
IX CONGRESSO BRASILEIRO DE
ENGENHARIA E CIÊNCIAS TÉRMICAS

9th BRAZILIAN CONGRESS OF THERMAL

ENGINEERING AND SCIENCES

���������
	
�
���������������

����������� �!�#"%$'&("%�)��*+�-,.�0/-�2143��)�51436&7�8�:9 ;<�>=0,��@?7AB"C?D��9���&��!"C� "%� �
$����E&F?4�)�E&7,G;H�8&43I�J�6��=0�8,KA%/8�L&C"%MN,7�O�2"%�P=0,QA

RTSVU!WYXYZ\[C]�^_XYS7`a[cbYd8U
egfihkjmlnjmo-jmprqcsutuf8pwvyxwz{lytup)|8s~}�s��mp{fV�{o-jmlyt��
�a������v��P�a|8oV���
|8p�� p{�rsuhu�V�{�2�P�8��pr�wp{h��2|-pwhT�_�{�r�5p{hu�5�-�������{�w�� r¡w�w�¢�5£Y�
��¤ulyv
v¥s§¦¨�
�{h�pª© ¤uly�i����l¥v«� tup{��� ¬-�
­
®5Z\¯-°±[(²�^_­
SiWPXP[³WP´-U
�Psuf\j��mprq_�utuf8l¥t�p�}�s§�mp\suh��V��tul¥�{v«�5egf8hkjmlnjmo8jmp�|-sµ}�s��mpwfi�{o8jmlyt��2s~�ah��i�{�up
�a������v��P�a|8oV���
|8p�� p{�rsuhu�V�{�2�P�8��pr�wp{h��2|-pwhT�_�{�r�5p{hu�5�-�������{�w�� r¡w�{¶-�5£Y�
��¤ulyv
�����mtulyp8·�jm�)©T¸\�{¹ip\p-� tupw�
­
U5Z\¯-SVº±º»[(¼E^_]aU5Z\U!¯8[CXYS�­:SVXYSV°�Z\[c½
¾~�8�E�a¾ fily¿ªs§�mh�lÀ|8�w|-s~|8sµ�-�{pr�Á��oivyp
�ah�tup{v¥�)|-s~�Âfizws�fi¹V���ml¥�r|8sµ�-�{p��_���mv¥p{hT�aÃLsu�i����j
���rsuf\jmpÄ|-sµ�af8zwsuf8¹V���ml¥��}�s��mp{fV��o8jmlyt��
}c¿5�aq³�
�{¬i�{vy¹V�{|8p{�L�8��p��_���mvysuf8h�sw�V¶w�w�Ä�P�8�E����Åª��ÆwÆ��k��¡w�¢�Ç£Y�
�{¤ulyv
�����mtusuvyvyp\© h�t{� o8h��³� ¬8�
­
U5ZªÈÂbY½�É.º»[ÇÈcSiZ
egfihkjmlnjmo-j�¦ËÊ8�T}�s��mp¢|¢¸8fi�{�rlyÌroifi|D�L��hm|-¸-fV���rlyÌ��a¾Tfily¿ªs��mh�lnj
Í�jT�\jmo8j�jmzw����j
�¢jmo8j�jmzw����j��V� s��m���{f\¸
�rÌ-vyp{Ìªs��§© l¥�{z-� o8filn�±hkjmo8j�jmzw����j�� |8s
Î�ÏªÐwÑ»Ò�Ó5Ô-ÑmÕIÖ:×iØ¢ÙrÚ§Û§Ü�ÝmÞwßÂÙ�Ú§à¨á-â�ãÄäuâ{ÛrÞªÝmÝ�Ø-ÛkÞ{à»Ú�ß å>æ�â{ß ç�ÜË×¢è�à¨áiÚ)ÜË×VÝmâ{Ù éVÛ�Ú§æmæ
Ü«êuß¥Ú�ë~Þ{ç�Ü±Ú§Û§ì±í8à±â�îªÚ§æDÚmï�Ø8Þ{à«Ü«â{×7Ü¨×.ç�â{Û§à«Ü«Ý�ÜËà«åwì�ç{Ú�ßyâ�Ý�ÜËà«å
äuâ{Û
ÙÄØ-ßyÞ{à«Ü�â{×�ÜËæ³éVÛmÚ§æ�Ú§×8à»Úmãªð2ñ³áiÚPèªâ�ç{Ú§Û§×8ÜË×¢è2Úmï�Ø8Þ{à«Ü«â{×iæ�Þ{Û�ÚTã{Ü¨æ�Ý�Û�Ú§à«Ü¥ò�Ú�ã�Ø¢æmÜË×¢è�Þ~æmÜ¥ó{à¨árâ{Ûkã\Ú§ÛTÝ
â�Ù é-ÞªÝ�àªôa×iÜ¨à»ÚTã{Ü õTÚ§ÛmÚ§×VÝ
Ú§æ�æ�Ý
á8Ú§Ù�Ú³ä�â{Û
à¨áiÚµæ�é-Þ{à«Ü�Þ{ßcã\Ú§Û
ÜËç�Þ{à«Ü¨ç{Ú§æuðÄñ³á8Ú ö�â{ÜËæmæ§â{×÷Ú�ï�Ø8Þ{à«Ü�â{×�äuâ�ÛLà¨áiÚL×5â{Û
ÙrÞwß!ç{Ú�ßyâ�Ý�ÜËà«å�Ýmâ{ÙTé-â{×!Ú§×8àPÜËæ�æ§âwß ç{Ú�ã�ê�å�Þ{×�ÜËà»Ú§ÛkÞ{à«ÜËç{Ú øÁÜË×!Ú í8ØiÝmÝ
Ú§æmæmÜËç{Ú
ù ç{Ú§ÛYú�Ú�ßyÞ�óªÞ{à«Ü�â{×�ûQÚ§à¨á8â�ãLØ¢æ
Ü¨×¢èLÞ ÙÄØ-ß à«Ü¥è{Û
Ü�ã�ü!Ø8ß¨ß{Ö_éªéiÛ�â�ó{ÜËÙ�Þ{à«Ü�â{×ríVÝ
áiÚ§Ù�ÚPà±â~ÞªÝmÝ
Ú�ß¥Ú§Û�Þ�à»Ú�à¨áiÚ�Ýmâ{×iç{Ú§Û«è\Ú§×5Ý
Ú�ð�ú�Ú§æ
Ø-ß à«æPÞ{ÛmÚ�éVÛ�Ú§æuÚ§×8à»Ú�ã
äuâ{Û~à¨áiÚ�æ�é-Þ{à«Ü«ÞwßÁÚ§ç�âwß Ø¢à«Ü�â�×KâkäLà«ýYâwì»ã{ÜËÙrÚ§×iæmÜ�â{×VÞwßPñ5â{ßËß ÙÄÜ±Ú§×iì±íVÝ
á-ß Ü�Ý
á¢à«Ü¨×¢è�ýYÞ{ç{Ú§æ�â�×QÞ�þ�Þ{à³é5ßyÞ{à»ÚÄêmâ{Ø¢×5ãwÞ{Û§å)ßyÞ{åªÚ§Û~ýÂÜËà¨á�Þ�ç{Ú§Û
å�æ
Ù�ÞwßËß
ã{ÜËæmà«Ø¢ÛuêmÞ{×VÝ§Ú�Þ{ÙTé5ß ÜËà«Ø8ã\Ú�ð)ÿ_Ûkâ{ýÂà¨á>Û�Þ{à»Ú§æ��Áé8á-Þ{æ�Ú�Þ�×5ã�Ú§Üyè\Ú§×�ä§Ø¢×5Ý�à«Ü«â{×iæÄÞ{ÛmÚ�Ýmâ{ÙTé-Þ{ÛmÚ�ãDýÂÜËà¨á�ÛmÚ§æmØ-ß à«æ_ä§Ûkâ{Ù�øÂÜË×5ÚmÞ�Û2í8à±Þªê�Ü«ß ÜËà«å>ñ³áiÚ�â{Û
å��
éVÛ�â{ç�Ü«ã{ÜË×¢èrÞ2à¨á\Û�â{Øwè�á�Ý
áiÚ�Ý
î�âgäTà¨áiÚ ×iØ¢Ù�Ú§Û
Ü�ÝmÞwßVÙrÚ§à¨á8â�ã\ð_üYÜË×8ÜËà»ÚLÞ{ÙTé5ß ÜËà«Ø8ã\ÚLã{ÜËæmà«Ø¢Û�ê
Þ�×5Ý
Ú§æµÞ{Û�ÚµÞ{ß æ�âÄÝ
â�×iæmÜ�ã\Ú§Û�ÚmãªðÄñ³áiÚ ÙrÞ{ÜË×)ÜË×8à»Ú§ÛmÚ§æmà
ÜË× Þ�à«ýYâwìgã�ÜËÙ�Ú§×8æ
Ü«â{×5Þwß_×Vâ{×Vß Ü¨×!Ú�Þ{Û�ÜË×iæmà±Þªê�ÜËß ÜËà«å÷Þ{×5Þwß å�æmÜËærÜËærà±â÷Ø¢æ�Ú)ÜËà~Þ{æ)Þ>æmà»Ú»é à±â{ýYÞ{Ûkã.Þ>à¨á¢Û�ÚmÚ�ã{ÜËÙ�Ú§×8æmÜ�â{×5Þ{ß�Ýmâ�ã\Ú�ð.ë~â{×Vß ÜË×5Ú�Þ{Û
ÛmÚ§æmØ-ß à«æÄÞ�ÛmÚ2Ýmâ{ÙTé-Þ{ÛmÚ�ã�Þ�èªÞ{ÜË×8æ
àPÛmÚ§æmØ-ß à«æ�âªê�à±Þ{ÜË×5Úmã�ä§Ûkâ{Ù�Þ)Ýmâ�ã\Ú2ê
Þ�æuÚ�ã�â{×�à¨áiÚ~ö�Þ{Û�Þwê
â{ß Ü¥ò�Úmã�íià±Þªê�ÜËß ÜËà«å���ï�Ø8Þ{à«Ü«â{×iæ�ð�����
	�� Ò�
VÐ�����â{Ø¢×5ãªÞ{Û
å�ßyÞ{åªÚ§ÛÄæmà±Þªê�ÜËß ÜËà«å����aâ�Ù é-ÞªÝ�àTã{Ü õTÚ§ÛmÚ§×VÝ
Ú§æÄæ§Ý
áiÚ§Ù�Ú§æ����8â{Û
à«Ü�Ý�ÜËà«å{ì±ç{Ú�ßyâ�Ý�ÜËà«å�ä�â{Û§Ù2Ø-ßyÞ{à«Ü�â{×����Låwã{Û�â�ã�å{×VÞ{ÙÄÜ�Ý�ÜË×iì
æ
à±Þwê�Ü«ß ÜËà«å��ÁøcÞ�ÙÄÜË×VÞ{Ûaþ�â{ý4à«ÛkÞ{×iæmÜËà«Ü«â{×!ð� ^���W���Z\[ÂXPbY¯��{°±[cW "!$#&%(')!$*,+.-0/1*021/13(4�'5-6-,*7!$'98:%;-,%(<�'�%=8><�'14?<$@A-0B14�!�*,4C!�8D%;'FE)/1%=G�#&4�H7B)!�'1%=H�8JI�B1%(H7BFB)!�8>!K3=!$*0L�4�'5/)#K2M4�*><$@N/1'9!$')8,IJ4�*,4CGO /14C8�-0%;<�')8�PRQ�4�S�4�*,-,B14�3;4C8,8�TU-0B14�*04F!$*04V#V!$'XW
8,H�%;4�'�-0%ZYMH�!$')G[%(')G\/)8:-,*0%=!$3J!�]1]13(%(H�!^-0%;<�')8_%('`I�B1%(H7B`3=!$#&%(')!$*�E)<^Ia8�-7!$21%(3;%;-�W!�')G
-0*0!�')8:%;-,%(<�'
-0<b-,/)*,21/)3;4�')Hc4d!$*04�*,4�3;4�S^!$'5-�Pfe"*0!�')8,%Z-0%;<�'
-,<b-0/1*,2)/13;4�')Hc4�#V!�Wg%(')Hc*04�!�8:4�8,hX%;'
@i*0%=H�-,%(<�'j!$')G
Ik!$3(3DB14C!^--0*0!�')8:@i4�*CT\21/\-�!$3=8,<lB)4�3(])8�!�S�<�%(GF29<�/1')G1!�*,W�3=!�W�4�*�8:4�])!$*7!^-0%;<�'�!$'9GF%(')Hc*04�!�8:4?E)/1%=Gd#&%Zm\%('1LV294�-�IJ4�4�'�@i/14�3"!$')Gd<�m\%(G1%;n�4�*k%;'H�<�#o21/)8:-,%(<�'bG\4�SX%=Hc4C8�PDekB)4�*04c@i<�*04�T\%;-�%=8�%(#l]M<�*,-0!�'5->-0<V%;'XS�4�8:-,%(L�!^-04�-,B14�])B5W\8,%(H�8k<$@p8�-7!$21%(3(%Z-�Wd!$')G�-,*7!$'98:%;-,%(<�'d%;'b<�*0G14�*>-,<H�<�'5-,*0<�3qTUB)!�8�-04�'
<�*r]1*04�S�4�'5-_%Z-CPFst3=!$*0L�4l4cu�<�*,-rB9!�8_2M4�4�'[#V!�G\4&%;'
*04�Hc4�'5-rW�4�!�*08?-,<f!�G\S^!$')H�4l-,B14VhX'1<^I�3(4�G\L�4o%('[-,B1%=8!�*,4C!1Ps�#&<�'1Ld-,B)4l#&<58�-_*04�Hc4�'5-?-0<5<�3(8r/98:4CGf-0<R8:-,/9G\Wf3=!$#&%;'9!$*�E)<^Iv8:-0!�21%(3;%;-�Wf!$')Gw-,*7!$'98:%;-,%(<�'[]1*0<�213(4�#V8�T�-,B14�*,4V!$*04l'1<^IB)%;L�B13;W�!�H�H�/1*0!$-,46'X/1#&4�*,%=H�!�3�-04�H7B1'1% O /14�8"2)!�8:4CG_<�'_-0B14kG\%;*04�Hc-�'X/1#&4�*,%=H�!�358,%;#o/13=!^-,%(<�'K<$@)Q�!�SX%(4�*,+yxX-,<�h�4�8A4 O /)!^-0%;<�')8Jz.{?Q�x1|-0B)!^-�!�*,4_!�213;4�-0<&H�!$]\-0/1*04r!�3;3�-0B14_*04�3(4�S^!$'5-k-,4�#l]M<�*7!$3U!�')Gd8:])!$-,%=!$3U80H�!�3;4C8�Pp{?%Zu�4�*04�'5-�!$])]1*,<5!�H7B14C8DB9!�S�4�294�4�'R]1*04�8,4�'5-,4CG%('
-,B)4�3;%;-,4�*0!$-,/1*04bz} "!$/1*0%;4�'`!$')G
~r3(4�%=8:4�*�TJ�������1���J%(*0%;'1L�4�'
!$')G` "!$/1*0%(4�'UTJ�����)����xX])!$3=!$*,-�TJ�������1����#&4�3(%;'`4�-o!$3qP;TJ�������1��f4�W�4�*o4�-&!�3.P(T��������)�>�MB1<�'1L)Tk�������)�6��B)!$')Lg!$'9Gj�MB1<�'1L)T��C�����)�D��/�!$')G��MB1<�')L)Tk�������1�>��/)8,H7B)%;'j4c-l!�3.P(T��C�����5|r!$')G-0B14KH�<�#&#&<�'d@}!�Hc-,<�*?!$#&<�'1Ll-0B14�#�%(8�-,B14_')4�4�GR<�@pB1%;L�BR*,4C8:<�3;/\-0%;<�'dG1%(80Hc*04c-0%;nC!^-,%(<�'R#&4c-0B1<\G18�z���!$'1LV4�-?!$3qP(TU��������|cPDekB14!�]1]1*0<�!�H7Bl29!�8,4�G&<�'�-,B14?S�<�*,-,%=Hc%;-�W5+qS�4�3(<\Hc%;-�W_@i<�*0#K/13=!^-0%;<�'V!$')GV<�'&-,B14?/)8,4�<$@NH�<�#&])!�H�-JG\%;u�4�*04�')H�%;'1Lo8,H7B14�#&4�86%=8>!�G\<�]\-,4CG%('f-0B14oH�/1*0*,4�'�-?IJ<�*,h
z}�>4�8:-,4�h�T"�C�����)�M�f4�808:%('1L�4�-�!$3qP(T��C�����1�MxX-,4�#&#&4�*r!$'9Gf~r3;<�h�4�*�T"�������1�9�[!�8,8,4�*0#V!$'1'f!�')Gf~r3(<�h�4�*�T�C�����1���[!�8,8,4�*0#V!$'1'`!$'9G`~r3;<�h�4�*CT6�C�����)�p��B)!$'1Lf!�')G`�)!�8:4�3.T>�������)���)4�n�4�*K!$'9G`~r3;<�h�4�*CT6�C�����5|�Pds�H�Hc<�*0G1%;'1Ld-0<w{?!�SX%(4�8�



�Á�mp\tusus�|-l¥f8zwh�p{¦�jm¹8sµ�N�L�Pekq%�{�{�ª�\�!�_���8���Ä¬io)�P���2�V£Y�
��¤ulyv³�P�Á�{�5s�� �Pegq��ª���»�{ w�wÅ
4�-�!�3.P(T"�C�����1T\-0B1%(8?H7B1<�%=Hc4K<$@6G\4�]M4�'9G\4�'5-?S^!�*,%=!$213(4�8�B)!�8?8:<�#l4o!�G\S^!$'5-7!$L�4C8�<^S�4�*�<$-0B14�*�@i<�*0#K/13=!^-0%;<�')8�!$'9GbH�!$'b2M4K4C!�8,%;3(W%(#&]13(4�#&4�'5-,4CGl%;'l!�B1%(L�Bl<�*7G\4�*NY)')%Z-04kG1%Zu�4�*04�')H�4�G\%(80Hc*04c-0%;nC!^-0%;<�'�'14�H�4�808,!�*,W�@i<�*"-0B14�8:<�3;/1-,%(<�'K<�@)%(')8�-7!$21%(3(%Z-�WK!�')G_-0*0!�')8,%Z-0%;<�'])*,<�213;4�#V8_z}�)!�*,<�/1hF!�')G��)/)8,4�L�%qTU�C������|�PekB)%(8oIJ<�*,hg%(8o])!�*:-l<$@�!$'�<�'1L�<�%;')Lb4cu�<�*,-K-,<[G\4�S�4�3(<�]�!f{�Q?x�8:<�3;S�4�*_-0B)!^-l%(8l!$2)3;4F-,<g8,%(#K/13=!^-04�3(!�#&%;')!�*�E)<^It%('\+8:-0!�21%(3;%;-�Wf]1*0<�213(4�#V8r!$'9Gb-,*7!$'98:%;-,%(<�'w-,<d-,/1*021/13(4�'5-rE)<^I_PlekB14o])*,4C8:4�'�-_8:-0!$L�4o%('g-,B1%=8_G\4�S�4�3(<�]1#&4�'�-_Hc<�*,*04�8,]M<�')GR-0<d-,B14%(#&]13(4�#&4�'5-0!$-,%(<�'
<$@�!�-�IJ<�+�G1%;#&4�'98:%(<�')!�3pQ�!�SX%;4�*:+�x5-0<�h�4C8r8:<�3;S�4�*_H�!�])!$213(4&<$@�!�H�Hc/1*7!^-04�3(Wb*,4�]1*,4C8:4�'5-�-0B14V]1*0<�])!�L�!$-,%(<�'f<�@')<�'13(%;')4�!$*�e"<�3(3(#l%(4�'1+yx\H7B)3;%=H7B5-,%('1Ldz.e�x1|kIk!�S�4C8D%('R29<�/1')G1!�*,W�3=!�W�4�*08�PekB)4rH�<\G\4?%=8k!$'�4cmX-,4�')8:%(<�'�<$@�!K]1*04�SX%(<�/)8J%(#l])3;4�#l4�'5-0!^-0%;<�'�/98:4CGV-,<&8:-,/)G\WF3;%('14�!�*�8�-7!$21%(3;%;-�WV<$@�e�x�Ik!�S�4C8D%('�!l]13=!$'14��<�%(8,4�/1%(3(3;4?E)<^I�zqxX<�/1nC!�4�-�!�3.P(T1�$���1�C|cP"��-k%=8J29!�8,4�G�<�'�-0B14rS�<�*,-,%=Hc%;-�W5+qS�4�3(<\Hc%;-�W�@i<�*0#K/)3(!$-,%(<�'F!�')G�<�'FB1%(L�B�<�*7G\4�*kHc<�#l]9!�H�-G1%Zu�4�*04�')H�%;')LR80H7B14�#l4C8Vz.xX<�/1n�!d4�-_!�3.P(T"�����1��TU~�<�])!$3qTp�����1��TU U4�3(4�TD�����5��|cPoekB14VL�<^S�4�*0'1%('1L�4 O /9!^-,%(<�'
!$*04&G\%(80Hc*04c-0%;n�4�Gg%;'-0%;#&4�I�%Z-0B�!d@i<�/1*,-,B`<�*0G\4�*���/1'1L�4c+y~r/\-:-7!b8,H7B)4�#&4�Pd�y'�8:]9!�Hc4�!w8:%;mX-,B`<�*7G\4�*�Hc<�#&])!�H�-K80H7B14�#&4C8_%(8K/)8,4�G�z} N4�3(4�T>�������\��w!$B14C8:BUTN��������|cPekB)4�80!$#&4F#&4c-0B1<\G\<�3(<�L�Wg/98:4CG`%;'�xX<�/)n�!b4�-&!�3.P(T6�$���)��%=8K'1<^It/)8,4�G�-,<[Hc<�#&]1/1-,4�-0B14d]1*,<�])!$L5!^-0%;<�'[<�@�e�x
Ik!�S�4�8%('�2M<�/)')G1!$*0W
3(!�W�4�*78KH�<�')8,%(G14�*0%;'1Lw29<�-,B�')<�'13(%;')4�!$*&!$'9G`'1<�')])!$*7!$3(3;4�3D4�uM4CH�-08Rz}29<�/1')G1!�*,W
3=!�W�4�*oL�*0<^Ik-,B9|cPg�y'j<�*7G\4�*K-,<B9!$')G\3(4�-0B14l#l<�*,4oG\4�#V!$'9G\%;')L�'1<�')3;%('14�!�*�]1*0<�2)3;4�#dT�!$'9Gb%;'w]1*,4�])!$*7!^-0%;<�'d@i<�*?-,B14o4cmX-,4�')8:%(<�'R-0<�-0B14K-0B1*04�4c+yG\%(#&4�')8,%;<�')!$3@i<�*,#o/13=!^-,%(<�'NT5!_#o/13;-,%;+qL�*,%=GV8,H7B)4�#&4�B)!�862M4�4�'F%;#&]13(4�#&4�'5-04�G&-0<K8:]M4�4CGV/1]FH�<�'XS�4�*,L�4�')H�4k<$@�-,B14?��<�%=8,8,<�'�8,<�3(S�4�*�P�s�3=8:<9T5!�'<�/\-:E9<^I�21/\u�4�*?G\<�#V!$%('�-,4�H7B)'1% O /14_B9!�8k2M4�4�'R/)8,4�GF-,<�!�S�<�%=G�Ik!�S�4?*,4�E)4�Hc-,%(<�')8k<�'F-0B14_4cm\%;-�29<�/1')G1!�*,W�P��4�8,/13Z-78k!$*04�H�<�#&])!$*04�G�I�%Z-0B�3(%;')4�!$*k8:-0!$2)%;3(%Z-�W�-,B14�<�*0WRz. "x\e�|�z.�b4�')G1<�')��!1T1�$������|D!$')GFI�%Z-0B�'X/1#&4�*,%=H�!�3M*04�8,/13;-08J@i*0<�#!w�p!$*7!$2M<�3(%;n�4�G`x5-0!�21%(3;%;-�Wg� O /9!^-,%(<�' zi�JxX�>|K8,<�3(S�4�*Fz}�b4�')G\<�')��!)Tp��������|�PbekB14F/)8:4�<$@�'1<�'13;%('14C!$*_-�I><$+yG\%(#l4�')8,%;<�')!$3De�xIk!�S�4C8�%=8�<�'13(Wd#&4C!$'1%('1L$@i/)3�!�8?!�8�-04�]1]1%('1Ld8�-0<�'14K-,<^Ik!$*7Gd!�@i/13(3;WR-0B1*,4�4c+yG\%(#l4�')8,%;<�')!$3�8:%(#K/13=!^-0%;<�'UPrekB14�Y)'9!$3�<�2\¡�4CH�-,%(S�4<�@k-,B1%=8�4�uM<�*:-�%=8r-,<g8�-0/)G\Ww2M<�/)')G1!$*0Ww3=!�W�4�*r-,*7!$')8,%;-,%(<�'`!$')G
H�<�'5-,*0<�3�@i<�*_E)<^I�8_<^S�4�*_Hc/1*0S�4CG
8:/1*,@}!�H�4�8_!�')G[-,<fG\4�S�4�3;<�]-0*0!�')8,%Z-0%;<�'b#l<\G\4�3(8�-,B)!$-?H�!�'b294o/)8,4�GR%('b%;')G1/)8�-0*,%=!$3�!$')Gb!�4�*0<�8,])!�H�4_!$]1]13(%=H�!^-0%;<�')8�P>�y'R-0B14_@i<�3;3(<^I�%;')LF8:4CH�-0%;<�')8kY)*78�-�-,B14G14c-0!�%;3=8_<�@J-0B14&@i<�*0#K/13=!^-0%;<�'[!�')G[<$@>-,B14V'X/1#&4�*,%=H�!�3p#l4�-,B1<\G`!�*,4&]1*04�8,4�'5-,4CGjzqxX4�Hc-,%(<�')8o��!�')G
¢�|cP�xX4�Hc-,%(<�'
£R]1*04�8,4�'5-08H�<�#&])!�*,%=8:<�')8kI�%;-,Bf3(%;')4�!$*?8�-7!$21%(3;%;-�W�-0B14�<�*,Wd!$')GRI�%;-,Bw'1<�'13(%('14�!�*�!$')GR'1<�'1])!�*0!�3;3(4�3A'X/1#&4�*0%=H�!$3N*,4C8:/13;-08�<�2\-7!$%('14�GdI�%;-,Bw!�>xX�¤Hc<\G\4&@i<�*r-,B14V4�S�<�3(/\-0%;<�'g<�@ke"<�3(3;#&%(4�'\+�x\H7B13(%=H7B�-0%;')LdIk!�S�4C8�<^S�4�*_!dE9!$-r])3(!$-,4�P�ekB14�Hc<�')Hc3(/)8,%;<�')8r!$*04l])*,4C8:4�'�-04�Gg%;'x\4�H�-0%;<�'f�\P¥ ^÷]Y[ÇZ^¦4bYº»U\�{°»[³WekB)4rQ?!�SX%;4�*:+�x5-,<�h�4C8D4 O /9!^-,%(<�'98�!$*04?I�*0%Z-,-,4�'d%('dS�<�*,-,%=Hc%;-�W5+qS�4�3(<\Hc%;-�Wo@i<�*,#o/13=!^-,%(<�'�%;'R<�*0G\4�*>-,<&4�3(%;#&%(')!^-04r-,B14_])*,4C8,8,/1*04-04�*0#V8k@i*,<�#a-,B)4_L�<^S�4�*,')%;'1Lo4 O /)!$-,%(<�')8_z.�14�n�4�*�!�')G�~r3(<�h�4�*CT���������|cPekB)4r@i<�3(3;<^I�%('1Ll'1<�')G1%;#&4�'98:%(<�')!�3AS^!$*0%(!�213;4C8k!$*04r!�G\<�]1-,4�GU§¨d©«ª¨ ª¬�­¯® ©°ª® ª¬o± ²r³5­¯´ © ª´ªµD¶�­¸· © ª·ªµ6¶�± ²r³�­¯¹ © ª¹ ªµ6¶ª¬¸­»º�¼)½¾²�³ © ªµD¶ ª¬ª¿ À z:�C|��B)4�*04�])!$*7!$#&4�-,4�*78�I�%;-,BV<^S�4�*:+�2)!�*�!�*,4�G1%;#&4�'98:%(<�')!�31])!�*0!�#l4�-,4�*08�P ª¬
%=8p-0B14�*04c@i4�*04�'9Hc4�3(4�'1L�-,BUT ªµ6¶v%=8�-,B14?#V!^m\%;#o/1#S�4�3(<\Hc%;-�W�T ª¿ %(8�h5%('14�#&!$-,%=H�S5%=80Hc<�8,%;-�W�!$')G ²r³ %=8>-,B14���4�WX'1<�3=G18�Q�/)#K2M4�*CPekB)4_S�<�*,-,%=Hc%;-�WV%('�-0B14�8,])!$'XI�%=8:4rG\%(*,4CH�-,%(<�'NT1G\4�'1<�-,4CG�2XW�Á�Â5T\%=8�L�%(S�4�'�2XW�§Á�Â ©ÄÃ ´Ã ®
Å Æ²r³ Ã ·Ã ¨ À zq��|ekB)4_S�<�*,-,%=Hc%;-�W&-,*7!$'98:]M<�*,->4 O /)!^-0%;<�'�%=8�L�%(S�4�'F2XW�§Ã Á�ÂÃ ¹ © Å Ã ´ Á�ÂÃ ¨ Å Ã · Á�ÂÃ ® Ç Æ²�³ È Ã�É Á�ÂÃ ¨ É�Ê Ç Ã�É Á�ÂÃ ® É À z.¢�|ekB)4�Hc<�'5-0%;'X/1%;-�W�4 O /)!$-,%(<�'�%(8�L�%;S�4�'d2XWM§Ã ´Ã ¨ Ç Ã ·Ã ® ©ÌË À z}£5|�)*,<�#¤-0B14�S�<�*:-0%(H�%Z-�Wo4 O /)!$-,%(<�'bz.��|�!$')Gl-0B14�Hc<�'5-,%('5/)%Z-�Wo4 O /)!^-0%;<�'bzi£5|�-�IJ<_��<�%=808:<�'\+.-�WX]M4k4 O /)!^-0%;<�')8�@i<�*p-,B14�S�4�3(<\Hc%;-,%(4�8H�!$'R2M4�G\4�*0%;S�4�GA§Æ²r³ Ã É ´Ã ¨ É Ç Ã É ´Ã ® É © Ã Á�ÂÃ ® À zq��|Æ²r³ Ã É ·Ã ¨ É Ç Ã É ·Ã ® É © Å Ã Á ÂÃ ¨ À z.��|ekB)4VL�<^S�4�*,')%;'1L�4 O /)!$-,%(<�')8_!�*,4l%;'5-04�L�*7!^-04�Gg%;'`!d*04�H�-7!$'1L�/13=!$*_G\<�#V!�%;'
!�8_8,B1<^I�'[%;'`��%;L9Pfz}¢5|�P��y'[-,B)4�8�-0*,4C!$#KI�%=8,4G1%;*04�Hc-,%(<�' ¨9Í�Î�¨bÎj¨MÏkÐcÑ T1!$'9G�%('F-0B14rI>!�3;3M'1<�*0#V!$3AG\%(*,4CH�-0%;<�' ËlÎ ® Î ® Ï�Ð�Ñ PpekB14�E)/1%=G�4�'5-04�*>-,B14_G\<�#V!$%('�!^- ¨d©�¨)Í!�')Gd4cm\%;-�!^- ¨�©�¨ Ï�Ð�Ñ P �



�Á�mp\tusus�|-l¥f8zwh�p{¦�jm¹8sµ�N�L�Pekq%�{�{�ª�\�!�_���8���Ä¬io)�P���2�V£Y�
��¤ulyv³�P�Á�{�5s�� �Pegq��ª���»�{ w�wÅ
ekB)4r@i<�3(3;<^I�%('1Ll29<�/1')G1!�*,WFH�<�')G1%Z-0%;<�')8�!$*04?/98:4CGF@i<�*k-,B14�!�29<^S�4?L�<^S�4�*,'1%('1Lo4 O /)!^-0%;<�')8�§!$-D-0B14�%('\E)<^I�2M<�/1')G)!$*0W�T�-,B14?S�4�3(<\Hc%;-�Wl!�')G&S�<�*:-0%(H�%Z-�W&Hc<�#&]9<�'14�'5-08J!$*04�L�%(S�4�'&25Wl-0B14�3=!$#&%(')!$*>�J3=!�8,%(/)8D8,<�3(/\-,%(<�'NP�s>-J-,B14Ik!$3(36z ® ©ÌË |�T\-0B14r'1<�8,3;%(]dH�<�')G1%Z-0%;<�'d%=8�!$])]13;%(4�GR!�')G�!�3;3AS�4�3(<\Hc%;-�WFHc<�#l]M<�')4�'5-08�!�*,4r8:4�-�-,<Vn�4�*0<)PekB)4�S�<�*:-0%(H�%Z-�WR!^-�-0B14KIk!$3(3U%=8?H�!$3=Hc/13=!^-04�Gd/)8,%;')L�-,B)4���<�%=8,8,<�'b4 O /9!^-,%(<�'`z.��|�P?s>-�-,B)4KIk!$3(3A-,B14l8:4CHc<�')GbG\4�*0%(S�!$-,%(S�4_<�@· %;'d-,B)4 ¨ G\%;*04�Hc-,%(<�'d%(8�n�4�*0<&!$')G�-,B)4_� O P�z}��|>*04�8,/13;-08�§Ã Á�ÂÃ ¨ © Å Ã�É ·Ã ® É À z�Ò$|s>-�-,B14�/)]1]94�*�2M<�/1'9G1!$*0W�-0B14_E)<^IÓ%=8�!�808:/)#l4CG�-,<�2M4�%(*,*0<$-7!^-,%(<�'9!$36zi%qP 4�PkS�<�*:-0%(H�%Z-�W�4 O /)!$3"n�4�*0<5|cPJekB14KS�4�3(<\Hc%;-,%(4�8�!�*,4H�!$3=Hc/13=!^-04�G�%;#&]M<�8,%;')L�!$'d4cm\]9<�'14�'5-0%(!�3UG\4�H�!�W�!�I>!�W&@i*0<�#a-0B14_Ik!$3(3U8:/)H7B�-,B9!^-�§Ã ´Ã ® © Å�Ô ´�­ z.��|Ã ·Ã ® © Å�Ô · À z.��|ekB)%(8"29<�/1')G1!�*,W_H�<�')G\%;-,%(<�'K%(8�8,%;#&%(3(!�*U-,<?-,B)4J2M<�/1'9G1!$*0W�H�<�')G1%Z-0%;<�'K%(#l]M<�8,4�G_@i<�*"-,B14k8:<�3;/1-,%(<�'�<�@\-,B14�Õ?*,*,+�xX<�#&#&4�*,@i4�3=G4 O /)!^-0%;<�'d%('b "x\erP9s�H�Hc<�*0G1%;'1Ll-0<��)!�8,4�36z.�)!�8:4�3U4c-?!�3.P(TU�C�����5|�T5-,B)4�S^!$3(/14r<$@ Ô T)-,B14�Ik!�S�4�'X/1#K2M4�*><$@�-,B14oe�xFIk!�S�4�T1G\<X4�8')<$-KB)!�S�4l!R3=!$*0L�4&%('\E)/14�')Hc4V<�'[-,B14�*04�8,/13;-08_!�8r3;<�'1Lf!�8�-0B14�S^!$3(/14V<$@ ® Ï�Ð�Ñ %=8�8:/1ÖVH�%;4�'5-,3(Ww3=!$*0L�4�P�ekB14V4cmX-,4�'5-�<$@>-,B14G1<�#V!$%('R%;'�-,B14_')<�*0#&!�3UG\%(*,4CH�-,%(<�'NT ® Ï�Ð�Ñ B)!�8>-0<V294�H7B1<58:4�'F%('b!oIk!�W&-,B9!^-�-,B)4�8,4�Hc<�'9G\%Z-0%;<�')8�!$*04?-,*0/14�Ps>-�-0B14r<�/\-,E)<^Ivz ¨d©�¨MÏ�Ð�Ñ |cT1IJ4_8,4c-�-0B14_8:4CHc<�'9G�G\4�*,%(S^!^-0%;S�4?<�@"-0B14rS�4�3(<\Hc%;-�WFHc<�#&]9<�'14�'5-08kI�%;-,Bd*04�8,]94CH�-k-,<&mF4 O /)!$3-0<Vn�4�*,<9P��y'RG\<�%;'1LV8,<&IJ4r<�21-0!$%('d-,B14r@i<�3;3(<^I�%('1Lo4�m\]1*,4C8,8,%(<�')8�§Ã É ´Ã ® É © Ã Á ÂÃ ® º�¼)½ Ã É ·Ã ® É © Å Ã Á ÂÃ ¨�À z:����|s�G1!�#l])%;'1L[n�<�'14d'14�!�*K-0B14R<�/\-,E)<^Ia29<�/1')G1!�*,W
%=8l/)8:4CG�%('jI�B)%(H7B�!$3(3J-0B14RG\%(8:-,/)*,2)!�')Hc4C8o!�*,4dL�*7!�G1/)!$3(3;W
G1!�#l]M4�GG1<^I�'R-,<�n�4�*0<)P�ekB1%=8�-,4CH7B1'1% O /14K%=8�I>4�3(3"G\<\H�/1#&4�'5-,4CGR25WR~r3(<�h�4�*�4c-�!$3qP�z}~r3(<�h�4�*�4c-�!$3qP;T�������¢�|cT1I�B14�*,4_-0B14K!�G\S^!$'5-0!�L�4�8!�')Gd*,4 O /1%;*04�#&4�'�-78�!$*04_G\%(80Hc/98,8,4�GAPJ�b4�%;-,n�!�')GR�)!�8,4�3Jz}�b4�%Z-0nK!$')GR�9!�8,4�3qT)�$������|>!�G1<�]\-04�GR!oY1@×-,Bb<�*0G\4�*�]9<�3;WX'1<�#&%;/1#Ø%;'-0B14�%(*�I><�*0h�T5!�')G�-0B14�80!$#&4�@i/)')H�-0%;<�'d%=8k/)8,4�G�%;'R]1*04�8,4�'5-�8:%(#K/)3(!$-,%(<�')8�PpekB14r2)!�8,%(H�%=G\4�!l%=8>-,<&#K/)3Z-0%;]13(WV-0B14_S�<�*:-0%(H�%Z-�WV2XW!R*7!$#&]w@i/1')H�-0%;<�'`!^@×-,4�*�4�!�H7Bg8:-,4�][<�@D-0B14V%;'5-04�L�*7!^-0%;<�'w#&4c-0B1<\GAP�ekB1%=8r-,4CH7B1'1% O /14&B)!�8r]1*0<^S�4CGb-0<d2M4VS�4�*,Wb4�Ö�Hc%(4�'5-�%;'!�S�<�%=G\%('1Lo*04cE94�H�-0%;<�')8>-,B9!^-�Hc<�/13=G�H�<�#&4�@i*,<�#a-,B14_<�/\-:E9<^I�2M<�/1')G)!$*0WFHc<�')G\%;-,%(<�')8kI�B14�'b8:%(#K/13=!^-0%;')LlG\%=8:-,/1*0294CG�E)<^I�8�P� O /9!^-,%(<�'98_z}¢�|J-0<bz}��|k!�*,4_8,<�3(S�4CG�'X/1#&4�*0%(H�!$3(3;WF25W�-,B14�80H7B14�#&4_G\4C8,H�*,%(294CGF%('d-,B14_')4cmX-�8:/)2)8:4CH�-0%;<�'UPÙ ^�Ú.b�¦CSiZ\°±¯8U!º�­:S5�CÛY[ÂXekB)4�4 O /)!$-,%(<�')8�])*,4C8:4�'�-04�Gd%('wxX4�Hc-,%(<�'w�V!�*,4�G\%=80Hc*04c-,%(n�4CGd/)8:%('1LFH�<�#&])!�H�-�Y)'1%;-,4lG\%;uM4�*,4�')Hc4C8k@i<�*�-,B14K8,])!$-,%=!$3NG\4�*,%(S^!^+-0%;S�4�8�P6sÝÜ$Þ}ßl<�*0G\4�*�8,H7B14�#&4�%=8�/)8,4�GF@i<�*k-0B14_%('�-04�*0%;<�*�]9<�%;'5-78�!$')Gd!�à^Þ}ßl<�*0G\4�*�8,H7B14�#&4�%=8�/)8,4�Gd!^-�-0B14r29<�/1')G1!�*,%(4�8�PekB)4�G\4c-7!$%(3(8k<�@N-,B)4�G\%(80Hc*04c-0%;nC!^-0%;<�'d80H7B14�#&4_!$*04_!�8J@i<�3(3(<^I�8_z.xX<�/1n�!l4c-�!�3.P(T)�$���1��|�§�)<�*�]M<�%('5-08�!^-�-0B14_2M<�/1')G)!$*0W�T\á © Æ §â�ãä Ç�å â�ãÉ © Ææ å5ç ¨�è Å?é å â ä Ç Æ Ü â É Ç é æ â^ê Å Æ Ü â�ë Ç æ â^ìCí Çjî è ç ¨ ì í À z:���C|�)<�*k-0B14rY)*78�-�]M<�%('�-�')4cmX-�-,<l-,B)4_29<�/1')G1!�*,W�T\á © æ §â ãä Ç Ü â ãÉ Ç æ â ãê © ÆÆCæ Ë ç ¨ è Å å Ë Ü â ä Å[ï Ë�Ë â É Ç é Ü Ë â ê Å
ð Ë â ë Ç ï Ë â ì Å å â^ñ�í Ç�î è ç ¨ ñ í À z:�C��|�)<�*k-0B14_]9<�%;'5-78k'14�!�*�<$-,B)4�*�2M<�/1')G)!$*0%;4C8�T\á ©�ò !$')Gdá ©�ò Å Æ T)8:%(#&%;3=!$*�!�]1]1*0<�mX%(#V!^-0%;<�')8>IJ4�*,4�/)8,4�GAP�)<�*k-0B14_%;'5-04�*0%;<�*>]M<�%('5-08�T)!&Ü$Þ}ßl<�*0G\4�*k��!�G\ó�!$])]1*,<�m\%(#V!^-,%(<�'FI>!�8k/)8:4CGA§â�ãô}õ ä Ç ï â�ãô Ç â�ãô(ö ä © ÆÆCæ ç ¨ è Å â ô}õ É Å æ ð â ôiõ ä Ç æ ð â ô(ö ä Ç â ô;ö É í Çjî è ç ¨ ñ í À z:��¢�|ekB)4�Y)')!�39%(#&]13(%(H�%Z-�!$3(L�4�21*0!�%(H�8,W\8�-04�#t<$@U4 O /)!^-0%;<�')86%=8D])*,4C8:4�'�-04�G&2M4�3(<^I�@i<�*D-,B14�Y)*08:->G14�*0%;S^!^-0%;S�4�8D%;'V-0B14r8�-0*,4C!$#KI�%=8,4G1%;*04�Hc-,%(<�'UPDxX%(#&%;3=!$*�4�m\]1*,4C8,8,%(<�')8k!$*04�<�2\-7!$%('14�GF@i<�*�-0B14_G\4�*0%(S�!$-,%(S�4C8k%;'d-,B)4_'1<�*0#V!$3AG\%(*,4CH�-,%(<�'NP

¢



�Á�mp\tusus�|-l¥f8zwh�p{¦�jm¹8sµ�N�L�Pekq%�{�{�ª�\�!�_���8���Ä¬io)�P���2�V£Y�
��¤ulyv³�P�Á�{�5s�� �Pegq��ª���»�{ w�wÅ
÷øøøøøøøøù
Æ åÆ Ü æúûúüúÆ ï Æ úûúüúæ Ü Æå Æ

ýZþþþþþþþþÿ
÷øøøøøøøøù

â ãäâ ãÉúâ ãôúâ ã� õ äâ ã�
ýZþþþþþþþþÿ ©

÷øøøøøøøøøøøøù
�������	�	
���
�������������������
����������������������������� ����	
��"!� � ����������� ������"#� �������!� ����$���	��%��
��� ����

&������')( � �"��#���')( 
 ����#���'+* 
 ����',* � �
������
&�+�� �����-.��!� � ���- ( 
 ������ ���- ( � ��#� ���- ( � �"!� ���- ( � �/�	��- ( � �
��� �����)���	� - ��
���� - ( 
 ������� - ( � ��
���� - ( � �"��� - ( � ��������

ýZþþþþþþþþþþþþÿ ÀekB)4�8:4CHc<�'9GlG14�*0%;S^!^-0%;S�4�T5!^-p-,B)4�29<�/1')G1!�*,W�T�á © Æ T�IJ4�*,4�G\%=80Hc*04c-,%(n�4CGl/)8:%('1L�!�à$Þ}ß_<�*7G\4�*6!�8,W5#&#&4c-0*,%=Hk!$]1])*,<�m\%(#&!$-,%(<�'U§Æ ï â�ã ãä Ç Æ ï5é â�ã ãÉ © ÆÆCæ Ë ç ¨ É è10 é�é à â ä Å æ Ë æ ð à â É Ç Æ�Æ�Æ é Ë â ê Å à�à Ë â ë Å Æ å à â ì Ç ï Ü â^ñ�í Çjî è ç ¨ ì í À z:��£5|ekB)4rY)*08:-�]9<�%;'5-�'14C!$*>-,B)4_29<�/1')G1!�*,W�T\á © æ T1/)8,4�Gd!&Ü$Þ}ß&<�*0G\4�*�!�8,W5#&#&4c-0*,%=H�!$]1]1*0<�m\%;#V!$-,%(<�'U§â ã ãä Ç ÆCæ â ã ãÉ Ç ï â ã ãê ©Æï Ü Ë ç ¨ É è å ð�ï å â ä Å
ð å æ å â É Ç Æ ð 0 Ë â^ê Ç æ ï æ Ë â�ë Å
ð Æ Ë â^ì Ç æ\Æ Ü â ñ Å æ Ü â32�í Ç�î è ç ¨ ñ í z:�C��|ekB)4_%;'5-,4�*,%(<�*k]M<�%('5-08k/)8,4�GR!&Ü$Þ}ßl<�*0G\4�*k��!�G\ó�!$])]1*,<�m\%(#V!^-,%(<�'N§æ â�ã ãôiõ ä Ç Æ�Æ â�ã ãô Ç æ â�ã ãô(ö ä © Æå5ç ¨ É è ï â ô}õ É Ç�å ð â ô}õ ä Å Æ Ë æ â ô Ç`å ð â ô(ö ä Ç ï â ô(ö É í Ç�î è ç ¨ ñ í À z:����|�)<�*r-0B14&]9<�%;'5-08�'14�!�*�<�-,B14�*_29<�/1')G1!�*,%(4�8�TUá ©tò !$')Ggá © ò Å Æ TN8,%(#l%(3=!$*�!$])]1*,<�m\%(#V!^-,%(<�'98�-0<�-0B14V<�')4�8r/)8,4�Gw@i<�*]M<�%('5-08�á © Æ 4_á © æ !$*04�/98:4CGAPekB)4_*,4C8:/13;-,%('1L&3(%;'14C!$*�!$3(L�4�21*7!$%=H?8,W\8�-04�#Ä<�@�4 O /9!^-,%(<�'98J%('R#V!^-,*0%;m�@i<�*0#Ä*04�!�G)8�§÷øøøøøøøøù
Æ ï Æ ï5éÆ ÆCæ ïú úûúæ Æ�Æ æ ú ú úï Æ�æ ÆÆ ï5é Æ ï

ýZþþþþþþþþÿ
÷øøøøøøøøù
â ã ãäâ ã ãÉúâ ã ãôúâ ã ã� õ äâ ã ã�

ýZþþþþþþþþÿ ©÷øøøøøøøøù
ää É Í�47Ñ$5 è�0 é�é à â ä Å æ Ë æ ð à â É Ç Æ�Æ�Æ é Ë â ê Å à�à Ë â ë Å Æ å à â ì Ç ï Ü â^ñ�íäê ñ Í�47Ñ�5 è å ð�ï å â ä Å
ð å æ å â É Ç Æ ð 0 Ë â ê Ç æ ï æ Ë â ë Å[ð Æ Ë â ì Ç æ\Æ Ü â^ñ Å æ Ü â 2 íúäë 47Ñ 5 è ï â ôiõ É Ç�å ð â ôiõ ä Å Æ Ë æ â ô Ç�å ð â ô(ö ä Ç ï â ô(ö É íúäê ñ Í�47Ñ 5 è å ð�ï å â � Å
ð å æ å â � õ ä Ç Æ ð 0 Ë â � õ É Ç æ ï æ Ë â � õ ê Å
ð Æ Ë â � õ ë Ç æ\Æ Ü â � õ ì Å æ Ü â � õ ñcíää É Í�47Ñ 5 è�0 é�é à â � Å æ Ë æ ð à â � õ ä Ç Æ�Æ�Æ é Ë â � õ É Å à�à Ë â � õ ê Å Æ å à â � õ ë Ç ï Ü â � õ ì í

ý þþþþþþþþÿ À z:��Ò$|
ekB)4�8:/1298,H�*,%(]\-�á6*04�]1*04�8,4�'5-08J-0B14_L�*0%(G�]M<�8,%Z-0%;<�'�%('d-,B14 ¨ G\%(*04�H�-0%;<�'UT1!$'9G�S^!�*,%(4�8J@i*0<�# Æ -0< ò Pe"<g8,<�3(S�4&-0B14F��<�%(808:<�'`4 O /)!$-,%(<�'UTp!w N%;')4dxX/)H�Hc4C8,8,%;S�4dÕ?S�4�*:+y��4�3(!$m\!$-,%(<�'[#&4c-,B)<XG�z} "x9Õ���|_%=8K/98:4CGAPgekB14�#&4c-,B)<XG/98:4CGg%=8�!d#&%Zm[<$@k! å Þ}ß <�*7G\4�*�4�m\]13;%=Hc%;-K!$])]1*,<�m\%(#V!^-,%(<�'98�%(' ¨ G\%;*04�Hc-,%(<�'
!$')G
Ü Þ}ß <�*7G\4�*�H�<�#&])!�Hc-�!$]1]1*0<�m\%;#V!$-,%(<�')8?%;'® G\%;*04�Hc-,%(<�'UP�xX<�#&4d-,4C8�-78&IJ4�*,4d#V!�G\4R/)8,%('1L[!g@i/13(3�Ü$Þ}ß[<�*0G14�*&Hc<�#&])!�H�-�!$])]1*,<�m\%(#V!^-,%(<�'98�#&4c-0B1<\G�!�')G�')<[*04�3(4�S^!�'�-G1%Zu�4�*04�')H�4�8p%('l-,B14�*,4C8:/13;-08�I>4�*04>@i<�/1'9GAPpekB14k@i/13(3)Ü$Þ}ßr<�*0G14�*6Hc<�#&])!�Hc-�#&4�-,B1<\G&*04 O /1%(*,4CGo!�L�*04�!$-,4�*�H�<�#&]1/\-7!^-0%;<�')!$314�uM<�*:-!�')GdI>!�8k!$2)!�')G\<�')4�GAP�y'b<�*0G14�*�-0<F!�H�Hc4�3(4�*7!^-04�-,B14KH�<�'XS�4�*,L�4�')H�4_!V�1/13(3�s�]1]1*0<�m\%;#V!^-0%;<�'fx\H7B14�#&4Fz.�\s?x1|�#K/13;-,%(L�*0%=G�Ik!�8�%;#&]13(4�#&4�'5-04�GAP�sS5+yHcW\Hc3(4�I><�*0hX%;'1LRI�%;-,B`£fL�*,%=G18_Ik!�8�%;#&]13(4�#&4�'5-04�GAPbekB14�'X/1#o294�*K<�@�H�W\Hc3(4�8_/)8,4�G
S^!�*,%(4�8�!�H�H�<�*7G\%;')L�-0<b-,B)4FG\4�8,%(*0!�213;4H�<�'XS�4�*,L�4�')H�4�H�*,%;-,4�*,%=!1P>ekB14K!�G\<�]\-04�GRHc*0%;-,4�*0%=!oIk!�8�-,B)!$-�-,B14K*,4C8:%=G\/)!�3U8:B1<�/13=GR294�3=!�8:-�-,B9!$' Æ76
Æ Ë õ98 PkekB14�*04�8,%(G1/)!$3A<�@-0B14_S5+q��<�%(808:<�'F4 O /9!^-,%(<�'d%=8�§ç ³ â © Å Æ²r³ Ã É ·Ã ¨ É Å Ã É ·Ã ® É Å Ã Á ÂÃ ¨ À z:����|s�Hc3=!�808,%(H�!$36@i<�/1*,-,B�<�*0G\4�*o��/)'1L�4�+�~r/\-,-0!g8,H7B14�#&4FIk!�8K!�G\<�]1-,4�G�@i<�*K-,B14�-,%(#&4�%('5-,4�L�*0!$-,%(<�'UP[s>-l4C!�H7B�8:-,4�]�<$@�-,B14��/1'1L�4�+�~r/1-:-0!o-0B14r@i<�3(3;<^I�%('1L&%(')8�-0*,/9H�-,%(<�'98�!$*04?'14CHc4C8,80!$*0W�§ £



�Á�mp\tusus�|-l¥f8zwh�p{¦�jm¹8sµ�N�L�Pekq%�{�{�ª�\�!�_���8���Ä¬io)�P���2�V£Y�
��¤ulyv³�P�Á�{�5s�� �Pegq��ª���»�{ w�wÅ
��P;:J<�#&]1/1-,4r-,B)4���%;L�B5-��?!$')GbxX%=G\4�z.���?x1|><�@"-0B14_S�<�*:-0%(H�%Z-�W&-0*0!�')8,]9<�*:-k4 O /)!$-,%(<�'
z}¢�|c��\Pk�y'5-,4�L�*7!^-,4?-,B)4_S�<�*,-,%=Hc%;-�W&-,*7!$'98:]M<�*,-�4 O /)!^-0%;<�'�<^S�4�*k<�')4r8,/12R8�-04�]U�¢1P�s�])]13;WF-,B14_2)/\uM4�*�G\<�#&!�%;'�-,4CH7B1'1% O /14r'14�!�*k-,B14_<�/\-:E)<^I 29<�/1')G1!�*,W��£)P;:>!$3=Hc/)3(!$-,4 · S�4�3;<\H�%Z-�W&@i*0<�# -,B14_S5+���<�%(808,<�'F4 O /)!^-0%;<�'gz}�5|���\P;:>!$3=Hc/)3(!$-,4 ´ S�4�3;<\Hc%;-�WV@i*0<�#a-0B14�Hc<�'5-,%('5/)%Z-�W�4 O /)!^-0%;<�'[z}£5|���1P;:>!$3=Hc/)3(!$-,4�-,B14_S�<�*,-,%=Hc%;-�WVL�4�'14�*7!^-0%;<�'�!^-�-0B14rI>!�3;3A/98:%('1L&-,B)4_'14�I S�4�3(<\Hc%;-�WFG\%=8�-0*,%(21/\-0%;<�'UP
`U�{SVU!X�< `U�{U1�{S�`a°}¦4bYº»U\�{°»[³W�=�ekB)4�/1'98�-04�!�G1W
H�<�#&]1/\-7!^-0%;<�'j8:-0!$*,-08K@i*0<�#¯!w8:-,4C!�G\W�8:-0!$-,4F3=!$#&%(')!$*&8,<�3(/\-,%(<�'UP`s�>3=!�8,%;/98�8:<�3;/1-,%(<�'�Hc<�/13=GgB9!�S�4V2M4�4�'`/98:4CG[-,<w8:-0!�*:-_-0B14�H�<�#&]1/\-7!^-,%(<�'NT"21/1-K%;'�<�*7G\4�*r-0<w!�S�<�%(Gw-,*7!$')8,%(4�'5-08_%('
-,B)4�Y)*78�-8:-,4�])8J<$@A-,B)4?'X/1#&4�*0%=H�!$3M8:<�3;/1-,%(<�'V-0B14?H�<XG14�%;-08,4�3;@NI>!�86/)8,4�GV-,<o!�*,*0%(S�4�!^-k!K8:-,4C!�G\W&8�-7!^-04?8,<�3(/\-,%(<�'UPpekB14?29<�/1')G1!�*,Wl3=!�W�4�*!�]1]1*0<�m\%;#V!^-0%;<�'FI><�/13=G�%;'5-,*0<\G\/)H�4r!�'R4�*0*,<�*J<�@"-0B14_<�*7G\4�*k<�@ Æ?> ²r³ Pe"<&%;'5-04�L�*7!^-04?� O P�z.¢�|D-,<V!l8�-04�!�G\WF8:-0!^-04r%;'�-,%(#&4�T)!l8:4CHc<�')GF<�*0G14�*>]1*,4CG\%=H�-,<�*�Hc<�*0*04�H�-0<�*k8,H7B)4�#&4rI>!�8J%(#&]13(4�#&4�'5-,4CGAPx\%;')H�4�-,B)%(8J8,H7B14�#&4�%(86%;#&]13(4�#&4�'5-04�G&-0<_*,4C!�H7Bl-,B14?8�-04�!�G1Wo8:-0!^-04�8:<�3;/1-,%(<�'UT�I�B14�*04�-,B)4�-,%(#&4�G\4�*0%(S�!$-,%(S�4�%=8pn�4�*,<9T�!�'5Wo<$-0B14�*%('5-,4�L�*7!^-,%(<�'R80H7B14�#&4_H�!�'�2M4_/)8,4�G�B14�*04�P@QWP½��wSiUÇX"<:`Â°.¦7bPº±U1�{°±[cW�=oe"<R8,%(#K/13=!^-04o-0B14V]1*0<�])!�L�!$-,%(<�'f<�@ke"<�3(3;#&%(4�'\+�x\H7B13(%=H7B�-0%;')L�Ik!�S�4C8?%('`!d29<�/1')G1!�*,Wf3=!�W�4�*�TI>4K#o/)8:-�%('5-,*0<XG1/)Hc4l!FG\%=8�-0/1*02)!$')H�4�%('f-,B)4lH�<�#&]1/\-7!^-,%(<�'9!$3UY94�3=GAPr�y'f<�*7G\4�*�-,<dG\<�-0B)!^-r%Z-r%=8�'14CHc4C8,80!$*0WF-0<�H7B)!�'1L�4�-,B142M<�/)')G1!$*0WFH�<�')G\%;-,%(<�'98�!^-�-,B)4_I>!�3;3qP�y'g4cm\]M4�*0%;#&4�'5-7!$3�8�-0/)G\%(4�8�<$@Je"<�3(3(#l%(4�'1+yx\H7B)3;%=H7B5-,%('1L�Ik!�S�4�8�-,B14&G\%=8�-0/1*02)!$')H�4�8�!$*04K%('5-,*0<XG1/)Hc4CGf%('f-,B)4KE)<^IÓ-0B1*0<�/1L�B!�S5%(21*7!^-0%;'1LV*0%(2129<�'b3;<\H�!^-,4CGb8:B)<�*,-,3(W�G\<^I�')8:-,*04�!�#Ä<$@�-0B14K3(4�!�G\%;')LV4�G\L�4Fz}�b4CG\4�%(*0<�8�!�')Gf�r!�8:-,4�*�TU�C������|�P>�y'b'X/1#&4�*0%(H�!$38:-,/9G\%;4C8�-0B1%=8�Ik!�S�4C8VH�!�'Ì294g%;'5-0*,<\G\/)H�4�GÌ!$-F-0B14w%('\E)<^I_T�/)8,%('1L�@i<�*�-,B9!^-F-0B14[4�%(L�4�'1@i/1')H�-0%;<�')8�<�2\-0!�%;')4�G�2XW�!$' Õ?*0*:+x\<�#&#&4�*,@i4�3=Gf4 O /)!$-,%(<�'[8:<�3;S�4�*ozqxX<�/)n�!�4c-_!$3qP;TN�����1��|�P_ekB14&G\%=8�-0/1*,29!$')H�4�8�#V!�Wd2M4&%;'5-0*,<\G\/)H�4�Gf!$-?-0B14&I>!�3;3qTM-,B1*0<�/)L�Bg!]M4�*0%(<XG1%(H&213(<^I�%('1Lf!$')G[8,/)H�-0%;<�'
8:-,*0%(]UP�s�H�Hc<�*7G\%('1L�-,<f�)!�8:4�3�z}�9!�8,4�364�-K!$3qP;TJ��������|�-0B14�8:4CHc<�')G[#l4�-,B1<\G[B)!�8_]1*0<^S�4�Gf-,<2M4�!lS�4�*,WV4�ÖVH�%;4�'5-k#&4�-,B1<\G�-,<&%('�-0*,<\G\/9Hc4�-,B1%=8khX%;'9G�<�@�G\%=8:-,/1*02)!$'9Hc4�P��y'�-,B1%=8�I><�*0h&-,B14_8,4�H�<�')G�#&4c-,B)<XG�Ik!�8�!�G1<�]\-04�GAPekB)4l#&4�-,B1<\G
Hc<�')8:%=8:-�<�@J%('�-0*,<\G\/9Hc%('1Ld!R8,3;<�-r!$-r-,B14&Ik!$3(3�ziá ä Î á Î á É |cTUI�B14�*04lá ä !�')Gwá É !$*04o-,B14lY)*78�-�!�')Gb-0B14V3(!�8�-]M<�%('5-�<$@�-,B14�G1%(8:-,/1*02)!�')Hc4_8:-,*0%;]UT\*04�8,]M4�H�-0%;S�4�3(W�PpekB14r@i/1'9H�-,%(<�'R/)8,4�GF@i<�*k-0B14_'1<�*,#V!$3AS�4�3(<\Hc%;-�W · %(8�§· è á ­ Ë ­:¹ í © â è ¨ í ôBA ± ²�³�C�D(¼ è�E ¹ ÇGF í HJILK á ä Î á Î á Éº$¼)½ z:����|· è ¨ ­ Ë ­:¹ í ©�Ë HJILK á É Î á º$¼9½ Î á äekB)4>S^!�3;/14C8�<$@ A !�')G F !�*,4>*,4C!$3\Hc<�')8:-0!$'5-78N-0B)!^-DH�!$'o294�H7B1<58:4�'�-0<r!�G�¡�/)8:-�-,B14�!$#&]13(%;-,/)G\4�!�')G�])B)!�8,4k<$@)-0B14k213(<^I�%;'1L!�')Gd8:/)Hc-,%(<�'RG\%=8�-0/1*,29!$')H�4�8�P�ekB14_H�<�')8:-0!�'�- E %(8J-0B14�G\%(#l4�')8,%;<�'13;4C8,8J@i*04 O /14�')HcW�P�ekB)4?@i/)')H�-0%;<�' â è ¨ í ô !�G\<�]1-,4�G�B14�*,4�%(8�!Y)@×-,Bb<�*7G\4�*J@i/)')H�-0%;<�'UT)!$'9G�Ik!�8>]1*0<�]M<�8,4�G�2XWd�MB)!�'1LV!$')Gd�)!�8:4�36zq�MB9!$'1LV!$'9G��9!�8,4�3qTU��������|cP�ekB)4?@i/)')H�-0%;<�'d%=8�§â è ¨ í ô © Æå ð è é æ 0LM ì Å Æ é Ë Æ M ë Ç 0 é æ M ê í D H á ä Î á Î Ææ è á ä Ç á É í
NPORQ K Q M © æ á Å á äá É Å á ä zq�$��|â è ¨ í ô © Å Æå ð è é æ 0SM ì Å Æ é Ë Æ M ë Ç 0 é æ M ê í D H

