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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 ζ and stream 

function ψ 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. 
 

: flowmeter, fluid logic, fluidics, finite difference method, multi-connectedness 
 

 , , , ,  

 
 

 
 

  ,  ,  ,  ,   
 
 

“ ” , 1960

“ ” . 

, 

1-14). , 

. 1

, 2

, 3 , 

, . 

, , 

, . 

, Yamasaki et al. (1988) 4)

, Shakouchi (1989) 5) Mi et 

al. (2001) 10) , 

. , Hirata et al., 2009 13) 2011 14)

, Yamasaki et al. , 

, 

. , 

13). , fD
Re

14). , 

, .

*Department of Mechanical Engineering, Doshisha University, Kyoto
Telephone: +81-774-65-6461, FAX: +81-774-65-6830, E-mail:khirata@mail.doshisha.ac.jp
**Department of Mechanical Engineering, Maizuru National College of Technology, Maizuru



単純なフルイディック発振器の渦度と流れ関数を用いた数値解析

( 9 )

, 

, . 15)  

, -

, 

. 

, - , 

, 1 2/3 2

, 3

, 4

. 

, 

, 

.16-22) , 

Matida et al.17) , 

, 

. 20) , 

, 

. 

, , 

. , 

, 

. 

, , 

, Matida et al. 

, , . . 

, 

, , 

. 

 

 

Fig. 1 , , , 

, . 

, 13, 14) . 

, Uin , 

. 

, , 

, fD . 

, , 

a B, b, c, D, d, h . 

, , Uin

, , 

Uin, , b . 

, 

. 

 Re = Uinb/ .. (1) 

, a/b B/b, c/b, D/b, d/b, 

h/b . 

Table 1 , . 

a/b , , c/b

. , D/b , 100
14). , h/b , 

, ∞ .  

 
Fig. 1. Model: a simplified fluidic oscillator. 

 

Table 1. Computational parameters. 
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Fig. 2. Computational model and boundary conditions. 

 

 

 

 

 

 

 

 

 

 
 

Fig. 3. Inflow-boundary condition I. B. C. at a nozzle exit 

(at x = 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).

Fig. 5. Computational model and boundary conditions in 

preliminary test B (symmetric channel flow).

 
Fig. 6. Scheme to determine ζ0 at a singularity (a corner). 
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Fig. 8. Scheme of integral calculation of ψ1 at a singularity. 
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Fig. 9. Flow pattern at Re = 20, by Improved Type I. 
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(b) Equi-vorticity lines 

Fig. 10. Flow pattern at Re = 20, by Matida et al. (1975). 
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Fig. 11. Distribution of velocity error on the surface of a 

square cylinder in preliminary test A, by Type I. 
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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 II and Improved Type III. 
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at Re = 50, by Improved Type I. 
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(b) Flow rate Q past one side of a square cylinder. 

Fig. 15. Time history at Re = 100, by Improved Type I. 

 

 

 

 

 

 

Fig. 16. Streamlines during one cycle of the periodic 
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(a) Improved Type I 

 

 

 

 

 

 

(b) Original Type I 

 

 

 

 

 

(c) Type 0 
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cylinder at Re = 100. 
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(a) Time history 

 
(b) Spectrum 

Fig. 18. Flow-rate fluctuation at Re = 500, a/b = 2.5, B/b 

= 15, c/b = 2.5 and d/b = 9. 
 
 

 
(a) Time history 

 
(b) Spectrum 

Fig. 19. Flow-rate fluctuation at Re = 500, a/b = 2.5, B/b 

= 15, c/b = 2.5 and d/b = 3.

 
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 = 2.5 B/b = 15 and c/b = 2.5. 

 

 

 
Fig. 21. Streamlines (overall view) at Re = 500, a/b = 2.5, 

B/b = 15, c/b = 2.5 and d/b = 8. 

 

 
Fig. 22. Streamlines (overall view) at Re = 500, a/b = 2.5, 

B/b = 15, c/b = 2.5 and d/b = 3. 

 

 
Fig. 23. Streamlines (overall view) at Re = 500, a/b = 2.5, 

B/b = 15, c/b = 2.5 and 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, c/b = 2.5 and 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, c/b = 2.5 and d/b = 3. 

 

 

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, c/b = 2.5 and d/b = 18. 
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