
Retrieval Number: B2257078219/19©BEIESP 
DOI: 10.35940/ijrte.B2257.078219 
Journal Website: www.ijrte.org 
 

International Journal of Recent Technology and Engineering (IJRTE)  
ISSN: 2277-3878 (Online), Volume-8 Issue-2, July 2019    

 

4795 

 

Published By: 
Blue Eyes Intelligence Engineering 
& Sciences Publication  

 
Abstract: This paper presents the analysis of the capacitive 

based flow sensor using computational fluid dynamic (CFD) and 
mathematical equation approach. The CFD simulations for 
different types of sensor structure were carried out. Pressure and 
velocity of the fluid were varied in order to study the 
hydrodynamic parameter such as displacement and drag force. 
For the coplanar electrode,  width of electrode and half gap 
between electrodes were varied for capacitive response using 
mathematical approach. Based on the simulation, the 
displacement of the dome increases as the pressure increases. The 
result shows that the most suitable thickness of the dome is 0.1 
mm based on the displacement and the strain. Meanwhile for the 
coplanar electrode, the width and half gap showed  a significant 
effect on the capacitance response. 
 

Index Terms: Capacitive Flow Sensor, CFD, Coplanar 
Electrode.  

I. INTRODUCTION 

  Underwater surveillance is the requirement to detect, 
localise and classify targets  underwater[1]. Global industries 
call for technology to be applied in  several underwater 
scenarios such as environmental monitoring and monitoring 
of underwater structures[2]. Target detection, localization, 
classification and tracking are some of the issues that need to 
be considered with surveillance systems[3]. Flow sensors are 
one of the sensors that are used underwater to measure fluid 
velocity. There are many types of flow sensors in the flow 
sensor field which have different functions and purpose. Flow 
measurement is applied in  diverse areas and it is necessary for 
different engineering operations. There are two commonly 
used structures in designing a flow sensor which includes the  
dome-shaped structure [4]. and hair cell structure [5,6]. 

The Dome-shaped structure of the flow sensor was  
inspired by the cupula fish which consists of neuromasts[7]. 
There are two types of neuromasts present in the fish’s lateral 

line, canal and superficial. Both neuromasts have a gelatin 
cupula which moves according to  the flow pressure and 
induces the neuron signal[8]. A miniature form is cupola (or 
cupula) which is described as the dome-shaped roof of the 
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pleural cavity that extends into the root of the neck[9]. The 
common software used in  modelling related to fluid is the 
computational fluid dynamic (CFD) FLUENT software. The 
FLUENT is able to solve Euler and Navier–Stokes equations 
in an arbitrary Lagrangian– Eulerian formulation. In this 
paper, we focus on the simulation of different types of sensor 
 structures using computational fluid dynamic (CFD) 
approach and mathematical approach for coplanar electrode. 

II. DESIGN AND METHODOLOGY 

A. Analysis Sensor Structure using CFD 

Computational fluid dynamics (CFD) is an effective and 
powerful tool that   stimulates fluid flow numerically[10]. 
Besides that, computational fluid dynamics (CFD) is an 
interdisciplinary tool  that is related to both the computer 
technology and fluid physics[11]. Capacitive based flow 
sensor needs the CFD simulation approach to get an effective 
simulation and to produce the best result especially on drag 
force acting on the different types of structures. There are a 
few steps involved in the CFD simulation process for 
modelling structure. Fig. 1 shows the CFD simulation 
process. 

 
Fig. 1: CFD Simulation process. (a) Dome-shape is selected 
as the initial design. (b) Designed the dome-shaped structure 

in Solidwork 2016 and is imported to ANSYS Fluent. (c) 
Mesh is applied on the dome-shaped structure. (d) Setup the 
variable to test the design structure. (e) Run the solver to get 
the result (f) The data obtained are  collected and inserted into 

the table. 
The CFD simulation process needs to be carried out in order 
to run the simulation and test different types of microfluidics 
flow sensor structure including structure of dome, ellipse and 
hair cell. Different types of structures needed to be designed 
and imported into the ANSYS Fluent 18.1. Then, mesh was 
applied on the design before setting up the variable. Each 
faces of the design were  labelled based on its function, such 
as input and output.  
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Then,  variable such as velocity  showed a variation of 1 m/s 
to 10 m/s which is suitable for robust application[12]. The 
iteration number was set up to 100 for sequence of outcome 
generation. The results of the three design structure 
simulation is  shown in Fig. 2 (a), (b) and (c). 
 

