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Abstract

Research-aided development of synthetic tissue 

constructs resembling natural tissue shows promise 

for expanding the potential of regenerative medicine. 

Our goal was to design and manufacture a perfusion 

bioreactor capable of testing six individual samples 

per capsule. Our perfusion bioreactor was engineered 

to achieve a specific range of fluid shearing stress and 

pressure at a cell sample’s surface, while sustaining 

optimal conditions for cell culturing. A Perfusion 

Bioreactor is composed of 3 main elements: Pump, 

Reservoir and a Capsule that holds the samples as 

seen in Figure 1.

NIU faculty require a redesigned Perfusion Bioreactor 

in order to further research regarding the effect of cell 

culturing due to media flow. In general, a perfusion 

bioreactor is a device that simulates a biologically 

active environment. The perfusion bioreactor is widely 

used to study the effects of cell culturing. The 

information found during such studies is utilized to 

develop understanding of specimens' interaction 

inside of a living body, where blood circulation and 

other biological fluids apply shear stress on living 

cells. The surface of the sample should experience 

0.8-3 Pa and no more than 55 kPa of total pressure. 

Methods and Materials

The system is comprised of 4 component. 

Polycarbonate was used because its non-toxic, anti-

microbial, autoclavable, and 3D printable. Basic 

governing equations for fluid flow and the provided 

properties of the cell medium were used to determine 

inlet boundary conditions and shear stress at the 

surface of a sample. Dimensions of the tubes that 

satisfied required shear stress and total pressure was 

found to be 8mm in diameter and 40 mm in height.

The mass flow rate is governed by eqn. 1

And the shear stress is governed by eqn. 2.

Using FEA software, contour plots were developed. 

Figure 4 represents the shear stress that the samples 

are experiencing and Figure 5 represents the total 

pressure. The min and max values of shear stress on 

the sample ranges between 1.4 – 1.7 Pa and the total 

pressure ranges between 7 and 8 kPa.

Discussion

After testing was done with Ansys CFX it was 

concluded that the perfusion bioreactor was within the 

shear stress and pressure ranges. The graphs (figure 

5 and 6) below displays the shear stress and pressure 

from the center to the edge of the sample.

Conclusions

The perfusion bioreactor is made of medical grade 

polycarbonate and manufacturable using FDM 3D 

printing. The project allows for multiple samples to be 

tested at a single time that are easily accessible. The 

data collected falls within the allowable shear stress 

and pressure ranges needed for cell growth study. 

This perfusion bioreactor can be effectively used to 

study cellular growth exposed to a narrow range of 

shear stresses and pressures.
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