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Background and Motivation

• Bioreactors applications:
 Food and beverage industry
 Pharmaceutical industry
 Biofuel production
 CO2 capture and conversion
 Syngas fermentation
 Waste management

• Project Goal: Using computational models for scale up design and 
optimization of these bioreactors.

Biofuel
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Background and Motivation

• Biomethanation process: convert biogas to 
pipeline quality natural gas for long-duration 
energy storage and decarbonization of the 
transportation sector. 

NREL Biomethanation reactor
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CFD implementation

• A modified multiphaseEulerFoam from OpenFOAM was used with in-house 
implementation of *:
– Higbie interphase mass transfer model
– Grace drag model for bubbles

• Multiphase k-ϵ turbulence model
• Population Balance equation with 21 classes (1 – 11 mm) was used for 

modeling the size distribution for bubbles. 
• Temperature around 303 K

* Rahimi, M.J., Sitaraman, H., Humbird, D. and Stickel, J.J., 2018. Computational fluid dynamics study of full-scale aerobic bioreactors: Evaluation of gas–
liquid mass transfer, oxygen uptake, and dynamic oxygen distribution. Chemical Engineering Research and Design, 139, pp.283-295.
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Governing equations

Mass conservation eq.

Momentum conservation eq. 

Species transport eq.

Energy conservation eq. 

Diffusivity of dissolved species
Wilke-Chang eq.

𝐹𝐹𝑖𝑖  represents the sum of all the interphase forces that include the lift, drag, virtual mass, 
wall-lubrication and turbulent-dispersion forces. 
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𝑅̇𝑅𝑖𝑖𝑀𝑀𝑀𝑀 = 𝑘𝑘𝑙𝑙 𝑎𝑎 𝐶𝐶𝑖𝑖∗ − 𝐶𝐶𝑖𝑖 Species i mass transfer source term

Saturated mass concentration of species i in liquid (Henry’s law)

Higbie’s mass transfer coefficient

Specific interfacial area 

Interphase mass transfer
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Geometry and Mesh
H = 12 m 
D = 0.72 m
Superficial gas 
velocity = 0.08 m/s
Sparger mass flow 
rate = 0.03 kg/s

H_sparger = 0.5m
D_sparger = 0.55m
Mesh ~ 200K

Inlet mass frac:
70% CO2
23% CO
7% H2

Circle Multi RingFlat Donut



NREL    |    8

Automated hexahedral meshing for 
different sparger designs

https://github.com/NREL/spargerDesign

Block cylindrical mesh description 3D Meshing

blockMeshDict

• Streamlines geometry variations
• Simplifies boundary definition
• Automatically ensures smooth 

mesh size variations
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Circle flatDonut multiRing
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Second set of geometry

• As we did not see significant difference between the sparger designs, we 
decided to try a reactor with lower aspect ratio (wider geometry).

• The diameter of the bubble column was increased by a factor of 3 (now 2.16 
m). Everything else was not changed. 

• We kept sparging gas with the same superficial velocity of 0.08 m/s. That 
converts to gas mass flow rate of 0.28 kg/s.
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flatDonut wide multiRing wide
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flatDonut wide multiRing wide

Mid-plane cross sectional averaged  
Superficial gas velocity
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flatDonut wide multiRing wide
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flatDonut wide multiRing wide
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flatDonut wide multiRing wide
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Left: flatDonut
Right: multiRing
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Summary

• We developed a computational model to investigate the effect of different 
sparger designs on the performance of bubble column bioreactors.

• The sparger design matters, but that depends on the shape of the bioreactor. 
– Reactors with high aspect ratio  Not so important 
– Reactors with lower aspect ratio more important

• The multi-ring sparger provided better mass transport performance, by 
having more stable gas/liquid interaction and better mixing, compared to the 
single flat donut sparger.

• Even though gas hold up were the same between the two spargers, CO2, CO, 
and H2 were dissolved faster in the liquid phase with the multi-ring sparger. 
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