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                    Abstract
Accurate prediction of SO2 absorption efficiency under different physical and chemical parameters is of significant importance for desulfurization of the flue gas. In order to understand the mechanism of SO2 absorption inside a bubble-dispersion tower, a three-dimensional twin Eulerian model together with two-film theory was applied to simulate the flue gas desulfurization processes in a bubble-dispersion tower. After comparing the predicted desulfurization efficiencies by using calculated gas holdup with the experimental parameters, the deviation of simulated model with the measured ones was small. Moreover, it was observed that the larger the fractional hole area, the better desulfurization performance. The bubble tower showed fine adaptability when the superficial gas velocity varies from 0.3 to 0.7 m/s. Also, there was a positive correlation between the SO2 removal ability and the hydrogen ion concentration. Considering the crystallization of calcium sulfite, the PH of slurry tank inside bubble tower is recommended to be set between 5.5 and 6, and the initial CaCO3 mass fraction is suggested to be set around 10–15% under prediction conditions. Moreover, the SO2 absorption capability could be increased by lifting the initial liquid height, while the SO2 removal efficiency would level off when tube insertion depth/column diameter H/D was over 0.128, so the H/D is suggested to be set from 0.08 to 0.128 to achieve high SO2 absorption and avoid soil erosion. It was observed that the smaller the size of bubbles generated in the slurry, the higher SO2 absorption efficiency could be.
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                      A
                    :
	
                      specific interfacial area (m−1)

                    
	
                      D
                      so2
                    :
	
                      mass transfer coefficient of SO2 (m2·s−1)

                    
	
                      T
                      
                        d
                      
                    :
	
                      slurry temperature (T)

                    
	
                      \( D_{{{\text{Ca}}\left( {\text{OH}} \right)_{ 2} }} \)
                    :
	
                      mass transfer coefficient of Ca(OH)2 (m2·s−1)

                    
	
                      D
                      
                        T
                      
                    :
	
                      diameter of the bubble tower (m)

                    
	
                      D
                      c
                    :
	
                      diameter of the column (m)

                    
	
                      K
                      1
                    :
	
                      reaction rate constant of sulfite

                    
	
                      N
                      SO2
                    :
	
                      molar mass transfer rate of SO2 (kmol·m−3·s−1)

                    
	
                      \( \dot{m}_{{SO_{2} }} ,\;k \)
                    :
	
                      absorption rate of SO2 in every element, kg/(m3·s)

                    
	
                      S
                      SO2
                    :
	
                      the absorption rate of SO2 in whole device, kg/(m3·s)

                    
	cp
:
	
                      special heat capacity (J·kg−1·k−1)

                    
	Mr:
	
                      molecular weight (kg·k−1·mol−1)

                    
	
                      d
                      b
                    :
	
                      initial bubble diameter (m)

                    
	
                      d
                      vs
                    :
	
                      sauter bubble diameter (m)

                    
	
                      d
                      p
                    :
	
                      particle diameter (m)

                    
	
                      D
                    :
	
                      axial dispersion coefficient (m2·s−1)

                    
	
                      D
                      
                        i
                      
                    :
	
                      molecular diffusivity of solute in liquid phase (m2·s−1)

                    
	
                      g
                    :
	
                      gravitational acceleration (m2·s−1)

                    
	
                      h
                    :
	
                      the convective heat transfer coefficient of gas and liquid, W/(m2·K)

                    
	
                      C
                      
                        D
                      
                    :
	
                      drag coefficient (kg·m−3·s−1)

                    
	Cε1, Cε2, Cμ
:
	
                      constant in turbulence models

                    
	
                      g
                    :
	
                      acceleration due to gravitation (m·s−2)

                    
	
                      H
                    :
	
                      height of chamber (m)

                    
	
                      H
                      
                        i
                      
                    :
	
                      initial liquid height (m)

                    
	
                      k
                      L
                      a
                    :
	
                      mass transfer coefficient (s−1)

                    
	
                      N
                    :
	
                      number of holes on the sieve plate distributor

                    
	
                      r
                    :
	
                      radial distance (m)

                    
	uL-uG
:
	
                      average slip velocity (m·s−1)

