
九州大学学術情報リポジトリ
Kyushu University Institutional Repository

Characterization of the Porous Medias’ Fluid
Flow for Self-powered Micropump

Nur Shamimi Amirah Md Sunhazim
Faculty of Mechanical Engineering, Universiti Teknologi Malaysia

Ummi Aqila Norhaidi
Faculty of Mechanical Engineering, Universiti Teknologi Malaysia

Kamaruzaman, Natrah
Faculty of Mechanical Engineering, Universiti Teknologi Malaysia

Abidin, Ummikalsom
Faculty of Mechanical Engineering, Universiti Teknologi Malaysia

https://doi.org/10.5109/7172302

出版情報：Evergreen. 11 (1), pp.394-401, 2024-03. 九州大学グリーンテクノロジー研究教育センター
バージョン：
権利関係：Creative Commons Attribution 4.0 International



EVERGREEN Joint Journal of Novel Carbon Resource Sciences & Green Asia Strategy, Vol. 11, Issue 01, pp394-401, March, 2024 

 
Characterization of the Porous Medias’ Fluid Flow for  

Self-powered Micropump 
 

Nur Shamimi Amirah Md Sunhazim1, Ummi Aqila Norhaidi1,  
Natrah Kamaruzaman1, Ummikalsom Abidin1,* 

1Faculty of Mechanical Engineering, Universiti Teknologi Malaysia 
 

*Author to whom correspondence should be addressed: 
 E-mail: ummi@utm.my 

 
(Received May 17, 2022; Revised March 10, 2024; Accepted March 18, 2024). 

 
Abstract: Porous media from filter paper utilizing capillary action is integrated in a self-powered 

micropump. Characteristic of fluid flow through porous media is a crucial parameter in the 
development of self-powered micropump with fabrication techniques of xurography and thermal 
lamination. In this work, the characterization of filter paper grades W40 and W41 was carried out 
using a scanning electron microscope (SEM) and ImageJ software. The analyses yielded porosity of 
70.82% for filter paper W41 and 70.24% for filter paper W40. In the experiments conducted, filter 
paper W41 resulted greater flow rate than W40 for both free and confined environments. The results 
are due to the greater pore size of filter paper grade W41 compared to W40. Analysis of pressure 
differential for filter paper grade W40 is 9.32 Pa in the free environment and 3.84 Pa when confined. 
Conversely, filter paper W41 exhibits lower pressure disparity of 1.92 Pa and 1.12 Pa in free and 
confined conditions, respectively. This research provides valuable insights into pressure generation 
within porous media from capillary action, thus offering potential benefits for the design of self-
powered micropumps.  

  
Keywords: self-powered micropump; capillary action; porous media; xurography; thermal 

lamination 
 

1.  Introduction  
Microfluidic plays a vital application in biomedical 

field as small sample and reagent volume requirement, 
faster processing and economical. This technology 
consists of mini-size components that improves 
performances and capacity, which can provide a precise 
parameter monitoring and accurate analysis1)2). These 
advantages would be beneficial in developing Lab-on-
Chip (LoC) devices by accommodating polymerase chain 
reaction (PCR) processes into a single microfluidic chip 
to help in early detection of pandemic and chronic viruses 
and reducing its costs3)4). To activate a microfluidics 
device, a micropump is integrated. There are two 
categories of micropumps used, which are mechanical and 
non-mechanical.  

The main difference of these two micropumps is in its 
operation’s procedure. Mechanical micropump works by 
utilizing a reciprocating diaphragm that is actuated by a 
physical actuator to pump the liquid, such as piezoelectric, 
electrostatic and electromagnetic5). On the other hand, 
non-mechanical micropump does not consists any moving 
or vibrating parts in transporting the fluid inside the 
channel. Even though these types of micropumps help in 
transporting the fluid, but there are still some drawbacks 

such as high fabrication cost from soft-lithography 
technique and requires external power supply.   

New methods have been discovered and proposed by 
some researchers to eliminate the use of the external 
power to transport the liquid in the microchannels in 
promoting more sustainable environment6). This new 
method benefits for those living in remote area, who is 
having limited electricity supply7). Among the techniques 
are; hand-operated where the pressure is produced from 
the outside of the device and self-operated, where the 
pressure is operated from the inside of the device8).  
Hand-operated micropump use either syringe or finger 
actuation9)10). However, fluid flow using hand-operated 
micropumps are difficult to handle as the forces exerted 
by the end-users are different.  

