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Effect of Fluid Viscosity on the Suspension of a Single Particle in Channel Flow
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Abstract

Suspension of a single solid particle in a channel flow with a constant pressure gradient is studied
numerically. The interaction of a circular particle with a surrounding Newtonian fluid is formulated using a
combined formulation. Numerical results are presented using two dimensionless variables: the sedimentation
Reynolds number and the generalized Froude number. From the present results, it has been shown that a solid
particle is suspended at a smaller generalized Froude number as the viscosity of the surrounding fluid
increases. The time taken for equilibrium position is found to be smaller as fluid viscosity increases when
both : the sedimentation Reynolds number and the generalized Froude number are the same while, at the same
situation, the dimensionless time taken for equilibrium position is to be nearly the same regardless of fluid
viscosity when a dimensionless time variable is introduced
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Fig. 2 (a) Periodic unstructured mesh for a channel flow with a single particle (b) Unstructured mesh around a
single particle
. Fig. 2

.2 2=2
___ A _pdWTP (10) ., Fig,
(o lpi =19 4gApn? 2

R
G
(mid-node)

Generalized Froude .
(buoyant weight)

, generalized Froude : gravity
parameter suspension
(7)  gravity(sedimentation) Reynolds 45

: (M (10 .

sedimentation
Reynolds generalized Froude 3.

W =10 cm
1y d = 0.1 cm, yor

p

R -~
x R
n G nAp

=1.0gcm? .

10W

3.1
suspension

0.01 g cm?
1000 dyne cm™ 10 g

, RIG
cm? sec?

(78] . Table 1 4



198

Table 1 Dependence of the dimensionless equilibrium height and time on time-step size and grid resolution; the

dimensionless equilibrium times are denoted in parenthesis

At 0.005 0.01 0.03 0.05
Mesh 2.84 (17.40) 2.84 (17.40) 2.84 (17.40) 2.83 (17.40)
Mesh 2.84 (17.40) 2.84 (17.40) 2.84 (17.40) 2.84 (17.40)
Mesh 2.84 (17.40) 2.84 (17.40) 2.84 (17.40) 2.84 (17.40)
3 Table 2 Effect of sedimentation Reynolds number and
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Table 3 Dependence of equilibrium height on fluid

viscosity
n he'= t. =
(gcm™sec™) Re | RIG | pgyq | e (se0) to/t
9.81 | 10
0.01 <10 | /9.81 1.99 | 548.0 | 548.0
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0.1 <10* | /9.81 199 | 58.0 | 580.0
9.81 | 10°
1.0 «10% | /9.81 199 | 5.67 | 567.0
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