Ææ è á ä Ç á É í Î á Î á É
NPORQ K Q M © æ á É Å áá É Å á äekB)4o8,B)!$]M4�<$@p-0B14�@i/)')H�-0%;<�' â è ¨ í ô !$')Gf%Z-78?8,4�H�<�')GbG\4�*,%(S^!^-0%;S�4K!^-�-0B14K2)3;<^I�%('1LF!�')Gf8,/)H�-0%;<�'f*,4�L�%(<�'b!$*04�]13(<$-,-,4CGb%;'��%(L�8�P�z���|k!$')G[z.��|�PQ�<^I�I>4&B)!�S�4V!RG\%=8�-0/1*,29!$')H�4&8:-,*0%(]
!$-r-,B14VIk!$3(3pI�B14�*04l-,B14V')<�*0#&!�3pS�4�3;<\Hc%;-�WwH�<�#&]9<�'14�'5-_%=8_G\%Zu�4�*04�'5-_@i*0<�# n�4�*0<)PekB)4 · S�4�3;<\H�%Z-�WlG\%(8:-,*0%(21/\-,%(<�'V!$-p-,B14�Ik!$3(31%=8�Y1m\4�G&!^-64C!�H7Bl-,%(#&4�8�-04�]�!�H�Hc<�*0G1%;'1L?-,<_� O P�zq�$��|cP�ekB)4�S�<�*,-,%=Hc%;-�WKH�!$3=Hc/13=!^-0%;<�'!$-�-,B)%(8o29<�/1')G1!�*,W[!$3=8:<fH7B9!$'1L�4�8�TN2M4�H�!�/)8,4V-,B14d8:4CHc<�')G
G\4�*0%;S^!$-,%(S�4V<$@k-0B14 · S�4�3(<\Hc%;-�Ww%('�8:-,*04�!$#oI�%(8,4�G\%(*,4CH�-0%;<�'[B9!�8K!S^!�3;/14_%('d-,B14�G1%(8:-,/1*02)!�')Hc4_8:-,*0%;]d*,4�L�%(<�'UPpekB1%=8kS^!$3(/14_H�!�'d2M4_4�S^!�3;/)!$-,4CG�!�')!$3(W5-,%=H�!$3(3(W&@i*,<�#Ä� O P�z.����|cP

�



�Á�mp\tusus�|-l¥f8zwh�p{¦�jm¹8sµ�N�L�Pekq%�{�{�ª�\�!�_���8���Ä¬io)�P���2�V£Y�
��¤ulyv³�P�Á�{�5s�� �Pegq��ª���»�{ w�wÅ

x

f(
x)

-1

0

1

X1 X2

��%(L�/1*04d��§1Q�<�*,#V!�3�S�4�3(<\Hc%;-�WRG1%(8:-,*0%;2)/\-,%(<�'
!^-�-,B14V8,/)H�-0%;<�'!�')Gd213(<^I�%;'1Ll*04�L�%(<�'NP x

f´
´(

x)

0
X1

X2

��%(L�/1*04��\§)xX4CHc<�'9GlG14�*0%;S^!^-0%;S�4k<$@)-0B14�'1<�*,#V!$3\S�4�3(<\Hc%;-�WKG\%=8�+-0*,%(21/\-0%;<�'R!$-k-,B14�8,/)H�-0%;<�'b!$')G�213(<^I�%;'1L&*04�L�%;<�'UP
T ^�Ú.b�¦CSiZ\°±¯8U!ºVU÷Si½wbPºi�{½�y'
<�*0G\4�*�-,<fH7B14CH7hf%Z@>-,B)4�Hc<\G\4&%(8K!$213(4l-,<f8,%;#o/13(!$-,4l-,B)4V]1*,<�])!$L5!^-0%;<�'w<$@�G\%=8�-0/1*02)!$')H�4�8�%('
!dEM!^-_]13=!^-,4V2M<�/)')G1!$*0W3=!�W�4�*�T�!�S�4�*0WR8:#V!$3(3p!$#&]13(%Z-0/)G\4&G\%=8�-0/1*,29!$')H�4KIk!�8?%;'5-,*0<\G\/)H�4�GAP_ekB1%=8r!$3(3;<^I>4�Gd-0B14lH�<�#&])!�*,%=8:<�'bI�%Z-0Bg N%;'14C!$*_x5-0!�21%(3;%;-�WekB)4�<�*0W�T^])*,<^SX%=G\%;')L?!�-,B1*0<�/1L�BoH7B14CH7h_<$@1-0B14k'X/1#&4�*0%(H�!$35#l4�-,B1<\GAPpekB14�'UT�!�Y)'1%;-,4�G\%=8�-0/1*02)!$')H�4JIk!�8"%('�-0*,<\G\/9Hc4�Go!$')Gl!^@×-04�*]M4�*,@i<�*0#&%;')L&!V�)<�/1*0%(4�*�!$')!�3;W\8,%(8�TX-,B)4_*,4C8:/13;-08kI>4�*04_Hc<�#l]9!$*04�GV-0<V*,4C8:/)3Z-78k<�2\-7!$%('14�G�I�%Z-0Bb!VHc<\G\4r2)!�8,4�G�<�'R])!�*0!�29<�3;%(n�4CG8:-0!�21%(3;%;-�WV4 O /)!$-,%(<�')8�z}�b4�')G\<�')��!)T\��������|�P��y'�-0B14rHc<�#&]1/1-0!^-0%;<�')8kG\%=8,H�/)8,8,4�G�B14�*04�T5-,B)4�@i<�3;3(<^I�%;')LK])!�*0!�#l4�-,4�*08DIJ4�*,4?/)8:4CGA§µ�W X	Y © ï Ë[Z > C�­ ¬ © à 6[Æ Ë õ É Z ­ ¿V© Æ À à 6[Æ Ë õ ì Z É > C�­lº�¼)½�²�³ © Æ Ë ì À zq�\�C|ekB)4r@i*,4 O /)4�')H�W]\¤%=8�G\4�Y)'14�GR!�8^\ © èJE > ²�³ í 6[Æ Ë ë PekB)4_%;'5-,4�L�*7!^-0%;<�'dG\<�#V!$%('�/)8,4�G�@i<�*�!$3(3A-,4C8�-78�%=8�8:B)<^I�'�%('b�"%(L)P�z}¢5|�P6��-�4�mX-,4�'9G18k@i*0<�# ¨ Í ©�Ë À Ü ð�ï -0< ¨ Ï�Ð�Ñ © Ü À å�å ï%('g-,B14V8:-,*04�!$#oI�%(8,4oG1%;*04�Hc-,%(<�'g!�')Gb@i*0<�# ® Í ©vË -0< ® ÏkÐcÑ © ï æ À ï 0 %;'g-,B)4l')<�*0#&!�3�G1%;*04�Hc-,%(<�'UPKekB)4l'X/1#o294�*r<$@D]M<�%('5-08/98:4CG�Ik!�8&à Æ ï !$')G Æ�Æ ï %;' ¨ !�')G ® G\%(*04�H�-0%;<�'�*04�8,]94CH�-,%(S�4�3;W�P
�y'�-,%(#&4Rà Ë 8:-,4�])8lIJ4�*,4�/98:4CG�]M4�*&I>!�S�4�]M4�*0%;<\GAP`ekB14G1%(8:-,/1*02)!�')Hc4C8?I>4�*04lL�4�')4�*7!^-,4CGf2M4c-�I>4�4�' ¨ ä ©vË À 0 Ë ð !$'9G ¨ É © Æ À Æ ï�ï PKekB)4o@i*04 O /14�')HcWb/98:4CGfIk!�8_\ © Æ Ë PKs�@×-04�* æ å]M4�*0%(<XG)8�T\-0B14�G1!$-0!lIJ4�*,4r�1<�/1*0%;4�*�!$')!�3;WXn�4CGV-0<�!$3(3;<^I�H�<�#&])!�*,%=8:<�'FI�%;-,Bb "x1e !�')GF�>xX��*,4C8:/)3Z-78�P
T ^ � ^÷RT°±WPSVU5Z��{SV½��D¯8U!½wS�)<�*r-0B14�3(%;'14C!$*r-04�8:-KH�!�8,4l-,B14�!$#&]13(%Z-0/)G\4VIk!�8_8,4c-_-,< A © Æ`6jÆ Ë õ ë !$')Gg-,B)4�]1B)!�8:4l-,< F ©aË P��y'`��%;L9Pwzi£X|?-,B14!�#&]13;%;-,/9G\4�G\%=8�-0*,%(21/\-0%;<�'V%;'&-0B14�'1<�*,#V!$39G\%;*04�Hc-,%(<�'&<$@M-,B)4�8�-0*,4C!$#oI�%(8,4�!$')Gl'1<�*,#V!$3)S�4�3(<\Hc%;-�WKHc<�#&]9<�'14�'5-08D!$*04�]13;<�-:-04�G&!^--0B14?8:-,*04�!�#KI�%=8:4k]M<�8,%Z-0%;<�' ¨d© ï À 0L0 Ë à1P"ekB14�*04�8,/13;-08D<�2\-7!$%('14�Gl2XWo{�Q?xV!�')GV "x1ej!�*,4�'14C!$*03;WK-,B14?8,!�#l4�P�ekB)4�#V!^m\%;#o/1#!�#&]13;%;-,/9G\4�TU])B)!�8,4lH7B9!$'1L�4o!$'9Gw4�mX]M<�')4�'5-,%=!$3�G\4�H�!�Wf!$*04o!�3;3�%('gS�4�*0WdL�<X<XGg!$L�*,4�4�#&4�'5-?I�%;-,B
 "x1erP�ekB)4 O /)!�3;%;-�Wb<$@D-,B14*04�8,/13;-08�H�!$'R!$3=8:<&2M4_<�2)8,4�*0S�4CGF%('b��%;L9P�z.��|�I�B14�*04�-,B14_]1B9!�8,4�*04�3=!^-0%;<�')8,B1%;]98kI�%Z-0Bb*,4C8:]M4�Hc->-0<VW�!$-�-,B14�80!$#&4 ¨ ]M<�8,%Z-0%;<�'!�*,4r]13(<$-,-,4CGAP6�><$-,Bd-0B14r]1B)!�8,4�G\%=8�-0*,%(21/\-0%;<�'F@i<�*k-,B14�8:-,*04�!�#KI�%=8:4r!$'9G�')<�*0#&!�3�S�4�3(<\Hc%;-�WFHc<�#&]9<�'14�'5-08�!�*,4r8,B1<^I�'UP��%(L�/1*04bz}�5|_8:B)<^I�8�-,B14�8:-,*04�!�#KI�%=8:4VG\%=8�-0*,%(21/\-0%;<�'
<$@>-,B14�L�*,<^Ik-0Bg*7!^-04&<�2\-7!$%('14�G[I�%;-,B
-,B)4�{?Q�x
Hc<\G\4�!$'9GgI�%;-,B�! �x\eÌ!�')!$3(W\8:%=8�P�ekB14�8:#V!$3(3�G\4�SX%=!^-,%(<�'F<�2)8,4�*0S�4CG&%(8>!^-,-,*0%;21/1-,4�G�-,<o'1<�'�]9!$*7!$3(3;4�3)4cu�4�Hc-08J-,B9!^-�!$*04�'1<$-J-0!�h�4�'F%;'5-,<l!�H�Hc<�/)'�-I�B)4�'�-0B14rÕ?*0*,+yxX<�#&#l4�*:@i4�3(Gl4 O /9!^-,%(<�'F%(8>8:<�3;S�4�GAP�ekB14?L�*0<^Ik-,B&*0!$-,4�G\%(8:-,*0%(21/\-,%(<�'F<�2\-7!$%('14�G&I�%;-,Bd!��JxX��Hc<\G\4�T�-0B)!^-�H�!�'!�3(8,<d-0!�h�4V%('�-0<b!�H�H�<�/1'5-_'1<�'1])!$*7!$3(3(4�3p4cu�4�Hc-08_<�@>2M<�/)')G1!$*0Wf3=!�W�4�*_L�*0<^Ik-,BUTU%=8�!�3(8,<d8,B1<^I�'UP�ekB14�8,!�#&4&G14�SX%(!$-,%(<�'[@i*0<�# �x\e %(8�<�2)8,4�*0S�4�G�%;'d-,B)4_�JxX��*04�8,/13Z-78�P
T ^ ¥ ^�Ú.[cWBR�°»WYSVU5Z>² SV½��]a�U!½wS�y'V<�*0G14�*p-0<K8:%(#K/)3(!$-,4�-0B14�]1*0<�]9!$L�!$-,%(<�'l<$@A'1<�'13;%('14C!$*De"<�3(3;#&%(4�'\+�x\H7B13(%=H7B�-0%;')L�I>!�S�4�8�T�!�Y)'1%;-,4�!$#&]13(%Z-0/)G\4�G\%(8:-,/)*,2)!�')Hc4Ik!�8�%;'5-,*0<\G\/)H�4�GR%('R-,B14_E9<^I�Y)4�3(GUPkekB)4�]1*0<�])!�L�!^-0%;<�'�<�@"Y9'1%Z-04o!�#l])3;%;-,/)G14Ke�xdI>!�S�4�8k#V!�WF2M4KG\4C8,H�*,%(2M4�GR2XW�!&I>4�!�h53(W')<�'13(%;')4�!$*F-,B14�<�*0W�8,/)H7B�!�8F!`')<�'13(%;')4�!$*��JxX��!$')!�3;W\8,%(8�P�ekB14g]1*,<�])!$L5!^-0%;<�'j<�@Ke�x�I>!�S�4�8V%=8dH7B)!$*7!�Hc-,4�*0%(n�4�Gj2XW�-,B144�S�<�3;/\-0%;<�'
<$@�!d@i/1')G1!�#l4�'5-0!$3DI>!�S�4&!�H�H�<�#&])!$')%;4CGw2XWf-0B14VL�*0<^Ik-,B[<$@kB1%(L�B14�*�B)!�*,#&<�')%(H�8�PV�y'
-0B14&@i<�3(3;<^I�%('1Lf!�')!$3(W\8:%=8�T{�Q?xF*04�8,/13Z-786@i<�*�!$#&]13(%ZY9H�!^-0%;<�'�<$@"!�@i/1')G1!�#&4�'5-0!�3�!�')G�B)%;L�B14�*>B)!$*0#&<�'1%=H�8�TX!�8JIJ4�3;3�!�8J@i<�*J-,B)4?S^!$*0%=!^-,%(<�'F<$@A-,B)4�L�*,<^Ik-0B*7!^-04_!$')Gd4�%(L�4�'\@i/1')Hc-,%(<�')8>@i<�*�G\%;uM4�*,4�'�-�B9!$*0#l<�'1%=H�8k!$*04�H�<�#&])!�*,4CG�-0<l�>xX��*,4C8:/)3Z-78�P�y'l��%;L9PJzqÒ�|A-0B14>S�!�*,%=!^-0%;<�'_<$@1-0B14k8�-0*,4C!$#KI�%=8,46S�4�3;<\Hc%;-�W_!$#&]13(%Z-0/)G\4>%;'K-,B14k8:-,*04�!$#oI�%(8,4DG\%(*04�H�-0%;')L�@i<�*"-,B)4D@i/1'9G1!$#&4�'5-7!$3!�')G�¢�B9!$*0#l<�'1%=H�8U!�*,4p]13(<$-,-,4CGAP�ekB)46%;')%Z-0%(!�35!�#l])3;%;-,/)G14D<$@X-0B14JG\%=8:-,/1*02)!$'9Hc46Ik!�8U8,4c-"-,< A © Æb6�Æ Ë õ ê P"s�L�<X<XG_!�L�*04�4�#l4�'5-2M4c-�I>4�4�'`{?Q�xg!�')G[�JxX�Ó*04�8,/13Z-78_H�!�'g2M4V<�2)8,4�*0S�4CGw!$@×-,4�*r-0B14�8:-,*04�!$#oI�%(8,4l]9<58:%;-,%(<�' ¨�© ï À Ë PVekB14�G\4�SX%(!$-,%(<�'g-,B)!$-r%=8<�2)8,4�*0S�4�G�2M4c@i<�*,4p-0B1%=8N]M<�8,%Z-0%;<�'_%(8N4cm\]13=!$%('14�Gr2XW?-,B14D4cm\%(8:-,4�')Hc4D<$@1!k-,*7!$'98:%(4�'5-N*04�L�%;<�'�I�B)4�*04p-,B14JG\%(8:-,/)*,2)!�')Hc4C8U%('5-,*0<XG1/)Hc4CG�



�Á�mp\tusus�|-l¥f8zwh�p{¦�jm¹8sµ�N�L�Pekq%�{�{�ª�\�!�_���8���Ä¬io)�P���2�V£Y�
��¤ulyv³�P�Á�{�5s�� �Pegq��ª���»�{ w�wÅ

Disturbance Strip

y

x
x x x x

imax

jmax
y

0 1 2

U (x)8

Boundary Layer

��%(L�/1*04�¢)§\�y'�-04�L�*0!$-,%(<�'VG\<�#V!�%;'&@i<�*6-,B)4�E9!$-D]13=!^-,4?29<�/1')GX+!�*,WF3(!�W�4�*CP 0

2

4

6

8

10

12

14

16

18

20

0 0.2 0.4 0.6 0.8 1

y

Amplitude

 

DNS results - u
v

LST results - u
v

��%(L�/1*04K£9§c:J<�#&])!$*0%=8:<�'b294�-�IJ4�4�'g{�Q?xw!$')Gw "x\eÝ*04�8,/13;-08G\%=8:-,/1*02)!$'9Hc4�8j4�%(L�4�'\@i/1')Hc-,%(<�')8�%('Ä-0B14Ý8�-0*,4C!$#KI�%=8,4�!$')G'1<�*,#V!�3UG\%;*04�Hc-,%(<�')8�P

-pi

-pi/2

0

pi/2

pi

0 2 4 6 8 10 12

P
ha

se

y

LST - u component
LST - v component

DNS - u component
DNS - v component

��%(L�/1*04l�1§9:J<�#&])!�*,%=8,<�'R294�-�IJ4�4�'[{?Q�xf!$'9Gw "x1eÓ*,4C8:/13;-08@i<�*k-,B14_])B)!�8,4_G\%(8:-,*0%(21/\-,%(<�'NP
-0.4

-0.2

0

0.2

0.4

0.6

0.8

1.5 2 2.5 3 3.5 4 4.5 5 5.5

G
ro

w
th

 r
at

e

x

LST results
DNS results
PSE results

��%(L�/1*04w�1§c:J<�#&])!$*0%(8,<�'�2M4c-�I>4�4�'�{?Q�x�T>�JxX�Ø!�')G� "x1e*04�8,/13;-08>@i<�*k-0B14_L�*0<^Ik-,B�*0!$-,4�P'X/1#&4�*,%=H�!�3;3(WV%;'d-0B14�E)<^I�Y)4�3(Gd!�G�¡�/98�-�-0<K-0B14_'1<�')3;%('14�!�*�8:4�-k<�@N4 O /)!$-,%(<�')8�P��y'F-0B14_�JxX��!�')!$3(W\8:%=8J!&8,%;')L�3(4�@i/1'9G1!$#&4�'5-7!$3#&<\G\4�%=8�8,]94CHc%;Y)4�GR!�8�%;')%Z-0%(!�3NHc<�')G\%;-,%(<�'d@i<�*k-0B14�#V!$*7H7B1%('1LV8:<�3;/\-0%;<�'UPJxX%(')H�4r-,B14�%('1%;-,%=!$3N!�#&]13;%;-,/9G\4�Hc<�*,*04�8,]9<�')Gd!$3(*,4C!�G\W-0<F!V'1<�'13(%;'14C!$*�])*,<�213;4�#RT\-,B14lG\%=8�-0/1*,29!$')H�4rY)4�3=GRB)!�8�-,<F!�G�¡�/)8:-�%;'f!VY)'1%;-,4_-0*0!�')8:%(4�'5-�*04�L�%;<�'�I�B)4�*04_B1%;L�B14�*?B)!$*0#&<�'1%=H�8!�*,4VL�4�'14�*0!$-,4CGAP��y'
-0B14F{�Q?x`!�')!$3(W\8:%=8r-0B14FG\%=8�-0/1*02)!$')H�4�8�!�*,4V%('5-,*0<\G\/)Hc4CG[%;'�!b8,/)Hc-,%(<�'�!$'9G
213;<^I�%('1Lf8:-,*0%;]`!�')G[-,B1%=88,%(L�')!�3MB9!�8J-,<l294�Y)3;-,4�*,4CGF2XW&-0B14rL�<^S�4�*,')%;'1LK4 O /)!^-0%;<�')8>8:/)H7BF-,B)!$-�T)!$@×-,4�*J-0B14�-,*7!$')8,%(4�'5-J*04�L�%;<�'V-,B14�@}!�8�-04�8:-kL�*,<^I�%('1LKe�xIk!�S�4�%=8k-,B14_<�'13(W�I>!�S�4?*04�#V!�%;'1%('1L9P{?/1*0%;')L&-,B14_%('1%;-,%=!$3U-0*0!�')8,%;4�'�-�*04�L�%;<�'F-0B14rY)*78�-�B)!�*,#&<�'1%(H�%=8�!$3=8,<&!�'R/1')8:-0!$2)3;4_#&<\G\4�!$'9G�B9!�8�%;-08�<^I�'dL�*0<^Ik-,Bd*7!^-,4!�H�H�<�*7G\%;')Lb-,<w �x\erP��y'�-,B)%(8o*,4�L�%(<�'[-,B)4�L�*,<^Ik-0B[<�@�-,B1%=8o#l<\G\4d%=8�L�<^S�4�*0'14�G[2XW
29<�-,B`-0B14F')<�'13(%;')4�!$*K@i<�*7Hc%('1Lw!�')G`%;-083(%('14�!�*J4�mX]M<�')4�'5-,%=!$39L�*0<^Ik-,BUP�s�8>!�*04�8,/13;-D-,B)4�!�#l])3;%;Y9H�!$-,%(<�'�G\<X4C8D'1<�->H�<�*0*,4C8:]M<�')Gl-0<o!_])/1*,4�3;W&'1<�'13(%;'14C!$*JL�*0<^Ik-,BV<�*D-,<!&])/1*,4�3;WF3;%('14�!�*�L�*0<^Ik-,B�<$@�!&8,%;')L�3(4re�x�Ik!�S�4�I�%Z-0Bd-�I�%(H�4r-,B14r@i*04 O /14�')HcW�<�@N-0B14_%;#&]M<�8,4�G�@i/1')G)!$#&4�'5-0!�3.PekB)4KHc<�#l]9!$*0%(8,<�'d294�-�IJ4�4�'d-,B)4KL�*0<^Ik-,Bd*7!^-,4_S^!�*,%=!^-0%;<�'d%('f8:-,*04�!$#oI�%(8,4_G\%(*,4CH�-,%(<�'d@i<�*�-,B1*04�4oG\%Zu�4�*04�'5-�%('1%;-,%=!$3�!$#&]13(%Z+-0/)G\4C8�!$*04_8:B1<^I�'d%('R��%(L)P�z.��|�P6ekB)4�ekB1*,4�4_G\%Zu�4�*04�'5-�S^!$3(/14C8k<$@p!$#&]13(%Z-0/)G\4r-,4C8�-04�GdI>4�*04 A © Æ76[Æ Ë õ ê T A © à 6[Æ Ë õ ë TA © Æd6�Æ Ë õ ë PoekB14&3=!�8:-?-04�8:-�H�!�8,4oH�<�*0*,4C8:]M<�'9GfHc3(<�8,4�3(WR-,<R!F3(%('14�!�*�])*,<�213;4�#RP���-�H�!$'g294&<�2)8:4�*,S�4�GR-0B)!^-�!�8�-0B14VG\%=8�+-0/1*02)!$')H�4_!$#&]13(%Z-0/)G\4r%;'9Hc*04�!�8,4�8�T�-,B14_8:-,*04�!$#oI�%(8,4�]M<�8,%;-,%(<�'RHc<�*0*04�8,]9<�')G\%('1L_-,<l-0B14_8:4CHc<�'9G�21*7!$')H7BF<$@N-0B14r'14�/1-,*7!$3AHc/1*0S�4#&<^S�4�8>@i<�*0Ik!$*7G�!�8�!&Hc<�')8,4 O /14�'9Hc4r<$@�-,B14r'1<�'13(%;'14C!$*�4�uM4CH�-08�P��%(L�/1*04�8�Pfz}�5|?-,<�z:�C��|�])*,4C8:4�'�-r-0B14F8:-,*04�!$#oI�%(8,4&!$')G['1<�*,#V!$3pS�4�3(<\Hc%;-�Wf]1*0<$Y)3(4�8�@i<�*_-,B14�!�#&]13;%;-,/9G\4 A © Æe6�Æ Ë õ ê!$-�-,B)4K8�-0*,4C!$#oI�%(8,4r]9<58:%;-,%(<�' ¨f© ï À 0L0 Ë à\PD��%(L�/1*04�z}�5|kHc<�*0*04�8,]9<�')G18>-,<�-,B14K!�#&]13;%;-,/9G\4�<$@�-,B)4_@i/1')G1!�#&4�'5-0!�3N#&<\G\4�!$')G��%(L�8�Pwz��C��|?-0<
z:�C��|rHc<�*0*04�8,]9<�')Gb-0<R-,B14&Y)*78:-�T�8:4CHc<�'9Gg!�')Gg-,B1%(*0G[B)!�*,#&<�'1%(H�8�*,4C8:]M4�Hc-,%(S�4�3(W�P�ekB14V*,4C8:/)3Z-78_8:B1<^I !dS�4�*0WL�<X<XGb!�L�*04�4�#l4�'5-k2M4c-�I>4�4�'f{?Q�xb!$'9GR�JxX�Ì*04�8,/13;-08�P>ekB14lG\%=8�-7!$')H�4r@i*,<�# -0B14�Ik!$3(3UI�B14�*04_-0B14�#V!^m\%(#K/1# !$#&]13(%Z-0/)G\4�%=8<�2)8,4�*0S�4�GUT^-,B14�]9<58:%;-,%(<�'&<$@�]1B)!�8:4�H7B9!$'1L�4�T�!�8pIJ4�3;39!�8�-0B14�#V!^m\%(#K/1# !$#&]13(%Z-0/)G\4�%;-08,4�3;@�!�*,4�!�3;39H�!$]1-,/1*04�GlI�%;-,BVS�4�*,WKL�<X<\G!�H�H�/1*0!�HcW�PlekB14V!�#l])3;%;-,/)G14l<�@k!�3;3p#&<\G\4C8rB)!�S�4l294�4�'['1<�*0#V!$3(%;n�4�Gw25Wf-,B14V#V!^m\%(#K/1# !$#&]13(%Z-0/)G\4V<$@J-,B14l@i/1'9G1!$#&4�'5-7!$38:-,*04�!�#KI�%=8:4_H�<�#&]9<�'14�'5-CP
Ò



�Á�mp\tusus�|-l¥f8zwh�p{¦�jm¹8sµ�N�L�Pekq%�{�{�ª�\�!�_���8���Ä¬io)�P���2�V£Y�
��¤ulyv³�P�Á�{�5s�� �Pegq��ª���»�{ w�wÅ