 
(a) 

 

 
(b) 

 

 
(c) 

 
Fig. 2 (a) Streamline of dome; (b): Streamline of ellipse; (c) 
Streamline of hair cell 
Fig. 2 (a), (b) and (c) shows the velocity streamline of dome, 
ellipse and hair cell structures that have  been simulated. All 
of these three figures show velocity that pass through three 
different structures. Fig. 2 (a) shows yellow and green 
velocity along the streamline and it shows low air resistance 
of ellipse structure based on the velocity streamline guide 
level in m/s. Fig. 2 (b) shows orange at the inlet, red at the 
center, yellow and green at the outlet of the velocity 
streamline. It shows that high air resistance  at the beginning 
of the streamline and low air resistance at the end of the 
streamline. Next, fig. 2 (c) shows red at the inlet, green and 
yellow at the outlet. It shows that hair cell has very high air 

resistance at the beginning of the streamline and low air 
resistance at the end of streamline. 

B. Coplanar Electrode Design 

 

 
(a) 

 
(b) 

Fig. 3 (a) Electrode pattern with implementation of 
coplanar design; (b) cross section of microchannel 

 
Fig. 3 (a) shows the proposed electrode pattern located 

under flow sensor structure. Electrode findings do not use any 
software to run simulation. Electrode was analyzed using a 
mathematical equation to determine the capacitive response. 
The equation that was used as a guideline to optimize the 
electrode dimension is from  a previous research. . In this 
research, capacitance formula by Chen et al.,[13] was  applied  
to find the capacitive response of the electrode. Width of 
electrode and half gap between electrodes were varied as 
Equation 1 shows the capacitive response  

 

C, εr, εo,  w and a are   constant variables. The liquid that 
was involved in the mathematical approach is propylene 
carbonate (PC) which has 66.2 dielectric constants. Width of 
electrode, w was varied from 0.01 mm to 0.10 mm. 
Capacitance values show increasing linearly results. Half gap 
between electrodes, were varied from 0.05 mm to 0.5 mm and 
capacitance values shows decreasing results.  The 
microchannel  contains two electrodes  called coplanar 
electrode, substrate at the bottom and hardened PDMS on top. 
The cross sections of electrode inside microchannel are as 
shown in Fig. 3(b). 

III. RESULT AND DISCUSSION 

The  findings obtained from ANSYS Fluent 18.1 and 
mathematical approach by capacitive equation.. 

 
 
 
 

Inlet 

Inlet 

Inlet 

(Equation 1) (1) 
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A. CFD Simulation 

Three different structures were simulated  using the 
ANSYS Fluent 18.1 and the results were  obtained. Three 
different structures which are ellipse, dome and hair cell 
structures had been created to be tested based on drag force. 
Fig. 4 shows the  findings of the drag force acting on different 
types of structures. 

 

 
Fig 4: Drag force of different types of structures 

 
Velocity was varied from 1 m/s to 10 m/s to test different 

types of structures. Velocity along trace lines reporting 
velocities as large as 10 m/s. This shows that the most suitable 
velocity for robust application is 10 m/s.  For that reason, 
velocity in the range between 1 m/s to 10 m/s was used for the 
simulation/simulations. The graph shows that the dome 
structure produces  the highest value of drag force acting on 
the structures compared to hair cell and ellipse structure. It 
also shows that the dome structure has  a regular shape that 
gives uniform velocity around the structure compared to hair 
cell and ellipse. 

B. Output Response for Coplanar Electrode 

In designing an electrode, the mathematical equation 
approach was applied to obtain the output response in 
capacitance. In equation 1, there are  two variables that act as 
constant variables which are width, w and half gap between 
two electrodes, a. There are three results that correspond to 
these two constant variables. 

A. Width of electrode, w constant 
The width of electrode was fixed at  0.1 mm. The liquid that 

was used in this research is propylene carbonate (PC) and its 
dielectric constant, εr is 66.2. Table I shows the data of the 
capacitive response when w is constant. 

