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Ã O�B\[kÄzGTH�FwJ�OQF�MPOeÅTB\H�GIO9[kMPOQFwJZÆ.Ä9H_GIÇQÆ\MP[ÉÈ�JID�MfÊËB\OÌJLOQÍ9[�ÇzMPH�G�È.B\OzÊQÍzÎ�F�H�BÏJ£Æ!Î�MfD�F�GTHwÎ0F�G9Ê9JfÐËBEÎ�F�ÑzJ�F
G�È�Ñ9G�Ò�F_GÓÊQMfJZÆ�Ò-B\F�Ñ�F�Ñ9M]D�GIOQFwJ�[ªBROzJ­F�B\GIOÔG­ÈCÎ�G�B�Æ!J�OzÊÕSIH�GIÍ9OzÊQÒ�J�F_MPH~ÊQÍ9MLF�GÓÎ�ÄQB�Æ�ÆEÎ�GIH�Î�MPMPÄzJ�SIMLG�È
Í9OQÒ�J�OeF_MfÊkÎ�Í9ÇzÎ�FwJ­OzD�MfÎPÖ9Î�ÍzD�Ñ¨JTÎ.D_Ñ9MP[�BEDPJZÆ*Ò!JTÎ�F�M�GIH�ÑeÐ9ÊQH�G9DPJ�H�ÇYGIOzÎµÈ×GIH�M�ØÙJ­[kÄQÆ\MIW.Ú9H�MfÛTÍ9MPOQF�Æ\Ð]F�Ñ9MfÎ�M
D�GIOQFwJ�[ªBROzJ­OeFwÎ�J­H�M�ÅIG�ÆEJ�F�B�Æ\M]J�OzÊ�Ò!B Æ�Æ-MPÅ£J�ÄYGIHwJ�F�MªÈ×H�MPM�Æ\Ð�S�B\ÅIMPOÔJ�Î�ÍQÜÝD_B\MPOeF�Î�Í9Ä9ÄQÆ\ÐÞG�È«Í9OzÎ_J�F�Í9HwJ�F_MfÊ
JZB\HfW(ß�O§Î�ÍzD_ÑÌÎ¬BRF_ÍzJ�F�B\GIOzÎ�J�ÄYGIÄ9ÍQÆEJ�H]D_Æ\MfJ�O9àqÍ9Ä§F�MfD_Ñ9OQBEÛIÍ9MLBEÎ�F�G(MP[kÄQÆ\G�ÐÔJ�ÅIMPOQF�B\O9S�Ä9H�G9D�MfÎ�Î�Ò�ÑQBED�Ñ
M�Ø9F�HwJID�F�Î.F_Ñ9MáD�GIOQFwJ�[ªBROzJ­OeF�àqH�BÏD_ÑLSeJIÎ�Ä9ÑzJIÎ�M0ÇeÐL[kMfJ�OzÎ�G�ÈNÅ£JID�Í9Í9[�JTÎ�ÄQB\HwJ�F�B\GIOLG�ÈâF�Ñ9M0SIH�GTÍ9OzÊÂBRO�F_Ñ9M
ÅTBED_BROQB\F�Ð¨G­È»F�Ñ9M Î�ÄQB Æ�Æ�W
ß�OÞF�ÑQBEÎ�ÄzJ�ÄYMPH~Ò-M]D�GTOzÎ�BEÊQMPHªJLH_MfJZÆ�BÏÎ�F�BEDL[~ÍQÆ\F�B\Ä9ÑzJIÎ�M]ÄYGIH�GIÍzÎ%[kMfÊTBEJ¨[ÂGãÊQM�Æ�È×GIH�F�Ñ9MkM�Ø9F�HwJID�F�BRGTO

G�È�J(ÅIG�ÆEJ�F�B Æ\M¨D�GIOQFwJ�[ªBROzJ­OeFÂä¬Î�ÍzD_ÑÌJIÎ%F�ÑzJ�F�H�MfÎ�ÍQÆ\F�B\O9S�ÈqH�GI[åJËÑeÐ9ÊQH�G9DPJ�H�ÇYGIOÌÎ�ÄQB Æ�ÆqæwÖ-J�OzÊÕÄ9H�MfÎ�MPOQFªJ
Î�F�J�ÇQÆ\MIÖ»JTÊ9J�Ä9F�B\ÅIMIÖhçzOQB\F�M]M�Æ\MP[kMPOQFkJZÆ\SIGIH�B\F�Ñ9[èÈqGIH�F�Ñ9MLF�B\[kMPà�JIDPD�Í9HwJ­F�M]Î�G�Æ\Í9F�B\GIO§G­È!Î�ÍzD_ÑÌJËÄ9H�GIÇQÆ\MP[
B\O�F¬Ò-G�ÊTB\[kMPOzÎ�B\GIOzÎPW�éIMfD�F�BRGTOÌêLÇ9H�B\M�ëzÐÔÊQMfÎ_D�H�B\ÇzMfÎ�F�Ñ9Mk[�ÍQÆ\F�B\Ä9ÑzJIÎ�ML[kG9ÊQM�ÆìÖNÒ�ÑQBED_ÑÌD�GTOzÎ�BEÎ�FwÎ�G­È!F_Ñ9M
MfÛTÍzJ�F�B\GIOzÎCG�È.[kGIF�BRGTOÓJ�OzÊ(JIÎ�Î�G9D_BEJ�F�MfÊ¨ÊQGT[]JZB\OÞJ�OzÊ�ÇYGIÍ9OzÊ9J�H�Ð¨D�GIOzÊTB\F�B\GIOzÎcÖ
Ò�ÑQB�ÆÏÎ�F�éIMfD�F�B\GIOzÎ�í]J­OzÊ
î H_MfÎ�ÄzMfD�F�B\ÅIM�Æ\Ð2ÊTBÏÎ_D�ÍzÎ�ÎkGTÍ9H]JIÊ9J�Ä9F�B\ÅIM¨ÊTBEÎ�D�H_MPF�B\ïfJ�F�B\GIO?F_MfD�Ñ9OQBEÛTÍ9MfÎ�J�OzÊ�Ä9H�MfÎ�MPOQF]Î�GI[ÂM�Ä9H�G�ÅIBEÎ�B\GIOzJZÆ
OQÍ9[kMPH�BEDPJZÆ�H�MfÎ�ÍQÆ\FwÎPW