                    
	
                      u
                      G
                    :
	
                      superficial gas velocity (m·s−1)

                    
	
                      C
                      SL
                    :
	
                      Gas-free solid concentration by volume in the slurry

                    
	
                      X
                    :
	
                      dimensionless radial position (r/R)

                    
	Eo:
	
                      Eötvös number

                    
	Fr:
	
                      Froude number

                    
	We:
	
                      Weber number

                    
	Ar:
	
                      Archimedes number used in the gas holdup correlation

                    
	Pr:
	
                      the Prandtl number

                    
	Prt
:
	
                      the turbulent Prandtl number of flue gas

                    
	
                      \( {\text{N}}_{{{\text{SO}}_{2} }} \)
                    :
	
                      the mass transfer rate at the gas–liquid interface, kmol/(m2·s)

                    
	Sct
:
	
                      the turbulent Schmidt number

                    
	
                      α
                    :
	
                      molecular thermal diffusivity (m2·s−1)

                    
	
                      ε
                    :
	
                      turbulent kinetic energy dissipation rate (m2·s−3)

                    
	α:
	
                      volume fraction

                    
	
                      μ
                    :
	
                      molecular viscosity of phase i (Pa·s)

                    
	
                      τ
                    :
	
                      stress term (N·m−2)

                    
	
                      ν
                    :
	
                      molecular kinematic viscosity of liquid (m2·s−1)

                    
	
                      ρ
                      G
                    :
	
                      density of gas (kg·m −3)

                    
	
                      ρ
                      L
                    :
	
                      density of liquid (kg·m −3)

                    
	
                      σ
                    :
	
                      surface tension of liquid (N·m)

                    
	
                      μ
                      eff
                    :
	
                      effective viscosity (Pa·s)

                    
	
                      μ
                      L
                    :
	
                      dynamic viscosity of liquid phase (kg·m−1·s−1)

                    
	
                      μ
                      G
                    :
	
                      dynamic viscosity of gas phase (kg·m−1·s−1)

                    
	
                      μ
                      
                        t,q
                      
                    :
	
                      the turbulent viscosity of one phase (kg·m−1·s−1)

                    
	σL
:
	
                      liquid phase surface tension (N·m−1)

                    
	αG
:
	
                      gas holdup

                    
	αL
:
	
                      liquid holdup

                    
	
                      \( \omega_{{g,SO_{2} }} \)
                    :
	
                      the mass fraction of SO2, %

                    
	
                      \( \varPhi \)
                    :
	
                      solubility of CaCO3 in slurry

                    
	κ:
	
                      turbulent energy (m2·s−2)

                    
	
                      \( \overset{\lower0.5em\hbox{$\smash{\scriptscriptstyle\rightharpoonup}$}} {u}_{\text{q}} \)
                    :
	
                      the velocity of one phase, m/s

                    
	
                      \( \bar{g} \)
                    :
	
                      the gravitational acceleration, m/s2

                    
	
                      \( \varphi_{{{\text{SO}}2}} \)
                    :
	
                      the mass fraction of SO2, %

                    
	
                      \( M_{{\varphi_{{{\text{SO}}_{2} }} }} \)
                    :
	
                      the molar mass of SO2, kg/kmol

                    
	κq
:
	
                      the turbulent kinetic energy

                    
	
                      \( \varepsilon_{\text{q}} \)
                    :
	
                      the turbulent dissipation rate

                    
	
                      \( \varPi_{{\kappa ,{\text{q}}}} \)
                    :
	
                      the source term of turbulent energy

                    
	
                      \( \varPi_{{\varepsilon ,{\text{q}}}} \)
                    :
	
                      the source term of turbulent kinetic energy dissipation rate

                    
	
                      \( {\text{G}}_{{\kappa ,{\text{q}}}} \)
                    :
	
                      the production term of κ caused by evenly velocity gratitude

                    
	G:
	
                      gas phase

                    
	L:
	
                      liquid phase

                    
	S:
	
                      solid phase

                    
	i:
	
                      phase

                    
	i=G:
	
                      gas phase

                    
	i=L:
	
                      liquid phase

                    
	CFD:
	
                      Computational Fluid Dynamics

                    
	UDF:
	
                      User Define Function
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