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ChapterChapter 12 

ConclusionsConclusions of this thesis 
Inn this thesis we have examined the use of CFD techniques for modelling of the 

hydrodynamicss of (a) bubble columns, (b) gas-solid fluidized beds, (c) distillation sieve trays, 
andd (d) structured packed columns. 

(a)) Bubble columns. 
Bubblee column hydrodynamics is very complex and offers considerable challenges to the 

engineerr during scale up. We have examined the utility of CFD as an investigative, design and 
scale-upp tool. The following major conclusions can be drawn. 
1.. The Volume-of-Fluid (VOF) simulation technique is a powerful tool for studying the 

risee characteristics of single air bubbles in a column of liquid. Due to limitations of 
computerr power and because of the necessity to use grid cells of the order of a fraction 
off  a millimetre, fully 3D simulations are not possible. Therefore only 2D simulations 
cann be attempted. For "small" bubbles in the 3 - 12 mm size range, the bubble 
dynamicss are qualitatively captured but the quantitative agreement with experiments in 
circularr columns is not good. 

2.. VOF simulations of rise of spherical cap bubbles (corresponding to Eö > 40) in 
columnss of circular cross-section are in excellent agreement with experiment. Similar 
excellentt agreement is obtained when simulating the rise of circular cap bubbles in 2D 
rectangularr columns. 

3.. VOF simulations provide a powerful tool to study in-line interactions of pairs of 
sphericall  cap bubbles. This insight leads to the development of appropriate relations to 
predictt the rise velocity of a swarm of large bubbles. 

4.. 2D axi-symmetric Eulerian simulations give a good representation of gas holdup and 
centre-linee liquid velocity for both air-water and air-Tellus oil systems for a range of 
columnn diameters. 

5.. The predictions of 2D axi-symmetric simulations for the liquid velocity are in good 
agreementt with experiment. 

6.. The predictions of 2D axi-symmetric simulations for the radial distribution of gas 
holdupp are not realistic. The assumption of 2D axi-symmetry gives rise to an off-centre 
maximumm in the gas holdup. 

7.. Switching from water to Tellus oil as the liquid phase, with a factor 75 increase in the 
liquidd viscosity, does not significantly affect either VL(0) or Viir). This is found both 
experimentallyy and in 2D axi-symmetric simulations. 

8.. 2D axi-symmetric Eulerian simulations are useful for predicting the scale dependence 
off  the centre-line VL(0). Simulations show that VL(0) can approach values of about 4 -
55 m/s when the column diameter is increased to 6 m. The simulations further show that 
thee liquid viscosity has practically no effect on VL(0). On the basis of the Eulerian 
simulationss we are able to recommend the use of the Riquarts correlation provided we 
usee the kinematic viscosity of water for all systems. 

9.. The strong increase in VL(0) with scale has the effect of accelerating the gas bubbles 
leadingg to significant reduction in the gas holdup. The reduction in holdup is 
significantlyy stronger than that anticipated published literature correlations. 
Experimentall  data in the literature on gas holdup and VL(0) in the churn-turbulent 
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regimee are restricted to columns smaller than 1 m in diameter and therefore there is a 
needd for experimental verification with larger column diameters in order to verify the 
strongg scale dependence anticipated by the Eulerian simulations. 

10.. For realistic predictions of radial distribution of liquid velocity and gas holdup we 
mustt resort to fully three-dimensional Eulerian simulations 

11.. For estimation of average gas holdups in the dispersion and circulating liquid 
velocities,, typified by the centre-line velocity VL(0), 2D and 3D simulations are 
comparable.. This is good news because the computational effort for 3D simulations is 
excessivelyy large at the moment. 

12.. Both 2D and 3D simulations show a negligible influence of liquid viscosity on the 
V\{r)-V\{r)- This is in accord with experiment. 

13.. The liquid phase axial dispersion coefficients DaxL predicted from 3D simulations are 
inn good agreement with experiment. 2D axi-symmetric simulations lead to 
significantlyy lower predictions. Mixing processes are not properly captured when the 
constraintt of axi-symmetry is imposed. 

14.. In the churn-turbulent regime, the total gas phase RTD is not amenable to 
interpretationn in terms of an axial dispersion model. The individual bubble phase 
RTDss have to be fitted separately. 

15.. The small bubble Dax,G.Smaii was found to be remarkably close in value to Dax.L 

suggestingg that the small bubbles are "entrained" with the liquid phase and have 
similarr backmixing characteristics. The dispersion of the large bubbles is significantly 
smaller. . 

(b)) Gas-solid fluidized beds. 
Wee have shown that the scale effects of gas-solid fluidized beds with fine Geldart A 

powderss can be described with the same approach as for gas-iiquid bubble columns. The 
Euleriann simulation code is analogous and the influence of column diameter on the centre-line 
"densee phase" velocity and gas holdup is remarkably similar to that of bubble columns. A 
unifiedd approach to scaling up will save experimental effort. 

(c)) Distillation sieve trays. 
Ourr CFD simulations have shown that sieve tray hydrodynamics is intrinsically three-

dimensionall  and there are recirculatory flows in several dimensions. We obtained very good 
qualitativee agreement for the clear liquid height with varying operating parameters. However, 
theree is a need for better drag relations between the gas and liquid phases. This requires 
additionall  experimental effort. We can state, however, that CFD simulations are potentially 
powerfull  design tools for distillation columns. 

(d)) Structured packed column. 
Wee have used CFD to describe the flow of liquid through packed channels of complex 

geometryy found in KATAPAK-S. CFD techniques are useful tools to study dispersion 
phenomena. . 

Thee final conclusion of this thesis is that CFD is an invaluable design and scale up tool for 
multiphasee reactors. 
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