ð ñ �-�h) 
-���!�"	������ò��#��~
��
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ö
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Ö9H�MfÎ�ÍQÆRF�BRO9SLB\OÞJÂÅIG�Æ\Í9[kM~ÊTBEÎ�F_H�B\Ç9Í9F�B\GIO�G�È.F�ÑQBEÎ�G­ÆRM�BED%Æ�BEÛIÍQBEÊÞJ�F
GIH�[LJ�H�S�B\OzJZÆ�Æ\ÐÔJ�ÇYG£ÅTMkH�MfÎ�BEÊQÍzJZÆ�Î�J�F�Í9HwJ­F�B\GIO�F�Ñ9H�GIÍ9SIÑ9GTÍ9F�F�Ñ9MkÅ£JTÊQGeÎ�MkïPGIO9MÂÇzMPO9MfJ�F�Ñ�F�Ñ9M]Î�ÄQB Æ�Æ�W�Ú9GIH
Î�B\[kÄQÆ�BED_B\F�ÐIÖNB\F0BÏÎ�JIÎ�Î�Í9[ÂMfÊ¨F_ÑzJ�F�F�Ñ9MkD�GIOQFwJ�[�B\OzJ�OQF0Æ�BÏÛTÍQBEÊÞÑzJTÎ�÷¬ÍzÎ�F�F�Ò-G�D�GI[kÄzGTO9MPOeFwÎcÖ*GIO9M�ÅIG�ÆEJ�F�B Æ\M
J�OzÊÂÒ�J�F�MPH�à�Î�G�Æ\Í9ÇQÆRM�ä�H�M�È×MPH_H�MfÊkF_G~JIÎ g�t ø­beo�dIt|g�ù D�GI[kÄYGIO9MPOeF g æ»J­OzÊLGIO9M�O9GTO9àqÅIG�ÆEJ�F�B�Æ\M J�OzÊªBROzÎ�G�Æ\Í9ÇQÆRM
ä bQpwúI{Z}�dItEghù D�GI[ÂÄzGIO9MPOQF b æwW§û-Ñ9M�GTF�Ñ9MPH]D�GI[kÄYGIO9MPOQFwÎ�Ä9H�MfÎ�MPOQF�B\O?F_Ñ9M�[kGãÊQM�Æ�J�H_M¨JZB\H�ä ú æ~J­OzÊ
Ò�J�F�MPH%äwüNæwW-û-Ñ9M�Ò!J­F�MPH�BÏÎ�JTÎ�Î�Í9[kMfÊËF�GkÇzM�O9GIO9àqÅTG�ÆEJ�F�B�Æ\MIW�û-Ñ9MPH�M�J�H�M%È×GIÍ9HCÄ9ÑzJIÎ�MfÎPý�J�SQJIÎ-Ä9ÑzJIÎ�MLä ø æ
D�GIOzÎ¬BÏÎ�F�B\O9SkG�È*Æ�B\SIÑQF�G�B�ÆâÅ£J­ÄzGIÍ9H�J�OzÊ�JZB\Hfþ9J�O�G­ÆRM�BED0Ä9ÑzJIÎ�M�ä d æ.D�GIOzÎ�BEÎ�F�B\O9SkG­È*Æ�BRSTÑeF�J­OzÊLÑ9MfJfÅQÐkG�B�ÆEÎPþzJ­O
JIÛTÍ9MPGIÍzÎCä�Ò�J�F�MPHcæ*Ä9ÑzJIÎ�M�äwüNæ»D�GIOzÎ¬BÏÎ�F�B\O9S~G­ÈÿÒ�J�F_MPH«J�OzÊLÊTBEÎ�Î�G�Æ\ÅIMfÊªÆ�BRSTÑeF�G­B Æ�þ9J�OzÊLJ Î�GTH�ÇzMfÊÂÄ9ÑzJIÎ�M�ä u æwÖ
ÇYM�BRO9SªÆ B\SIÑQF�J�OzÊÂÑ9MfJZÅeÐÂG�B�ÆhÎ�GIH�ÇzMfÊLF_G F�Ñ9M�Î�G�B�ÆâÎ�Í9H�È�JID�MIW�ß�F.BEÎ-JZÆEÎ�GkJIÎ�Î�Í9[kMfÊLF�ÑzJ�F�Ò�Ñ9MPO]F_Ñ9M�ÅIMPOeF�BRO9S
Ä9H�G9D�MfÎ�ÎCÇzMPS�B\OzÎCF�Ñ9M~Î�ÄQB Æ�Æ�ÑzJIÎ�JZÆ\H�MfJTÊQÐ�GãDPD�Í9H�H_MfÊ
ÖzH�MfÎ�ÍQÆRF�BRO9SÂB\OÓJ�Í9OQB�ÈqGIH�[�ÊTBEÎ�F�H�B\Ç9Í9F�B\GIO�G�È�F�Ñ9M�G�Æ\M�BED
Ä9ÑzJIÎ�M J�F.H�MfÎ¬BÏÊQÍzJ£Æ»Î�J�F�Í9H�J�F�B\GIO*þeJ­OzÊkF�ÑzJ­F«F_Ñ9MPH�[kG9ÊQÐeOzJ�[ªBÏD0MfÛTÍQB�Æ�BRÇ9H�BRÍ9[�M�ØQBEÎ�FwÎ�ÇzMPF�Ò-MPMPO¨JZÆ�Æ*Ä9ÑzJIÎ�MfÎPW

