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Abstract  The present contribution describes 
three-dimensional Euler/Lagrange calculations of 
confined horizontal gas-particle flows (i.e. channel 
and pipe flows) emphasizing the importance of ele-
mentary processes, such as particle collisions with 
rough walls and inter-particle collisions, on the pre-
dicted overall flow pattern and pressure drop along 
the duct.  
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I. INTRODUCTION 
The numerical prediction of industrial relevant particle-
laden dispersed multiphase flows is nowadays mostly 
based on the Reynolds-averaged conservation equations 
in connection with appropriate turbulence models which 
have to be selected based on the considered flow situa-
tion (Laín, 2010). For the numerical treatment of two or 
multiphase flow the hybrid Euler/Lagrange–approach is 
frequently used.  

This approach was applied to pneumatic conveying 
in a number of recent studies with more or less sophisti-
cated modelling approaches for the dispersed phase (see 
Sommerfeld, 2003). A very detailed numerical calcula-
tion for a particleladen horizontal channel flow on the 
basis of the Euler/Lagrange-approach was presented by 
Lun and Liu (1997). In the Lagrangian particle-phase 
simulations, the drag force and transverse lift forces due 
to shear and particle rotation were considered. Moreo-
ver, interparticle collisions and particle-wall collisions, 
however without wall roughness, were considered. One 
of the first fully coupled Euler/Lagrange calculations of 
horizontal particle-laden channel flow by accounting for 
wall roughness effects was introduced by Lain et al.
(2002) in comparison with experimental data. The 
agreement of the calculations with measurements was 
found to be reasonably good and it was shown that in-
ter-particle collisions yield a redistribution of the mean 
particle phase fluctuation components, namely the 
stream-wise component is reduced while the vertical 
component is enhanced. In Lain and Sommerfeld (2008) 
a detailed comparison of two-dimensional (2-D) calcu-
lations and experiments was performed for the turbulent 
channel flow. The agreement of calculation and experi-
ment (Sommerfeld and Kussin, 2004) for the vertical 
profiles of gas and particle phase properties was found 

to be very good for different particle size, mass loading 
and also different degree of wall roughness. Especially, 
the consideration of the pressure drop along the channel 
revealed a drastic increase of the additional pressure 
drop due to the particle phase when the wall roughness 
height is increased. This is the result of the fact that wall 
roughness enhances the wall collision frequency (Som-
merfeld, 2003), whereby the average energy dissipation 
of the particle phase increases and accordingly the pres-
sure drop due to the required particle reacceleration. For 
mass loading of 1.0 and a low roughness of 2.3 m the 
total pressure drop at the channel end was about 500 Pa, 
whereas a mean roughness height of 17 m yielded 
more than 1000 Pa total pressure drop. The calculated 
pressure drop for different particle sizes and mass load-
ing was in excellent agreement with the measurements. 
Moreover, Laín et al. (2009) studied the pneumatic con-
veying of solids in horizontal pipe turbulent flow. In it 
the authors discus the effect of wall roughness, particle 
size and particle mass loading ratio on the secondary 
flow developing in the duct promoted by the presence of 
particles through momentum coupling. The computa-
tions were validated against the experimental results of 
Tsuji and Morikawa (1982). The secondary flow could 
have two or four recirculation cells depending on the 
particle dispersion, which is related to particle inertia, 
wall roughness and consideration of inter-particle colli-
sions (i.e., the so-called four-way coupling). It was also 
demonstrated that the secondary flow strength increased 
with roughness and particle number density.  

In this paper, the EulerLagrange approach is applied 
to study the three-dimensional characteristics of the 
turbulent flow in a horizontal channel and pipe with the 
same hydraulic diameter. Attention is paid to compare 
the particle-driven secondary flow pattern and pressure 
drop in both configurations.  

II. SIMULATION METHODOLOGY  
The numerical scheme adopted to simulate confined 
particle-laden two-phase flows was the fully coupled 
three-dimensional Euler/Lagrange approach (Lain and 
Sommerfeld, 2008). The fluid flow was calculated 
based on the Euler approach by solving the Reynolds-
averaged conservation equations in connection with the 
standard k-  turbulence model. The conservation equa-
tions were extended in order to account for the effects of 
the dispersed phase, i.e., two-way coupling.  

The simulation of the particle phase by the Lagran-