The self-operated micropump operates with the help of 
capillary force occurs in the channel11). Possibility of 
bubble trapping and variation of volume control are its 
drawbacks. The propose method in replacing capillary 
micropump is by the effect of pressure generation from 
porous media pores or filter paper8). Filter paper has been 
used as efficient filter medium in various fields’ 
applications. Filter paper has multiple holes through and 
made of interwoven and cross-linked fiber. Primary use of 
filter paper is in filtering larger particles as in separation 
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of liquid and solid substances mixture12). Whatman filter 
paper is well known to be used compared to other filter 
paper as it is more efficient, reliable and high-performance 
properties13). 

Due to the complex microstructures of porous media, 
transport processes and parameters are quite challenging 
14)15). However, as the high demand of porous media over 
the years, many studied have been conducted in order to 
investigate flow rate control and intrinsic properties of the 
porous media16). Porous materials, permeability, and 
porosity are the essential factors in characterizing fluid 
behavior in porous media 17)18). Permeability, as defined 
by Graczyk and Matyka, is the ability of a porous media 
to transport fluid 19). Many theoretical and experimental 
work have been done on the fluid flow in porous material 
to identify the relationship between permeability and other 
macroscopic features, and it is determined that 
permeability is related to the porosity and specific surface 
area as given in Equation 120)21). 

 

𝑘𝑘 = 𝑝𝑝3

𝑐𝑐𝑆𝑆2
           (1) 

                                                         
Porosity is another important parameter of porous 

medium as it measures the vacant spaces and it is 
depending on the structure and texture, which can be 
calculated using Equation 2. Park et al. had studied the 
behavior of the fluid flow on the porous medium in 
pressed paper22). With the effect of paper is being pressed, 
the thickness, porosity and permeability are decreased. 
This eventually led to the decreasing of fluid flow rate 
through the paper. Fluid flows on porous medium is 
described as wicking, which is the process of moving 
liquid through objects via capillary action. There are two 
theories that are known for wicking in porous medium that 
are Darcy’s Law and Lucas-Washburn equation. 

 

𝑝𝑝 = 1 − 𝑣𝑣′

𝑣𝑣
      (2) 

 
Darcy’s Law is an equation that describes the fluid flow 

through a porous medium, discovered by Henry Darcy19). 
Equation 3 depicts the Darcy’s Law relationship, which 
states that flow rate is directly proportional to 
permeability and pressure drop and indirectly related to 
the distance between the porous media and the fluid's 
dynamic viscosity. On the other hand, Lucas-Washburn 
equation the Lucas-Washburn equation describes the 
relationship between the position of the visible-wetted 
front and the square root of time 17). Fluid contains surface 
tension, contact angle and dynamic viscosity while porous 
medium is considered to have capillary tubes with an 
identical radius, where all of these values can be obtained 
by applying Equation 423). 

 

𝑄𝑄 = −𝑘𝑘𝑘𝑘
𝜇𝜇𝜇𝜇
∆𝑃𝑃      (3) 

𝐿𝐿2 = 𝛾𝛾 cos(𝜃𝜃)𝑟𝑟
2𝜇𝜇

𝑡𝑡    (4) 

 
In recent study, self-powered imbibing microfluidic 

pump by liquid encapsulation (SIMPLE) was used to 
provide specific microchannel flow. SIMPLE micropump 
is operated with filter paper as the porous media. The 
effect of liquid wicking and degassing from the porous 
media activate the fluid flow inside of the microchannel.  
Flow rate obtained of range between 0.07 to 0.17 µL/s is 
applicable as part of Point-of-Care (POC) diagnostic 
chips24). Another study was conducted using new concept 
of SIMPLE, called iSIMPLE device and managed to 
produced fluid flow rate ranging between 0.0167 to 0.5 
µL/s. The study proved that the iSIMPLE device has a 
potential to be implemented for POC applications25). In 
microfluidic technology, replica molding or soft-
lithography have been known to be the standard 
fabrication technique26). However, as the technique is 
time-consuming and laborious, alternative fabrication 
technique is developed by using craft cutter or xurography 
method, which is more user-friendly and reduce the 
fabrication time27). Craft cutter cut the desired shape of a 
microfluidic channel on a pressure-adhesive (PSA) tape 
and bonded it between transparency films24)25)28). This 
technique is called xurography and it is proven to be an 
effective way to create complex geometries29).  

