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Abstract 
Microfluidic devices are channel networks that use a small volume of fluids which will flow through pressure 

gradients. These devices have gained scientific interest for numerous applications due to their minimal reagent use 

which allow researchers to control the microenvironment. The majority of research conducted within the field of 

microfluidics consists of expensive and extensive methodology, thus limiting exposure to the scientific population 

and potential advancements within the field. The foil-embossed method provides a cheaper and more simplistic 

process to develop microfluidic devices. In this study, we prove that this method can demonstrate laminar flow 

through diffusion and color separation. The Reynolds number was also analyzed through its flow velocity, liquid 

viscosity and density, and channel diameter to show a required low number laminar flow.

Introduction 

-Microfluidic systems provide capabilities to precisely analyze properties with only small volumes 

of fluid. 

-Manipulation of fluids can use minimal amount of reagents, go through separation, be analyzed in a 

short amount of time, and leave footprints.

-A vast majority of microfluidic research conducted requires photolithography, an expensive method 

for creating such devices, limiting experiments for scientists and students.  

-The Foil-Embossed method is a straightforward technique that can be implemented on a relatively 

small budget to create microfluidic devices; it requires aluminum foil, hot glue, and a vinyl design 

cutout.

-Microfluidic devices are used for the laminar flow which aids in the separation of fluids in 

microchannels.

-The Reynolds number is essential in using fluidic characteristics to determine if it is turbulent or 

laminar.

-In this study, a microfluidic design was created to detect laminar flow using diffusion properties.

-The Reynolds Number was determined through calculations for this microfluidic design.
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Future Studies
● Further data will be collected to establish laminar flow through different device designs, 

especially curved and serpentine channels.

● Laminar flow will be examined with more than two colors.

● Microscope images can be used to show how well the separation occurs and if any 

mixing of colors occurs.

● There will be continuous improvement in the fabrication process to refine the accuracy 

and reproducibility of data and results.

For further information please contact krista.mcbride@belmont.edu

Foil-embossed method
7. The plasma was then turned on for 1.5 minutes to 

ionize the surfaces of the PDSM and glass slide .

8. After this, the vacuum is brought up to atmospheric 

pressure. The PDSM design is laid flat on the glass 

slide in order bond. This forms the channels between 

the PDMS and glass slide.

10. Any air bubbles are gently pushed out to allow 

proper seal.

2. The next designs trials had large 0.20 in. diameter 

input and output scalpel cut holes. This allowed the 

fluids to flow through the channels with even more 

success for fluid flow. 

3. Diffusion occurred due to pressure gradients and 

concentration gradients. 

1. The first design trials had input and output holes 

punched into them with a 0.04-inch diameter biopsy 

punch. This released the pressure within the 

channels and allowed the fluid to flow. 

Laminar Flow Method

2. The vinyl design was covered with two sheets of 

aluminum foil. Hot glue was placed between the two 

sheets of foil which was then compressed for 2 

minutes.

3. Polydimethylsiloxane (PDMS) was formed through 

mixing Sylgard silicone elastomer base and curing 

agent in a 10:1 ratio. The PDMS was placed in a 

Thinky AR-100 Conditioning Mixer for 2 minutes 

to mix and eliminate bubbles. 

4. PDMS was poured over the aluminum imprints and 

placed in an Acrylic Vacuum Chamber for 20 

minutes to degas. The devices were then placed in 

an oven at 150 ℃ overnight to cure.

5. To bond the design, the PDMS design was placed 

with a 2” by 3” microscope glass slide into a 

Harrick plasma cleaner PDC- 32G.

6. The vacuum pump was turned on until for the 

Harrick to lower the pressure lower than 1x10-1

torr.

Below show the success of laminar flow through straight channel microfluidic devices. 

Below are the different types of testing results that demonstrated a laminar flow 

through the channels. The fluids show the color separation when they reach the middle 

channel. Resulting in both colored fluids to not mix until they reached the outlet.

Results 

Figure 4. Blue and red separation throughout the 

channels proving laminar flow.

Methods

1. Microfluidic designs were created through a  

Silhouette Studio Design vinyl cutter.

RE = 
𝒑𝑽𝑫

μ

Discussion 

• Reynolds number is the ratio of inertial forces to viscous forces. This formula 

determines if fluid flow will be turbulent or laminar. Numbers that are lower than 

2000 exhibit laminar flow, while the higher numbers indicate turbulent flow. The 

Reynolds equation is shown in Figure 1. The Reynolds number depends on the fluid 

density ρ, fluid velocity v, channel diameter D, and fluid viscosity μ.

• A pressure gradient occurs when wide channels opens to a narrow channel. This 

provides a pressure gradient which causes the fluid to flow through the microfluidic 

channels. This pressure gradient causes fluid to flow faster in narrower channels than 

in thicker ones represented in the continuity equation for a steady state one-

dimensional flow in Figure 2.

• Not only is there a pressure gradient, but there is also a concentration gradient that 

occurs which is demonstrated by the diffusion equation. It shows how the fluid 

concentration with respect to time and position through macroscopic behavior.

Figure 1. This formula expresses the ratio of inertial 

(resistant to change or motion) forces to viscous 

forces. This is a dimensionless number, meaning that 

it can represent a property of physical system, but can 

not be measured on a scale of physical units4. 

Laminar Flow

Reynolds Number
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Figure 2. The continuity equation for 

uniform flow arises from the fact that 

mass is conserved in fluid systems5.

Figure 3. This formula describes the movement 

matter down concentration gradients.6

RE = 
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(𝟏𝟎𝟎𝟎𝒌𝒈/𝒎𝟑)(𝟕𝒄𝒎/𝒔)(𝟎.𝟎𝟏𝒄𝒎)
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1st Reynolds Number

Fluid Velocity (V) = 0.5 cm/s

Diameter (D) = 0.5 cm

Fluid Density (ρ) = 1000 kg/m3

Fluid viscosity (μ) = 10 cP

Reynolds number, RE = 2.50

2nd Reynolds Number

Fluid Velocity (V) = 7 cm/s

Diameter (D) = 0.01 cm

Fluid Density (ρ) = 1000 kg/m3

Fluid viscosity (μ) = 10 cP

Reynolds number, RE = 0.700
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