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 In this study, a novel hollow fiber membrane contactor (HFMC) under a non-

wet condition was numerically explored by CFD techniques based on the finite 

element method to capture CO2 from the CH4/CO2 gas mixture.  A new design, 

such as a shell and tube heat exchanger with baffles, was proposed. The MEA, 

DEA, and TEA, as different amines solutions, were selected as the liquid 

solvents. A CO2-containing gas mixture and amine solution were passed in the 

shell side and the tube side of the membrane contactor, respectively. The 

simulation findings indicated a good agreement with the reported 

experimental data demonstrating that such a model would evaluate the 

effects of different parameters during the HFMC system. Specifically, the 

results showed that the baffles' presence improved the separation efficiency 

due to the increased residence time on the shell side. The results also indicated 

that the MEA solution had the highest CO2 absorption. In the new design (shell 

and tube heat exchanger with baffles), the rising solvent inlet velocity, 

decreasing gas velocity, and counter-current flow pattern positively affected 

separation efficiency.   
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1. Introduction 

Today, rising greenhouse gasses pose a massive 

threat to human life [1]. Carbon dioxide is a 

significant greenhouse gas emitted by human 

activities. The industrial activities of the power 

generation sectors are the primary source of CO2 

[2,3]. Therefore, it is essential to develop a high-

efficiency separation system to decrease CO2 from 

gas mixtures. The absorption of CO2 by chemical 

solvents, such as aqueous amine solutions, as a 

practical solution has gained the industry's 

attention. Among the various methods [4-6], 

HFMC [7,8] is an advanced technology capable of 

absorbing CO2 without the issues of the absorption 

columns such as foaming, entraining, channeling, 

and flooding [9]. Other significant advantages of 

this system over conventional column contactors 

have attracted considerable attention over the 

recent decades:  size reduction, operational 

flexibility, elevated mass transfer rate, linear scale-
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up, high contact area per unit volume, and 

integration possibility [10]. Keshavarz et al. 

investigated the membrane contactor’s 

performance under non-wetting and partially 

wetted modes [11]. The CO2 absorption was 

observed to decrease with increased wetting of the 

membrane. In gas-liquid contractors, the gas 

phase on one side and the liquid solvent on the 

other side are in contact as co-current or counter-

current. Saidi et al. studied the effect of MDEA, 

DEA, and blends on CO2 capture with 

mathematical modeling [12]. They concluded that 

due to DEA's high reactivity with CO2 compared to 

others, it is the best in CO2 capture. Gilassi and 

Rahmanian modeled a hollow fiber membrane 

through computational fluid dynamics and 

compared the efficiency of three different solvents 

to remove CO2 [13]. The solvents used included 

mono-ethanolamine (MEA), di-ethanolamine 

(DEA), and n-methyl di-ethanolamine (MDEA). 

Their findings indicated that MEA would absorb 

more CO2 than DEA and MDEA. The effect of single 

solvents such as H2O, ethylenediamine (EDA), DEA, 

MEA, piperazine (PZ), and mixed solvents (DEA/PZ) 

on CO2 capture was investigated experimentally by 

Zhang et al. [14]. The results revealed that PZ has 

the highest absorption efficiency compared to 

other single solvents, and the efficacy of CO2 

removal for mixed solvents is 20% better than 

single ones. Talaghat and Bahmani explored the 

influence of MEA, MDEA, and their combination on 

CO2 removal performance with mathematical 

modeling [15]. They observed that MDEA had a low 

CO2 absorption capacity and increased CO2 capture 

efficiency by adding MEA to MDEA. Ghobadi et al. 