Empirical evidence and understanding on the fluid flow 
through the porous media and its effect on micropump 
flow using xurography technique is still insufficient. In 
this study, the characterization of fluids flow in two 
different Whatman filter paper under confined and free 
environment are to be conducted. The fluid wicking 
behavior, flow rate, permeability, porosity and pressure 
difference will be analyzed in order to design a 
controllable microchannel flow from a self-actuated 
micropump.  

 
2.  Methodology 
2.1  ImageJ Processing 

Image processing software of ImageJ has been used to 
determine the properties of the filter papers used in this 
study. Microscopic images of Whatman filter paper grades 
W40 and W41 was acquired through a scanning electron 
microscope (SEM). In the preparation of samples, the 
filter papers were circularly cut with a radius of 1 cm. The 
SEM captures were digitized and subjected to analysis 
using ImageJ. Through the ImageJ software, the filter 
papers' porosity was determined following the procedural 
steps illustrated in Fig. 1. 

 
2.2  Materials 

Two different filter papers were used in this study and 
the properties of each filter paper are as shown in Table 1. 
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Fig. 1: The image processing process30). 
 

As the fluid to be absorbed by the filter paper, distilled 
water was mixed with food colouring was used in other to 
have good vision of the absorption through the filter paper. 
In this work, PSA tape was replaced with PVC rigid sheet 
(0.22 mm thickness) as it functions well from Idris et. al’s 
work. Adoro laminating film (0.15 mm thickness) pouch 
was used as layers for the sandwich confined environment. 
The sandwich layers were then thermally laminated. 

 
Table 1. Properties for each filter paper used in the research 

Filter 
Paper 

Description 

Properties 
Particle 

Retention 
(µm) 

Typical 
Thickness 

(µm) 

Basis 
Weight 
(g/m2) 

Grade 
W40 

Medium 
Flow 

8 210 96 

Grade 
W41 

Fast Flow 20-25 220 85 

 
2.3  Fabrication Method  

The fabrication process began with diamond-shape 
drawing using Autodesk Auto CAD 2021 software. The 
design used was from the work of Dosso et al. and as 
shown in Fig. 2. The diamond-shaped design of filter 
paper can give a consistent flow at the first expanding part 
while ensuring a seamless transition at the second 
restriction part25). The diamond shaped design was then 
converted to DXF file format and transferred to Silhoutte 
Studio software for the cutting process using Silhoutte 
Cameo 3-4T cutting machine (USA). This cutting 
technique is known as xurography. 

 
 
 
 
 

 
Fig. 2: Design of filter paper with exact dimensions (in mm) 
 
The parameters required for xurography technique are 

the cutting force and the cutting speed.  The finalized 
parameters for the cutting force, cutting speed and number 
of passes for PVC rigid sheet were 30, 3 cm/s and 2 
respectively. The filter paper was cut manually with 
scissors after the desired shape was drawn on it.  

For the confined environment, the fabrication method 
was done by combining xurography with thermal 
lamination. Three layers of sheets were sandwiched with 
laminate machine (Astar LM-230i, Malaysia) under 
temperature of 130 degree Celsius as shown in Fig. 3, 

which the top and bottom layer are the laminating films 
and the middle layer is the filter paper. The top layer of 
the laminating films was designed with inlet and outlet 
holes in order for the distilled water to be absorbed by the 
filter paper. 

 
 
 
 
 

 
2.4  Experimental Setup  

Sixteen samples for each filter paper used for both 
environments were fabricated. Figure 4 shows the setup of 
the wicking experiment, which consists the stopwatch, 
iPhone X to record and snapshot the whole process, 
beaker with distilled water mixed with blue dyed food 
colour and pipette. Since the volume of dyed food colour 
used is small in order to make the liquid visible, there is 
no major changes in the water properties. The 
experimental setup performed was almost the same as the 
technical manual developed by American Association of 
Textile Chemists and Colorists31). Some changes have 
been made as the material used in this study is filter paper, 
instead of fabric.  
 

 
 
 
 
 
 
 

 
 

Fig. 4: The experimental setup 
 

Figure 5 shows the whole process of the experiment. 
There are two sections marked on the filter paper to 
indicate the start point and end point as shown in Fig. 5(a). 
A drop of distilled water was dropped at the inlet hole 
using pipette. The time taken was recorded when the 
distilled water starts to reach the starting point (Fig. 5(b)) 
and stopped when it reached the end point (Fig. 5(d)). 

