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A B S T R A C T

Slurry transport through pipelines is a common experience of multiphase flows in the mining industry, and there 
are many suitable CFD-based multiphase models for analysis. The Annular Jet Pump (AJP) is engineered to 
handle the complex flow dynamics associated with slurry transport, where the interactions between solid par
ticles and the carrier fluid play a crucial role in determining the pumṕs performance. In this study, a multiphase 
mixture model is employed to simulate the behaviour of the slurry within the AJP, providing insights into the 
effects of dispersed particle size, dispersed phase concentration, nozzle convergence angle, and primary fluid́s 
flow rate on pump suction and pressure distribution. The CFD simulations are conducted to predict the per
formance characteristics, which are then validated against literature data (which is simulated and experimental). 
Variations in flow variables and turbulence variables are observed at the centreline of the AJP. The results 
demonstrate that the proposed Annular Jet Pumṕs design achieves efficient slurry transport and highlights the 
effectiveness of the multiphase mixture model in accurately predicting the pump’s performance under varying 
operational conditions. The trend in power input variation, the output’s mass flow rate, and Specific Energy 
Consumption are observed for a range of primary fluid́s volumetric flow rates. This integrated approach offers a 
comprehensive understanding of the fluid-particle interactions within the pump, contributing to efficient slurry 
transport systems in industrial applications.

1. Introduction

Efficient transport of sand-water slurry is a key challenge in in
dustries like mining, dredging, and petroleum production due to the 
complex interactions between solid particles and the carrier fluid, 
characteristic of particle-laden flows. AJPs can be used for slurry 
extraction and transport in mining due to their simplicity and efficiency. 
The optimization of these pumps is crucial for enhancing their perfor
mance. In the last couple of decades, many researchers have worked 
intensively on slurry transport by numerical modeling or physical 
testing which involves not only the slurry transport by pipelines but also 
through jet pumps. Slurry transport lies in scope of multiphase flows and 
CFD models addresses such flow using two primary approaches: 
Eulerian-Lagrangian and Eulerian-Eulerian. The Eulerian-Lagrangian 
model tracks individual particles but is computationally intensive for 
dense flows. The Eulerian-Eulerian model, or Two-Fluid Model (TFM), is 
more efficient for dense flows, treating fluid and solids as 

interpenetrating continua. The choice depends on flow characteristics, 
required detail, and computational resources, with RANS-based turbu
lence models commonly used for their efficiency in engineering 
applications.

The Mixture Model [1] bridges the Eulerian-Eulerian and Eulerian- 
Lagrangian approaches for simulating multiphase flows. The Eulerian- 
Eulerian model treats both phases as interpenetrating continua with 
separate equations, suitable for dense flows but computationally com
plex. In contrast, the Eulerian-Lagrangian model tracks individual par
ticles, offering detailed information but becoming computationally 
expensive with high particle counts. The Mixture Model simplifies by 
treating the flow as a single continuum with averaged properties, solv
ing one momentum equation while tracking phase volume fractions. 
This macroscopic approach balances computational efficiency and 
detail, making it ideal for well-mixed flows where particle–fluid in
teractions are less critical. It applies to systems with continuous liquid 
and dispersed phases of solid particles, droplets, or bubbles, modeling 
them as unified entities with averaged properties like density and 
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