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1. Introduction 

 

Venturi Scrubber has been well known and widely 

used as an efficient filter component. It consists of three 

part: reducer, throat and diffuser. The gas mixture 

containing the dust would be accelerated as flow 

through the reducer while the pressure would be 

decreased. At throat, the velocity of the gas would be at 

maximum and the pressure would be the lowest. Due to 

pressure difference between inside and outside of the 

throat, the liquid submerging the venture scrubber 

would be sucked and atomized. As the gas flow through 

the diffuser, the pressure would be recovered and the 

dust in the gas mixture would be captured by the 

atomized liquid droplets.  

 

In this process of dust removal in venture scrubber, 

atomization (i.e. breakup of liquid droplet in the venturi 

scrubber) is crucial for filtering efficiency. In order to 

maintain the high efficiency, the injected liquid should 

be atomized into fine droplets and well spread. Because 

of its importance, the experimental study has been 

conducted by many researchers. However, numerical 

study has not been conducted extensively. As a 

preliminary study for estimating filtration efficiency of 

venturi scrubber by numerical tools, the behavior of 

droplet inside the venturi scrubber is simulated.  

 

 
2. Methods 

 

In this section some of the techniques used to model 

the venturi scrubber are described as below. 

 

2.1 Geometry 

 

Venturi scrubber consists of three parts, which are 

reducer, throat and diffuser, and there are some holes in 

both sides of throat segment. The cross-sectional shapes 

of reducer, throat and diffuser are circular, rectangular 

and circular form, respectively [1]. Geometry of venturi 

scrubber is modeled as in Fig. 1. 

 

 
Fig 1. Geometry of venturi scrubber 

 

2.2Mesh 

 

For both the reducer and the diffuser of venturi 

scrubber, hexahedral meshes are applied. For the throat, 

tetrahedral meshes are applied to model the injection 

through the holes in the throat which requires finer mesh. 

The mesh distribution is shown in Fig. 2. 

 

 
(a) 

 

 
(b) 
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(c) 

 

Fig.2 (a) mesh at diffuser, (b) mesh at throat and (c) 

mesh at reducer 

 

2.3 Mathematical modeling 

 

2.3.1 Governing equation 

 

The continuity equation is then: 
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and the momentum equation becomes: 
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where mS is the sum of body forces, eff is the 

effective viscosity accounting for turbulence, and 
'P is 

the modified pressure[2] 

 

2.3.1 Droplet breakup model 

 

The droplets are deformed due to turbulence of gas 

and external aerodynamic forces acting on the liquid. In 

this paper, cascade atomization and breakup model 

(CAB model) is used and can be expressed as 
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It is assumed that the rate of child droplet generation, 

dn(t)/(dt), is proportional to the number of child 

droplets: 
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The following equation is used to determine the child 

droplet size after breakup: 

 

tK

childd

parentd bre
r

r 


,

,
                                                        (5) 

 

The constant  brK  depends on the breakup regime and 

is given as: 
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2.4 Numerical methodology 

 

2.4.1 Turbulence model 

 

Eulerian-Lagrangian method for three phase flow is 

applied in this study. And steady state is employed in 

computation. k-e turbulence model is used for gas. The 

gas is applied as continuous field, but the dust particle 

as transport solid and the liquid as transport fluid in the 

domain. 

 

2.4.2 Boundary condition 

 

The boundary conditions for CFD model are defined 

as follows: the gas velocity at inlet is applied, while the 

dust is injected with particle transport solid with mean 

diameter of 0.001mm. The liquid is injected as particle 

transport fluid with velocity boundary condition at the 

throat. The pressure boundary condition is treated at the 

outlet. 

 

 

3. Results 

 

Pressure distribution insider the venture scrubber is 

presented in Fig. 3, which shows that the pressure loss 

at the reducer and recovery at the diffuser. Fig. 4 shows 

the liquid velocity distribution in the throat. Due to the 

pressure difference inside and outside of the throat, the 

liquid would be sucked and injected through the holes. 

The behavior that the liquid is injected through the holes, 

accelerated by the gas flow and atomized into small 

sized particles has been observed. It can be concluded 

that the simulation using CFD would be useful to 

investigate the behavior of the droplets and flow 

characteristics inside of the venture scrubber.  
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Fig. 3 Pressure Contour in Venturi Scrubber 

 

 

Fig. 4 Contour of Liquid Velocity 
 

 
 

Fig. 5 Distribution of Liquid Particle Size 
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