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(a) (b) (c)

(d) (e)

Figure 3. (a)This figure shows the measurements (mm) of the channels in ANSYS. (b)This figure shows the mold used to
shape the PDMS with the transparency taped to the bottom. (c)This figure shows a complete PDMS channel. (d)This figure
shows completed PDMS channels under a microscope. The spaces between the arrows denote the channels. (e)This figure
shows the orange fluorescent particles under a microscope illuminated by a UV light.

(a) (b) (c) (d)

Figure 4. (a)(b)(c)These figures show the displacement of flow at three different time intervals, which were 90.133s, 91.233s,
and 92.667s. The distance between each of the flow arcs was 1.0 mm. (d)This figure shows particles are out of channels. The
arrows denote the channel boundaries.
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Data Collection and Analysis

For the scalar-based techniques, the video recorded the motion of flow in 1.4 mm channel, which was already finished
developing. Therefore, to solve the average velocity of flow, five time points were selected with the distance between each of
the arc points being 1.0 mm. The times selected were can be seen in Table 4.

Point 1 (t1) 90.133s ± 0.001s
Point 2 (t2) 91.233s ± 0.001s
Point 3 (t3) 92.667s ± 0.001s
Point 4 (t4) 94.000s ± 0.001s
Point 5 (t5) 94.900s ± 0.001s

Table 4
Time Points.

For these five points, four values of flow velocity could be calculated:

v1 =
1.00mm

91.233s − 90.133s
= 0.909mm/s ± 0.018mm/s (28)

v2 =
1.00mm

92.667s − 91.233s
= 0.697mm/s ± 0.014mm/s (29)

v3 =
1.00mm

94.000s − 92.667s
= 0.750mm/s ± 0.015mm/s (30)

v4 =
1.00mm

94.900s − 94.000s
= 1.111mm/s ± 0.022mm/s (31)

Therefore, the average velocity u is:

u =
v1 + v2 + v3 + v4

4
= 0.867mm/s ± 0.009mm/s (32)

Uncertainties of each value are

Quality Average uncertainty
u 0.867mm/s 0.009mm/s
l 1.00 mm 0.02mm
D 1.19mm 0.01 mm

Table 5
Where u is average velocity, l is displacement between two time points, and D is average diameter of channel.

So, a Reynolds number for the 1.4 mm channel is:

Re =
ρ ∗ u ∗ D

µ

=
1E3kg/m3 ∗ 0.867mm/s ∗ 1.4mm

1E(−3)kg/m · s
= 1.032 ± 0.014

and fractional uncertainty of Re is:

δRe
Re

=

√
(
δu
u

)2 + (
δD
D

)2 ∗ 100% (33)

=

√
(
0.009mm/s
0.867mm/s

)2 + (
0.01mm
1.19mm

)2 ∗ 100% (34)

= 1.335% (35)
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As a result, the Re is 1.032, and fractional uncertainty is 1.335%, which is smaller than 5%.

Result

ANSYS Example

There are two examples to analyze the velocity. One analysis shows the velocity in four different diameters of channel
whose diameters are 1.4mm, 1.05mm, 0.875mm, and 0.7mm. The initial velocity is 0.867mm/s (Figure 5 (a)).

An example simulation was created in ANSYS to show the particle tracers in one channel (Figure 5 (b, c and d)). The
height of channel was 700 nm, the width of channel was 1.4 mm, and the length of channel was 48 mm. The initial velocity
was set as v = 0.867mm/s, Q = 8.428E − 10kg/s, and the diameter of particles was 41 µm. These values were based on the
previous calculations and the Reynolds number (Albari, 2009), which was:

Re(
√

A) =
ρ ∗ Q

µ ∗
√

A
(36)

where Q is the volumetric flow rate, ρ is density of fluid, µ is the viscosity of fluid, and the A is the cross-sectional area.