û-Ñ9MáJTÎ�Î�Í9[kÄ9F�B\GIOzÎ!G�ÈâH�MfÎ�BEÊQÍzJZÆ�Î�J�F�Í9HwJ­F�B\GIOzÎ�G�ÈNF�Ñ9M0Æ�BÏÛTÍQBEÊ(Ä9ÑzJIÎ�MfÎ�[kMfJ�O�F�ÑzJ­F.Ò-MáDPJ­O�FwJ�^IM0ÇzGIF_Ñ
Æ�BEÛIÍQBEÊ Ä9ÑzJIÎ�MfÎ�F_G�ÇzMÂBR[Â[kGIÇQB�Æ\MIW��CMPOzD�MIÖhBRO�F�Ñ9MkMfÛTÍzJ�F�B\GIOzÎ�G�È�[kGTF�B\GIO�ÈqGIH�F�Ñ9M�ÈqGIÍ9H~D�GT[kÄzGIO9MPOQFwÎPÖ
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�CMPH�M\$&#�BEÎ�F�Ñ9M�ÄYGIH�MPà�Î�ÄzJID�M0ÅIG�Æ\Í9[kMCÈqHwJID�F�B\GIOkG­ÈÿF_Ñ9M�SeJIÎµÄ9ÑzJIÎ�MIÖ�!F#CBÏÎµF�Ñ9M�ÊQMPOzÎ�B\F¬ÐÂG�È*F�Ñ9M�SeJIÎµÄ9ÑzJIÎ�MIÖ
J�OzÊ:')( #�BÏÎCF�Ñ9M�[]JIÎ�Î!È×H�JID�F�B\GIO�G�È�Æ�B\SIÑQF�G�B�ÆâB\O¨F_Ñ9M SeJIÎCÄ9ÑzJIÎ�MIþ
Î�B\[�B�ÆEJ�H�Æ\Ð(È×GTH�JZÆ�Æ»GTF�Ñ9MPHáD�GT[kÄzGIO9MPOQFwÎ
J�OzÊ�Ä9ÑzJIÎ�MfÎPWX;>=kÊQMPO9GIF�MfÎ�F_Ñ9M�F�GIFwJZÆ-[]JIÎ�ÎªÄzMPHkÍ9OQB\FLÅIG�Æ\Í9[kM�ÄzGTH�GIÍzÎ�[kMfÊTB\Í9[ F�ÑzJ�F�BEÎkÎ�GIH_ÇzMfÊ�F�G
F�Ñ9M¨Î�G­B Æ Î�Í9H�È�JID�MIÖ]C BÏÎÂF�Ñ9M�ÍzÎ�ÍzJ£Æ\^�J�HwD�Ð�ÅIM�Æ\GãD_B\F�Ð2äqÈqGIH�F�Ñ9M�SeJIÎªÄ9ÑzJIÎ�M�æwÖ]G ( # BÏÎªF�Ñ9MÓÊTBEÎ�ÄYMPHwÎ�B\ÅIB\F�Ð
F�MPOzÎ�GTH�ÈqGIH�Æ�B\SIÑQF«G­B Æ
B\OLF�Ñ9M�SQJIÎ�Ä9ÑzJIÎ�M ä¬J­OzÊkÎ�B\[�B�ÆEJ�H�Æ\ÐLÈ×GTH.F�Ñ9M�GTF�Ñ9MPH�D�GI[kÄzGTO9MPOeFwÎ�J�OzÊÂÄ9ÑzJIÎ�MfÎ�æwÖQJ�OzÊ
F�Ñ9M�ÈqÍ9OzD�F�B\GIOzÎ_MY(NJ�OzÊ`MYT�J�H�MkÎ�GIÍ9HwD�M�F�MPH�[]ÎCH�MPÄ9H�MfÎ�MPOeF�B\O9S(M�ØãF�H�JID�F�B\GIO¨G­È�Æ B\SIÑQF�G�B�Æ.Å£J­ÄzGIÍ9H J�OzÊ�JZB\H
H�MfÎ�ÄYMfD�F�B\ÅIM�Æ\ÐIW
ÚÙÍ9H�F�Ñ9MPH�ÊQMPFwJZB�ÆEÎkG�È�F�Ñ9ML[kG9ÊQM�Æ�[]JZÐÞÇzMLÈqGIÍ9OzÊòBROba2c"d0ä�GTH~Î�MPM,a ê�d�ÈqGIH~J([kGIH_M]D�GI[kÄ9H�MPÑ9MPOzÎ¬BRÅTM

G�ÅIMPH�ÅTB\MPÒ G�È.F�ÑQBEÎCF¬ÐQÄzM�G�È�[kGãÊQM�ÆqæwÖ
JZÆ\GIO9SLÒ-B\F�ÑÓJÂÊQMfÎ�D�H�B\Ä9F�B\GIO�G�È«J�OQÍ9[�ÇzMPH0G�ÈµJTÊ9ÊTBRF�BRGTOzJZÆ»Ä9ÑQÐ9Î�BEDPJZÆ
H�M�ÆEJ�F�B\GIOzÎ�J­OzÊ¨D�GIOzÎ�F_HwJZB\OeF�Î�F�ÑzJ­F�[�ÍzÎ�FáJ£ÆÏÎ�G]Ñ9G�ÆEÊ
Wfe�Î�B\O9S�F�Ñ9MfÎ�MªJTÊ9ÊTBRF�BRGTOzJZÆ»H_M�ÆÏJ­F�B\GIOzÎCB\F�BEÎ0ÄzGQÎ�Î�B\ÇQÆ\M
F�G�ÅIB\MPÒ2F�Ñ9M�J�ÇzG�ÅIM�Î�ÐãÎ�F_MP[ JTÎ�GIO9MCB\OeÅIG­ÆRÅTB\O9S�÷�ÍzÎ�F�ÈqGIÍ9H-Ä9H�B\[]J�H�Ð�Å�J�H�BEJ�ÇQÆ\MfÎPÖ9Ò�ÑQBED_Ñ�Ò-M�D�Ñ9GQGeÎ�M0F�G�ÇzM
')( #eÖ�!
#eÖ�$85�J�OzÊH$6-CH�MfÎ�ÄYMfD�F�B\ÅIM�Æ\ÐIW Ã Æ�ÆâG�È�F�Ñ9M0GIF�Ñ9MPH�Å�J�H�BEJ�ÇQÆ\MfÎ�Ä9H_MfÎ�MPOeF!BRO�MfÛTÍzJ�F�B\GIOzÎáä¬ê9W � æNF�GLä¬ê9W î æ
[]JZÐkÇYM M�Ø9Ä9H�MfÎ�Î�MfÊÝBRO(F�MPH�[]Î!G�È»F_Ñ9MfÎ�M�Ä9H�B\[]J�H�ÐLÅ£J­H�BEJ�ÇQÆ\MfÎPW
û!Ñ9MÓOQÍ9[kMPH�BEDPJZÆ~Î¬BR[�ÍQÆEJ�F�B\GIOzÎ�ÊQMfÎ_D�H�B\ÇzMfÊôBRO2F�ÑQBEÎËÒ«GTH�^ÌJ£Æ Æ�B\OQÅIG�Æ\ÅIM�F�Ñ9M�ÍzÎ�M�G�ÈkJÔÎ�B\O9S�Æ\MÞÅTMPOeF

