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Pair of counter-
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Shear layer
instability and
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Fig. 4  Sketch of the experimental apparatus

2

2
3

3

6

7 1: Water Reservoirs
2: Water Pumps
3: Flow meter and
    flow-rate regulator
4: Honeycomb
5: Series of screens
6: Test Section
    (plexiglass window)
7: Small pipe
    (perpendicular to the
     test section)

Uj

U∞∞

5

4
1

1

è ³j½xÖ{áxÖ'ã���¹!´|¯9Ä=°{Í�´sÄx¹�¹!Ù�È:¹w¸|³j¼�¹w±r´9µ{¶Vµ{ÈxÈ�µ{¸|µE´|ÂxÃ

��õ������
	Vùxþ��
	O÷Òø���������ýeþ���þ ø�����÷'û��=ö��������oø�	��

��õ�ô�õ�������	�ù�þ��
	O÷Òø������ �Dýeþ!�sþ ø��

�3���?P��QFTAÏP��VNEC%]%P��QPJ
S@��"�EFTP��Ï\eB�N�F��/@/�eP��GNEF�
o@:R�]�@:NQP��]
{ÿD@�����PSR6@7��@:FTRI@���RTP3@:N%NEÿ�P�K�P��E\������D@:AÏFP
SC
"'@���\��{@�NE\��2�À\���NQÿ�P$#�P��D@��QNQAÏP���NÓ\��&%»P�
{ÿD@���FP
SCÊ@���� K�P��Q\��D@:B�NEF�
oCSJ�\���NEÿ�P('.��F	��P��{CGFhN+�*)+"�@
M�@���FTP���E�@,)»\���;�\eAÏP�<,Z�ÿ�PY
{ÿD@����DPSR�ÿD@eC�@(
r\����eP��2
eF���
 ��\�E�EoRhPÊ]�FhNQÿ&@$
r\��VN"�{@�
�NEFh\����E@:NQFT\ì\��
J ��<�Z�ÿDPìNQP�CwN 
{ÿD@:A;�?P��Ð\��O�D< �.- F�� RTP���
eNQÿ ÿD@�CÐ@2C"GVBD@��QPìCQP�
rNQFT\�� \��O�0/ J21 �0/ J -23 < Z�ÿ�P
AÏP�@�� �ePoRh\�
rFhNQFTPoC�\��
NQÿ�PJ� �EPSP�CwN2�QP�@:A#@����/\��
NQÿ�P�YwPrN4�D\�] ]%P��QP=P���@:RTBD@�NEP���� �Q\�A NEÿ�PD�D\�] �E@:NQP
AÏP�@eCQB��QP&�$���ì@%�D\�] AÏPrNEP���<ËK ]�@:NQP���YwPSN-FICECGB�P�C'� �Q\�A @�
SF	�y
rB�RI@���\��EF	5�
rP �4-2- F	����FT@eAÏPrNQP��
RT\�
S@:NQP��Å@�N=\���PXCQFP��PÏ\��ØNEÿ�PXNQP�CwN/
{ÿD@eA/��P���<2H�\�� K301M AÏPo@�CGB��EPSAÏP���N{CSJ ��\:NEÿ NEÿ�P�YwPrNË@����ìNEÿ�P
� �EPSPLCGN"�EPo@eA �DB�FP�/NQPoA��?P��E@:NQB��EPoC�]�P��EP-AX\���FhNQ\��EP��ÓF��»\��y��P���NQ\H
S\��VN"�E\eRÒNEÿ�PD��B�\9�V@���
��ÊP�8ÒP�
rNECo<
K CQ^ePSN2
{ÿ/\��'NQÿ�P=P�����P��EFTAXP��VNE@:R'@����D@��E@:NQBDC�FIC�CGÿD\�]O�ÓF�� H'F�
D<�.?<

KB�QPoRhFTAÏF	�?@��2��AÏPo@�CGB��QPoAXP��VNEC�\���NQÿDP.�D\�] GVBD@eRhFhN+� =�NEB��"�DB�RhP���
rP�RTP��ePoRsJF�D\�] B���F-� \��QAÏFhN+�eJF� �EPSP
CGN"�EPo@eA �ePoRh\�
SFtN+�ÐCGNE@���FTRhFhN+�ÐPSN2
:< CX]�P��EPJ
S\�����B�
�NEP����F�2"�@�CGP��5#3\�����RhP���K4�DPSAÏ\eAÏPrN2�"��<�Z�ÿ�PJ� �EPSP
CGN"�EPo@eA �ePoRh\�
SFtN+�L]�@eCA5��OP&�Ï@�N8��< � L - =,6�F	�Ì@eRhR�NEPoCGNECoJ�@�����NQÿ�P4
S\��2�QP�C���\�����F	��
<��@:RTB�P�\�� 9A@
1�]�@eC
J ���D<LZ�ÿ�P;��PSRT\�
rFhN+� �E@:NQFT\ 9XJ6]�ÿ�FP
{ÿ FIC�NQÿ�PX\���R��$��FTAÏP��DCQFh\���RTPoCEC'�?@��{@:AÏPrNEP��3NQÿD@:N�]�@eC<��@��EFhP&�6J

[]\2^`_�a b�ced#f�gih�jikml�n]o�pikmn�kPq#r*s2t2u-v`wyx7b�t�v�z{x�|�}2}"}{x&~�~9v`�"�2}+�{�2}"�



� ?&. �������
	���
�����	���������
�������	����������! "
�#�$&%�'(��')#�$����*��$&��� �+�,'��

Fig. 5: A scheme of the PIV set up
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Fig. 6.  Example of the post-processing procedure adopted to obtain an instantaneous vorticity contour from a PIV image
acquired at R=3. (a): raw image acquired from the CCD camera; (b): velocity vector field obtained from the cross-correlation
procedure; (c): vorticity contour obtained from (b) by applying the rotor to the velocity vectors. Red colour indicates positive

(counter-clockwise) vorticity, whereas Blue colour indicates negative vorticity.
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Fig. 7.  Schetch of the experimental set up adopted for the conditional acquisitions
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Fig. 8 Time chart of jet forcing and image acquisition
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Fig. 9.  Contour plots of mean longitudinal vorticity obtained by the conditional average of  50 images. Each plot corresponds to
R=3 and the 4 images are separated by an interval of 300ms. The light sheet is perpendicular to the wall. The grey surface in

panel  (a) corresponds to the rescaled jet dimension. The evolution of a ring vortex is highlighted by the rectangular windows.
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Fig. 10.  Contour plots of mean longitudinal vorticity obtained by the conditional average of  about 50 images. Each plot
corresponds to a phase of 1200ms from the start of the perturbation (see Fig. 5). The four images corresponds to R=2, R=3, R=4
and R=4.5 (from left to right). The light sheet is perpendicular to the wall. The rectangular windows highlights the presence of a

couple of vortices with positive and negative vorticity (signature of ring-like structures).
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Fig. 11.  Contour plots of mean vorticity obtained by the conditional average of about 50 images. Both images correspond to a
phase of 1200ms from the start of the perturbation and to the  position of the light sheet parallel to the wall,  closer to the jet exit.

The two images corresponds to R=3 and R=4 (from up to below).
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