
Microfluidic Viscosity 

Purpose 

The purpose of this experiment is to measure liquid viscosity by observing capillary-driven fluid 

movement into a microfluidic channel. 

Theory 

Microfluidics is the study of fluid behavior in very small channels.  When liquid contacts a small, dry 

channel, liquid tends to fill the channel because the liquid/solid surface tension is less than the air/solid 

surface tension.  This tendency can be quantified as capillary pressure, shown in Equation 1: 
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Where: ∆P = capillary pressure [Pa] 

σ = liquid/air surface tension [N/m] 

= contact angle [radians] 

d = channel depth [m] 

w = channel width [m] 

Contact angle is the angle formed when a drop of liquid rests on a solid surface, as shown in Figure 1, 

and it is a measure of the tendency of the liquid to wet the solid. 

Figure 1.  Illustration of the contact angle for a drop of liquid on a solid surface. 

While capillary pressure tends to pull liquid into the channel, viscous forces work to slow the flow.  The 

laminar flow of liquid through a circular pipe can be described using the Hagen-Poiseuille equation 

(Equation 2). 
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Where: Q = liquid flow rate [m3/s] 



   D = pipe diameter [m] 

   ∆P = pressure drop across pipe (capillary pressure for this experiment) [Pa] 

   μ = liquid viscosity [Pa*s] 

   L = pipe length (liquid column length for this experiment) [m]   

For laminar flow in rectangular channels, Perry’s Handbook1 recommends replacing the pipe diameter, 

D, with an equivalent pipe diameter, DE, calculated using Equation 3. 
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Where K is a slowly varying function of w/d shown in Table 1. 

Table 1.  Values of K as a function of w/d for laminar flow in rectangular channels. 

w/d K 

1 28.45 

1.5 20.43 

2 17.49 

3 15.19 

4 14.24 

5 13.73 

10 12.81 

∞ 12 

 

The mean fluid velocity, v, can be found by dividing the liquid flowrate, Q, by the channel cross sectional 

area, wd.  Applying this to Equation 2 yields Equation 4. 
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Note that as fluid enters the channel, the length of the liquid column, L, increases, so the velocity, v 

decreases.  This shows that the velocity used in Equation 4 should be an instantaneous velocity, and not 

an average velocity. 

Experimental Procedures 

Three fluids will be tested.  These fluids, and their surface tensions, are shown in Table 2. 

Table 2.  Fluids used for this experiment and their surface tensions 

Fluid Surface Tension [N/m] 

isopropanol 0.0214 

ethylene glycol 0.048 

propylene glycol 0.036 

 



The equipment for this experiment is shown in Figure 2.  The microfluidic  device is made from 

polydimethylsiloxane (PDMS) and bonded to a glass plate.  There are several microchannels in the 

device, allowing one device to be used for several tests.  Be sure that you know the channel dimensions 

(width and depth).  The glass plate is coated with PDMS so that all four walls of the channel are PDMS.  

The iPhone in Figure 2 is in position for the fluid velocity tests. 

 

Figure 2.  Equipment used for this experiment, including (1) syringe used to place a drop of fluid 
on a microfluidic channel, (2) ruler, (3) stand, (4) iPhone, and (5) PDMS microfluidic device. 
 

Fluid velocity tests 
 

1. Wipe the microfluidic device clean with a Kim Wipe and use tape to remove any residual fibers 

left behind by the Kim Wipe. 

 

2. Set up the camera holder and place camera. Make sure the stand is over a black background so 

there is no glare and the fluid can be seen in the video. 

 

3. Place the device in the proper position so quality video can be acquired. The device is usually 

secure enough that taping the device in place is not required, but this can be done if the device 

slides easily. 

(4) 

(3) 

(2) 

(5) 

(1) 



4. Place a ruler alongside the channels and tape it down, ensuring the entire channel can be 

measured. 

 

5. Using a syringe, place a drop of fluid on the well of the test channel. 

6. Begin recording the video. 

7. Wait until the fluid enters the channel and moves all the way to the other end of the device 

 

8. Once all of the fluid has moved to the other side of the device, filming can be halted. 

Repeat this procedure for each tested liquid. 

 

Contact angle tests 

 

1. Wipe the microfluidic device clean with a Kim Wipe and use tape to remove any residual fibers 

left behind by the Kim Wipe. 

 

2. Begin by placing the device on a solid surface that is slightly elevated about 1/2”. 

3. Place a small drop of the fluid on the device surface.  

4. Find a good distance to place the camera and focus the camera on the droplet. Try taking 

several pictures.  A white background is better for image processing. 

Repeat this procedure for each tested liquid. 

 

Data analysis 

Contact angle 

1. Open the ImageJ software.  This software can be found on the lab computers.  You may also 

download a free copy for your own computer (Windows or Macintosh). 

2. Open the photo that you took of the liquid drop on the PDMS surface. 

3. Click on the “angle” tool and use this to take measurements. An example is shown in Figure 3. 

4. Select Analyze  Measure to display results.  

Repeat this test for each liquid. 



 
Figure 3.  Use of the angle tool in ImageJ to find contact angle from a photograph. 

Viscosity 

1.  Review the video, and prepare a table that shows time [s] versus liquid column length (how far the 

liquid has moved down the channel) [mm, then convert to m].  You should have one data point per 

second, and your first data point should be 0 s and 0 m. 

 

2. Plot the liquid column length (vertical axis) versus time (horizontal axis).  Fit a polynomial to this 

plot. 

 

3. Take the derivative of your polynomial fit with respect to time.  This gives a formula for 

instantaneous velocity. 

 

4. Using Equation 4 and the instantaneous velocity calculate a viscosity for every data point. 

 

5. You will have a different calculated viscosity at every data point.  The viscosity is actually constant 

and you should notice that most of the calculated values of viscosity are nearly the same.  Take an 

average of the calculated viscosities and report this as the measured viscosity.  If  the first few or the 

last few calculated viscosities are much different than the others, exclude these points from the 

average.  You may be asked for additional analysis by your instructor. 

 

Repeat this procedure for each tested liquid. 
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