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Abstract: This present study represents a numerical analysis of sand water slurry flow considering different sand particle sizes 
through horizontal pipeline of 5.5m length and 103 mm diameter at high velocity. Computational fluid dynamics was used for 
the numerical simulation; Eulerial two phase model was selected for modeling the multiphase flow and RNG K-epsilon model 
was adopted for modeling the turbulent flow. 90µm, 150µm and 270µm sand particle (Sp. Gravity 2.65) sizes were considered 
for this present study for a mixture flow velocity of 5.4m/s at various solid volumetric concentration levels (20%, 30% and 
40%). The behaviour of various flow parameters viz. concentration distributions, velocity distributions and pressure drop were 
analyzed from the numerically simulated results. The influence of particle size and solid volumetric concentrations on various 
flow parameters were analyzed in this study. Finally the simulated results of pressure drop were validated with the 
experimental data available in previous literature.   
Keywords: 3-D CFD modeling, Slurry flow, Eulerian model, RNG K-epsilon model, Concentration distribution, Velocity 
distribution, Pressure drop. 

I. INTRODUCTION 
Demands for conveyance of solid materials through pipelines over a long distance have increased dramatically over the last few 
decades. This is because this mode of transportation of solid materials is more economical, more environment friendly, causes less 
air pollution and less road traffics than the conventional mode of solid material transportations. Many industries like power 
generation industries, pharmaceutical, construction industries, city municipality, oil and gas industries food processing industries etc 
handle the solid material transportation through pipelines. Generally solid materials are mixed with fluid and slurry is formed, then 
the slurry is made to flow through the pipeline for transportation. The flow patterns of these slurry (Solid-fluid mixture) shows a 
remarkable difference with the flow patterns of pure fluid flow through the pipeline and hence to obtain a detailed information about 
the slurry flow process behaviour of different flow parameters need to be observed carefully. Slurry flow is a multiphase complex 
flow problem. Computational fluid dynamics (CFD) is a numerical analysis platform where a wide range of multiphase flow 
problems can be analyzed with greater ease and low cost which would have been almost impossible with experimental work. CFD 
allows the researchers to adopt different complex multiphase models for proper modeling of the slurry flow.   

II. LITERATURE REVIEW 
The primary objective of many researchers over the years has been the development of a generalized solution for the accurate 
prediction of flow patterns and flow parameters behaviour of a slurry flow. Researches in this area began back in third decade of 
20th century when O’Brien [1] and Rouse [2] performed an experimental investigation of a slurry flow containing very low volume 
fraction in gravity based open channel flow using a diffusion model. Since then many research have been conducted for the analysis 
of various slurry flow parameters like concentration distribution, velocity distribution and pressure drop. Some of the preeminent 
work in this field includes the work of Kaushal et.al [3], Kaushal and Tomita [4], Kaushal and Tomita [5], Gillies and Shook [6], 
Gillies et. Al [7], Gillies and Shook [8], Gillies et. al [9], Roco and Shook [10], Roco and Shook [11], Seshadri et. al [12], Karabelas 
[13], Shook et. al [14] and Shook and Daniel [15] who focused their study on the concentration distribution of solid particles in 
slurry flow. Further studies have been taken place aiming for the velocity distributions and pressure drop in a slurry flow. Some of 
the noticeable works in this area includes the work of Kaushal et. al [3], Kaushal and Tomita [4], Kaushal and Tomita [5], Wilson 
et. al [16], Ghanta and Purohit [18], Mishra et. al [19], Sundqvist et. al [20], Gillies et. Al [7], Doron et. al [21], Wasp et. al [22]. 
Some of the recent studies in this area include the work of Gopaliya and Kaushal [23]; in their study Eulerian model along with 
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RNG K-epsilon model were applied for CFD simulation of sand-water slurry flow through horizontal pipeline. The pressure drop 
characteristics along with other flow  parameters were predicted in their study. Arvind kumar [24] conducted a numerical CFD 
simulation for prediction of pressure drop for 448 µm silica sand-water slurry flow through pipe bends and straight pipelines, 
adopting Euleian model and K-epsilon model. He concluded that pressure gradient increases with flow velocity across the pipe bend 
and pressure values are maximum at outer surface and minimum at inner surface across the pipe bend. Umesh Kumar et. al [25] 
performed an experimental investigation to predict the pressure drop characteristics for a silica sand-water based bi-modal slurry 
flow through horizontal pipe. They concluded that for bi-modal slurry the pressure drop increases rapidly when fine particles are 
added and reduction of pressure drop is larger at low velocity as compared to high velocity. Tamer Nabil et. al [26] used CFD 
technique for the numerical analysis of sand-water slurry flow through horizontal pipe. In their study they predicted the 
characteristics of various flow parameters such as concentration distribution and velocity distribution and their effect on pressure 
drop. Predicted pressure gradient data was compared with their experimental pressure gradient data and was found to be in a good 
agreement. 
In this present study sand-water slurry flow is numerically analyzed considering sand particle size of 90µm, 150µm and 270µm for a 
high flow velocity of 5.4m/s at different solid volumetric concentration level (20%, 30% and 50%) through 103mm diameter and 
5.5 m long horizontal pipeline selecting Eulerian two phase model along with RNG K-epsilon approach. The 3D simulated results of 
pressure drop are then compared with the experimental data present in the work of Gillies et. al [27] for the validation of the present 
work. 

