium iodide in various 

solvents. The simulated initial voltage cell of the supercapacitor is 2.7 V (+1.35 V in the positive side and 

-1.35 V in the negative side). Table 1 shows parameter simulation [13-17]. 

Table 1. Relative permittivity of components in supercapacitor and sodium iodide in various solvents electrolyte 

components material relative permittivity (εr) 

Current collector Aluminum 10.8 

Electrode Activated carbon 14.1 

Separator 

Electrolyte 

Polypropylene 

KOH 

2.3 

76 

 CH3OH 33.2 

 (CH3)2SO 47.1 

 HCONH3 109.5 

 HCONHCH3 182.4 

      
 

(a)                                                                                                         (b) 

Fig. 3. Electrostatic simulation result: (a) electric potential distribution and (b) electric field intensity  
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In Fig. 3 (a). the electric potential is fully distributed around the current collector (aluminum plate) as 

defined boundary conditions. In the positive voltage side, the electric potential will gradually decrease 

around the electrode (activated carbon) and reduced to zero at separator (polypropylene). In the negative 

voltage side, the electric potential will gradually increase around the electrode and increased to zero at the 

separator. In Fig. 3 (b). the electric field intensity distributed only in the area of electrodes (activated 

carbon), in current collector, separator and vacuum the electric field intensity are zero. Therefore, the 

simulation by using sodium iodide in various solvents electrolyte that different values of permittivity are 

cause electric field intensity decreases when permittivity is increased in exponential function as shown in 

Fig. 4. 

 

 

Fig. 4. Electric field intensity in the electrode layer with the value of the relative permittivity 

5  .2. Thermal model 

The simulation parameter of thermal model shown in Table 2 [18] and the initial condition defines the 

ambient temperature is 28 ˚C. Assume the electrolyte solution does not gravitate on the inner part of the 

supercapacitor, do not have the convection and radiation in this region. On the external surface of the 

supercapacitor, heat transfer includes the heat convection to ambient temperature. Fig. 5. show the 

temperature distribution in supercapacitor with various electrolytes from the beginning to the constant. 

 

Table 2. Parameter of thermal model 

Materials
 

ρ
 
(kg/m3)

 
c (J/kg.

 
˚K)

 
k (W/

 
˚K.m2)

 

Aluminum
 

2700
 

900
 

238
 

Activated carbon
 

700
 

700
 

5
 

Polypropylene
 

1008.98
 

1978.16
 

0.3344
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Fig. 5. Temperature distribution (˚C) in supercapacitor: (a) beginning (b) CH3OH solvent electrolyte (c) (CH3)2SO 

solvent electrolyte (d) KOH electrolyte (e) HCONH3 solvent electrolyte and (f) HCONHCH3 solvent electrolyte 
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Fig. 6. Maximum temperature (˚C) of supercapacitor with various electrolyte per cycle  

 

The simulation, the temperature of the supercapacitor will increase and stabilize at a certain value, 

which varies according to the type of electrolyte with a higher temperature in the middle then spread to 

the surrounding area. From Fig. 6. maximum temperature distribution in supercapacitor shown in Table 3. 

Table 3. Maximum temperature of supercapacitor with various electrolytes 

 CH3OH (CH3)2SO KOH HCONH3 HCONHCH3 

Maximum temperature (˚C) 38.205 36.426 35.313 34.468 33.813 

6. Conclusion 

This paper simulation used the 3-D finite element method for solving the partial differential equation 

of electrostatic and thermal to illustrate the relationship between electrolytes and electric field intensity, 

which may affect the operation of the supercapacitor. Also, the simulation presents a value of the electric 

field intensity and temperature distribution in the electrode layer. The simulation results show that the 

electric field intensities decrease as the permittivity of electrolyte increases be the cause of temperature in 

supercapacitor decreases. For electrolytes consists of KOH and sodium iodide in various solvents, 

HCONHCH3 makes the operating temperature of the supercapacitor is lowest. The efficacy of 

supercapacitor is based on the materials used to make electrodes, electrolyte and the internal structure 

design of the supercapacitor. Therefore, designing technology of the supercapacitor is the alternative way 

to increase the efficacy of the supercapacitor that leads to more performance. 
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