worked experimentally with MEA, TEA, and DEA 

solutions on CO2 absorption in HFMC [16]. They 

found that MEA was a better solvent than DEA and 

TEA. Taghvaie and Heydarinasab investigated 

numerical simulation for a non-wetting model of 

operation and counter-current gas and liquid flow 

[17]. They used potassium threonate (PT), PZ, and 

MDEA for CO2 separation from a CO2/CH4 mixture 

and investigated the hollow fiber membrane 

contactor porosity and module length. Their results 

showed that the PZ solvent had higher absorption 

than the others. Additionally, increasing the length 

and porosity of the module improved CO2 

separation efficiency. Hongxia et al. investigated 

theoretical modeling of the mass transfer for CO2 

capture in HFMC for non-wetted and partially wet 

operation modes. They compared 4-diethylamino-

2-butanol (DEAB) performance with MEA, DEA, 

MDEA, and 2-amino-2-methyl-1-propanol (AMP) 

solvents [18]. They concluded that the non-wetted 

membrane had higher efficiency than the partially-

wetted one, and MEA had higher absorption than 

the others. Despite extensive studies [19-21]  in the 

explained research field, the challenge remains to 

determine how the physical design of HFMCs 

affects CO2 capture. This study proposes a novel 

and different design of a HFMC, such as a shell and 

tube heat exchanger with baffles to capture CO2 

from the CO2/CH4 gas mixture. Comprehensive 

modeling and simulation of the removal of CO2 are 

numerically studied using CFD in the HFMC system. 

Eventually, the effects of liquid and gas velocity, 

solvent type, and flow pattern are investigated.  

2. Modeling procedure 

A comprehensive two-dimensional cylindrical 

model was proposed and used to study the 

separation performance of CO2 from a two-

component gas mixture (CO2/CH4) in an HFMC 

using amine solutions as solvents. The model was 

developed for non-wetted conditions. Due to the 

small size of the CO2 molecule compared to 

methane molecules [22], only the CO2 passes 

through the membrane. As depicted in Figure 1, 

there are three sections within the contactor, 

including the cylindrical tube, membrane, and shell 

side. The CO2 and CH4 pass into this system's shell 

side, with several baffles, while different solvents 

are pumped into the tube side. The CO2 molecules 

pass through the membrane from the shell side to 

reach the tube section, react with the amine in the 

tube area, and leave the system. The specifications 

and operating conditions of the membrane 

contactors and the solvents used in this study are 

summarized in Table 1 and Table 2, respectively. 
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Fig. 1. Schematic of a hollow fiber membrane gas-liquid contactor. 

Table 1. Specifications of the membrane contactor and operating conditions [23]. 

Parameter Symbol Value / equation 

Diffusion coefficient of CO2 in shell (m2/s) DCO2−shell 2.35×10−6 𝑒−
2119

𝑇  

Diffusion coefficient of CO2 in membrane (m2/s) DCO2−membrane 𝐷𝐶𝑂2𝑠𝜀/𝜏 

Inlet gas temperature (°C) Tg 77 

Inlet solvent temperature (°C) Ts 25 

Inlet gas concentration (mol/m3) Ctotal−shell 1 

Inlet CO2 concentration (mol/m3) CCO2−shell 0.1 

Membrane Tortuosity (-) τ 2 

Membrane Porosity (-) ε 0.62 

Tube radius (mm) r1 1.0 

Fiber thickness (mm) r2 − r1 0.45 

Module radius (cm) r3 1.05 

Fiber length (cm) L 24 

Baffle height (mm) Bl 0.18 

Table 2. The specifications of solvents used in this study. 

Solvent Symbol 
Density 

(kg/m3) 
Reference 

Di-ethanolamine DEA 1097 [24] 

Mono-ethanolamine MEA 1012 [25] 

Tri-ethanolamine TEA 1124.5 [24] 

2.1. Governing equations 

The shell side, membrane, and tube side as three 

sections of the HFMC system are modeled with 

separately governing equations based on the 

following assumptions.  

− Steady-state and isothermal condition 

− Uniform membrane pore distribution 

− Axisymmetric approximation 

− Henry’s law for gas-liquid equilibrium 

− Non-wetting operational status 

− Ideal gas behavior within the shell.  
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2.1.1. Shell side 

The mass balance equation for each species can be 

written as Equation (1) to model the mass transport 

through the HFMC. 
𝜕𝐶𝑖
𝜕𝑡
= −𝐷𝑖𝛻

2𝐶𝑖 − 𝛻. 𝐶𝑖𝑢𝑧 + 𝑅𝑖 (1) 

in which Ci, Di, and Ri are respectively the 

concentration, diffusion coefficient, and reaction 

rate of species i, uz is the axial velocity, and t is 

time. Considering Fick’s law in a cylindrical 

coordinate, steady-state condition, and the non-

reactive CO2 transport inside the shell side, 

Equation (1) becomes Equation (2) [26]:  