(a) (b)

(c) (d)

Figure 5. (a)This figure shows the axial velocity for the particle tracers through four different channels. Red indicates that the
velocity is the fastest and blue indicates that the velocity is equal to zero. Based on the picture, it is evident that the particles
in the center of the channel travel faster than the particles near the walls. (b)This figure shows the particles changing velocity
in the channel. The velocity is increasing faster in the center. (c)This figure shows the particles velocities developing. The
velocities of the particles were increasing at this time. (d)This figure shows the particles have finished increasing their velocity.
Therefore, these particles will keep the same velocity through the rest of the channel. The maximum velocity in this figure is
0.10297 m/s, the minimum is 0 m/s.

Experiment Summary

For the scalar-based techniques, the average velocity of flow was 0.867 mm/s and the Reynolds number was equal to 1.032,
which were close to the calculations in the theory. For the micro-PIV system, we made 20 chips, but none of the chips allowed
us to get the full results we set out to find.
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Chips Analysis

The microfluidic chip fabrication was a big factor that affected the results. For example, although PDMS base and curing
agent were mixed at the radio of 10 : 1, there was some transfer error which would have influenced the true measurements. It
was evident that this error affected the hardness of PDMS since different fabrication trials would result in different stiffnesses
of the PDMS. In addition, the bonding between the PDMS and the glass microscope slides was very variable and hard to
execute correctly. This may have been due to the humidity or corona wand exposure. Especially when fluid was injected into
the finished microfluidic chips, it was hard to control the pressure and the fluid would often spray from the inputs. Additionally,
if the channel was collapsed, the pressure would build up and pop a hole through the PDMS and glass bond and the chip could
no longer be used to move fluid. Also, there were often lots of bubbles in the PDMS. This was because the bubbles were just
allowed to rise out of the PDMS in open air instead of in a vacuumed sealed chamber.

Conclusion

Based on the analyzed results from PhysMo, the fluid flowed fastest in the middle of the channel and slowest near the
channel walls. The average velocity of the flow was calculated by using scalar-based techniques, which was used to calculate
the Reynolds number (Re = 1.032). The Reynolds number was determined to be close to the aim(Re = 1), as discussed in the
theory section. The factors which influenced this difference between the hypothetical value and the true value were likely the
bubbles in the channel, the collapsed parts of the channels, and pressure I added to the system by utilizing a syringe to input
the fluid into the channels.

As a result, through the experiment, we explored if PDMS microfluidics would enable easy and inexpensive fluid flow visu-
alization experiments. In comparison to other studies, it was expected that this experiment would be a simpler way to analyze
laminar flow, because the materials were minimal to make a PDMS microfluidic chip channel, and to watch the motion of the
fluid under the microscope. However, there were twenty chips fabricated, yet none of them completely worked. Although,
some of the microfluidic chips were semi-successful, in that the microfluidic chips worked to an extent or they worked initially
before the bonding failed and the channels would leak. Most importantly, this experiment did cost a minimal amount of money,
but all of the PDMS compound purchased went towards the failed or semi-failed trials. In the future, researchers should use
improved techniques to decrease the bubbles in the channel and increase the bonding between the PDMS and glass.



12 MAOLING CHU

References

[1] Akbari M, Sinton D, Bahrami M. Pressure Drop in Rectangular Microchannels as Compared With Theory Based on
Arbitrary Cross Section. ASME. J. Fluids Eng. 2009;131(4):041202-041202-8. doi:10.1115/1.3077143.

[2] Ali K. Yetisen and Lisa R. Volpatti (2014) Patent protection and licensing in microfluidics. DOI: 10.1039/c4lc00399c

[3] Bayt RL, Breuer KS (2000) Fabrication and testing of micro-sized cold-gas thrusters in micropropulsion of small space-
craft. In: Micci M, Ketsdever A (eds), Progress in Astronautics and Aeronautics, vol 187. AIAA, Reston, VA, pp
381âĂŞ398
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