
Sensors & Transducers, Vol. 162 , Issue 1, January 2014, pp. 47-52 

 47

   
SSSeeennnsssooorrrsss &&& TTTrrraaannnsssddduuuccceeerrrsss

© 2014 by IFSA Publishing, S. L. 
http://www.sensorsportal.com 

 
 
 
 
 

Study on Capacitance Sensor Simulation of Ice  
Thickness Measurement Based on ANSYS 

 
Zhichun WANG, Jianhang WANG, Wentao LI, Zhonghu LI 

College of Information and Engineering, Inner Mongolia University of Science and Technology, 
Baotou 014010, China 

Tel.: 15048161366 
E-mail: 524136510@qq.com 

 
 

Received: 21 October 2013   /Accepted: 9 January 2014   /Published: 31 January 2014 
 
 
Abstract: The formation and disappearance of ice changes will cause the change of its capacitance, we can use 
this features of air, ice and water has different capacitance under different temperature to measure the ice 
thickness. The capacitance sensor is designed based on this theory that can measure the ice thickness in the 
harsh environment more effective. Based on the finite element simulation software ANSYS and the detail 
experiment data the capacitance method for measuring ice thickness have been verified. As the parallel 
capacitance sensor has higher production process and the planar multi-electrode has lower capacitance and it has 
unstable structure, Optimized the size of capacitor plate and redesigned the structure of capacitance sensor with 
the software ANSYS. To overcome the disadvantages of general capacitance sensor, the new capacitance sensor 
that is designed based on the planar multi-electrode, it has a strong structure, easy to install, and higher capacity 
value can be measured easily. Copyright © 2014 IFSA Publishing, S. L. 
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1. Introduction 
 

In the north of China, when winter comes, the 
reservoirs, rivers, lakes, become frozen that will 
affect people's normal life and production, thus, it’s 
necessary to have real-time monitoring on ice 
thickness, which will observe the snow, ice layer 
changes effectively, then warning signals can be sent 
before the disaster coming early. Chinese antarctic 
expedition team mainly use hot wire measurements 
and hysteresis displacement method to get the ice 
thickness data. But this method has low level of 
automation and it’s easy to being influenced by the 
environment. In order to avoid these shortcomings, a 
new method which can reflect the real-time ice 
internal changes and have real-time monitoring on ice 
thickness based on the capacitance difference 

characteristics of air, water and ice [1]. A new kind 
of capacitance sensor is designed based on this 
method. Now this article describes the simulation 
study on the new capacitance sensor base on ANSYS 
finite element simulation software, then optimal 
design the size of the capacitor plates and  
sensor structure. 
 
 
2. Measurement of Ice Thickness Using 

Capacitance Method 
 

Capacitance means the ability to accommodate 
electric field. Every electrostatic field is composed of 
many capacitors, where there is an electrostatic field, 
there is a capacitor so the capacitor is described by 
electrostatic field. Capacitance formula: 
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where  is the constant, S  is the opposite area of 

Capacitor plates, and d  is the distant of the 
Capacitor plates.) According to the capacitance 
formula, the capacitance value will change with the 
dielectric constant   changes when the distant of the 
capacitor plates is same to the opposite area of 
capacitor plates, it’s revealing proportional relations. 
As the knowledge of physics shows, the dielectric 
constant of air, ice and water will change with 
temperature, so that different temperatures, the 
capacitance value will change, that especially 
obvious at air, ice and water medium [2]. In the light 
of difference of air, ice and water dielectric constant, 
as long as the detected interface position on the ice 
with the specific capacitance sensor, the thickness of 
the ice can be acquired by calculating. 
 
 
3. The Equivalent Capacitance 

Calculation of Multi-electrode 
Uniplanar Capacitance Sensor 

 
Multi-electrode uniplanar capacitance sensor has 

the advantages of simple structure, easy to install, 
simple production technology, not easy to be affected 
by the cubic expansion when water turns ice relative 
to a parallel plate capacitor sensor. The calculation 
method of multi-electrode sensor is not like the same 
as the general method of calculation [3, 4]. Assuming 
a single electrode plate is long as L, wide as a, the 
distant of adjoining electrode plate as b. When the 
left electrode insert the sine wave excitation source, 
the right electrode insert ground source, the ideal 
electric flux-line like the Fig. 1 shows. The electric 
flux-line is replaced by an approximate arc. 
 
 

 
 

Fig. 1. The distribution of ideal electric flux-line. 
 
 

Take capacity value as xC  which is create by 

small area increment of capacitive sensing element 
( xSLS  ), x  is the small incremental unit 
of X direction. As Fig. 1 shows, the distance of 
semicircular arc power line is d, as follows: 
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wC dx
b

X

la
x 







 


  2

0

2



 

=   dx
bX

l a
x 



 2

0 2

12




 

=
b

balx 
ln.