𝐷𝐶𝑂2−𝑠ℎ𝑒𝑙𝑙 [
𝜕2𝐶𝐶𝑂2−𝑠ℎ𝑒𝑙𝑙

𝜕𝑟2
+
1

𝑟

𝜕𝐶𝐶𝑂2−𝑠ℎ𝑒𝑙𝑙
𝜕𝑟

+
𝜕2𝐶𝐶𝑂2−𝑠ℎ𝑒𝑙𝑙

𝜕𝑧2
] = 𝑢𝑧−𝑠ℎ𝑒𝑙𝑙

𝜕𝐶𝐶𝑂2−𝑠ℎ𝑒𝑙𝑙
𝜕𝑧

 

 (2) 

where 𝐷𝐶𝑂2−𝑠ℎ𝑒𝑙𝑙, 𝐶𝐶𝑂2−𝑠ℎ𝑒𝑙𝑙 and 𝑢𝑧−𝑠ℎ𝑒𝑙𝑙 deote 

diffusion coefficient, concentration, and axial 

velocity of CO2 on the shell side, respectively. The 

gas stream in the shell section is assumed 

turbulence flow. 𝑢𝑧−𝑠ℎ𝑒𝑙𝑙 is the axial velocity in the 

shell section and can be calculated by Equation (3) 

[26]: 

𝑢𝑧−𝑠ℎ𝑒𝑙𝑙

= 2𝑢𝑠ℎ𝑒𝑙𝑙 [1 − (
𝑟2
𝑟3
)
2

]

× [
(𝑟/𝑟3)

2 − (𝑟2/𝑟3)
2 + 𝑙𝑛(𝑟2/𝑟)

3 + (𝑟2/𝑟3)
4 − 4(𝑟2/𝑟3)

2 + 4 𝑙𝑛(𝑟2/𝑟3)
] 

(3) 

where 𝑢𝑠ℎ𝑒𝑙𝑙 is the average velocity in the shell side. 

The shell side boundary conditions are described 

below: 

Z=0 : 𝜕𝐶𝐶𝑂2−𝑠ℎ𝑒𝑙𝑙/𝜕𝑟 = 0  

Z = L : 𝐶𝐶𝑂2−𝑠ℎ𝑒𝑙𝑙 = 𝐶𝑖𝑛𝑖𝑡𝑖𝑎𝑙 

r = r2 : 𝐶𝐶𝑂2−𝑠ℎ𝑒𝑙𝑙 = 𝐶𝐶𝑂2−𝑚𝑒𝑚𝑏𝑟𝑎𝑛𝑒 

r = r3 : 
𝜕𝐶𝐶𝑂2−𝑠ℎ𝑒𝑙𝑙

𝜕𝑟
= 0 

2.1.2. Membrane section 

The possibility of liquid penetrating the membrane 

pore is known as membrane wetting, which 

depends on the membrane's hydrophobic and 

hydrophilic properties. Membranes are classified as 

non-wetted, fully-wetted, or partially-wetted 

based on their wetting modes. In non-wetted 

mode, the membrane pores are filled with gas, 

resulting in minimum membrane resistance to 

mass transfer. In fully-wetted mode, the 

membrane pores are totally filled with liquid, 

resulting in the maximum membrane resistance to 

mass transfer. The liquid penetrates the pores and 

partially fills the membrane pores in the partially 

wetted condition. Figure 2 depicts a schematic 

representation of these three modes. The 

membrane used in this study is similar to the Kim 

and Yang polytetrafluoroethylene (PTFE) 

membrane [23]. They state that this membrane 

type is non-wetted by aqueous solutions [23]. By 

considering the non-wetted membrane as 

diffusion-controlled in a steady-state condition, 

the mass balance for the transport of CO2 inside 

the membrane can be written as Equation (4). 

