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THREE DIMENSIONAL ANALYSIS OF NON-NEWTONIAN FLUID WITH FREE SURFACE

USING VARIATIONAL PRINCIPLE
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This paper proposes formulation for three dimensional computational analysis of Non-

Newtonian fluid. We split equation of motion into 3 equations; advection part, body force

part, and stress divergence part. The advection equation is solved with the Particle-In-Cell

method and body force part is solved with Euler method. Equation of stress divergence

is replaced with a min-max problem which is equivalent to it. The equivalence is proved

through variational principle. This formulation enables us to avoid complicate treatment

of free surface. To check the plausibility, we calculate three kinds of non-Newtonian fluid;

Bingham fluid, dilatant fluid, pseudoplastic fluid.
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Fig.1 Flow chart of calculation
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Fig.2 Location of velocity and stress in grid
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Fig.3 Problem of fluid sphere
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Table 1 Parameters for free fall of fluid sphere

fkg/(ms) | Y kg/(ms?) | n

Newton Fluid 50 0 -
Bingham Fluid 50 500 -
Dilatant Fluid 50 - 1.2
Pseudoplastic Fluid 50 - 0.8
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Table 2 Parameters for slump test

fukg/(ms) | Y kg/(ms?) | n

Newton Fluid 1000 0 -
Bingham Fluid 1000 1000 -
Dilatant Fluid 1000 - 1.2
Pseudoplastic Fluid 1000 - 0.8
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(a) Newton Fluid

(b) Bingham Fluid

(c) Dilatant Fluid

(d) Pseudoplastic Fluid

Fig.4 Deformed shape of fluid sphere (¢ = 0.4s)
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Fig.5 Problem of slump test
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