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Abstract

The tray column is the most widely used device in chemical engineering, petroleum and environmental
protection. The tray as the most important components, its performance directly affects the scope of its
application, the quality of the product, and the energy consumption of the system. Numerous studies have
been devoted to optimizing the structure of tray column (e.g. guided sieve tray) to gain better insight into the
specific variations in tray performance. However, owing to the drawbacks of conventional experiments, such
as the high cost, poor repeatability, long period, and the capacity to acquire data from a mere number of
measurement points, it is difficult to capture the flow field information. This study establishes a three-
dimensional two-phase model of a guided sieve tray column. The use of Computational Fluid Dynamics
(CFD) is justifiable on the grounds that it is a cost-effective, convenient and availability of microscopic flow
field data. The focus here is on the mechanism of the effect of changing the shape of the guided hole on gas-
liquid two-phase flow and on the dehydration of carbon dioxide gas by ionic liquids on the guided sieve tray.
The primary work and results are as follows:

(1) Based on SpaceClaim software, the 3D model of guided sieve tray column was constructed and
imported into Fluent. The Euler-Euler multiphase flow model and k-¢ turbulence model were employed in
order to establish reasonable boundary conditions and momentum source terms. A multi-scale monitoring
system (point, surface and body) is used to obtain micro-parameters, including but not limited to pressure
drop, clear liquid height, leakage and entrainment rate of fogs. The hydrodynamic parameters simulated by
CFD reveals that the average error in the dry pressure drop is 8.43%, the wet pressure drop is 3.42%, the
clear liquid height is 15.82%, the entrainment rate of fogs is 4.94%, the leakage of liquid is 15.04%.
Comparison with the experimental values in the literature shows that the CFD model better simulates the
flow state of gas-liquid two-phase on the tray, which confirms the accuracy and reliability of the model.

(2) Based on this model, the guided hole structure is designed to construct a hemispherical guided
hole and the Fluent Module Multi-scale Monitoring System simulated and measured the hydrodynamic
parameters of the trapezoidal and hemispherical guided sieve tray. The results show that the two types of
guided sieve tray have the same trend of increasing (or decreasing) under different working conditions. The
simulated values for hemispherical guided sieve tray are, in most cases, lower than for trapezoidal guided
sieve tray (lower pressure drop, entrainment rate of fogs, leakage). Liquid phase volume distribution of two
types of guided sieve trays under different operating conditions using CFD-POST software. Compared to

the trapezoidal guided sieve tray, the hemispherical guided sieve tray has a more uniform liquid phase
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distribution and increases the contact area between the gas and liquid phases, resulting in a 16.28% increase
in liquid phase volume. Based on the results of the hydrodynamics and distribution mapping, it is
demonstrated that the overall performance of the hemispherical guided sieve tray is better than that of the
trapezoidal guided sieve tray, which can be considered as a kind of ideal sieve tray.

(3) In order to realize the industrial application, the optimized tray structure was used for the CO; gas
dehydration process. Firstly, the COSMO-RS model was used to select ionic liquids and based on density
flood theory (DFT) calculations, quantitative calculation software such as COSMOtherm, Multifwn, molclus
and VMD were used to explain the mechanism of ionic liquids dehydration of CO, at the microscopic level.
Secondly, Fluent simulation was used to investigate the effects of different anionic and cationic ionic liquid
structures on the pressure drop of the tray, clear liquid height and the water content in CO,. Lastly, input of
the binary interaction parameters of the ionic liquid and the parameters of the guided sieve tray column to
simulate the absorption process of the ionic liquid in the guided sieve tray column by Aspen calculation. The
results show that the water content in the product gas can reach 85 ppm, and the thermal load of the heat
exchanger and the energy consumption of the flash tank were reduced by 3.34% and 0.67%, which indicates
that the introduction of sieve tray with guided holes can strengthen the absorption process, and concurrently,
it verifies that the accuracy of the CFD software on the prediction study, which can provide a very good
theoretical foundation for optimizing the design of the tray.

Key words: Guided holes; Sieve tray column; CFD simulation; Ionic liquids; COSMO-RS model
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