𝑫𝑪𝑶𝟐−𝒎𝒆𝒎𝒃𝒓𝒂𝒏𝒆 [
𝝏𝟐𝑪𝑪𝑶𝟐−𝒎𝒆𝒎𝒃𝒓𝒂𝒏𝒆

𝝏𝒓𝟐

+
𝟏

𝒓

𝝏𝑪𝑪𝑶𝟐−𝒎𝒆𝒎𝒃𝒓𝒂𝒏𝒆
𝝏𝒓

] = 𝟎 

(4) 

The effective diffusivity coefficient that accounts 

for the membrane’s porosity and tortuosity can be 

defined as Equation (5) [26]: 

𝐷𝐶𝑂2−𝑚𝑒𝑚𝑏𝑟𝑎𝑛𝑒 = 𝐷𝐶𝑂2−𝑠ℎ𝑒𝑙𝑙
𝜀

𝜏
 (5) 

where 𝜀 and  𝜏 are the porosity and the tortuosity 

of the membrane, respectively. The boundary 

conditions at the membrane section are defined as: 

r = r1 : 𝐶𝐶𝑂2−𝑚𝑒𝑚𝑏𝑟𝑎𝑛𝑒 =
𝐶𝐶𝑂2−𝑡𝑢𝑏𝑒

𝑚𝐶𝑂2
 

r = r2 : 𝐶𝐶𝑂2−𝑠ℎ𝑒𝑙𝑙 = 𝐶𝐶𝑂2−𝑚𝑒𝑚𝑏𝑟𝑎𝑛𝑒 

where 𝑚𝐶𝑂2 is the solubility of CO2 in the solvent, 

which is obtained from Equation (6) [23]. 

mCO2 = 2 ∙ 82 × 10
6e−

2044
T  (6) 
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Fig. 2. The schematic of membrane wetting modes. 

2.1.3. Tube side 

In tube side of HFMC, the steady-state mass 

balance should be written as Equation (7) for the 

transport of CO2 while reacting with solvent, along 

with the new species generated from the reaction 

[26]:  

𝐷𝐶𝑂2−𝑡𝑢𝑏𝑒 [
𝜕2𝐶𝐶𝑂2−𝑡𝑢𝑏𝑒

𝜕𝑟2

+
1

𝑟

𝜕𝐶𝐶𝑂2−𝑡𝑢𝑏𝑒
𝜕𝑟

+
𝜕2𝐶𝐶𝑂2−𝑡𝑢𝑏𝑒

𝜕𝑧2
] + 𝑅𝑖

= 𝑢𝑧−𝑡𝑢𝑏𝑒
𝜕𝐶𝐶𝑂2−𝑡𝑢𝑏𝑒

𝜕𝑧
 

(7) 

 

where 𝑅𝑖 and 𝐷𝐶𝑂2−𝑡𝑢𝑏𝑒are the reaction rate and 

diffusion coefficient of CO2 in the tube, 

respectively. Table 3 provides the reaction rate and 

kinetic parameters of CO2 in different amine 

solutions. Detailed information on the CO2-amine 

reactions can be found in reports by Horng and Li 

[27]and Liao and Li [28]. 𝑢𝑧−𝑡𝑢𝑏𝑒 is the axial velocity 

in the tube section by assuming laminar flow and 

can be calculated by Equation (8) [26]. 

𝑢𝑧−𝑡𝑢𝑏𝑒 = 2𝑢𝑡𝑢𝑏𝑒 [1 − (
𝑟

𝑟1
)
2

] (8) 

where 𝑢𝑡𝑢𝑏𝑒 is the average velocity of the solvent in 

the tube. The boundary conditions are defined as 

below: 

