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Numerical Simulation of a Simplified Fluidic Oscillator based on Vorticity

and Stream Function
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The authors numerically investigate a self-excited oscillatory phenomenon of a two-dimensional confined jet with a

cylinder as a downstream target. The authors conduct two-dimensional numerical analyses based on vorticity { and stream

function y using a finite-difference discritisation method. In order to confirm the effectivity and accuracy of the present

analyses, the authors conduct two kinds of preliminary tests. As a result, the authors reveal (1) the two-dimensionality of the

concerning phenomenon and (2) the importance of the upstream space of the downstream target.
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Fig. 1. Model: a simplified fluidic oscillator.

Table 1. Computational parameters.

Re (= bUi/v) 500
a/b 2.5
B/b 15
c/b 2.5
D/b 100
d/b 2—20
h/b e
Uin/Unnax 0.585, 0.850 and 0.917
Ax (= Ap) (5.0X102)b/16
At (2.5 X 10*)b/A16Upax)
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Fig. 2. Computational model and boundary conditions.
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Fig. 3. Inflow-boundary condition I. B. C. at a nozzle exit

(atx =0 and z = 0) for computational model.
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Fig. 4. Computational model and boundary conditions in

preliminary test A (non-symmetric channel flow).

143

71 2
| Y= ‘mev(=w(¢max*¢74y)

Y

|

Sc 10c

Neumann condition

=¥ _u)

2
¥ = b = o3 (Vo

Fig. 5. Computational model and boundary conditions in

preliminary test B (symmetric channel flow).

@ Singularity

O Utilised point

Fig. 6. Scheme to determine (jat a singularity (a corner).
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Fig. 12. Distribution of velocity error on the surface of a
square cylinder in preliminary test A, by Original Type II,
Tri-improved Type 1l and Improved Type I11.
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Table 2. Velocity error lugo| /U, O the surface of a

square cylinder in preliminary test A.

Type Type II Type 11l

Ave. 2.06 X 102 | 2.48 x 102
Original

Max. 452 x 101 | 4.43 x 107

Ave. 7.28 x 107 139 X 10
Improved

Max 1.69 x 106 4.77 x 10

Ave 141 X 107 | o

Tri-improved
Max — 173 X 0] | ——

Table 3. Integral value (_L jf (% 4s ) circulating around

. Red\on), .
a square cylinder in preliminary test A.
Typel Type 1L Type 111
Original 3.71 X104 7.19% 10!
Improved 6.48 X107 472X 10!
Tri-improved 4.88x 107!
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fh FICERE LGB 2B 2 5. 3.0 ORISR,
wo DEEIEIZIE, FEECEEZ W Type I 288 H]
T 5. RBHEROZ%, FEGGELE V2 Type 1
& wo & —EEICEE T D56 (LI, Type 0 & FES)
B TREET 5.

3.2.1 EER (Re = 50)
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Fig. 13. Flow pattern (streamlines) in preliminary test B

at Re =50, by Improved Type 1.
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Fig. 14. Distribution of velocity error on the surface of a
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(a) Circulation flux I at the downstream of a square
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(b) Flow rate O past one side of a square cylinder.

Fig. 15. Time history at Re = 100, by Improved Type 1.
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Fig. 16. Streamhnes during one cycle of the periodic

unsteady flow at Re = 100, by Improved Type I.
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Fig. 17. Variation of velocity on the surface of a square

cylinder at Re = 100.

Table 4. Velocity on the surface of a square cylinder in

preliminary test B (|u,|/ U, )-

Improved Type I Original Type I Type 0

Ave. Max. Ave. Max. Ave. Max.
Re=50 | 1.72%107 | 2.57% 107 | 1.88 % 102 1.11 1.88 %10 1.11
Re=100 | 1.24x 10 | 1.99 X 10 | 8.94 %10 1.69 9.00 % 102 1.66

Table 5. Strouhal number in preliminary test B at Re =

100.
. QOuwa et al. Roshko (1953)
Improved Type I | Original Type 1 Type 0 (1988) in uniform flow
St 0.166 0.155 0.160 0.15 0.16
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Fig. 18. Flow-rate fluctuation at Re = 500, a/b = 2.5, B/b
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Fig. 20. Strouhal number St against the distance d from a

nozzle to a target for three inflow-boundary conditions, at
Re=500,a/b=25B/b=15and ¢/b=2.5.

Fig. 21. Streamlines (overall view) at Re = 500, a/b = 2.5,
B/b=15,¢/b=2.5and d/b=8.

Fig. 22. Streamlines (overall view) at Re = 500, a/b = 2.5,
B/b=15,¢/hb=2.5and d/b=3.

Fig. 23. Streamlines (overall view) at Re = 500, a/b = 2.5,
B/b=15,¢/b=2.5and d/b=18.

Fig. 24. Consecutive series of streamlines (close-up view)

during one flip-flop-jet cycle at Re = 500, a/b=2.5 B/b =
15,¢/b=2.5and d/b = 8.
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Fig. 25. Consecutive series of streamlines (close-up view)
during one flip-flop-jet cycle at Re = 500, a/b=2.5 B/b =
15,¢/b=2.5 and d/b = 3.
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Fig. 26. Consecutive series of streamlines (close-up view)
during one flip-flop-jet cycle at Re = 500, a/b =2.5 B/b =
15, ¢/b=2.5 and d/b = 18.
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