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Flow around an Obstacle based on 2-fulids Equations with Incompressible Main Flow
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We investigate the behaviour of particle flow around an obstacle placed in uniform incompressible main flow.
Particle density in the vicinity of the front stagnation point is, in particular, obtained as a function of Stokes number.
Furthermore, in the case of small Stokes number, in which particle impingement does not occur, there exists the exact
solution of the flow field of particle phase is obtained. Perturbed solution is also obtained in the reciprocal of Stokes
number when the Stokes number is large enough. Comparison between numerical results and these solutions shows
good agreement and the peak of particle density appears near the threshold of particle impingement to the body
surface. Furthermore, we confirm that some computational results of basic equations support the present result.
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Table 1 Numerical example of 4, a and 7,0

Geometry 14] a Ter

Cylinder 2 2 1/16
Plate 1 2 1/8
Sphere 3 1 1/24
Disc 4/t 1 32
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Fig. 1 Velocity profile of stagnation flow model (7) along x-axis.
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Fig. 2 Factors of velocity field as function of Stokes number.
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Fig. 3 Streamlines of particle flow
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Fig. 4. Velocity profile of v,{"’ and v,¥) on x-axis.
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Fig. 5 Comparison of analytical solutions with computational
results.
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Table 2. Summary of particle density at the front stagnation point.

divv Va n
=0 oo oo const.
T< Ter z 0 0o 0
T> Ter z 0 z 0 < o
T= o oo z 0 const.

U000r=e 000000000 OOODODOODOO
ooooobooooooooobooooobooooboooo
gboob0ooooobooboboboon divw=0 OOD0ODO
OO00On=const. JOODOODO 1> OO0O00OO0OODOODO
oooobooooooooooboboooobbooooooboo
ooobooooooogoodivwve o OODO0ODpOOOOO
oooood

Ub00r<re00000000O0O0O0DO00O0O0O0O00OO0OO0O
oooobooooooooooboboooboboooooooboon
Odivwvz 0 O0O0O0O0On=e 0000000 r=000000
o0o000obO0obO0DOob0cOooOoboooboobDOoDOooo
n=const. 0OOOOO

Copyright © 2001 by JSCFD



ugbdo oooobab

gbobobooboobobobobobooobooobooobo
oboobob FigeOODODOODODODODODODODODOOOOOO
gbooobooboobooboobooboobobooboDbo
gboobooooooboobobobobobooboooon
goboooooboboooboogbr=001000000D0
gboobobooobooboboobooboobobobooboooo
gboooooboooooboooboobooboboboobooon
gboboboobobobboobobobobooboooo
gbobobooboobobooobooboboooboooboon
gobobobooboobooboobooboboboboooo
gboboobooooobooboobooboboboboooo
goao

Fig. 6 Particle flow field in the case of potential main flow
around a circular cylinder (7= 0.01).
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(a) Heaving oscillation (7 = 0.5, £,=10.0 )

(b) Pitching oscillation (T = 1/16, k,=10.0)
Fig. 7 Particle flow field around an oscillating circular cylinder.
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(b) Particle density distribution.

Fig. 8 Flow field around a circular cylinder (Re=10*, 7= 0.02,
y=0.0)
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