Z = 0 : 𝐶𝐶𝑂2−𝑡𝑢𝑏𝑒 = 0, 𝐶𝑎𝑏𝑠𝑜𝑟𝑏𝑒𝑛𝑡 = 𝐶𝑎𝑏𝑠𝑜𝑟𝑏𝑒𝑛𝑡−𝑖𝑛 

Z = L :  𝐶𝐶𝑂2−𝑡𝑢𝑏𝑒 = 𝐶𝐶𝑂2−𝑎𝑏𝑠𝑜𝑟𝑏𝑒𝑑 

r = 0 : 
𝜕𝐶𝐶𝑂2−𝑡𝑢𝑏𝑒

𝜕𝑟
= 0                                                      

r = r1: 𝐶𝐶𝑂2−𝑡𝑢𝑏𝑒 = 𝐶𝐶𝑂2−𝑚𝑒𝑚𝑏𝑟𝑎𝑛𝑒 ×𝑚𝐶𝑂2, 
𝜕𝐶𝑎𝑏𝑠𝑜𝑟𝑏𝑒𝑛𝑡−𝑡𝑢𝑏𝑒

𝜕𝑟
= 0 

3. Results and discussion 

 For numerical solution, the Finite Element Method 

(FEM) was utilized with proper boundary conditions 

described in the previous section, reaction rate 

equations with their kinetics, chemical, and 

physical properties. The simulation parameter 

values, including viscosity, kinetic parameters, 

diffusivity, and solubility, related to the absorption 

of CO2 were taken from the [24-26],, [32-35]. The 

mesh independence analysis was done to optimize 

the number and type of mesh in the simulation to 

demonstrate the gas behavior in three sections 

(tube, membrane, and shell). Figure 3 depicts the 

generated mesh in the simulation of CO2 capture in 

a membrane contactor. There are 37423 triangular, 

3471 edges, and 194 vertex mesh elements with a 

1.519×10-6 m2 mesh area. 
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Table 3. Reaction rate and kinetic parameters of CO2 in amine solutions. 

Solvent Reaction Rate and Kinetics Reference 

MEA 

𝐶𝑂2 +𝑂𝐻
− ↔ 𝐻𝐶𝑂3

−* 

 

𝑅1𝐻𝑁𝐻
+𝐶𝑂𝑂− + 𝐵

 𝑘𝑏 
→    𝑅1𝑅2𝑁𝐶𝑂𝑂

− + 𝐵𝐻+** 

𝑟𝐶𝑂2−𝑀𝐸𝐴 =
[𝐶𝑂2][𝑀𝐸𝐴]

1
𝑘2,𝑀𝐸𝐴

+
1

𝑘2,𝑀𝐸𝐴 × 𝑘𝐻2𝑂
𝑘−1

[𝐻2𝑂] +
𝑘2,𝑀𝐸𝐴 × 𝑘𝑀𝐸𝐴

𝑘−1
[𝑀𝐸𝐴]

 

𝑘2,𝑀𝐸𝐴(𝑚
3𝑘𝑚𝑜𝑙−1𝑠−1) = 7.973 × 1012 𝑒𝑥𝑝 [−

6243

𝑇(𝐾)
] 

𝑘2,𝑀𝐸𝐴 × 𝑘𝐻2𝑂

𝑘−1
(𝑚6𝑘𝑚𝑜𝑙−2𝑠−1) = 1.1 × 106 𝑒𝑥𝑝 [−

3472

𝑇(𝐾)
] 

𝑘2,𝑀𝐸𝐴 × 𝑘𝑀𝐸𝐴
𝑘−1

(𝑚6𝑘𝑚𝑜𝑙−2𝑠−1) = 1.563 × 1014 𝑒𝑥𝑝 [−
7544

𝑇(𝐾)
] 

[28], [27] 

 

 

DEA 

𝐶𝑂2 +𝑂𝐻
− ↔ 𝐻𝐶𝑂3

−* 

 

𝑅1𝑅2𝑁𝐻
+𝐶𝑂𝑂− + 𝐵

 𝑘𝑏 
→    𝑅1𝑅2𝑁𝐶𝑂𝑂

− + 𝐵𝐻+** 

𝑟𝐶𝑂2−𝐷𝐸𝐴 =
[𝐶𝑂2][𝐷𝐸𝐴]

1
𝑘2,𝐷𝐸𝐴

+
1

𝑘2,𝐷𝐸𝐴 × 𝑘𝐻2𝑂
𝑘−1

[𝐻2𝑂] +
𝑘2,𝐷𝐸𝐴 × 𝑘𝐷𝐸𝐴

𝑘−1
[𝐷𝐸𝐴]

