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Numerical investigation of the resistive force on the moving blade of a Bingham fluid
sweeper on a horizontal surface

R. Shamsoddini

Department of Energy Conversion and Systems, Graduate University of Advanced Technology, Kerman, Iran

Abstract

In the present study, the drag force exerted on a blade moving through a Bingham non-Newtonian fluid is investigated. Many
materials in our surroundings, such as various soils, mud, sediments, food pastes, paints, molten materials, and polymers, exhibit
rheological behavior similar to that of Bingham fluids. Since motion in such fluids requires overcoming a yield stress, using a rigid
external agent such as a blade is one of the most effective means of inducing flow. In this research, the incompressible smoothed
particle hydrodynamics (ISPH) method is employed to simulate the flow of a Bingham fluid subjected to the forced horizontal
motion of a vertical blade, and the drag force on the blade is evaluated for different yield stresses and plastic viscosities. The
governing equations of mass and momentum are discretized and solved using a predictor-corrector algorithm. Furthermore, the
effect of the initial fluid height on the resistance against blade motion is examined. The results show that the drag force depends on
yield stress, plastic viscosity, and fluid height in front of the blade; increasing any of these parameters leads to a higher drag, whose
magnitude and contribution are analyzed in detail.

Keywords: Smooth particle hydrodynamics; drag coefficient; Bingham fluid; yield stress; plastic viscosity, moving blade.
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