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INTRODUCTION 

Flow of highly saturated wet granular matter is encountered 

in wide range of engineering application, particularly in the 

pharmaceutics, food industry and energy sector 
1
, in 

addition, granular particles beds usually compose of various 

of particle properties (i.e.,, shape, size, density, etc.)
2
 and it 

well know that particle size polydispersity and shape 

significantly influence on the transport of mass and liquid 

in a fluidized bed system 
2,3

, therefore the better 

understanding of these  systems (i.e., bi-and polydisperse 

particle system)  aid on improving control of such 

engineering applications. However, it is still a big challenge 

to scale and characterize such particle systems because 

liquid transport and exchange of liquid volume on particle 

surfaces is in such systems usually rather complicated.  

In this paper, we study the liquid transport between 

particles of different sizes, as well as build a dynamic liquid 

bridge model to predict liquid transport between these two 

particles. Specifically, the drainage process of liquid 

adhering to two unequally-sized, non-porous wet particles 

with difference initial film heights is simulated using Direct 

Numerical Simulations (DNS). Same as in our previous 

work
4
, we first provide an analytical solution of a proposed 

dynamic liquid bridge model. We find that such an 

analytical solution also describes liquid transport during 

collisions of unequally-sized particles very well. Finally, 

we show that our proposed model structure is sufficient to 

collapse all our direct numerical simulation data, and hence 

is able to predict liquid transport rates in these systems for a 

wide range of parameters. 

METHODOLOGY 

Setup and initial conditions 

We suppose two smooth particle of unequal-size particles 

are fixed in space, the relatively particle velocity is assumed 

to be zero. We use a volume of fluid (VoF) based 

simulation approach in OpenFOAM® to simulate the gas-

liquid phases. As can been seen from Figure 1, the filling of 

liquid from particle surfaces to the bridge region starts 

when two particles getting contacting.   

The key parameters are as follows 
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R1and R2 are two particle radii, we define R1 is always 

smaller than R2, t
+
 is the dimensionless time; 1pL

, 2pL
and 

Vb
+
 are the amount of liquid on particle surfaces and bridge 

volume normalized by reference volume (i.e., the effective 

particle radius cubed) 

Proposed model for liquid bridge filling  

We propose a model base on a universal parameter ai (i.e., a 

characteristic dimensionless filling time), as well as 

dimensionless liquid mobility parameters 1m  and 2m of 

the contacting particles. 
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Where i =1, and 2 for particle 1 and particle 2, additionally, 

the simple mass balance yield the governing equation for 

the volume Vb,j of bridge j.  
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Here li is list of particle indices that is contact with bridge j.  

RESULTS 

We start looking at the time evolution of bridge and liquid 

contents on particles.  

We can see on Figure 2 that the mobility parameter sets are 

obtained by running the dimensionless evolution tine to 

100, we obtain the following parameters sets 
1 0.66m  , 

2 0.22m   for the case in Figure 2. In addition, we find 
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that the dimensionless filling rate coefficient ai for long 

time evolution (i.e.,t
+
=100) is approximately 0.01. We 

would accept ai to be a universal constant, as this value fits 

all our data reasonably well for the current time evolutional 

time. 

Our model is also able to represent data for variety of 

particles ratios, initial film heights, and separation 

distances. Specifically, we attempt to model the mobility 

coefficients 
1m and 2m separately.  
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In summary, we present the model for liquid mobility from 

particle surfaces to liquid bridge region, the model collect 

all particle ratios, average initial film heights and separation 

distances by some exponents to these parameters.  

 

Figure 1. Typical velocity field for liquid transport from particles’ surfaces to the bridge region between two unequally-sized 

particles (R1 = 0.6, R2=1, S+= 0.045, h0=0.06 R2). 

 

Figure 2. Fitted model (lines) vs. DNS data (symbols) over time; 

Red circles: liquid bridge volume (Vb
+); Blue triangles: liquid 

content on particle 1 ( ); Black diamonds: liquid content on 

particle 2 ( ); Rr = 0.65, S+ = 0.045, and h0 = 0.06 R2  

CONCLUSION 

The liquid transport model between two unequally-sized 

particles has been presented in this paper. This model is an 

extension of our previous work 
4
 and further study into the 

particles of different sizes. This model allows us to predict 

the dynamic liquid bridge volume, and the liquid remaining 

on the surfaces of particles of different particle sizes. Our 

present model relies on a universal parameter ai as well as 

dimensionless liquid mobility parameters m1 and m2 of the 

contacting particles. A model equation for these mobility 

parameters has been proposed. Specifically, we consider 

that the mobility coefficients are functions of the particle 

size ratio, the film height and the separation distance. In 

summary, our model is valid for liquid bridge formation 

between two unequal-size particles coated with thin 

continuous films (i.e., an initial relative film height of less 

than 10% of the particle radius) 
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