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in a Two-Dimensional Duct with Constriction
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Abstract

A physical model of the steady flow of a viscous and incompressible fluid through two
dimensional duct with constriction was used to study the blood flow downstream from an
artery stenosis.

In this paper the flow through the double step shaped constriction has been analyzed
by using Finite Difference Method for different Reynolds numbers, different constriction
ratios, and different aspect ratios of constriction.

Finite difference equations have been solved by using two methods, namely, FTCS
(Forward-Time, Centered-Space) method and SOLA method. Velocity vector, stream line,
and vorticity in the region downstream of the constriction have been computed.

When the Reynolds number is less than 500, similar results are given by FTCS and
SOLA methods. At the condition with constriction ratio (1-5/B) of 0.75 and aspect ratio
of constriction (L/b) of 1.0, the increase of the Reynolds number from 10 to 200 results
in a downstream displacement of the reattachment point. On the contrary, when the Reynolds
number is increased from 200 to 500, the reattachment point moves upstream. When the
Reynolds number is increased to more than 400, the reattachment point begines to move
repeatedly upstream and downstream with time.

At the condition with aspect ratio of constriction (L/?) of 1.0 and Reynolds number
of 300, the increase of the constriction ratio (1-5/B) from 0.4 to 0.6 results in a downstream
displacement of the reattachment point. On the contrary, when the constriction ratio is
increased from 0.6 to 0.75, the reattachment point moves upstream.

At the condition with constriction ratio of 0.5 and Reynolds number of 200, the increase

of the aspect ratio of constriction (L/b) from 0.25 to 0.5 results in a upstream displacement
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of the reattachment point. On the contrary, when the aspect ratio of constriction is increased

more than 0.5, the reattachment point moves downstream.
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Fig.3.1 Computational geometry of two dimensional duct.
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Fig.4.3 Effect of time steps on the CPU time.
(S,=0.5, A,=0.5, Re=200, mesh=801
*101)
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Fig.4.4 Effect of computational regions at distal to the constriction on the stream line and vorticity.
(§,=0.75, A,=1.0, Re=500, 4£=0.001, =20, mesh==801 x 101)

(b) XL=8.25B
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Fig.4.5 Effect of analysis methods on the stream line.
(5,=0.5, A.=0.5, Re=200, t=15)
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Fig.4.6 Effect of analysis methods on the stream line.
(S,=0.75, A,=1.0, Re=300)

Strean line

Stream line

Fig.4.7 Effect of computational directions of Y axis on the stream line.
(5,=0.75, A,=1.0, Re=400, 4t=0.001, t=1.5, mesh=401 51, Cr=8B)
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(b) Flow visualization
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Fig.4.8 Comparison of computational effect and flow visualization.
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Fig.5.1 Effect of constriction ratios on the reattachment

point.
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Fig.5.2 Effect of constriction ratios on the vorticity.
(A,=1.0, Re=300, ¢=15)
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Fig.5.3 Effect of aspect ratios of constriction on the
reattachment point. (§,=0.5, t=15)
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Fig.5.4 Effect of aspect ratios of constriction on the velocity vector.
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Fig.5.5 Effect of aspect ratios of constriction on the vorticity.
(5,=0.5, Re=300, t=15)
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Fig.5.7 Effect of Reynolds numbers on the vorticity.
(§,=0.75, A,=1.0, t=10)
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