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OPTIMIZATION OF EXTRUSION-BASED BIOPRINTING PARAMETERS USING CFD SIMULATIONS AND DOE

Extrusion-based bioprinting is widely used, but excessive shear stress can compromise
cell viability [1].
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Bioinks: Shear-thinning materials (viscosities: 280-64,000 Pa·s), Carreau-Yasuda model.
Experimental Design: Full factorial DoE → nozzle geometry, OD, piston velocity,  viscosity.
Statistical Analysis: ANOVA to assess impacts on shear stress and pressure drop.
Predictive Model: Developed to estimate shear stress under varying printing conditions.

Predictive model: Provide a fast, practical tool to reliably estimate WSS, saving experimental 
and compuataional effort.
→ Power-law Reducted-Order Model calibrated on CFD data

Future Directions:
Biological validation: experiments with living cells to confirm correlation 
between simulated stress and cell viability.
Predictive model refinement: expand training dataset with more CFD 
simulations → reduce error and improve robustness.
User-friendly tool: integrate the model into a calculator or software plugin to 
guide parameter selection in real-time
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This study combines CFD simulations and rheological experiments to evaluate the effect 
of nozzle geometry, material viscosity, and extrusion parameters on shear stress and 
pressure drop.

Bioink viscosity dominates stress levels. Vaseline is “unsafe” for bioprinting in narrow 
cylindrical nozzles; nanocellulose is the most biocompatible option.

Conical nozzles strongly mitigate shear stress across all materials, provides more 
stable extrusion → best choice for cell viability.

Outlet diameter is critical: smaller diameters drastically increase stress in cylindrical 
nozzles, but effect is mild in conical nozzles. Input velocity is secondary → negligible in 
conical, geometry but amplifies stress in cylindrical nozzles.

Conical nozzles and larger outlet diameters provide the most favorable printing conditions, particularly for 
high-viscosity inks, whereas cylindrical nozzles with small diameters and high velocities induce critical shear 
stresses that can compromise cell viability.
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Fig. 1: Effect of shear stress on cells during extrusión-based 3D bioptrinting.

Fig. 2: 
Representation
of the
cylindirical and 
conical nozzles
used in the
simulations.

Fig. 3: WSS for varying outlet diameter in conical nozzles, for the three
investigated materials.

Fig. 4: Relevance of outlet 
diameter and piston velocity
on WSS for conical nozzle.

Fig. 5: Surface plot of the predictive model 
with the simulation data for nanocellulose.

CONICALCYLINDRICAL

CFD Simulations: ANSYS Fluent, 2D axisymmetric.
Nozzle types: Conical and cylindrical; outlet diameters
(OD): 0.26 to 0.6 mm.
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