
SC acknowledges financial support from China Scholarship Council

(CSC). YO acknowledges financial support from a postdoctoral

fellowship from the Research Foundation – Flanders (FWO) grant

number 1273421N. GH acknowledges framework of the Catalisti

cluster SBO project HBC.2019.0109 within the MOONSHOT

innovation program. The research is funded by the European Research

Council (ERC) under the European Union’s Horizon 2020 research and

innovation program / ERC grant agreement no. 818607 (OPTIMA).

The computational resources (Stevin Supercomputer Infrastructure)

and services used in this work are provided by the VSC (Flemish

Supercomputer Center), funded by Ghent University, FWO and the

Flemish Government – department EWI.

CFD Simulation for Gas-Liquid Vortex Reactor Design 

Siyuan Chen, Yi Ouyang, Geraldine J. Heynderickx, and Kevin M. Van Geem*

https://www.lct.ugent.be
Laboratory for Chemical Technology, Technologiepark 125, 9052 Ghent, Belgium

INTRODUCTION: Gas-Liquid Vortex Reactor

Chemical Technology Symposium, Ghent, 21/12/2021E-mail: Kevin.VanGeem@UGent.be

1. Y. Ouyang, et al., AIChE Journal, 67, 2021, e17264.

2. Y. Ouyang, et al., Chemical  Engineering Science, 246, 

2021, 116970.

Acknowledgement:

• Tangential gas injection

• Momentum transfer from gas to liquid

• Centrifugal force field (rotating liquid)

• Vortex technology

• High turbulent energy dissipation

• Large interfacial area

RESEARCH METHODOLOGY: Modeling and Validation
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CONCLUSIONS

GEOMETRY OPTIMIZATION: Improve gas-liquid contact

Gas-liquid flow behaviorsValidation study

• ANSYS Fluent v19.0

• Euler-Euler model with Tomiyama drag model 

• SST-k omega turbulence model 

Computational model

• Simulation results agree well with experimental 

results

• Gas vortex flow is broken due to liquid injection 

• Liquid is rotating in chamber

• Gas streamlines • Liquid streamlines

Liquid inlet height varies

• Increased liquid momentum input due to smaller liquid inlet

• Liquid holdup • Liquid streamlines

• 3D CFD model on GLVR is validated and shows good agreement

• Liquid rotates in vortex chamber and breaks gas vortex flow

• Full gas inlet height (i.e. equal to reactor height) is needed for improved gas-liquid

dispersion

• Smaller liquid inlets increase momentum injected with liquid flow, resulting in improved

gas-liquid dispersion

Rotating liquid layer

• Liquid velocity field

Liquid volume 
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Liquid volume 
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Gas inlet height varies 

Gas inlet heightLiquid inlet height

• Gas injected over full chamber height results in more uniform 

gas-liquid dispersion

Gas inlet heightLiquid inlet height

• Flow patterns

• Pressure drop

• Liquid turbulent properties

• Gas-liquid layer thickness

Partial gas inlet height Full gas inlet height

Full liquid inlet height Partial liquid inlet height