 

(3) 

 
Thus the final equivalent capacitance: 
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 (4) 

 
From the above formula, when the electrode 

length is fixed, The distance between the electrode 
width and the opposing electrode is the main index 
that affects capacitor size. But the above formula is 
just an ideal derivation, the actual power lines can be 
ellipse or diffuse. For example, when the distance 
between electrodes become infinitely small, the final 
electric capacity will be infinitely great, it is 
apparently not established [5]. Because of the 
existence of the capacitance of the interference 
between adjacent electrodes, using this formula is 
unable to obtain the capacitance value accurately. So 
using finite element simulation software ANSYS to 
simulate the capacitance values obtained with  
multi electrode. 
 
 
4. The Ice Thickness Measurement 

Principle Verification of Capacitance 
Method Based on ANSYS 

 

ANSYS is large universal finite element analysis 
software that includes structure, fluid, electric field, 
magnetic field, acoustic field. It has powerful 
modeling ability, including two-dimensional, three-
dimensional and complex geometric model, it also 
provide convenient and high quality mesh tools, with 
the powerful Solver, it can cater to Various solution 
requirements [6, 7]. Electromagnetic field analysis 
based on ANSYS is using to solve this problem. 
ANSYS is mainly includes pre processing  
module, analysis and calculation module, the post-
processing module. 

The main operation steps of ANSYS analysis: 
1) Enter the ANSYS interface, select the H 

method in computing environment of electric  
field analysis. 

2) Defining element type, Since the establishment 
of the model is a three-dimensional model, so in this 
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simulation, select the Solid122 unit simulation, 
Solid122 is a tetrahedron with 20 nodes, the degrees 
of freedom for the voltage, which consistent with the 
simulation requirements. For convenience of 
description, Now choose the electrode area of parallel 
plate capacitor is 6 cm×1 cm, Plate spacing is 0.5 cm, 
the thickness of epoxy resin layer is 0.2 cm. The 
following will introduce the plate size optimization. 

3) Define the type of material and the 
establishment of model. In this simulation experiment, 
it needs to test the capacitance of parallel plate 
capacitor values that the ice, water and air as the 
medium, and the epoxy resin on the capacitor, so 
totally of 4 kinds of materials need to be defined. 
According to the physical properties of the material, 
ice, water air and dielectric constant of epoxy resin is 
2.8, 81, 1, 3.5. The thickness of each layer is 
provided by the above data, then create model. 
Established epoxy resin layer, three layer of tested 
material layer, 3 groups of plate (only for the 
mechanism, verification of measuring the actual 
measurements will establish 16 groups). And then 
use the Glue function to adhesive all these as an 
object. As shown in Fig. 2, the plate is wrapped in the 
epoxy resin layer, the periphery from top to bottom is 
layer of air, ice and water. 
 
 

 
 

Fig. 2. Sensor with air, ice, water model. 
 
 

4) The division of finite element mesh. The unit 
division requires uniform, moderate size and 
convenient calculation. Due to use a CMATRIX 
macro for capacitor, electrode directly up the perfect 
electric conductors, so the plate is no need to mesh 
when creating models.  

5) Boundary conditions. Assuming that the 
conductor perfectly conducting, as ANSYS cannot 
calculate the capacitance plate directly, it also 
required to run the CMATRIX command, so in order 
to directly calculate the capacitor size, set two node 
components that is consist of nodes on the surface of 
the plate, The one is loading the 0 V voltage is 
arranged on the surface of cond1 components, the 
other voltage +5 V face set for the cond2, the 
CMATRIX command will automatically calculate the 
capacitance between two parallel metal electrode 
size [8]. Fig. 3 is the node of 3 component diagram. 

 
 

Fig. 3. Node component. 
 
 

6) Solution. Select suitable solver to solve it. 
7) Post-processing. The capacitance value can be 

known directly. Through the above steps, it can be 
obtained in the air, ice, water three different medium 
condition simulation of capacitance values were  
1.912 6 pF, 4.640 5pF, 25.004 pF. 

Fig. 4 shows the potential images in different 
measured capacitor plate medium.  
 
 

 
 

Fig. 4 (a). Potential cloud of capacitor plate at air medium. 
 
 

 
 

Fig. 4 (b). Potential cloud of capacitor plate at ice medium. 
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Fig. 4 (c). Potential cloud of capacitor plate  
at water medium. 

 
 

By comparison, in the air, ice and water medium, 
the electric potential of the capacitor plates showed a 
tendency becomes large, reaction in value is an order 
of magnitude, there is a trend of transition. By 
measuring the capacitor to find the jump location can 
be measured to the ice on the interface, to achieve the 
purpose of measuring ice thickness. 
 
 

5. A Capacitor Plate Size Optimization 
 

Using ANSYS, it can calculate the capacitance 
plates in different length, width, height and distance 
between electrodes and the capacitance value 
simulation. By setting values then change other 
parameters, with this method to obtain the most 
suitable capacitance sensor plate size. Setting the 
measured dielectric constant material is 1, through 
the comparison of the 3 groups parameters, can 
obtain the capacitance value and the polar plate size 
parameters in the linear relationship [9]. Considering 
the practical application of capacitor plate size, here 
only analysis the ideal part. 

Group 1: Plate spacing G is 5 mm, length L is 
5 cm, width W from 2 mm to 40 mm. 