 

𝑘2,𝐷𝐸𝐴(𝑚
3𝑘𝑚𝑜𝑙−1𝑠−1) = 1.24 × 106 𝑒𝑥𝑝 [−

1701

𝑇(𝐾)
] 

𝑘2,𝐷𝐸𝐴 × 𝑘𝐻2𝑂

𝑘−1
(𝑚6𝑘𝑚𝑜𝑙−2𝑠−1)(𝑎𝑡 298𝐾) = 2.20 × 10−6 

𝑘2,𝐷𝐸𝐴 × 𝑘𝐷𝐸𝐴
𝑘−1

(𝑚6𝑘𝑚𝑜𝑙−2𝑠−1) = 3.18 × 107 𝑒𝑥𝑝 [−
3040

𝑇(𝐾)
] 

[29] [27] 

 

 

TEA 

𝐶𝑂2 +𝑂𝐻
− ↔ 𝐻𝐶𝑂3

−* 

𝐶𝑂2 + 𝑅3𝑁 +𝐻2𝑂 ↔ 𝑅3𝑁𝐻
+ + 𝐻𝐶𝑂3

−** 

𝑟𝐶𝑂2−𝑇𝐸𝐴 = 𝑘2,𝑇𝐸𝐴[𝐶𝑂2][𝑇𝐸𝐴] + 𝑘𝑂𝐻−[𝐶𝑂2][𝑂𝐻
−] 

𝑘2,𝑇𝐸𝐴(𝑚
3𝑘𝑚𝑜𝑙−1𝑠−1) = 0.5315 × 107 𝑒𝑥𝑝 [−

4304

𝑇(𝐾)
] 

[30], [27] 

 

*Because of the negligible contribution, the CO2 reaction with H2O is usually ignored in the overall reaction rate [31]. 
** R1, R2, R3 are alkyl groups for primary, secondary, and tertiary amines, respectively. 

 

 
Fig. 3. The mesh geometry used in HFMC system in the 

simulation of CO2 separation. 

3.1. Validation 

The simulation findings for the separation of CO2 

from CH4 using the HFMC were compared with Kim 

and Yang's experimental data [23] to verify the 

two-dimensional proposed model. The CO2 removal 

efficiency (η) can be determined as Equation (9). 

η =
Ci − Co
Ci

× 100 (9) 

where Ci and Co are the average concentration of 

CO2 at the inlet and outlet of membrane contactor, 

respectively. The CO2 removal performance in 

HFMC for different values of liquid flow is given in 

Figure 4. As shown, rising liquid flow on the tube 

side of the HFMC improves the membrane's 

removal efficiency of CO2. In other words, a high 

solvent flow rate can remove a significant volume 

of CO2 due to the high concentration gradient. It is 

also seen in Figure 4 that the model predictions are 

in good agreement with the reported experimental 

results for various liquid flow values. 
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Fig. 4. A comparison of the CO2 removal efficiency 

between the simulation and experiment data over 

various liquid flow. 

3.2. New design suggestion  

A new design was suggested following the 

simulation validation conducted for the HFMC 

system, and CO2 absorption performance was 

compared with the old design. Unlike the old 

design, multiple baffles were situated on the 

system’s shell side in the proposed design. The 

concentration profiles of CO2 in HFMC in two 

different designs and the CO2 removal efficiency of 

both are shown in Figures 5 and 6, respectively. As 

can be seen, in the new design, due to more 

residence time on the shell side, the CO2 capture 

quantity is greater than the old one. It also can be 

observed, in the same lengths of the two designs, 

that the concentration of CO2 in the old design did 

not exceed zero. In contrast, in the new design, the 

concentration reached almost zero in the middle of 

the system, indicating the new design's high 

efficiency. In other words, more CO2 can be 

separated by adding baffle to the old design.  

3.3. Effect of solvent velocity and type 

A variation in solvent velocity on the tube side 

changes the concentration of CO2 at the liquid 

interface, which creates a higher gradient of 

concentration. Figure 7 demonstrates CO2 

separation efficiency with different solvent 

velocities within the range of 0.02 to 0.1 m/s. The 

CO2 capture percentage has an ascendant pattern 

for all solvents (MEA, DEA, and TEA) compared to 

the rising liquid rate. Increasing the amount of 

fresh solvent reduces the mass transfer boundary 

layer's thickness on the tube side. As the resistance 

decreases, the gas diffusion improves and 

enhances the average CO2 concentration absorbed. 