Then, all the data was transferred into graphs. Two graphs  
were  built based on Table 1. The first one is the 
correspondence  between width to aspect ratio, w/a and 
capacitance per unit length as shown in Fig. 5. It shows that 
when width to aspect ratio increased, capacitance per unit 
length decreased. The highest capacitance per unit length is 
when the width to aspect ratio is 2 and the lowest capacitance 
per unit length is when width to aspect ratio is 0.2. The second 
graph that was  built from table 1 is correspondence between 
capacitance per unit length and half gap between electrode, a. 
Figure 5 shows the capacitance result of different half gap. 

 
 
 
 

TABLE I. The data result when w is constant 
 

half gap 
between 

electrode, 
a (mm) 

width 
to 

aspect 
ratio, 
w/a 

Capacitance 
(F) 

capacitan
ce per 
unit 

length, 
C/l(F/m

m) 
0.05 2.000 1.98E-08 6.01E-10 

0.10 1.000 1.35E-08 4.10E-10 

0.15 0.667 1.04E-08 3.16E-10 

0.20 0.500 8.54E-09 2.59E-10 

0.25 0.400 7.24E-09 2.19E-10 

0.30 0.333 6.29E-09 1.90E-10 

0.35 0.286 5.57E-09 1.69E-10 

0.40 0.250 4.99E-09 1.51E-10 

0.45 0.222 4.52E-09 1.37E-10 

0.50 0.200 4.14E-09 1.26E-10 

 
 
Then, all the data was transferred into graphs. T Two 

graphs  were  built based on Table 1. The first one is the 
correspondence  between width to aspect ratio, w/a and 
capacitance per unit length as shown in Fig. 5. It shows that 
when width to aspect ratio increased, capacitance per unit 
length decreased. The highest capacitance per unit length is 
when the width to aspect ratio is 2 and the lowest capacitance 
per unit length is when width to aspect ratio is 0.2. The second 
graph that was  built from table 1 is correspondence between 
capacitance per unit length and half gap between electrode, a. 
Figure 5 shows the capacitance result of different half gap. 

 

 
Fig. 5: The capacitance result of different to aspect 

ratio 
Fig. 6 shows that when half gap between electrodes 

becomes larger the capacitance per unit length increases. The 
value of capacitance per unit length when at the smallest half 
gap between electrodes is 6.00 x 1010 F/mm, while the value 
of capacitance per unit length is at the largest gap which is 
about 1.00 x 1010 F/mm. 
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Fig. 6: The capacitance result of different half gap 

between electrodes 
 

B. Half gap between electrodes, a constant 
Half gap between electrodes was fixed at  0.24 mm. Table 2 

shows the capacitive response data of different width of 
electrode, w. 

TABLE II. The data of capacitive response 

width, 
w 

(mm) 
Capacitance, C 

(F) 

Capacitance per 
unit length, 
C/l(F/mm) 

0.01 9.48E-10 2.87E-11 
0.02 1.83E-09 5.54E-11 
0.03 2.65E-09 8.03E-11 
0.04 3.42E-09 1.04E-10 
0.05 4.14E-09 1.26E-10 
0.06 4.83E-09 1.46E-10 
0.07 5.48E-09 1.66E-10 
0.08 6.09E-09 1.85E-10 
0.09 6.68E-09 2.02E-10 
0.10 7.24E-09 2.19E-10 

 
All the data in table II were obtained from the mathematical 

equation of capacitive response due to the different value of 
width of electrode, w and constant of half gap between 
electrodes. Then the data was  transfered into the graph that is 
shown  in Fig. 7. 

 
Fig. 7: Capacitance per unit length depends on scale of 

width 
Fig. 7 shows capacitance per unit length value based on the 

width value. The graph shows capacitance per unit length 
increased linearly to the width of electrode, w. The highest 
capacitance per unit length is when the width of electrode is 
0.1 mm and the lowest capacitance per unit length is when the 
width of electrode is 0.01 mm. 

IV. CONCLUSION AND FUTURE SCOPE 

CFD simulation work on different types of  flow sensor 
structures was  successful. The result shows that a dome 
structure produces  the highest value of drag force compared 
to hair cell structure and ellipse structure based on the 
velocity. For coplanar electrode, the larger the width of the 
electrode  the higher the capacitance per unit length increases 
while the larger the half gap between electrodes,  the lower the 
capacitance per unit length decreases. This consideration of 
electrode dimension is important when  designing the 
capacitive based flow sensor. 
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