 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3: Cross-sectional of the layer structure for thermal 
laminating 

-396-



EVERGREEN Joint Journal of Novel Carbon Resource Sciences & Green Asia Strategy, Vol. 11, Issue 01, pp394-401, March, 2024 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 5: The operation of the experiment. (A) a droplet at 
inlet. (B) absorption of water and measurement started. (C) 

wicking process. (D) experiment was terminated at end point. 
 

3.  Results and discussion 
3.1  Scanning Electron Microscope (SEM) and       
    ImageJ analysis 

The structure of filter paper has multiple holes through 
and made of interwoven and cross-linked fiber. It is 
mainly used to filter larger solid particles from liquid 
particles32). By using ImageJ analysis, the structure of the 
interwoven fiber can be magnified and studied. Image 
analysis using ImageJ software has been conducted in 
order to identify porous media properties33). Figure 6 and 
Figure 7 show the SEM images of the filter papers before 
and after threshold process using ImageJ. Since the size of 
the filter paper stayed constant, Dosso et al. assumed that 
the porosity of the filter paper was 70%. The findings of 
the ImageJ analysis for the filter papers are summarized 
in Table 2. At 70.82%, filter paper grade W41 has slightly 
higher porosity percentage than grade W40. Cui et al. 
observed that density and porosity have an inverse 
relationship, meaning that a material with fewer pores has 
a better absorption rate34). Thus, it can be concluded that 
the absorption rate of the filter paper W41 is greater than 
the W40. 

 
 
 
 
 

 
Fig. 6: SEM images for filter paper grade 40 comparison (a) 

before threshold (b) after threshold 
 
 
 
 
 
 
Fig. 7: SEM images for filter paper grade 41 comparison (a) 

before threshold (b) after threshold 
 

Table 2. Summarization of Particle Analysis 

Grade 
Pore 

Average 
Size (µm) 

Porosity 
(%) 

W40 697.13 70.24 
W41 413.61 70.82 

 
3.2  Absorption rate of the filter paper  

The comparison of the time taken for filter paper grade 
W40 and W41 for both environment is shown in Fig. 8. 
For the comparison on the filter papers’ grade, filter paper 
grade W41 requires lesser time compared to filter paper 
grade W40 for both environments’ condition. The 
percentage difference for both filter paper in free and 
confined environments are 48% and 79% respectively. 
This is a result of the filter paper's properties, as filter 
paper grade W41 has bigger particles than filter paper 
grade W40. This causes the filter paper grade W41 has 
more void spaces between the interwoven fibers, that 
makes the fluid can be easily flow between the voids. 
Aside from that, filter paper with smaller particle retention 
size will have trouble absorbing liquid since it comprises 
a smaller volume of voids or pores. This explains the 
longer time taken required by filter paper grade W40 to be 
fully absorbed with distilled water. Another explanation is 
on the description of the filter papers. Filter paper grade 
W41 is described as fast flow while filter paper grade W40 
is described as medium flow. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 8: Time taken comparison of free and confined 
environments  

 
Another comparison is studied on the environments’ 

condition, where the free and confined environment are 
compared. The difference between both environment is 
that the filter paper is laminated between laminating films 
for confined environment. The percentage difference for 
free and confined environment for both filter paper is 52% 
and 83%. The reason of the less flow rate in confined 
environment is because the filter paper has been pressed 
down during the lamination process with high pressure 
and temperature. According to Park et al., once the paper 
is being pressed down, the thickness, porosity and 

3.16

1.37

1.31

0.8

0 1 2 3 4
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Grade 41

Time taken (mins)
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permeability of the paper will reduce and causes the fluid 
flow rate to decrease21). The pressed filter paper also has 
reduced its pore size and thickness. All this effect 
contributed to slower fluid flow throughout the wet-out 
process as porous network collapsed and provide high 
flow resistance.  

 
3.3  Theoretical analysis 

Figure 9 shows the comparison of flow rates for each 
filter papers. Filter paper grade W41 has higher flow rates 
for both environments compared to grade W40. The flow 
rate for filter paper grade W41 in free and confined 
environment is 4.47 µL/min and 2.61 µL/min respectively. 
In contrast, filter paper grade W40 has flow rates of 2.74 
µL/min in free environment and 1.13 µL/min in confined 
environment. The results obtained was validated and 
compared to research done by Dosso et al., with the same 
filter paper used which is Whatman filter paper grade 
W4025). From Dosso et al. study, the average flow rate 
obtained was 1.20 µL/min while from this study was 1.13 
µL/min for the same confined environment. Percentage 
difference between these results was 5.83 %. Possible 
caused for the difference is due to different bonding 
technique used. Dosso et al. study utilized PSA material 
with adhesive. This is expected as more resistance was 
imposed by the adhesive on both of filter paper faces and 
reduce the liquid wicking. On the other hand, this work 
used thermal lamination techniques for the sandwich 
polymers configuration and reduce the filter paper faces 
constraint and be able to provide less flow resistance. 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 9: Flow rate comparison of free and confined 