1e-07

1e-06

1e-05

0.0001

0.001

0.01

0.1

1.5 2 2.5 3 3.5 4 4.5 5 5.5

A
m

pl
itu

de

x

PSE results - fundamental
 first harmonic

second harmonic
third harmonic

DNS results - fundamental
first harmonic

second harmonic
third harmonic

��%(L�/1*04 ÒX§c:J<�#&])!$*0%(8,<�' 2M4c-�I>4�4�'t'1<�'13(%;'14C!$*�{�Q?xt!�')G�>xX�v*04�8,/13;-08�P�x5-,*04�!�#KI�%=8:4�S�4�3(<\Hc%;-�W
H�<�#&]M<�'14�'�-&!$#&]13(%Z+-0/)G\4�S^!�*,%=!^-0%;<�'F%('�-0B14�8:-,*04�!$#oI�%(8,4rG\%;*04�Hc-,%(<�'UP
-0.4

-0.2

0

0.2

0.4

0.6

0.8

1.5 2 2.5 3 3.5 4 4.5 5 5.5

G
ro

w
th

 r
at

e

x

LST results
DNS results - amplitude = 1e-3

amplitude = 5e-4
amplitude = 1e-4

PSE results - amplitude = 1e-3
amplitude = 5e-4
amplitude = 1e-4

��%(L�/1*04Ì�1§c:J<�#l]9!$*0%(8,<�'v294�-�IJ4�4�'t'1<�')3;%('14�!�*�{?Q�xt!$')G�Jx\��*04�8,/13;-08�PD��*,<^Ik-0BF*7!^-04?S^!$*0%=!^-,%(<�'�%;'�-,B)4�8�-0*,4C!$#KI�%=8,4G\%(*04�H�-0%;<�'UP

0

2

4

6

8

10

12

14

16

18

20

0 0.2 0.4 0.6 0.8 1

y

Amplitude

PSE result - u component
v component

DNS result - u component
v component

��%(L�/1*04Ì�1§c:J<�#&])!$*0%(8,<�' 2M4c-�I>4�4�'t'1<�'13(%;'14C!$*�{�Q?xt!�')G�>xX� *,4C8:/13;-08�PØs�#&]13;%;-,/9G\4�G\%=8�-0*,%(21/\-0%;<�'�<$@&8�-0*,4C!$#oI�%(8,4!�')G[I>!�3;3p')<�*0#&!�3pS�4�3;<\Hc%;-�WwH�<�#&]9<�'14�'5-78�@i<�*_#&<\G\4fz���T �5|!$-�mcf�¢1P �����5�\P
0

2

4

6

8

10

12

14

16

18

20

0 0.02 0.04 0.06 0.08 0.1 0.12

y

Amplitude

PSE result - u component
v component

DNS result - u component
v component

��%(L�/1*04����)§c:J<�#&])!�*,%=8:<�'�294�-�IJ4�4�'Ì'1<�'13(%;'14C!$*d{?Q�x�!$')G�Jx\��*04�8,/13;-08�PØs�#l])3;%;-,/)G14
G1%(8:-,*0%;2)/\-,%(<�' <$@&8�-0*,4C!$#KI�%=8,4!�')G[I>!�3;3p'1<�*,#V!�3pS�4�3(<\Hc%;-�WfHc<�#l]M<�')4�'5-08r@i<�*_#&<XG14fz.�\T ��|!$-�mgf�¢)P �����5�\P
h ^ia�[cWY¯8º±bP½{°»[³WP½�y'l-0B14�]1*04�8,4�'5-p])!$]M4�*6!�'X/1#&4�*0%(H�!$3\#&4c-0B1<\Go@i<�*68,<�3(S5%('1L_!?-�IJ<�+�G1%;#&4�'98:%(<�')!�3X%;')H�<�#&]1*04�808:%(213(4DE9<^I�-,B9!^-6%=86!$]1])3;%=H�!�213;4-0<_%;'XS�4�8:-,%(L�!^-0%;<�'K<�@M3=!$#&%(')!$*�-,/)*,21/)3;4�'�-p-0*0!�')8,%Z-0%;<�'o]1B)4�'1<�#l4�')!�%;'V!r8,])!^-0%(!�3;3(W�L�*0<^I�%('1L?2M<�/)')G1!$*0W_3=!�W�4�*�Ik!�8�]1*04�8,4�'5-04�GAPekB)4&H�<\G\4oIk!�8�S�4�*0%ZY)4CGw!�L�!$%(')8:-?3(%;')4�!$*_8:-0!�21%;3(%;-�WR-,B14�<�*0Wb*,4C8:/13;-08?@i<�*?-0B14&]1*0<�])!�L�!^-0%;<�'b<$@k8:#V!$3(3p!$#&]13(%Z-0/)G\4Ve"<�3(3;#&%(4�'\+x1H7B13;%=H7B5-,%('1L[I>!�S�4�8�P
Q�<�'13(%('14�!�*o*04�8,/13;-08l<�2\-7!$%('14�G�I�%Z-0B�-0B14bHc<\G\4dIJ4�*,4dHc<�#&])!�*,4CG
-,<[�JxX� *04�8,/13Z-78�P�ekB)4�'1<�'13(%;'14C!$*4�S�<�3;/\-0%;<�'j<�@?-0B14b@i/1'9G1!$#&4�'5-7!$3�#&<\G\4f!$'9G�B1%(L�B)4�*VB)!�*,#&<�')%(H�8&IJ4�*,4R%('5S�4�8:-,%(L�!$-,4�G�!$'9G�S�4�*0W�L�<X<\Gj!�L�*04�4�#l4�'5-&I�%;-,B')<�'13(%;')4�!$*��>xX��*,4C8:/)3Z-78kIJ4�*,4�<�2\-7!$%('14�GUPekB)4o'14�mX-r8:-,4�]w%('f-,B)4&G14�S�4�3;<�]1#&4�'5-?<�@J!V-0B1*04�4c+yG\%(#&4�')8,%;<�')!$3�Hc<\G\4l%=8�-0<�%('5-,*0<\G\/)Hc4l!�8,]M4�H�-0*0!�3�!�]1]1*0<�m\%;#V!^-0%;<�'b%;'-0B14o8,])!�'5I�%=8,4�G\%;*04�Hc-,%(<�'d-,B9!^-?I�%(3(3"!$3(3(<^I�-0B14K8,%;#o/13(!$-,%(<�'b<�@�<�213(% O /14_Ik!�S�4C8k]1*,<�])!$L5!^-0%;<�'UPJekB14K*,4C8:/13;-,%('1LFH�<\G\4�I�%(3;3"294/98:4CGF-0<V8�-0/)G\W�-0*0!�')8,%Z-0%;<�'F-0<o-0/1*021/13(4�')H�4_%;'R2M<�/1')G)!$*0W�3(!�W�4�*k!$')GR8,B14�!�*k3(!�W�4�*>E)<^I�8�P
j ^÷¼�¯wÈÂWP[lk�º»SVX�mM¦CSVW��{½ekB)4�Y)*78�-k!$/\-0B1<�*>I><�/13=GV3(%;h�4�-,<&!�H7hX'1<^I�3(4�G\L�4�!$3(3)-0B14�-0*0!�')8,%Z-0%;<�'�*,4C8:4C!$*7H7B&L�*0<�/1]V<�@A-,B14��y')8:-,%;-,/\->@i/1*ksk4�*0<XG1W5'9!$#&%(H!�')G��r!�80G\WX')!�#l%=H_zi��s��_|p@i*,<�#on�'1%(S�4�*78,%Z-7!^-Jx5-0/\-:-0L�!$*,-�PpekB14�Y)*08:-D!$'9Gl-,B14�8,4�H�<�')GV!�/\-,B)<�*78pIJ<�/13=Go3(%(h�4�-0<K!�H7hX'1<^I�3(4�G\L�4-0B14rY)')!�')Hc%=!$3U8,/1]1]M<�*,-�*04�Hc4�%;S�4�G�@i*,<�# �\s��6�>xX��P
p ^qU÷SlrgSiZ\SVWY¯8SV½�>4C8�-04�h�T"�KP;T>�������1T9s:Q�/1#&4�*0%(80H7B14tn�'5-,4�*08,/)H7BX/1'1L�4�'[n�/1*_')%(H7B5-,3(%(4�!$*04�'[*�u$/1#&3(%(H7B14�'
xX-�v�*0/1'1L58,!�'\@}!�H7BX/1')L�%('`G\4�*�4�294�'14�'��<�%=8,4�/1%(3;3(4c+�x5-0*�v�#K/1'1Lxw�T��DB){Ý-0B14�8,%(8�TRn�')%;S�4�*78:%;-�W�<$@px5-,/1-:-,L5!$*,-�P

�



�Á�mp\tusus�|-l¥f8zwh�p{¦�jm¹8sµ�N�L�Pekq%�{�{�ª�\�!�_���8���Ä¬io)�P���2�V£Y�
��¤ulyv³�P�Á�{�5s�� �Pegq��ª���»�{ w�wÅ

0

2

4

6

8

10

12

14

16

18

20

0 0.002 0.004 0.006 0.008 0.01 0.012 0.014

y

Amplitude

PSE result - u component
v component

DNS result - u component
v component

��%(L�/1*04�����§g:J<�#&])!�*,%=8,<�'�294�-�IJ4�4�'Ì')<�'13(%;')4�!$*d{?Q�xÌ!�')G�>xX� *,4C8:/13;-08�PØs�#&]13;%;-,/9G\4�G\%=8�-0*,%(21/\-0%;<�'�<$@&8�-0*,4C!$#oI�%(8,4!�')G[I>!�3;3p')<�*0#&!�3pS�4�3;<\Hc%;-�WwH�<�#&]9<�'14�'5-78�@i<�*_#&<\G\4fz}¢)T �5|!$-�mcf�¢1P �����5�\P
0

