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Study on the spatial control of turbulent mixing enhancement using synthetic jets
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The high intensity of turbulence and the strong turbulent mixing in a circular syn
thetic jet are studied by ensemble averaged velocities, smoke visualization and LES numerical simulation.
The strong mixing is observed at some distance from the orifice, and it can be attributed to the mixing ca
used by the organized motion of deformed vortex rings and the longitudinal vortices in the process of vort
ex ring collapse. It is found that the vortex rings collapse without direct interference by neighbourin? Y
ortex rings, and the location of vortex collapse moves to downstream as the stroke of the alternating flow

is increased.
A short coaxial pipe was placed behind the orifice in the cavity and effect on the location of vortex coll
apse was studied. And the synthetic jet from a contraction nozzle instead of an orifice was studied to exa
mine the effect on the vortex collapse. The results indicate these are possible methods of spatial control
of turbulent mixing enhancement by synthetic jets.



o

d=5mm

0.8mm
Piezo-Disk Orifice
il ‘?/@/\@’KA
Re
Ld 2
L
Re Re=usdA
Us rms
A%
|
( )
1. (Hz) 2. (1/s) L/d Re
1000 7.90 0.712 2500
700 7.90 1.02 2500
500 7.90 1.42 2500
300 7.90 2.40 2700
200 7.90 3.60 2700
150 791 4.75 2700
100 7.86 7.10 2700
@
Piezoelectric Alternating
actuator’ Flow Traversing
mechanism
Piezo drive

 sine

o)

Hot-wire
probe

wave

signal

|: [Sync signal
00 U= | S | ~—L
Hot-wire anemometer

Function generator

®



*

®

Piezoelectric : Circular

actuator ///uﬁﬁce
Cavity structure ,"
\E\ (Pipe) d |-l—-|

Cavity

=

Piezoelectnic Actuator

!—--\—I Nozzle Alternating Flow
| )
i . azi_, x

/

Lid Cavity Orifice

@ (b)
€Y
L/Id=1.02 Re=2700
dos dos

(L/d=0.712)

(L/d=1.02, Re=2700)

il
Lid
6 - e 071z -~ Continuous Jet 8]
—e— 1.02
59 14
—8— 240
= ]
24 3.60 .
w —e— 475

~ 3 —e—710

2 < y, ¥
> 2~
1 4R e
0 1 Ll 1 1 1 1
0 2 4 6 8 10 12
x/d

@

S|

t/T=0.5



L/d=3.60, 4.75,7.10

Xco
Xs
(a) L/d=0.712
(b) Lid =1.02
() Lid =2.40
(d) L/d =3.60
() Lid =4.75
(0 L/d =710
15
Lid -
—8— 0712 4
- 1.02
10 o— 142
= —o— 2.40
™~ 3.60
e —— 475
54 o710
/’,”
/”
0 = T T T
0 5 10 15 20
x, /d
Xco Xs
(©))
L/d=4.72

10
L/d=2.42
11
x/d=5
x/d=5
- 3.5

(b) L/id=4.72 (/T=0.75)
o | =l o, dus |

@z

x/d 10

10
(L/d = 2.42, Re = 2660).

15



t

—»t (at=83my

11 x/d=5 (L/d= 2.42)
C))

12(a) A d:=Tmm,
E8mm  (b) B d=5mm, F13mm
s A
s/d=0.35

B s/d=0.66
13
dos

16.(m-5)
without pipe it
s/d =035 0 (e}
s/d = 0.66
s/d=1.0 s/d=1.0
(a) Type A. L/d=1.42 (b) TypeB.Ld=142
12
7
6 - —— Nozzle (1./4=1.42)
—s=— Orifice (/a=1.40)
5= ———- Continuous Jet (Orifice}
~ 4] o
<%
P
PO
0 T T T T T T T T T
o 2 4 6 8 10 12 14 16 18 20
x/d
13

Toru KOSO, Shingo MATSUDA, Hiroto
MASUDA, Tomoya AKAHOSHI, Effect
of Stroke on the Structures of Vortex
Ring Array in Circular Synthetic Jets,
Proc. 4th Int. Conf. on Jets, Wakes and
Separated Flows (ICJWSF2013)
, 2013, ICJWSF2013-11617.

Hiroto MASUDA, Toru KOSO, Shingo
MATSUDA and Tomoya AKAHOSHI,
Effect of Stroke and Reynolds Number on
Vortex Structures in Circular Synthetic
dJets, Proc. 13th Cross Straits Symp.
(CSS13), 2011, ETP-21.

) V0131,
S.No.2, 2011, ppl13-14.

2014 3
13
2014 3 13
91
2013 11 9
91 2013 11
10

Toru Koso, Shingo Matsuda, Hiroto
Masuda, Tomoya Akahoshi Effect of
Stroke on the Structures of Vortex Ring
Array in Circular Synthetic Jets 4th
Int. Conf. on Jets, Wakes and Sep.
Flows (ICJWSF2013), 2013.9, Nagoya.

2013 2013

11
2013 6
15



2013 3 13

90
2012 11 18

2012
2012 9 11
2012 3 16
5
2011
6 17
2011
6 11

http://aes.cm.kyushu-u.ac.jp/aes/research/c
sj-vortex-j.htm

Journal of Fluid Science and
Technology
Toru KOSO and Muneaki MORITA, M,
Effect of stroke and Reynolds number on
the characteristics of circular synthetic
jets.
Toru KOSO, Shingo MATSUDA, Hiroto
MASUDA and Tomoya AKAHOSHI, Effect
of stroke on the structure of vortex ring
array in circular synthetic jets.

@
KOSO Toru

40150528

@

®