environments  
 
The thickness of the filter paper is another factor 

contributing to the variations in flow rate values. 
Compared to filter paper grade W40, filter paper grade 
W41 has a higher flow rate. This is because the flow rate 
throughout the filter paper can be influenced by the filter 
paper’s length, permeability and thickness22). As a result, 
filter paper grade W41 has higher flow rate as the 
thickness of the filter paper is 220 µm while grade W40 
has a thickness of 210 µm. 

Another factor affecting the flow rate in this study is the 

environment, which are the confined and free 
environment. As shown in the figure, the flow rate of 
distilled water is greater in a free environment than in a 
confined environment. This is due to numerous reasons 
including the resistance encountered during the absorption 
process and the filter paper’s porosity. For the confined 
environment, the filter paper is pressed and bonded 
between lamination film. The lamination film is coated 
with adhesive that melted once thermal heat is applied and 
causes the surface became rough and sticky. Thus, liquid 
that came into contact with the surface of the lamination 
film had a resistance that slowed down the liquid flow. 

Permeability is another important parameter to study 
the flow of fluid in porous medium, where it measures the 
ability and capacity of fluid to move around the porous 
medium19). Permeability can be calculated by using 
Equation 5. Table 3 below are the calculated filter papers’ 
permeability used in this study. High permeability value 
indicates the porous medium has an easy flow while 
porous medium with low permeability resists flow. From 
the calculated permeability obtained, filter paper grade 
W41 has higher permeability value compared to grade 
W40 with difference of 0.967 x 10-11 m2. This can be 
concluded that filter paper grade W41 is able to absorb 
liquid faster and easier than grade W40. 

 
𝑘𝑘 =  𝑝𝑝

8
𝑅𝑅𝑐𝑐2            (5) 

 
Table 2. Permeability of the filter papers  

Filter Paper 
Grade Permeability 

W40 𝑘𝑘 = 1.40 x 10-12 m2 

W41 𝑘𝑘 = 1.11 x 10-11 m2 
 
Capillary pressure refers to the pressure difference of 

two immiscible fluids in a narrow tube. In this study, 
pressure is generated at the porous media-liquid channel 
interface. The pressure balance considered in both non-
wetting and wetting phase. The pressure of non-wetting 
phase in this study is defined as the pressure difference 
across the filter paper (Darcy’s Law) whereas the pressure 
of wetting phase is defined as the pressure difference 
along the channel (Hagen-Poiseuille). Table 4 shows the 
capillary pressure calculated for each filter paper using 
Young-Laplace Equation 6. 

 

𝑃𝑃𝑐𝑐𝑐𝑐𝑐𝑐 = 2𝛾𝛾co s(𝜃𝜃)
𝑅𝑅𝑐𝑐

  (6) 

 
Table 4. Capillary pressure of the filter papers 

Filter Paper 
Grade Capillary Pressure 

W40 36.150 kPa 

W41 12.853 kPa 
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The pressure difference for the filter papers were 
calculated and presented as in Fig. 10 by using Equation 
3. According to the Fig. 10, the pressure differentials for 
filter paper grade W41 in free and confined environments 
are 1.92 Pa and 1.12 Pa, respectively, whereas for filter 
paper grade W40, they are 9.32 Pa and 3.84 Pa 
correspondingly. The pressure difference of the filter 
paper is directly related to the flow rate of the fluid and 
inversely proportional to its permeability. Thus, the 
pressure difference for filter paper grade W41 is higher 
than grade W40. The percentage difference of the pressure 
for both filter paper in free and confined environment are 
132% and 109%.  

In addition, the relationship between capillary pressure 
and pressure difference of the filter paper can be 
formulated as in Equation 7. The equation shows that the 
capillary pressure is inversely proportional to the 
permeability. As previously said, filter paper with poor 
permeability restricts and resists fluid flow through it, 
causing the pressure difference of the filter paper to 
increase, which finally leads to an increase in capillary 
pressure. 