2

4

6

8

10

12

14

16

18

20

0 0.0005 0.001 0.0015 0.002 0.0025

y

Amplitude

PSE result - u component
v component

DNS result - u component
v component

��%(L�/1*04��C�1§c:J<�#&])!�*,%=8:<�'�294�-�IJ4�4�'Ì'1<�'13(%;'14C!$*d{?Q�x�!$')G�Jx\��*04�8,/13;-08�PØs�#l])3;%;-,/)G14
G1%(8:-,*0%;2)/\-,%(<�' <$@&8�-0*,4C!$#KI�%=8,4!�')G[I>!�3;3p'1<�*,#V!�3pS�4�3(<\Hc%;-�WfHc<�#l]M<�')4�'5-08r@i<�*_#&<XG14fzi£)T ��|!$-�mgf�¢)P �����5�\P�>%(*,%('1L�4�'UTpx�PN!�')G` N!�/1*,%(4�'NTN��P(TJ�C���)��T"Q�<�'13(%('14�!�*Kx5-,*0/)H�-0/1*04�8_<�@ke"*0!�')8,%Z-0%;<�'[%('`�
!$3(3Z+y�><�/1')G14�G
��3;<^I�8�T9s,s�]1])3.P�Q�/1#RP�f!$-,B14�#V!^-,%=H�8yw�Tlzp<�3qP p T\]1]UPU���$�?{��C���1P{�!�SX%;4C8�Tb:?P;T|:>!$*0]94�'�-04�*CT1��P;T�!$'9Gd N<\H7h�4�*02XW�T1{oP;T"�������1T1s¤'1<^S�4�3US�4�3;<\Hc%;-�W5+qS�<�*,-,%=Hc%;-�W&#l4�-,B1<\Gd@i<�*?8,%;#o/13(!$-,%('1L&29<�/1')G1!�*,W5+3=!�W�4�*�G1%(8:-,/1*02)!�')Hc4�4�S�<�3(/\-0%;<�'l!�')G&Hc<�'5-0*,<�3.T$s,ekB14k�yn�e�s�� ����xXWX#&]UP$<�'V "!$#&%;'9!$*,+�e"/1*021/13(4�'5-6eN*7!$')8,%;-,%(<�'lw�T$s�*,%(n�<�')!1Tn�x\s�P�9!$*0<�/1h�T$��P^!$')Go�1/)8,4�L�%.T$erP(T1�C�����1TCs[:J<�/1]13(4�Gox\<�3(/\-,%(<�'o<$@1-0B14.zp<�*,-,%=Hc%;-�WS{lzp4�3(<\Hc%;-�Wr�)<�*0#K/13=!^-0%;<�'�<$@)-,B14>�y')Hc<�#&]1*,4C8,8,%(213;4Q?!�S5%(4�*�{\xX-,<�h�4�8D� O /)!^-0%;<�')8�T}s��y'5-�PR~9P\@i<�*�Q�/1#&4�*0%=H�!$3U�f4c-,B)<XG)8k%;'b��3;/)%(G18yw�TRzp<�3.P h T1]1]UPN���1�^Ò${�����¢�£)P�9!�8,4�3qTM�KPM�>P(TM��%(8:-�T|n�P(T�!$')Gb~?<�'1n�4�3(#V!$'1'UT9n�P(T��������1T)Q�/1#&4�*0%(H�!$3"�y'5S�4�8:-,%(L�!$-,%(<�'R<$@�-,B)4oekB1*04�4�+�{?%;#&4�')8:%(<�'9!$3N{?4�S�4�3(<�]\+#&4�'5-�%('R�><�/1')G1!�*,W5+y N!�W�4�*Je"*0!�')8,%Z-0%;<�'UTSs:s���s�s�~�<�/1*0')!�3�w�T}zp<�3qP9�$�)T1Q�<9PA��T\]1]UPM�$�?{\¢5Ò\P�)4�n�4�*CTUs�PA!$')Gg~r3;<�h�4�*�TM�`P;Tp�C�����1TAxX])!^-0%(!�3p{�%(*,4CH�-_Q�/1#&4�*,%=H�!�3�xX%(#K/)3(!$-,%(<�'w<�@DeN*7!$'98:%;-,%(<�'f�DB14�'1<�#&4�')!�%;'[��WX]M4�*78:<�'1%(H��3=!^-:+��63=!^-04>�><�/)')G1!$*0Wr N!�W�4�*08"!^-p��3;%(L�B5-V:J<�')G\%;-,%(<�'98�T	s,ekB14D�yn?e"s?�Ø���?xXWX#&]UP^<�'K N!�#l%(')!�*:+yeN/)*,21/)3;4�'�-�eN*7!$'98:%;-,%(<�'lw�Ts�*,%=8:<�')!1T�n�x\s�P��#&4�3;%('UT�:?P(T���%(8:-�T|n�P(TA!$')Gf�[!�L�'14�*�T�x�P;T��C�����)T9{�Q?xf<$@Ds�H�-0%;S�4�:J<�'�-0*,<�3N<�@D{�%=8�-0/1*02)!$')H�4�%('g!��><�/)')G1!$*0W5+q3=!�W�4�*�T}s:ekB14�yn?e"s?� ���lx\W5#&]UP)<�'b N!�#l%(')!�*:+yeN/)*,21/)3;4�'�-�e"*0!�')8:%;-,%(<�'�w�TXs�*,%=8,<�')!)Tln�x\s�P��/98,H7B1%('UTlzKP(T1~?<�8:-,<�#V!�*,<^S�T$s�P(T1�f!$-�W5/98:B1%('UT5��P;T1!�')GV�p!�SX3;WX/1h�<^S�!)T���P(T��������1TX{?%;*04�Hc->Q�/)#l4�*,%=H�!�3�x\%;#o/13(!$-,%(<�'�<�@���+y{7�^¢^+{Óe"*0!�')8:%;-,%(<�'V%('�-0B14_xX4�])!�*0!$-,4CG���3;/1%=GF��3(<^I�8Js�*,<�/1')G�!lxX]1B14�*,4�Txs:ekB14��yn�e�s�� ���lxXWX#l]NP5<�'F N!�#&%;')!�*:+ye"/1*,2)/13;4�'5-e"*0!�')8,%Z-0%;<�'lw�T\s�*0%(8,<�')!)T�n?x\sKP��/UT9x�P9��P)!�')GR��B1<�'1L9T��KP(TU�������)TXQ�<�'1]9!$*7!$3(3;4�3AxX-0!$2)%;3(%Z-�W�s�')!�3;W\8,%(8k<�@���WX]M4�*78:<�'1%=H���3(<^I�<^S�4�*�!VxXIJ4�]\-��>3;/)'�-� N4�!�G1%;'1L�DG1L�4�TSs,¢5Ò�-,BRs���s?sÝsk4�*0<�8,])!�H�4rx\H�%;4�')Hc4C8��b4�4�-,%('1L�!$'9GF�pm\B1%(21%;-yw�T)��4�'1<9T)Q�zoP~r3(<�h�4�*CT>��P;T�~?<�'1n�4�3(#V!$'1'UTPnKP;T�!�')G��)!�8:4�3.T���P(T��C����¢)T�Õ?/1-:E)<^I �><�/1')G)!$*0W�:J<�')G1%Z-0%;<�')8V@i<�*�xX])!$-,%=!$3?Q?!�SX%;4�*:+�x5-,<�h�4C8xX%(#K/)3(!$-,%(<�'d<$@�e"*7!$')8,%Z-0%;<�'d�><�/1')G1!�*,W� "!�W�4�*CTxs:s���s�s�~�<�/1*0')!�3�w�Tlzp<�3qP1¢1��T1Q�<9P\£)T1]1]NP)�����?{X�5�$�)P~?<�]9!$3qT9��P;TA�C���)��Txs:Q�/1#&4�*0%(H�!$3Us�')!$3(%(8,W\8�w�T1�$')Gd4�G\%;-,%(<�'UTc:JB9!$]1#V!$'i� ��!$3(3qP "!$/1*0%(4�'UT\��P1!�')Gd~r3;4�%(8,4�*CT\ 6P(TA�������1T\Q�/)#l4�*,%=H�!�3UxX%;#o/13=!^-,%(<�'d<$@��><�/1')G)!$*0W�+y N!�W�4�*De"*7!$')8,%Z-0%;<�'�!�')G�e"*7!$')8,%Z-0%;<�'i:J<�'�-0*,<�3.Ts�~)P1��3(/1%=Gd�f4�H7B)!�'1%(H�8�w�Tlzp<�3.P ���9� T\]1]NP1£���¢?{5£�£��)P N4�3(4�TNx�P(Tp�������1Tb:J<�#&])!�H�-r�"%('1%;-,4V{?%Zu�4�*04�')H�4&x1H7B14�#&4�8?I�%;-,B[x\]94CH�-,*7!$3;+�3;%(h�4l��4�8,<�3(/\-,%(<�'NT�s�~9P|:J<�#l])/\-0!$-,%(<�')!�3"�6BXW\8,%(H�8�w�Tzp<�3.P ���9Ù T\]1]UPN���?{X£5�1P�w!$B14C8:BUT?~&P;T��C�����1T�s �9!$#&%;3(W�<$@K��%;L�B Õ?*0G14�*���%('1%;-,4
{�%;uM4�*,4�')Hc4
x\H7B14�#l4C8�I�%;-,BÓ��<5<\G�x\]94CH�-,*7!$3���4�8,<�3(/\-0%;<�'UT�s�~)P:J<�#l])/\-0!$-,%(<�')!�3M�DB5W\8,%(H�8�w�T�zp<�3.P �}T|h T\])]UP)¢�¢5��{\¢��$�)P�f4�G\4�%;*0<�8�T1�`P)sKP)�>P9!$'9Gd�r!�8�-04�*CT1�`P;TN�������1T\ekB14_]1*0<\G\/)Hc-,%(<�'R<$@�8:/121+qB)!�*,#&<�'1%(H�Ik!�S�4C8D%('R-,B14_')<�'13(%;')4�!$*k4�S�<�3(/\-0%;<�'�<�@Ik!�S�4�])!�H7h�4c-08D%;'R2M<�/1'9G1!$*0W�3=!�W�4�*78�T?s�~)P1��3(/1%=Gd�f4�H7BUP w�TRzp<�3qP1¢��XÒXTX]1]UP9¢��1��{X¢)���1P�f4�%;-,n�T���PM 6PM!$')Gb�9!�8,4�3qT)��PM�JP(TA�$�����1T1s¤H�<�#&])!�H�-:+yG\%;uM4�*,4�')Hc4�80H7B14�#l4r@i<�*�-0B14KQ�!�SX%(4�*,+yxX-,<�h�4�8>4 O /)!$-,%(<�')8�%;'bS�<�*,-,%=Hc%;-�W�+S�4�3(<XH�%Z-�W&@i<�*,#o/13=!^-,%(<�'NP;TSs�~)Pc:J<�#&]UP\�6BXW\8�P w�TRzp<�3qP �Rh p T\]1]UP)¢XÒX��{5£���¢1P�f4�')G\<�')��!)T\�`P5erP(T)�$�����)T�s, N!$#&%(')!$*>��3;<^I�x5-7!$21%(3(%Z-�W�§� U%('14�!�*>ekB14�<�*0WLw�T�H7B)!�]\-,4�*k�1T5])]UP\���?{���£\ÒXT$�,�6�J*7!$n�%;3(%=!$'�x\H7B)<5<�3)<�@e"*0!�')8,%Z-0%;<�'�!$'9Gde"/1*021/13(4�')H�4�P1s?�P:>��P�f4�')G\<�')��!)T���P"erP(T��������)TN�p!$*7!$2M<�3(%(n�4�G
x5-7!$21%(3;%;-�W[� O /)!^-0%;<�'U§osÄ��4�SX%;4�I_T�s:Q?!^-,%(<�'9!$3�:J<�')L�*04�808r<$@��b4�H7B9!$'1%=H�!�3p�6'1L�%;+'14�4�*0%;')LK+.:�Õ�Q��D�¯�$�����?w�TXQ�!$-0!�3�+J��Q�T9�J*7!$n�%;3qP�f4�808:%('1L)T9�_P;T9~r3;<�h�4�*CT1�`P(T)!$'9G��
!$L�'14�*CT)x�P(TN�C�����)TX�puM4CH�-�<�@DxX/)H�-0%;<�'bekB1*,<�/1L�BRs�*0*7!�WX8><�@���<�3(4�8�<�'d!V¢$+�{¤�><�/1')G1!�*,W "!�W�4�*?�y'XS�4�8:-,%(L�!$-,4CGR25Wwx\])!^-0%(!�3�{?%(*,4CH�-_Q�/1#&4�*0%=H�!$3�8,%;#o/13(!$-,%(<�'UTRs,ekB14l�yn�e�s�� ����x\W5#&]UP�<�'g N!�#&%;')!�*:+ye"/1*,2)/13;4�'5-e"*0!�')8,%Z-0%;<�'lw�T\s�*0%(8,<�')!)T�n?x\sKP�f4�W�4�*�To{KP(TK��%=8�-CT`nKP;T&�r!$]M<�'14�'1h�<9T�zoP;Tl~_!�H7B)!�'1<^S�T��oP(TK U%=!$'UT��oP;TK!�')GÝ U4�4�Te:?P(T��C�����)T� N!$-,4c+�x5-7!$L�4`e"*0!�')8,%Z-0%;<�'�



�Á�mp\tusus�|-l¥f8zwh�p{¦�jm¹8sµ�N�L�Pekq%�{�{�ª�\�!�_���8���Ä¬io)�P���2�V£Y�
��¤ulyv³�P�Á�{�5s�� �Pegq��ª���»�{ w�wÅ
�><�/)')G1!$*0W5+� "!�W�4�*Rx5-0*,/9H�-,/)*,4C8�P�{�%(*,4CH�-
Q�/1#&4�*0%=H�!$3&xX%(#K/13=!^-0%;<�'¤!$')GÝ�6mX]M4�*0%(#l4�'5-�T�s,ekB14��yn?e"s?� ��� xXWX#l]NP?<�' "!$#&%;'9!$*,+�e"/1*021/13(4�'5-ke"*7!$')8,%Z-0%;<�'lw�T\s�*0%(8,<�'9!1T�n?x\sKPx\<�/1nC!1Tk 6PD�>P(T>�b4�')G\<�')��!)T>�`PJerP;Tk!$')G��b4CG\4�%(*0<�8�TJ�`PDsKPD�>P;T������1��TDs B1%(L�B�*04�8,<�3(/\-,%(<�'�Q�!�SX%;4�*Fx5-,<�h�4C8V8:<�3;S�4�*l@i<�*BXW\G\*0<XG1W5'9!$#&%(Hw8�-7!$21%(3;%;-�W�!$')!�3;W\8,%(8�T�s0���$')G�:J�� Ns?��:J��Tk�y2M4�*0%(!�'� N!$-,%('\+�s�#&4�*0%(H�!$'�:J<�'1L�*04�808�<�'�:J<�#&]1/\-7!^-0%;<�')!$3�b4�-,B1<\G18k%('R�6'1L�%;'14�4�*0%;')L3w�Tc:>!$#&]1%(')!�8D+kxX��Px\])!$3=!$*,-�TJ��P6��P;T��������1T6{?%(*,4CH�-�Q�/1#&4�*,%=H�!�3�x5-,/)G1W�<$@�:J*,<58,8:E)<^Ia�y')8:-0!�21%;3(%;-�W�T/s,ekB14d�yn�e�s�� ���
xXWX#&]UPp<�'� N!�#&%;')!�*:+e"/1*021/13(4�'5-�eN*7!$')8,%;-,%(<�'lw�T\e"<�/13(<�/)8,4�T1�)*0!�')Hc4�PxX-,4�#&#&4�*CT�:?P>!$')G�~r3(<�h�4�*CT>�`P(T_�������)T> "!^-,4�*�x5-7!$L�4C8V<$@�e"*0!�')8,%Z-0%;<�'�<�@�!$'Ìs�%(*,@i<�%(3?�><�/1'9G1!$*0W5+� "!�W�4�*l�pm1Hc%;-,4CG�2XW�!�?!$*0#l<�'1%=H���<�%('5-?xX<�/)*0H�4�Txs:ekB)4_�yn�e�s�� ���VxXWX#&]UP1<�'d "!$#&%;'9!$*,+�e"/1*021/13(4�'5-ke"*7!$')8,%Z-0%;<�'lw�T\s�*0%(8,<�'9!1T�n?x\sKP�
!�808,4�*0#&!�'1'UTo��P_!�')G¤~r3(<�h�4�*�To�`P;Td�������)TK{�%(*04�H�-
Q�/1#&4�*,%=H�!�3l8,%;#o/13=!^-,%(<�'�<$@V-,B)4j{?4�S�4�3;<�]1#&4�'5-[!�')G�:J<�'�-0*,<�3K<�@�><�/)')G1!$*0W5+� "!�W�4�*`:J*,<58,8:E)<^I�zp<�*,-,%=Hc4C8�TDQ�%;3=80H7B14�TJ�ÝP6!$')Gj��%(3;21%(L)T>�_P(T64�G\%;-,<�*08�T�s,Q�4�I ��4�8,/13;-08&%('�Q�/1#&4�*0%(H�!$3k!$')G�pm\]M4�*0%;#&4�'�-7!$3U��3(/1%(GR{?WX')!$#&%=H�8yw�T1�J4�*,3(%('UP�
!�808,4�*0#&!�'1'UT$��P5!$')G&~r3(<�h�4�*�T$��P;T9�������1T�{�Q?xl�y'XS�4�8:-,%(L�!^-0%;<�'K<�@9-0B14�{?4�S�4�3;<�]1#&4�'5-6!$')G�:J<�'�-0*,<�3\<$@":J*,<58,8:E)<^I�zp<�*:-0%(H�4�8%('d!V¢$+�{Ý�><�/1')G1!�*,W5+y N!�W�4�*�T?s:ekB)4��yn?e"s?� ���VxXWX#&]UP1<�'R N!�#&%;')!�*:+ye"/1*,2)/13;4�'5-ke"*0!�')8,%Z-0%;<�'lw�T\s�*0%(8,<�')!)TRn?x\sKP��B9!$'1L9T�:?P�!$'9Gw�MB1<�')L)T9�KP(T��C�����1T9{?%(*,4CH�-�Q�/1#&4�*0%(H�!$3�xX%;#o/13=!^-,%(<�'w<$@J��v�*,-,3(4�*?�y')8:-0!$2)%;3(%Z-�WR%('w��WX]M4�*78:<�'1%=H��><�/1')G)!$*0W�+ "!�W�4�*78�T?s,ekB14r�yn�e�s��¯���lxXWX#&]UP1<�'d "!$#&%(')!$*,+�e"/1*021/13(4�'5-�eN*7!$')8,%;-,%(<�'lw�T1s�*,%=8:<�')!1T�n�x\s�P�A!$'1L9T"erPNsKP;T�~r*,%=8:-�T�xAPU��P(T�!�')G
��/)808,!�%;')%.T��`P|�lP;T>�������1T"��4�8,<�3(/\-,%(<�'
��4 O /)%;*04�#&4�'5-78r@i<�*�Q�/1#&4�*0%(H�!$3JxX%(#K/)3(!$-,%(<�')8r<�@e"*0!�')8,%Z-0%;<�'UTxs�~9P\<$@6x\Hc%(4�'5-0%ZY9H�:J<�#l])/\-,%('1L3w�Tgzp<�3qP T T1])]UPU���XÒ${1�\��Ò\P��B)!$'1L9T��KP5!�')GV�)!�8:4�3.T5��P(TM�C�����1T�xX]9!^-,%=!$3M{�%(*04�H�->Q�/1#&4�*0%=H�!$3�xX%(#K/13=!^-0%;<�'V<$@N��v�*,-,3(4�*�zp<�*:-0%(H�4�8�T�s,s���s?s���3;/)%(G�{?WX')!$#&%=H�8:J<�'\@i4�*04�')H�4�w�T\Q�<�*:@i<�3;h�TRn�x\s�P��B1<�'1L9T|�KP(Tp�������1T�{�Q?xw<$@J�><�/)')G1!$*0W5+� "!�W�4�*���4�H�4�]\-0%;SX%;-�WR-,<R�1*04�4C8�-0*,4C!$# xX<�/)')Gb@i<�*r��WX]94�*08,<�'1%=HK��3(<^I�8rÕ?S�4�*r�>3;/1'5-4�3;3(%;]1-,%=H�!$3�:J<�'14�8�TSs,ekB14r�yn�e�s��¯���&xXWX#&]UP1<�'d "!$#&%;'9!$*,+�e"/1*021/13(4�'5-ke"*7!$')8,%Z-0%;<�'lw�T1s�*0%=8:<�')!1T�n?x1s�P

���


