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NUMERICAL VISUALIZATION OF THE MIXING PATTERN IN A LID-DRIVEN-CAVITY FLOW

YK. Suh”

In this study we present the numerical methods that can be used in visualization of the flow and mixing
patterns in a cavity driven by a top lid. The basic flow field within the cavity has been obtained by using a simple
numerical scheme. The invariant manifold also called unstable manifold was then attained to represent the mixing
pattern within the cavity. It was shown that care must be taken in calculating the trajectories of the fluid particles
especially near corners of the cavity. The numerical results show excellent agreement with those obtained

experimentally by other research group.
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Fig. 1 Velocity vector fields of the flow model at three time instants.
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Fig. 2 Three particle trajectories during two periods with different
initial positions as shown. Symbols indicate the starting time
for a new period of time. Triangles; ,—¢, squares; ;— 7
circles; ;—op
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Fig. 3 The initial positions that lead to the particle attachment on the
right-hand side wall when the linear interpolation was used.
White points indicate the attached particles.
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Fig. 5 The initial positions that lead to the particle attachment on
the right-hand side wall after 10 periods when the
quadratic interpolation scheme was used.
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Fig. 6 Polar coordinates for the application of the Taylor solution
near the corner.
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Fig. 7 Distributions of velocity components (a) ., and vy, and
(b) wq., and vy, along the first grid lines adjacent to the
left wall near the left-top corner. Solid line; analytic
solutions, open symbols; primitive method, solid
symbols; semi-analytic method, circle; u-velocity, square;
v-velocity.
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Fig. 8 Particle trajectory starting at (0.05, 0.599)with a steady
velocity field u,. Solid line; analytic solution, solid
circles; semi-analytic method(i.e. with the special corner
treatment and improved quadratic interpolation for
side-wall u-velocity), dashed line; primitive method
without the corner treatment, dash-dot line; improved
quadratic interpolation without the corner treatment.
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Fig. 9 Two instants of particle distribution patterns showing
the process of construction of unstable manifold near
the right-top comer with T=7.79, At=0.002,
8,=0.03, N, =5, é,=0.05. Initial line element ;

(0 95, 0. 2) to (0.95, 0.4) with 39 points between the
two points.
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(b} (d)

Fig. 11 Numerical striation patterns (upper frame) in comparison with the experimental visualization (lower frame) of Leong and
Ottino[17]. (a) 7=3.89; (b) 7=5.19; (¢) 7=16.49; (d) 7="7.79. Each line element representing the striation pattern is
composed of n g, =200 and with §,, = 0.01.
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Fig 12. Striation patterns obtained numerically for the two cases,
Fig. 11(c) and Fig 11(d) but at different phases; (a) at
t=0.2 with 7= 6.49; (b) at t = 0.4 with 7= 7.79.
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