 

𝑃𝑃𝑐𝑐𝑐𝑐𝑐𝑐 =  −𝑄𝑄𝑄𝑄𝑄𝑄
𝑘𝑘𝑘𝑘

+ 𝑃𝑃𝑤𝑤       (7) 

 
 
 
 
 
 

 
 
 
 
  
 

 
Fig. 10: Pressure difference comparison of free and confined 

environments of the filter papers  
 

3.4  Horizontal and Vertical Positions of Filter Paper 
Wicking experiment was usually done vertically to 

study the capillary rise on the porous medium, as it will be 
compared with the Lucas-Washburn model to validate the 
results. However, most microfluidics devices are used in 
horizontal position. Thus, a simple experiment was 
conducted to investigate the impact of the position on the 
absorption rate of the filter paper. Filter paper was cut to 
the dimensions of 7 mm × 25 mm. The experiment was 
done by dropping the liquid onto the filter paper from a 
fixed height35). In the horizontal position, the liquid was 
dropped on the right side of the filter paper, while in the 
vertical position, it was dumped on the top, as illustrated 
in Fig. 11. Figure 12 compares the absorption rates of the 
filter papers in two different locations, horizontal and 
vertical.  

 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 12: Absorption rate comparison with positions  
 
The bold line indicates the filter paper in vertical 

position while dotted line indicates the filter paper in 
horizontal position. The trend of the graph for each filter 
paper obtained are similar. From the figure, filter paper 
grade W40 and W41 requires less time to be fully soaked 
with distilled water when it is in horizontal position 
compared to vertical position, which are 0.64 minutes and 
1.71 minutes respectively. In vertical position, the time 
taken for filter paper grade W40 is 4.32 minutes while 
grade W41 is 1.08 minutes. The percentage difference 
between filter paper grade W40 and W41 in both positions 
are 87% and 51% respectively.   

In horizontal position, the capillary pressure is greater 
than the gravitational force, which later will eventually be 
ignored. In vertical position, due to the gravity that has an 
opposing effect on the liquid, it causes the fluid flow to 
slow and stop36). A vertical wicking experiment happens 
when the capillary forces prompt the porous media or the 
filter paper to absorb the fluid until the balance of 
gravitational force and equilibrium of the capillary forces 
is reached37). 

 
4.  Conclusion 

In conclusion, the characterization of the fluid flow rate 
through two different filter papers are successfully studied. 
Filter paper in confined environment took longer time to 
be fully absorbed by the distilled water compared to free 

3.84
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Fig 11: Position of the filter paper and dropper at (a) 

horizontal position and (b) vertical position  
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environment. This is happened due to pressure and 
temperature effect during lamination process which alters 
its’ porosity and thickness. Furthermore, the adhesive on 
the laminating film that is melted during the laminating 
process provides resistance to fluid flow, particularly on 
the top and bottom faces of the filter paper. In this study, 
porosity of filter paper grade W41 is 70.82 % while grade 
W40 is 70.24 %. Due to its’ porosity value and thickness, 
filter paper grade W41 has improved fluid flow than grade 
W40. On the other hand, filter paper grade W40 has a 
greater pressure difference than grade W41. The pressure 
differential for filter paper grade W40 is 9.32 Pa in free 
environments and 3.84 Pa when confined, whereas filter 
paper grade W41 exhibits lower pressure differences of 
1.92 Pa and 1.12 Pa in free and confined environments, 
respectively. Effect of different experiment positions of 
the filter paper was studied and proved that the horizontal 
positions give better flow rate as the gravitational force is 
small or sometimes neglected. This study provides an 
inside on how fabrication process will influence the fluid 
flow through the porous media. This study is hope to help 
in better understanding on how to design a self-actuated 
micropump for a controllable microchannel flow. 
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Nomenclature 

PoC Point-of-care (–) 
PSA Pressure-sensitive adhesive (–) 
SEM Scanning electron microscope (-) 
𝑘𝑘 permeability (m2) 
𝑝𝑝 porosity (-) 
𝑄𝑄 fluid flow rate (m3/s) 
𝐿𝐿 penetration length (m) 
𝑡𝑡 time (s) 
𝐴𝐴 area (m2) 
Pcap capillary pressure (Pa) 
Pnw non-wetting pressure (Pa) 
Pw wetting pressure (Pa) 
Rc pore radius (µm) 

 
Greek symbols 
γ surface tension (N/m) 
θ contact angle (o) 
µ dynamic viscosity (Pa.s) 
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