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Mechanisms of Wear of the Inner Wall of the Elbow Pipe
Interacting With Non-Spherical Solid Particles

CAO Qian], KANG Can]*, TENG Shuang], JIAO Nongz, DING Kejin2

(1. School of Energy and Power Engineering, Jiangsu University, Jiangsu Zhenjiang 212013, China
2. 704th Research Institute of CSSC, Shanghai 200031, China)
Abstract: To study the kinetic characteristics of the solid particles involved in the liquid flow in an elbow pipe and wear
of the inner wall of the pipe, a numerical work was conducted using the method coupling computational fluid dynamics
and discrete element method. The numerical model was established with the interaction between the solid and liquid
phases considered. The two-phase flow was simulated thereby. A wear model was developed through the application
programming interface of the commercial software EDEM, and the validity of the model was confirmed through the
experimental results. The results showed that the numerical scheme could be used to simulate the kinetic characteristics
of the solid particles, and to predict the position and extent of wear of the elbow pipe. Along the streamwise direction,
the flow velocity near the inner wall continuously decreased, while the flow velocity near the outer wall continuously
increased. Starting from the 30° section of the elbow, a pair of symmetrical vortices with opposite rotational directions
were produced in the flow passage; the positions of the vortex cores tended to move towards the inner side of the wall,
and the intensity of the vortices decreased during this process. The secondary flow in the elbow pipe had a significant
influence on motion of particles. Severe wear occurred at the outer side of the wall and near the central line. The

difference of wear among different positions of the elbow pipe was mainly affected by the collision velocity, the
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collision angle, and the collision frequency. As the particles travelled in the pipe, they collided with the wall for multiple

times, and the collision angle gradually decreased. The trajectories of the particles exhibited slightly wave patterns. The

concept of sphericity was adopted to describe the shape of the particles. As the sphericity increased, the particle shape

developed towards the spherical shape, and the amount of the resultant wear under the same collision condition was low,

but the capability of the particles of following the liquid movement was undermined. Under the operating condition of

the delivery of multiple-shaped particles, in the streamwise direction, the amount of wear firstly increased and then

decreased. The amount of wear reached its maximum at the 60° section of the elbow pipe. The wear pattern was

dominated by scratches of small angles. Particle shape influenced both the particle velocity in the flow and the collision

between particles and the wall. With increasing sphericity, severe wear migrated toward the inlet of the elbow pipe, and

the average wear of the wall decreased firstly and then increased. At the sphericity of 0.91 for the delivered particles, the

amount of wear attained its minimum.

Key words: solid-liquid two-phase flow; elbow pipe; wear; particle shape; flow pattern; discrete element method
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Table 1 Grid independence examination

. . APy —AP;
Scheme  Number of grids ~ AP/Pa  Relative error ( AP, )
1 76 905 2913 0
2 151 794 2615 10.23%
3 380683 2508 4.09%
4 532670 2470 1.52%
5 781 836 2430 1.62%
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Table 2 Material properties and interaction parameters

Model Parameters Specifications
Material Brown fused alumina
Density/(kg/m’) 4290
Particle Poisson's ratio 0.25
Shear modulus/GPa 0.04
Volume fraction 0.05
Incident velocity/(m/s) 6.191
Component Material Steel
Density/(kg/m’) 7800
Wall Poisson's ratio 0.3
Shear modulus/GPa 70
Brinell hardness 400
Restitution coefficient 0.44
Particle-Particle Static friction coefficient 0.27
Interaction Rolling friction coefficient 0.01
Restitution coefficient 0.50
Particle-Wall Static friction coefficient 0.15
Rolling friction coefficient 0.01
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Table 3 Parameters of validation model

Parameters Specification
Vertical pipe length 3 060 mm
Vertical pipe diameter 30.6 mm
Average particle diameter and deviation 2.32+0.07 mm
Particle density 2450 kg/m’
Flow 1.095 kg/s
Fluid velocity at inlet 1.410 m/s
Particle speed at inlet 0.032 m/s
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Fig. 5 Comparison between numerical and test results
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Fig. 17 Effect of particle shape on wear of the elbow pipe
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