Ò�ÑQBED_Ñ�[kMfJ�OzÎ-F�ÑzJ­F«SQJIÎNBEÎ-M�Ø9F�HwJID�F_MfÊÂÈ×H�GT[ ÷�ÍzÎ�F�GIO9M0ÄzG�B\OQF�GIH�Æ�B\O9M Ò-B\F�ÑQB\O¨F_Ñ9M�Å£JIÊQGeÎ�M�ÆEJZÐIMPHfW.ÚhB\SzW �
B�Æ�ÆRÍzÎ�F�HwJ�F�MfÎCJ�F�ÐeÄQBEDPJZÆâÎ�ÄzJ­F�BEJZÆÿÊQGI[LJZB\O¨ä�Ò!BRF_Ñ]ÇYGIÍ9OzÊ9J�H�Ð]D�GTOzÊTBRF�BRGTOzÎ�æNBRO�ÒCÑQBÏD_ÑÂBRF-ÑzJIÎ�ÇYMPMPO¨JIÎ�Î�Í9[kMfÊ
F�ÑzJ�FCF�Ñ9M�ÅIMPOQF-BEÎ�ÄYGeÎ�B\F�B\GIO9MfÊ(ÇzMPO9MfJ�F_Ñ¨F�Ñ9M D�MPOQF�H�M�G�È.J�OËBR[ÂÄzMPH�[kMfJ­ÇQÆRMkD�G�ÅIMPHfW Ã FCF�Ñ9M�ÈqH�MPM Î�Í9H�È�JID�MIÖ
Ò�Ñ9MPH�M-F�Ñ9M�Î�G­B Æ9BEÎ�JIÎ_Î�Í9[kMfÊ�F�G0ÇzM-GIÄzMPOÂF�G�F_Ñ9M!J­F�[kGeÎ�Ä9Ñ9MPH_MIÖ�F�Ñ9M.ÇYGIÍ9OzÊ9J�H�ÐkD�GIOzÊTB\F�B\GIOzÎµ[~ÍzÎ�FâÄYMPH�[�B\F
J�O9GIO9àqïPMPH�G�ëzÍQØ¨äqB\O pft|o|bepfr ÊTB\H�MfD�F�B\GIO
æ�G�ÈâÇYGIF�ÑLSeJIÎµÄ9ÑzJIÎ�M�D�GI[kÄzGTO9MPOeFwÎcW3gÞM�D�Ñ9GQGeÎ�M0F�G [ÂGãÊQM�Æ*F�ÑQBEÎPÖ
ÄzMPH_ÑzJ�ÄzÎ�HwJ�F�Ñ9MPH�D�H�ÍzÊQM�Æ\ÐIÖ�ÇeÐÞJ�Ä9ÄQÆ\ÐTB\O9SS^CB\H�BED�ÑQÆ\MPF]D�GIOzÊTB\F�B\GIOzÎªGIO,')( #ÝJ�OzÊ�!
#ÝJ�F�F�ÑQBEÎ ÄzJ­H�F G�È�F�Ñ9M
ÊQGI[]J£BROLÇzGTÍ9OzÊ9J�H�ÐIW Ã Î�ÑzJIÎ�JZÆ\H�MfJIÊQÐ�ÇzMPMPOÂB\OzÊTBEDPJ�F�MfÊ
ÖQB\OQB\F�BEJZÆ»D�GIOzÊTB\F�B\GIOzÎ-J�H_M�FwJ�^IMPOÂF�G�ÇzM�Î�ÍzD_ÑkF�ÑzJ�F
F�Ñ9MPH�MLÑzJIÎ�ÇzMPMPO§J�Î�ÄQB�Æ�ÆÏJ­SIM�G�È�Ñ9MfJZÅQÐòJ­OzÊ�Æ�B\SIÑQFkG�B�Æ�[�B�ØãF�Í9H_MIÖâH_MfÎ�ÍQÆ\F�B\O9S�B\O?J�H�MfÎ�BEÊQÍzJZÆ�Î�J­F�Í9HwJ�F�B\GIO
ä �"h.i ÇeÐÞÅTG�Æ\Í9[kM]Î�JZÐYæ�G�È�F�Ñ9M�Æ�BEÛTÍQBÏÊ G�B�Æ«[�B�Ø9F�Í9H�MIÖ�JZÆ\GIO9S�Ò-B\F�ÑÔJ­OÌJZÆ\H�MfJTÊQÐÓÄ9H_MfÎ�MPOeF �"h.i ÅIG�Æ\Í9[kM
Î�J�F_Í9HwJ�F�B\GIO�G�È-F�Ñ9M�Æ�BEÛIÍQBEÊÕÒ!J­F�MPHfWkj.GIOzÊTB\F�B\GIOzÎ�G�È«F_Ñ9MPH�[kG9ÊQÐeOzJ�[ªBÏDªMfÛIÍQB�Æ�B\Ç9H�B\Í9[5ÇYMPF¬Ò-MPMPO�F�Ñ9M�ÈqGIÍ9H
Ä9ÑzJIÎ�MfÎ-J�OzÊªÑeÐ9ÊQH�GeÎ�F�J�F�BED-MfÛTÍQB Æ�B\Ç9H�B\Í9[ BRO�F_Ñ9M�SeJIÎµÄ9ÑzJIÎ�M�J�H_M�JZÆEÎ�GkJIÎ�Î�Í9[ÂMfÊ
ÖeJ�OzÊÂF�Ñ9M�SeJTÎ�M�Ø9F�HwJID�F�B\GIO
HwJ�F_M�BEÎ0B\OQB\F�BEJZÆ�Æ\ÐÔïPMPH�G�ä�ÇzM�B\O9S�B\OzD�H�MfJIÎ�MfÊ�F�GÂBRF�Î0ÈqÍQÆ Æ.Å�JZÆ\Í9MkG�ÅIMPH JLÎ�FwJ�H�F_àqÍ9ÄÓÄYMPH�B\GãÊòG�È � Î�MfD�GTOzÊ�ÈqGIH
M�ØzJ�[kÄQÆ\M�æwW