III. MATHEMATICAL MODELS 
Selection of proper mathematical model is essential for every numerical analysis. It provides us precise information about the flow 
patterns and flow variables within the flow domain. Slurry flow being a multiphase flow (Solid-fluid); preferred model is Eulerian 
two phase model because of its ability of solving the momentum and mass equations for both the phase (solid and fluid phase) 
individually. Further granular version of Eulerian model was selected because it takes into account of particle collision and lift force 
which is essential for slurry flow. 

A. Eulerian Model 
Eulerian model assumes that the flow consists of separate fluid and solid phases which results in formation of a continuum so that 
the volumetric concentration of fluid (ߙ௙) and solid (ߙ௦) is equal to 1. i.e. ߙ௙ + ௦ߙ = 1 
B. Governing Equations 
1) Continuity equation 

.ߘ (௧߭⃗௧ߩ௧ߙ) = 0, t being either solid or fluid.                            (1) 
2) Momentum equation for fluid phase 

∇. ൫ߙ௙ߩ௙߭⃗௙߭⃗௙൯ = ܲ∇௙ߙ− + ∇. ߬௙ന + ௙݃⃗ߩ௙ߙ ௦௙൫ܭ+ ௦߭ሬሬሬ⃗ − ௙߭ሬሬሬ⃗ ൯ 
   +∁జ௠ߙ௙ߩ௙( ௦߭ሬሬሬ⃗ .∇ ௦߭ሬሬሬ⃗ − ௙߭ሬሬሬ⃗ .∇ ௙߭ሬሬሬ⃗ )       
   +∁௅ߙ௦ߩ௙൫߭⃗௙ − ߭⃗௦൯ × (∇ × ௙߭ሬሬሬ⃗ )      (2) 

3) Momentum equation for solid phase 
∇. (௦߭⃗௦߭⃗௦ߩ௦ߙ) = ܲ∇௦ߙ− − ∇ ௦ܲ + ∇. ߬௦ന + ௙݃⃗ߩ௦ߙ + ௦௙൫ܭ ௙߭ሬሬሬ⃗ − ௦߭ሬሬሬ⃗ ൯ 
  +∁జ௠ߙ௦ߩ௙൫ ௙߭ሬሬሬ⃗ .∇ ௙߭ሬሬሬ⃗ − ௦߭ሬሬሬ⃗ .∇ ௦߭ሬሬሬ⃗ ൯ + ∁௅ߙ௦ߩ௙൫߭⃗௦ − ߭⃗௙൯ × (∇ × ௙߭ሬሬሬ⃗ )    (3) 

C. Turbulence Model for Fluid Phase 
RNG K-epsilon model was selected for modeling the turbulence of the flow.  The Reynolds stress tensor for fluid phase is given by 

 ߬௧,௙ധധധധ = − ଶ
ଷ
൫ߩ௙݇௙ + ܫ௧,௙∇߭⃗௙൯ߤ ̿+ ௧,௙(∇߭⃗௙ߤ + ∇߭⃗௙௧௥)       (4) 

D. Turbulence Model for Solid Phase 

߬ி,௦௙ = ௦௙ିଵܭ௙ߩ௦ߙ ൬
ఘೞ
ఘ೑

+ ∁జ௠൰                   (5) 

E. Wall Functions 
Collection of empirical and semi-empirical formulae which help in calculating the simulated results with higher precision at the wall 
boundary of the flow domain are called wall functions. Because of the presence of higher gradient terms in the flow problem, the 
near wall boundary needs special treatment during the analysis. This can be achieved by selecting proper wall functions available in 
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turbulence models. Standard wall function of RNG K-epsilon model has been selected for this present study. 

IV. NUMERICAL SOLUTION 
A. Generation of Geometry and Mesh 
103 mm diameter and 5.5 m long pipe was modeled in ANSYS workbench. Hexa core structured elements with non uniform 
meshing was introduced for mesh generation. Near wall boundary was refined by selecting seven smooth transition inflation layers 
of size 0.272 with a growth ratio of 1.2. Number of elements of the generated mesh was found to be 213594. 

B. Boundary Conditions 
Three boundary conditions namely inlet, outlet and wall boundary was imposed on the flow domain. At inlet boundary mixture 
velocity and volume fraction for solid and fluid phase was introduced. At wall boundary no slip boundary conditions was selected 
and the outlet boundary was treated as pressure outlet. 

C. Solution Strategy 
Mass and momentum equations were solved using finite difference approach. Turbulent kinetic energy,momentum equation and 
turbulent dissipation rate were solved using 2nd order discretization scheme while solid volumetric concentration was solved 
selecting 1st order disretization scheme. 

V. RESULTS AND DISCUSSION 
A. Effect of volume fraction and size of the solid particles on particle concentration distribution and particle flow velocity 

distribution 
Effects of particle size and solid volume fraction on particle concentration distribution and velocity distribution are discussed in this 
section. 

 
(a)  Particle size= 90µm       (b) Particle size=150µm     (c) Particle size=270µm 

Fig. 1: Contours of particle concentration distribution for different particle size at 20% volume fraction. 

 
(a)  Volume fraction=20%          (b) Volume fraction=30% 
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(c) Volume fraction=40% 

Fig. 2: Plots of particle concentration distribution for various particle sizes at volume fraction of (a) 20%, (b) 30%, (c) 40% 
respectively. 

Fig. 1 shows the contours of concentration distribution of soliAd particles for different particle size at 20% volume fraction across 
the cross section of the pipe outlet. Fig. 2 shows the plots of solid particle concentration distribution along vertical centerline of the 
pipe cross section at pipe outlet for different particle size at 20%, 30% and 40% volume fraction respectively. From these figures it 
can be observed that when the particle size is smaller (say 90µm) the distribution of particle concentration is symmetrical and the 
particles show buoyant nature thereby suspending with the fluid. As particle size increases (say 270µm) the concentration 
distribution becomes asymmetrical and particles tend to settle down at the bottom o the pipe due to gravitational effect. Furthermore 
it can be noticed that when volume fraction increases from 10% to 40% for each particle size the concentration of particles become 
more suspended. Moreover with the increase in volume fraction the thickness of the bed formed by the solid particles at the bottom 
of the pipe also increases. 

 
(a)  Volume fraction=20%      (b) Volume fraction=30% 

 

 
(c) Volume fraction=40% 

Fig. 3: Plots of particle velocity distribution for different particle size at (a) 20%, (b) 30% and (c) 40% volume fraction respectively. 
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Fig. 3 represents the plots of solid particle flow velocity distribution for different particle sizes at 20%, 30% and 40% volume 
fraction respectively. From this figure it can be observed that for each constant volume fraction the particle flow velocity increases 
as the particle size increases from 90µm to 270µm. large particle sizes are related to the rise in turbulence in the flow because of 
strong particle-particle bond formation, rise in turbulence causes a surge in the flow velocity. Further it can be noticed that for each 
constant particle size the particle flow velocity becomes more distorted and asymmetrical in nature as the volume fraction changes 
from 20% to 40%. This is due to the fact that high volume fraction causes a hike in flow turbulence as well as accumulating more 
space at the pipe bottom which causes a reduction in effective flow area and increase in flow velocity. 

B. Validation of the Study 
The simulated results of pressure drop against particle flow velocity for a particle size of 270µ at 20% volume fraction is compared 
with the experimental data collected from the work of Gillies et. al [27]. The comparison showed that the simulated results are in 
good agreement with the experimental data. 

 
Fig. 4: Comparison of simulated pressure drop and experimental pressure drop over particle flow velocity for 270µm sand particle at 

20% volume fraction. 

VI. CONCLUSION 
In this present study various flow parameters of a sand-water slurry flow through horizontal pipeline of 103mm diameter and 5.5m 
length is numerically analyzed using CFD technique. 90µm, 150µm and 270µm sand particle size with 20%, 30% and 40% volume 
fraction were considered in this analysis and their effect on particle concentration distribution and particle flow velocity were 
discussed. It was concluded that the particle size affects concentration distribution smaller particle being distributed symmetrically 
with the fluid and remains suspended in the fluid. Whereas the larger particles tend to accumulate at the bottom of the pipe forming 
a bed and reducing the effective flow area. Further conclusions can be drawn that the thickness of the bed becomes more at high 
volume fraction for all particle size. Particle size and volume fraction also affects the particle flow velocity; larger particle size at 
high volume fraction distorts the particle flow velocity distribution making it more asymmetrical. 
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