Group 2: Plate spacing is 5 mm, width W is 
10 mm, length L from 2 cm to 20 cm. 

Group 3: Length L is 10 cm, width W is 10 mm, 
Plate spacing from 1 mm to 20 mm. 

By comparing three group of simulation, it can 
get the plate length, width and spacing on the value 
of capacitor. From the result Fig. 5(a) of group 1 the 
capacitance value is approximately proportional to 
the width. Considering the width directly affects the 
final ice thickness measurement accuracy, here is a 
selection of 10 mm as the optimal width; From the 
result Fig. 5(b) of group 2 plate length on the effect 
of capacitance is not very stable, presents discrete 
state. But generally increases with the increasing 
length, considering the actual application cost, select 
the capacitance value of the maximum 75 mm; From 
the result Fig. 5(c) of group 3, the smaller the 
spacing, the greater the capacitance value, With the 
plate spacing increases, the capacitance value steady 

decrease in actual measurement, it is easy to plate 
spacing is small inclusions magazines, as well as 
higher production process, in order to avoid such 
problems, especially selected capacitor larger values 
of 50 mm. Thus, finally, the length and the width of 
the capacitor plates of 75 mm, 10 mm, electrode 
spacing is 50 mm. 
 
 

 
 

Fig. 5 (a). Relationship curve of capacitor of coplanar  
2-electrode and structure parameters: change of plate width. 
 
 

 
 

Fig. 5 (b). Relationship curve of capacitor of coplanar  
2-electrode and structure parameters: change of plate length. 
 
 

 
 

Fig. 5 (c). Relationship curve of capacitor of coplanar  
2-electrode and structure parameters: change  

of plate spacing. 
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6. Study on the Experimental Capacitance 
 

The capacitor plates are made by the size of 
length of 75 mm, width of 10 mm, distance of 5 mm 
adjacent to the other one. The experimental device is 
placed in a container of water, placed in refrigerator. 
In the experiment, using precision LCR  
meter HPS2817A to test capacitance change. 
Temperature sensor DS18B20 is used to record 
temperature values. Capacitances at difference 
temperatures are shown in Table 1. 
 
 

Table 1. Capacitances at difference temperatures. 
 

Temp (°C) 15 10 6 3 1.5 0.5 
Water (pf) 6.3 6.6 6.1 5.8 5.1 4.3 
Air (pf) 0.4 0.4 0.5 0.5 0.5 0.4 
Temp (°C) 0.3 0.1 0 -0.1 -0.3 -0.5 
wa-ice (pf) 3.9 3.8 3.5 3.4 3.4 2.9 
Air (pf) 0.4 0.5 0.5 0.4 0.5 0.4 
Temp (°C) -1.5 -2 -6 -10 -15 -18 
Ice (pf) 2.1 2.1 2.0 2.2 1.9 2.1 
Air (pf) 0.5 0.4 0.3 0.3 0.3 0.3 

 
 

According to the above test data, it can be known 
that when the temperature is higher than 0 °C, the 
capacitance value has been maintained at about 5 pf, 
when the temperature is 0 °C, water becomes ice, a 
large number of water molecules with hydrogen 
bonds are connected into molecules, and the physical 
properties of water change, the measured capacitance 
value decreased, measured value is about 3.4 pf, and 
presents the jump trend. When the temperature is 
lower than -2 °C, the water freezes completely, 
measured value is 2.0 pf, when the temperature is 
reduced, the measured capacitance values showed a 
decreasing trend, but the decreasing speed is very 
slow, negligible. Value has been stable at a low level 
capacitance in the air. Therefore, by means of 
measuring the water freezing in the capacitance value 
you can calculate the thickness of the ice. 
 
 

7. "Angle" Type Capacitance Sensor 
 

For the uniplanar multi electrode capacitance 
sensor, it has the advantages of simple structure, easy 
installation features, and there is no more than 
parallel plate capacitor problems [10]. However, if 
the ice layer becomes very thick, the uniplanar multi 
electrode sensor will be much longer, so that the 
sensor will become brittle and easily broken in the 
cold harsh environment. Therefore, based on the 
same surface of multi electrode sensor, design Fig. 6 
"angle" type capacitance sensor. With the same 
analysis and simulation, it has approximately 2 times 
in a parallel plate capacitor value. Therefore, "angle" 
type capacitance sensor not only has a uniplanar 
multi electrode sensor has the advantages of  
simple structure, easy installation features, and easy 

to measure capacitance value larger, more  
stable structure. 

 
 

 
 

Fig. 6. Capacitance sensor structure of angle steel. 
 
 

8. Conclusion 
 

With the finite element software ANSYS, created 
a 3D structure of a uniplanar multi electrode 
capacitance sensor in using the analysis method of 
the electromagnetic field simulation. Verified the 
feasibility of the principle of measuring ice thickness 
of the capacitance method, and compared 3 groups to 
obtain the best combination of plate length, width, 
gap. Through the analysis and comparison of parallel 
plate capacitance sensor and the uniplanar multi 
electrode sensor and disadvantages, designed the 
"angle" type capacitance sensor for ice  
thickness, real-time access to effective data provides 
a strong guarantee. 
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