no flow

no flow

COVER

symmetry

free surfaceno flow

VENT

ÚhB\SIÍ9H�M � ý�û*MfÎ�F�Ä9H�GIÇQÆ\MP[�Î�G�Æ\Í9F�B\GIOÓÊQGT[]JZB\O
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ÚÙGIH�F�Ñ9M�OeÍ9[ÂMPH�BEDPJZÆ«Î�G�Æ\Í9F�B\GIOÞG­È«F�Ñ9M�Ä9H�GIÇQÆ\MP[èÒ«M�MP[kÄQÆ\G�Ð�F�Ñ9MLéeK��-ß���ûCêF^ JIÊ9J�Ä9F�BRÅTMªK�^�� Î�G�Æ\ÅIMPH
ä¬Î�MPMSa � d!È×GIHLM�ØzJ�[kÄQÆ\M�æwW éeK��-ß���ûCêF^�ÍzÎ�MfÎLF_Ñ9M��(MPF�Ñ9G9Ê§G�È��YB\O9MfÎÝBRO2Ò�ÑQBED_Ñ2MfJID�Ñ¹G�È F�Ñ9M�K ^��.Î
J�H_M çzH�Î�F~ÊTBEÎ�D�H�MPF�BRïPMfÊòB\OÌÎ�ÄzJID�MIÖ*H�MfÎ�ÍQÆRF�BRO9S(B\OÔJ(Î�ÐãÎ�F�MP[�G�È!ÊTB��*MPH�MPOQF�BEJZÆ\à�JZÆ\SIMPÇ9HwJZBEDLMfÛTÍzJ�F�B\GIOzÎ%Ò�ÑQBED�Ñ
J�H_M]F�Ñ9MPO�B\OQF�MPSIHwJ­F�MfÊ�B\O§F�B\[kM�ÍzÎ¬BRO9S�J ^ Ã �,Î�G�Æ\ÅIMPHfW éeK��-ß���û�ê
^ BÏÎÂJ¨[ÂGãÊQÍQÆEJ�HkÄzJTD�^�J�SIMLÒ�ÑQBED�Ñ
JZÆ�Æ\G�Ò�ÎCF�Ñ9M�ÍzÎ�M G�È«JÂHwJ�O9STM G�È«Î�ÄzJ­F�BEJZÆ»ÊTBEÎ�D�H�MPF�B\ïfJ�F�BRGTOÔÎ�D_Ñ9MP[kMfÎCÈ×GTH�F�Ñ9MkÎ�G�Æ\Í9F�B\GIO�G�È.J�ÆEJ�H_SIM�Å£J�H�B\MPF�Ð
G�ÈNÄ9H�GIÇQÆ\MP[]ÎPW-û-ÑQBEÎ�BEÎ�JID_ÑQB\MPÅIMfÊ�ÇQÐÝJ£Æ Æ\G�Ò-B\O9SkF�Ñ9M�ÍzÎ�MPH�G�ÈâF�Ñ9M Î�G�È×F�Ò�J�H�MCF�G�Ò�H�B\F�M�F�Ñ9M�B\H�G�Ò�OLH�GIÍ9F�B\O9M
ÈqGIH~DPJ£ÆÏD�ÍQÆEJ�F�BRO9SÕF�Ñ9M]H_MfÎ�BEÊQÍzJZÆ�ÅIMfD�F�GIH0ÈqGIH F_Ñ9M�BRH�ÄzJ�H_F�BED�ÍQÆÏJ­HªÊTBEÎ�D�H_MPF�B\ïfJ�F�B\GIO§G�È�F_Ñ9MkFwJ�H�STMPF�Ä9H�GIÇQÆ\MP[¨W��JID�ÑÂF�B\[kM�F�ÑQBEÎ�H�GIÍ9F�B\O9MCBEÎ.DPJZÆ�Æ\MfÊ
ÖzJ�ÅTMfD�F�GIH�G�ÈâÎ�G�Æ\Í9F�B\GIOLÅ£J£ÆRÍ9MfÎ-J�OzÊÂD�GIH�H�MfÎ�ÄYGIOzÊTB\O9S�F�B\[kMáÊQMPH�BRÅ�J�F�B\ÅIM
Å�JZÆ\Í9MfÎ�J�H_M�ÄzJIÎ�Î�MfÊÝBRO�J�OzÊ�J�ÅIMfD�F_GIH�G�ÈâH_MfÎ�BEÊQÍzJZÆEÎ0[~ÍzÎ�F«ÇYM H�MPF_Í9H�O9MfÊ
W
ß�O�F�ÑQBEÎ Î�MfD�F�BRGTOÞÒ-MªÊQMfÎ_D�H�B\ÇzM]Î�GT[kMkÊQMPFwJZB�ÆEÎ�G�È-F�Ñ9M�çzOQBRF_MkM�Æ\MP[kMPOeF�ÊTBEÎ�D�H�MPF�B\ïfJ�F�B\GIO�ÍzÎ�MfÊ(B\OÞD�GIO9à

÷�Í9OzD�F�B\GIO�Ò-B\F�Ñ�éeK��-ß���ûCêF^�W! CB\ÅIMPOÞJ�ÄzJ�H�F�BED�ÍQÆEJ�H�F�H�BÏJ­O9SIÍQÆEJ�F�B\GIO�G�È.F�Ñ9M�Î�ÄzJ�F�BEJZÆ.ÊQGI[]JZB\O�Ò-M~Î�MPMP^¨J
ÄQB\MfD�MPÒ-BEÎ�MËÆ B\O9MfJ�HLJ�Ä9Ä9H�GZØeB\[]J­F�B\GIOÞF�G(MfJID�Ñ�G�È�F�Ñ9MLÄ9H�B\[]J�H�Ð�Å�J�H�BEJ�ÇQÆ\MfÎ ')( #eÖ6!
#IÖL$75 J�OzÊ4$6-ZW¨û-ÑQBEÎ
BEÎkJID_ÑQB\MPÅIMfÊ§ÇQÐ�çzHwÎ�FkM�ØãÄ9H_MfÎ�Î�B\O9SÞMfÛTÍzJ�F�B\GIOzÎLä¬êÙW � æ�F_GÔä�ê9W î æCBRO?JòÒ«MfJ­^�È×GTH�[ J�OzÊÞF_Ñ9MPO§H�MPÄQÆEJID_B\O9S
F�Ñ9MLJ�H�ÇQB\F�HwJ�H_Ð�F�MfÎ�F0ÈqÍ9OzD�F�B\GIOzÎ�ÇQÐ�F�Ñ9M�ÍzÎ�ÍzJZÆ.ÄQB\MfD�MPÒ-BEÎ�MÂÆ B\O9MfJ�HLõ ÑzJ­FfözÇzJTÎ�BEÎ0ÈqÍ9OzD�F�B\GIOzÎPÖ#"%$~Î�JZÐIW�Ú9GIH
M�ØzJ�[kÄQÆ\MIÖYF�Ñ9M�Ò-MfJ�^kÈqGIH�[ G�È-ä¬ê9W � æ*BEÎ

h D &('f�TäB!
#%$&#�)')( # *4!F# )$&#"')( #+* )!F#"$�#"'W( #Iæ+*-,(.
* &('f��!�5µä�$85 )')(95H* )$750')(95�æ�*/,0.`*1&('f�"!�-cä�$6- )')(2-3* )$0-1'W(I-cæ+*/,0.
* &(' ä�; =2)' (I= * ); = ' (2= æ+*-,(.
3 &('f! # ' ( # C AI@ *-,0.,*5476]! # ' ( # C A98 *-,(:
* &('f� $ # ! # ä�G ( # @ ' ( # æ�AI@ *-,(. 3 476]��$ # ! # ä�G ( # @ ' ( # æ/A98 *-,(:
* &('f� $ - ! - ä�G (2- @ ' (I- æ/AI@ *-,(. 3 476]� $ - ! - ä�G (2- @ ' (I- æ�A;8 *-,0:
* & ' � $850!�5âä�GH(956@ 'W(95�æ�A2@ *-,0. 3 4 6 ��$758!�5�ä�GH(K56@ ')(K5�æ�A98 */,0:
* & ' 'W( #
<>=Tä+? æ�*/,0. O ä¬í9W � æ

