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ABSTRACT 

Absorption process is widely used in large process installations, however, its only recently 

that substantial progress has been made in developing a fundamental understanding of these 

processes・Gas liquid abso叩tion can be extremely complex due to the existence of a 

deformable interface with varying shapes and motion, transient and multidimensional 

behavior, flow instabilities and turbulence, a very complex combination of process 

thermodynamics and kinetics, with intricate reaction schemes and complex mass transfer- 

reaction coupling. Actual modeling of such systems will contribute substantially in designing 

and better understanding of the performance of the process and selecting the optimum 

process parameters which is likely to be valuable in the actual operation of industrial 

continuous flim contactors (CFC). CFC's find applications in various industrial processes 

like absorption, crystallization, evaporation, boiling, distillation, coating and solar 

photochemical processes due to their simple and effective means of enhancement in heat and 

mass transfer, better control offlow rates and ease of construction. 

The present research is mainly focused on ca円ing out modeling and simulation studies on 

gas liquid abso叩tion for different reactive systems in a continuous ffilm contactor. A steady 

state two-dimensional model has been developed to simulate the process of gas absorption 

inside a CFC. The proposed model couples the chemical interactions to convection and 

diffusion of liquid species in all the directions resulting in highly coupled partial differential 

equation of second order and ordinary differential equations of ffirst order. The governing 

equations of mass, momentum and energy have been numerically solved with a backward 

implicit ffinite difference method and trapezoidal implicit scheme. The performance of the 
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numerical model has been validated with the experimental data of a detergent industry. The 

model is able to predict the behaviour of industrial scale flim reactor with a reasonable 

degree of accuracy. 
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applicability of the model has been further examined for the chlorination of n-decane. 

chemical system is found to be highly sensitive and optimization studies have been 

C面ed out for parameter estimation using Genetic Algorithm (GA) technique. The results are 

found to be in good agreement with the published literature, 

In another study, the absorption characteristics of CO2 removal have been investigated both 

experimentally and numerically. An experimental test facility has been designed and 

commissioned in order to study the absorption of the CO2 in aqueous monoethanolamine 

(MEA) solution flowing in the counter current fashion. Effect of gas and liquid flow rates, 

MEA concentration and CO2 partial pressure has been studied. The mass transfer coeffficient 

has been estimated and correlated based on the experimental results. It is observed that rate 

of absorption is strongly dependent on gas and liquid flow rates and other hydrodynamic 

conditions in the reactor. 

ln order to explore the flow physics of the targeted annular flow, a two dimensional model 

using computational fluid dynamics にFD), volume of fluid (VOF) approach have been 

solved under the present experimental laminar flow conditions. The model gives a qualitative 

view of falling liquid flim and is able to capture the important aspects of the flow patterns 
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throughout the entire contactor. The results show a wavy interface for very low liquid and 

gas Reynolds number, however the waves observed are ofvery low amplitudes. 

The proposed numerical model has been finally modiffied according to the CO2-MEA 

experimental system. The governing transport equations based on momentum, mass and heat 

balance provides a mechanistic inte叩retation of the experimental results and a means to 

predict the gas absorption performance at arbitrary adjustments of operational parameters 

such as reactants (gas and liquid) concentration, flow rate of the absorbent, and flow rate of 

the gas mixture. The numerical predictions are in good agreement with the present 

experimental data. 

v'li 



TABLE OF CONTENTS 

Certifficate 

Acknowledgment 

Abstract 

List of Figures 

List of Tables 

Nomenclature 

CHAPTER 1:INTRODUCTiON 

1.I 	Background 

I .2 	Gas-liquid contactors 

I .3 	Motivation 

I .4 	Objectives 

CHAPTER 2: LITERATURE REVIEW 

2. 1 	Background 

2.2 	Mass transfer theories 

2.2.1 	Film theory 

2.2.2 	Boundary Layer theory 

2.2.3 	Penetration theory 

2.2.4 	Surface renewal theory 

2.3 	Reaction system: CO2 capture 

Page 
No. 

xx 	

・

Xxl 

lo 

IO 

13 



2.4 
	

Choice ofthe absorption 

2.5 
	

Modeling concept 

2.5 
	

Models on momentum and mass transfer studies 

2.5.2 
	

Models on momentum, mass and heat transfer theories 

2.5.3 
	

Literature review on. hydrodynamics of falling liquid ffilm 

CHAPTER 3: EXPE斑MENTAL STUDY 

3.i 	Chemicals and materials 

3 .2 	Experimental details 

3.2 
	

Gas phase analysis 

3.2.2 
	

Experimental data analysis 

3,3 	Gas-side mass transfer coeffficient 

CHAPTER 4: STUDY ON HYDRODYNAMICS OF FALLING LIQUID 

FILMS 

4. 1 	Mathematical formulation 

4 , 2 	Interface treatment 

4,3 	Model Systern 

4,4 	Geometry dimensions and boundary conditions 

4.5 	Numerical computation 

4.5. 1 	Numerical method 

4.5.2 	Meshing scheme 

4.5.3 	Solution strategy 

n6
 	

A

『ー
 

	
ォ什
 

	
AU 	

へj 
1
1
  

つ
ー
  つ

ー
 

 
つ
ー
 

 
り
コ
 

O
O

 n

西
 

「
つ
 

	

「j 
n6

 	
111

 	

つ
一
 

	

へ
乙
 

 
(
j
 
4

什
 

4
.  
H

「
 

 
43 

「J 	

つ1
  

14
 	

14
 

n
A

 

又V  
n

〕
 

 
nU

  
1
 

つ
ム
 

d
l 	

4
. 	

くJ 	
II J 	

くJ 	

く」
 

 



4.5.4 
	

Convergence criteria 

4.5.5 
	

Mesh-independence calculations 

CHAPTER 5: NUMRJCAL MODELING OF FALLING FILM ABSORBER 

AND SOLUTION PROCEDURE 

	

5.1 	Model equations 

5.1.i 	Solution to velocity distribution 

5. 1 .2 	Solution to concentration distribution 

5.1 .3 	Solution to temperature distribution 

	

5.2 	Case studies 

5.2. 1 	Case I: Isothermal study for gas absorption with chemical reaction 

5.2.2 	Case II; Interfacial drag study on gas absorption with chemical 

reaction 

5.2.3 	Case III: Non-isothermal study for gas absorption with ffirst and 

second order chemical reaction in a film contactor with constant 

liquid film thickness 

5,2.4 	Case IV: Non-isotherma' study for gas absorption with varying 

liquid flim thickness 

5.2.5 	Case V: Model development lab-scale falling flim contactor 

	

5.3 	Numerical solution 

5.4 Optimization 

5.4.1 	Coding 

5.4.2 	Fitness function 

つJ  
一什
 

どコ
 

	
ーへ〕
 

58 
n

凸
 

 
0

ノ
 

 

（j  
A

サ

にJ
 くJ

 一0
 一0 

くJ
 一IJ

 
C

ソ
 

ーhU 	

一0
 	

10
  

72 
75 

八U 	

うj 
0
6
 	

0
6
  

一X

一
 

	
0

ノ
 

	
1
1
  

一

X

一
 

	
QU 	

Q

ノ
 



■

11
 	

弓
コ
 

 
n

y 	

八
ソ
 

どJ 	

く
」
 

n

ソ
 

	
0

ノ
 

Case III: Non-isothermal study 

order chemical reaction in a 

)r 	
m

 
f
o
 山

」
  

一h
 

5.4.3 	GA operators 

5.4.4 	Chemical system 

CHAPTER 6: RESULTS AND DISCUSSION 

6. 1 	Case I: Gas absorption with chemical reaction 

Effect of Hatta Number （中2) and contact [ength (Z) on reactant 	95 

concentration 

   

99 
6・I・2 	Efrect 。fm。d .Effect of modiffied Hatta Number，マM= 牟中、z , on enhancement 

factor 

	

Case II: Effect of interfacial drag on the rate of absorption with chemical 	101 

reaction 

	

gas absorption with ffirst and second 	105 

contactor with constant liquid flim 

thickness 

6.3.1 	Analysis of ffirst order chemical reaction (chlorination of 	105 

n-decane) 

6.3.2 	Analysis of second order chemical reaction 	 I iO 

6.3.2.1 	Effect of Hatta Number on reactant gas concentration 	I 14 

and film temperature 

6.4 	Case IV: Gas abso印tion in a non・isothermal flim with varying liquid film 	i 16 

thickness 

つ
」
 

一1

ー
 

ノO 	
A

V
  



10
 	

10
  

d
. 	

d

什
 

 
1
1

血
 

	
1
1
1
  

I 49 

6.4. 1 	Validation of the model with industrial scale reactor (suiphonation 	I I 6 

of tridecyl benzene) 

6.4.1.I 	ELect ofair flow rate on temperature 	 I 21 

6.4.1.2 	ELect of liquid phase viscosity on 	film 	inte由ce 	123 

temperature 

6.4.1.3 	Effect ofliquid flow rate on temperature 	 124 

6.4. 1 .4 	Effect of heat transfer coefficient on temperature 	I 25 

6.5 	Case V: Validation of the experimental results obtained in the lab-scale 	I 26 

film contactor 

6.5. 1 	Mass transfer coefficient estimation 	 I 27 

6.5.2 	Effect offlow parameters on the rate ofabsorption 	 132 

6・5・3 	CFD studies on the hydrodynamics of falling liquid films 	I 35 

6・5.3.1 	Stages offlim formation 	 135 

6.5.3.2 	Parametricstudy 	 135 

6.5.3.2.1 	Effect of input 石lmthickness 	137 

6.5.3.2.2 	Effect ofgas and liquid velocity 	I 38 

6.5.3.2.3 	Effect ofsurface tension 	 I 39 

oj..,・3 	Analysis of flow pattern for different flow conditions 	I 41 

6.5.4 	Validation ofthe model with lab scale reactor 	 142 

CHAPTER 7: CONCLUSIONS AND RECOMMENDATIONS 

	

7.1 	Conclusions 

	

7.2 	Recommendations for future work 

XIII 



REFERENCES 
	 i 50 

APPENDICES 

xlv 


	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14
	Page 15
	Page 16
	Page 17