It can also be seen that the CO2 removal efficiency 

of the MEA solvent is high. Three groups of amine 

solvents are classified into primary, secondary, and 

tertiary. The amines form carbonates when they 

react with carbon dioxide. MEA has a faster CO2 

reaction rate because it has two N-H bonds 

necessary for the carbonate ion to be formed with 

CO2, allowing absorption to occur in a shorter 

column. Whereas TEA reacts slowly with CO2 due to 

the lack of the N-H bond required to form the 

carbonate ion with CO2. In sum, the adsorption 

capacity of MEA as the first type of amine is higher 

than DEA (secondary amine) and TEA (tertiary 

amine) due to more reactivity with CO2 relative to 

the others. Many studies have reached the same 

conclusion [36,37].  

 

 
Fig. 5. Concentration profile of CO2 in HFMC, a) Old 

Design, b) New Design (Amine mole fraction: 0.3, Ug: 

0.01 m/s, Ul: 0.02 m/s, T: 25 °C, solvent: MEA). 

 

3.4. Effect of gas velocity 

The efficiency of CO2 removal heavily depends on 

the reaction between the solvent and the gas. 

Figure 8 depicts the CO2 capture performance 

variation by gas velocity within the range of 0.0001 

to 0.01 m/s. As the gas velocity on the shell side 

increases, the removal percentage is observed to 

decrease. The gas's residence time in the shell 
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reduces as the gas velocity grows. As a result, less 

gas reaches the tube side through the membrane, 

and less reaction occurs. As discussed previously, 

the CO2 capture percentages for the MEA, DEA, and 

TEA solvents are reduced, respectively. It is 

preferable to reduce the gas velocity to improve the 

performance of the system. It is clear that the gas 

velocity can be decreased to some extent due to the 

system pressure drop. In addition, as the gas 

velocity decreases, the system's ability to purify 

more gas suffers. As a result, the capacity of the 

HFMC system is diminished. To overcome this issue, 

it is recommended that the baffles mentioned 

earlier be used to maintain the system's capacity at 

an optimal level. 

 

 
Fig. 6. CO2 removal efficiency of both new and old 

designs (Ug: 0.01m/s, Ul: 0.02 m/s, T: 25 °C, solvent: 

MEA). 

 
Fig. 7. Variation of solvent velocity on CO2 removal 

efficiency in various solvents designs (Amine mole 

fraction: 0.3, Ug: 0.001 m/s, T: 25 °C). 

 
Fig. 9. Variation of solvent velocity on CO2 removal 

efficiency in various flow patterns designs (Amine mole 

fraction: 0.3, Ug: 0.001 m/s, T: 25 °C, solvent: MEA). 

4. Conclusions 

Understanding the significant parameters and 

predicting the hollow fiber membrane contactor 

performance is essential to improve CO2 capture 

efficiency. In the current study, the CO2 absorption 

process in an HFMC system has been numerically 

formulated.  The computational fluid dynamics 

technique based on the finite element method was 

employed for CO2 mass transfer. The accuracy of 

the developed model was demonstrated by the 

comparisons between modeling results and 

experimental data. The model was used to test the 

effect of many essential factors after validation 

with the experimental observation on CO2 removal 

performance, including (1) a novel and different 

design like shell and tube heat exchanger with 

baffles, (2) solvent type, (3) solvent velocity, (4) 

gas velocity, and (5) flow pattern. Specifically, the 

findings revealed that the presence of the baffles 

increased the efficiency of separation due to the 

improved residence time on the shell side. The 

results also indicated that the MEA and DEA 

solutions, as primary and secondary amines, had 

the best absorption of CO2 relative to the other two. 

It could also be understood that gas velocity 

negatively influenced CO2 removal performance, 

whereas solvent inlet velocity and counter-current 

flow patterns had positive effects. 
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