Ò�Ñ9MPH_M@:(BEÎ�F�Ñ9M0ÇzGTÍ9OzÊ9J�H�Ð�G�ÈâF_Ñ9M ÊQGI[]JZB\OA.�ÖQF�Ñ9M ÊQGIF�J�ÇYG�ÅIM J�Å£J�H�BEJ�ÇQÆ\M%BR[ÂÄQÆ B\MfÎ�ÊTB��*MPH�MPOQF�BEJ�F�B\GIO�B\O
F�B\[kMIÖ
J�OzÊËF�ÑQBEÎ�MfÛTÍzJ�F�B\GIO(BEÎ�JTÎ�Î�Í9[kMfÊËF�GkÑ9G�ÆEÊËÈ×GTH�JZÆ�ÆµÎ�ÍQBRF�J�ÇQÆ\M~F_MfÎ�F-ÈqÍ9OzD�F�B\GIOzÎ�*�W Ã ÆEÎ�GLO9GIF�M�F�ÑzJ�F
F�Ñ9M�Î�GIÍ9HwD�M�F�MPH_[ MY(hÑzJIÎCÇzMPMPO�M�Ø9Ä9H�MfÎ�Î�MfÊËB\O�F�MPH�[]ÎCG�È«JÂF�GIFwJZÆNSeJIÎ-M�Ø9F�HwJID�F�BRGTO¨HwJ�F_M�<�J�OzÊ�J)^CB\HwJTD
ÊQM�Æ\FwJªÈ×Í9OzD�F�BRGTO�=QW�ß�O�F_Ñ9MB áJ£ÆRMPH_^IB\O�çzOQB\F�M�M�Æ\MP[kMPOeF0[kMPF�Ñ9G9ÊLF�ÑQBEÎCÒ«MfJ­^�È×GTH�[ O9G�Ò ÇzMfD�GT[kMfÎ

h D C
DE FHGJI�K &L' D �TäNM! # M$ # )M' ( # *OM! #P)M$ # M' ( # * )M! # M$ # M' ( # æ+" $ ,0.
* &(' D ��!�5�ä@M$85 )M'�(95 *Q)M$85 M')(K5�æ+"%$R,(.4* &(' D ��!.-cä(M$0- )M'�(I- *Q)M$0- M')(2-Pæ�"�$R,0.
*S&(' D ä�M;>= )M',(2=0*/)M;>= M'W(I=�æ+"%$R,0. 3 &(' D M!F# M')( #TMC AI@ "�$�,(.
*S&(' D �UM$ # M! # ä MG ( # @ M' ( # æ�AI@ " $ ,0.4*V&L' D �#M$ - ! - ä MG (I- @ M' (I- æ�AI@ " $ ,0.
*S&(' D �UM$850!�5µä MGH(956@ M')(K5�æ�AI@ "%$ *W&(' D M'W( #
<>=Tä+? æ�"�$�,(.PX O ä¬í9W êQæ
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ÈqGIH�MfJID_ÑÞO9GãÊQM��(Ò�ÑQBED�Ñ�BEÎ�O9GIF�GIOÕF�Ñ9M�ÈqH�MPMkÎ�Í9H�È�JID�M�ä¬JH^CB\H�BED_ÑQÆRMPFLD�GIOzÊTB\F�B\GIOÞBEÎ�J�Ä9ÄQÆ�BRMfÊ�F_GH' ( # J�F
F�Ñ9GeÎ�M¨O9G9ÊQMfÎkGIO¹F�Ñ9M�ÈqH�MPMPà�Î�Í9H�ÈìJID�M�æ�W?ß�O?F�Ñ9M�J�ÇzG�ÅIM(Ò«M�ÑzJZÅIMËÈ×G­Æ Æ\G�Ò-MfÊ§F�Ñ9M(ÍzÎ�ÍzJZÆ�çzOQB\F�M�M�Æ\MP[kMPOQF
D�GIOQÅIMPOQF�B\GIOÔG­È!M�Ø9Ä9H�MfÎ�Î¬BRO9SÞJZÆ�Æ�G�È�F�Ñ9M�B\OQF�MPSIHwJ£ÆÏÎ�JIÎ�Î�Í9[]Î�G�È-B\OeF_MPSIHwJZÆEÎ�G�ÅIMPH MfJID_ÑÞG�È�F�Ñ9MLM�Æ\MP[kMPOQFwÎ
B\O F�Ñ9M�F�H�BEJ�O9STÍQÆÏJ­F�B\GIO*W�û-Ñ9M�ÍzÎ�MÞG­È F�Ñ9M�F�B�ÆÏÊQM�Î�Ðe[�ÇYG�Æ%J­ÇzG�ÅIM�MfJID_ÑóÅ�J�H�BEJ�ÇQÆ\MÞÑzJIÎLÇYMPMPO ÍzÎ�MfÊ¹F�G
B\OzÊTBEDPJ�F�M�F�ÑzJ�F�F_ÑQBÏÎ%BEÎ�F�Ñ9M]J�Ä9Ä9H_GfØQB\[]J�F�MªÈ×GIH_[ÉG�È�F�ÑzJ�F�Å�J�H�BEJ�ÇQÆ\M¨ÊQMPH�B\ÅIMfÊÕÈqH�GI[ÉJËÄQBRMfD�MPÒ!BÏÎ�MLÆ B\O9MfJ�H
H�MPÄ9H�MfÎ�MPOeFwJ­F�B\GIOÞG�È�F�Ñ9M�ÈqGIÍ9H�Ä9H�B\[]J�H�Ð�Å£J­H�BEJ�ÇQÆ\MfÎ~J­OzÊ�F�Ñ9M�B\H�F�B\[kM]ÊQMPH�B\Å£J­F�B\ÅIMfÎPW�é�B\[�B�ÆEJ�H]Î�Ð9Î�F�MP[LÎ0G�È
çzOQB\F�M M�Æ\MP[kMPOQF0MfÛIÍzJ�F�BRGTOzÎ�[]JZÐkÇYM~ÊQMPH�B\ÅIMfÊÝÈ×GTH�ä¬ê9W êãæwÖ9ä¬êÙW íQæ.J�OzÊ(ä¬ê9W î æwýâÎ�MPM)aIc�d
ÈqGIH�È×ÍQÆ�Æ.ÊQMPFwJZB�ÆEÎPW

û!Ñ9Mk[]J�F�Ñ9MP[LJ�F�BEDPJZÆ.[kG9ÊQM�Æ!ÊQMfÎ�D�H�BRÇYMfÊÕB\O?éIMfD�F�B\GIO§ê¨D_Æ\MfJ�H�ÆRÐòBROQÅIG�Æ\ÅIMfÎ�D�GIOQÅIMfD�F�B\ÅIMÂF�MPH�[]ÎPÖhÒ-B\F�Ñ
Î�F�H_MPO9SIF�ÑzÎ-ÊQMPÄzMPOzÊTB\O9S�Î�B\SIOQB�ç"DPJ�OeF�ÆRÐ�Í9ÄYGIO�F�Ñ9M0HwJ�F�M0G�ÈâSQJIÎ�M�ØãF�H�JID�F�B\GIO�J�F.F�Ñ9M�ÅTMPOeFfWNß�F.BEÎ-Ò-M�Æ�Æ*^eO9G�Ò
F�ÑzJ�FkD�MPOQF�H�MfÊ�ÊTBEÎ�D�H�MPF�B\ïfJ�F�B\GIO2Î�D_Ñ9MP[kMfÎPÖ-Î�ÍzD�Ñ?JTÎ F_Ñ9MA �JZÆ\MPH�^IB\O§[kMPF_Ñ9GãÊ
Ö-J�H�MLÄ9H�GIO9M�F�G(OeÍ9[ÂMPH�BEDPJZÆ
B\OzÎ�FwJ�ÇQB�Æ�B\F�B\MfÎ0B\OÓÎ�ÍzD�Ñ¨Î�B\F�ÍzJ­F�B\GIOzÎ�ä�Î�MPMZa í dYÈqGIH�M�ØzJ�[kÄQÆ\M�æ!J­OzÊLF�Ñ9MfÎ�M�[]JZÐLÇzM GTÇzÎ�MPH�ÅIMfÊÂB\O¨F_Ñ9M�H�MPS�B\GIO
G�È.F�Ñ9M�ÅIMPOQF�ÈqGIH�F�Ñ9MkJ�ÇYG�ÅIM ÊTBEÎ�D�H�MPF�B\ïfJ�F�B\GIOÕMPÅIMPO�Ò�Ñ9MPO¨F�Ñ9M�M�Ø9F�HwJID�F�BRGTO¨HwJ�F_MIÖ <IÖÙBEÎ�ÛIÍQB\F�MkÎ�[]J£Æ Æ-ä¬Î�MPM
éIMfD�F�B\GIO î ÈqGIH]F�ÐQÄQBEDPJZÆáÅ�JZÆ\Í9MfÎ�æwW�ÚÙÍ9H�F�Ñ9MPH�[ÂGIH�MIÖ-H�M�çzO9MP[kMPOQF�G�È�F�Ñ9M�çzOQB\F�MÞM�Æ\MP[kMPOQF�[kMfÎ�Ñ¹B\O F�Ñ9M
H�MPS�B\GIOzÎ!G�ÈµÊTB�ÜÝD�ÍQÆ\F�Ð¨[ÂMPH�M�Æ\ÐÝÎ�MPH_ÅIMfÎ-F�G]ÊQM�ÆEJZÐ�F�Ñ9M�GIOzÎ�MPF�G�È�F�ÑQBEÎ�B\OzÎ�FwJ�ÇQB�Æ�B\F¬ÐIW 0MPO9MPHwJZÆ"KNMPF�H_G£ÅQà� áJ£ÆRMPH_^IB\O�[kMPF�Ñ9G9Ê9Î-ä¬Î�ÍzD�ÑkJIÎ a î Ö�� dQÈ×GTH�M�ØÙJ�[ÂÄQÆRM�æ�ÊQG M�ØQBEÎ�F�ÈqGIH�GIÇ9FwJ£BROQB\O9S�Î�FwJ�ÇQÆ\M
çzOQB\F�M¨M�Æ\MP[kMPOQF�ÊTBÏÎ_D�H�MPF�B\ïfJ�F�B\GIOzÎÂB\OÞ÷�ÍzÎ�FLF�Ñ9MfÎ�M¨D_B\HwD�Í9[]Î�FwJ�OzD�MfÎPÖ-Ñ9G�Ò-MPÅIMPHkÒ-M�Ä9H�M�ÈqMPHkF�G�ÈqG�Æ�Æ\G�Ò�F�Ñ9M
GIÇzÎ�MPH_Å£J�F�B\GIO(G�È«Ú9GTHwÎ�ÐQF�Ñ¨J�OzÊ�éIÑzJ­G�B\O<a í"d�ÖzF�ÑzJ­F-B\F�BEÎCGIOQÆ\Ð�O9MfD�MfÎ�Î�J�H�Ð(F�Gk[kG9ÊTB�È×Ð�F_Ñ9M MPÅ£J£ÆRÍzJ­F�B\GIO�G�È
F�Ñ9M�D�GIOQÅIMfD�F�B\ÅIMkF�MPH_[]Î @ ARäB!F#>')( #�C æ�J�OzÊ4@ A�äB!
#V'WT�#"C æ�B\O§MfÛIÍzJ­F�B\GIOzÎ�ä¬êÙW � æ�J�OzÊ ä¬ê9W íãæ�H�MfÎ�ÄzMfD�F�BRÅTM�ÆRÐIW
û-ÑQBEÎ�[ÂGãÊTB�ç"DPJ�F�B\GIO§Î�B\[kÄQÆ\Ð�H�MfÛTÍQBRH_MfÎ�F�Ñ9MkÍzÎ�MkG�È«Í9ÄzÎ�F�H�MfJ�[�Å�JZÆ\Í9MfÎ0ÈqGIH ')( #eÖ�'WT�#]J�OzÊ�!
#�ä�Ç9Í9F�O9GIF
O9MfD�MfÎ�Î�J­H�B�ÆRÐHC æ
B\O]F�Ñ9MfÎ�M�F�MPH_[]ÎPWâÚÙGIH.M�ØzJ�[kÄQÆ\MIÖQÒ�Ñ9MPOLÍzÎ�B\O9S~J%F�Ñ9H�MPM0ÄzG�B\OQF«ÛTÍzJIÊQHwJ�F�Í9H_M�H�ÍQÆ\MIÖTBROzÎ�F�MfJIÊ
G�È-FwJ�^TBRO9S�F_Ñ9M~Å�JZÆ\Í9MfÎ�G�È]')( #IÖ�')TU#]J�OzÊ !F#]J�F0F�Ñ9M�[�BEÊQÄzG�B\OQFwÎ�G�È.MfJID_Ñ�MfÊQSIMkF�GLÇzMkF_Ñ9MªJ­H�B\F�Ñ9[kMPF�BED
JZÅIMPHwJ�STM�G�ÈâF�Ñ9M0Å£J£ÆRÍ9MfÎCJ�F-F�Ñ9M�F�Ò-G MPOzÊÂÄzG­BROQFwÎPÖÙÒ«M0O9G�Ò?FwJ­^IMáJ�GIO9MPà�Î¬BÏÊQMfÊ�JZÅIMPH�J�SIM�ÇzJIÎ�MfÊLÍ9ÄzGIO�F�Ñ9M
Ä9H�MfÎ�Î�Í9H�M~ÊTB��*MPH�MPOzD�M~J£ÆRGTO9S]F�Ñ9M�MfÊQSTMIW«û-ÑQBEÎC[]JZÐ]ÇYM ÅTB\MPÒ«MfÊ(JIÎ-[kG9ÊTB�È×ÐTB\O9S�F�Ñ9M ÛTÍzJIÊQHwJ�F�Í9H_M�H�ÍQÆ\M F�G
J�ÅIMPH�F�M�Ø9àqÇzJIÎ�MfÊLH_ÍQÆRM JTÎ�B�Æ�Æ\ÍzÎ�F�HwJ­F�MfÊLB\O¨ÚhB\SzW9ê9W Ã Æ\F�Ñ9GIÍ9SIÑ�F�ÑQBEÎ-H_ÍQÆRM�[LJfÐÂÇzM�G�È*Æ\G�Ò-MPH-GIHwÊQMPH�B\F-Æ\MfJIÊ9Î
F�G]J�[kGTH�M Î�FwJ�ÇQÆ\M�ÊTBÏÎ_D�H�MPF�B\ïfJ�F�B\GIO(Ò�Ñ9MPO¨F�Ñ9M�Ä9H_MfÎ�Î�Í9H�M�ÊTB �*MPH�MPOzD�M�JZÆ\GIO9S�J�O�MfÊQSIM0BEÎ-ÆEJ�H_SIMIW
û!Ñ9M]ÍzÎ�M�G­ÈáJIÊ9J�Ä9F�B\ÅTB\F¬ÐÕB\O§ÇzGIF_ÑÌÎ�ÄzJTD�M¨J�OzÊ�F�B\[kM�JZÆ�ÆRG�Ò�ÎªF�Ñ9MÝÎ�G�Æ\ÅIMPHkF�G�J�Ä9ÄQÆ\Ð§[kGeÎ�F�D�GI[kÄ9Í9à

FwJ�F�BRGTOzJZÆ�M �ÿGTH�F�B\O?F�Ñ9M(H�MPS�B\GIOzÎ�G­ÈáF�Ñ9M�ÊQGI[]JZB\O¹Ò�ÑQBED�Ñ¹[kGeÎ�FkH_MfÛIÍQB\H�MËBRFZW Ã Ê9J�Ä9F�B\ÅTBRF�Ð�B\O?F�BR[ÂM�BEÎ
J�Í9F�GT[]J�F�BEDPJZÆ�Æ\ÐÔD�GIOQF�H�G�Æ�Æ\MfÊòÈ×H�GT[ÉÒ-B\F�ÑQB\O2éeK��!ß+�0û�êF^ Î�G�JIÎ�F�G¨JZÆ�Æ\G�Ò F�BR[ÂMPà�JIDPD�Í9HwJID�ÐÞÇzJTÎ�MfÊÞÍ9ÄYGIO
Æ\GãDPJ£Æ.MPH�H�GIH0MfÎ�F�B\[]J�F_MfÎPW�û-Ñ9MkJIÊ9J�Ä9F�B\ÅTBRF�ÐËBRO�Î�ÄzJID�M�BEÎ0ÇzJIÎ�MfÊ(Í9ÄzGIOÕÑQBRMPH�J�HwD_ÑQBÏDPJ£Æ.Ñ9àqH�M�çzO9MP[kMPOQFkä¬J�OzÊ
D�GeJ�H�Î�MPOQB\O9S9æ»J�OzÊ~BÏÎ�D�GIOQF�H�G�Æ�Æ\MfÊkÇQÐkJ�ÍzÎ�MPH_à�Î�Í9Ä9ÄQÆ�BRMfÊLMPH_H�GIHNB\OzÊTBEDPJ�F�GIH0ä�GIH úámãd�uPoqpfr�tEdTrwt MPH�H�GTH�MfÎ�F�B\[]J�F�M
B�È«JZÅ£JZB�ÆEJ�ÇQÆ\M�æwW Ã Æ�Æ�G�È�F�Ñ9M~D�GI[ÂÄ9Í9FwJ�F�B\GIOzÎ0ÊQMfÎ�D�H�B\ÇzMfÊÓBROÕéIMfD�F�B\GIO î ÇYM�Æ\G£Ò Ò-MPH�M ÇzJTÎ�MfÊ�Í9ÄYGIO¨F�Ñ9M�ÍzÎ�M

x

x

x

x standard quadrature  pts.−

flow direction

ÚhB\SIÍ9H�M êÙý�ßqÆ�Æ\ÍzÎ�F�HwJ­F�B\GIO¨G�È.ÛTÍzJIÊQHwJ�F�Í9H_M�ÄzG�B\OQF�Î�ÑQB�È×F�Î�ÍzÎ�MfÊÝB\O¨F�Ñ9M�Í9ÄzÎ�F_H�MfJ�[ [kMPF_Ñ9GãÊ
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Ò-B\F�Ñ(Ò-M�BRSTÑeF�ÅTMfD�F�GIH � D ä�ê�AIc�O � A êFc�O h A h O h A h æ��*ÖzJ�OzÊ�JªFwJ�H�SIMPF-Å�JZÆ\Í9M G�È h A h ê
c GTO�MfJID�Ñ�M�Æ\MP[kMPOQFfW

� +,
.<h� ���"<

ß�OÔF�ÑQBEÎ�Î�MfD�F�B\GIOÕÒ«MÂÄ9H�MfÎ�MPOQF~J¨Î�[]JZÆ�Æ«OQÍ9[�ÇzMPH�G�È!Î_J�[kÄQÆ\M]H_MfÎ�ÍQÆ\FwÎ%È×GIH JËF�MfÎ�F�Ä9H�GIÇQÆ\MP[èBROQÅIG�Æ\ÅTB\O9SòJ
Î�ÐQ[k[kMPF_H�BED~í­[�� � c�[�ÊQGI[]JZB\O�Ò�ÑQBED�Ñ�ÑzJIÎ0J�OËBR[ÂÄzMPH�[kMfJ­ÇQÆRM�D�G�ÅIMPH�G�È.H�JIÊTB\ÍzÎ�í�[�GTO¨F�Ñ9M�SIH�GTÍ9OzÊ
Î�Í9H�ÈìJID�M�J�ÇzG�ÅIM¨JÕÅIMPOQFkÄzGQÎ�B\F�B\GIO9MfÊ2ê�[5ÇYM�Æ\G£Ò�F�Ñ9M�Î�Í9H�È�JID�MÞä¬J­SeJZB\O?Î�MPMÞÚhB\SzW � æwW2û-Ñ9M(ÄzJ�H�F�BED�ÍQÆEJ�H
Î�ÄQB�Æ�ÆEJ�SIM�ÇzM�B\O9S][ÂGãÊQM�Æ\MfÊLBEÎ-F_ÑzJ�F-G�ÈâO9àB^0G9ÊQMfDPJ�O9M J�OzÊ�ûhG�Æ\Í9MPO9M�ä�Ñ9MfJZÅeÐ]J­OzÊÂÆ B\SIÑQF�G�B�ÆEÎ-H�MfÎ�ÄzMfD�F�B\ÅIM�Æ\ÐYæ
J�OzÊ F�Ñ9MÓD_Ñ9GeÎ�MPO¹SeJIÎ�M�Ø9F�HwJTD�F�B\GIO§HwJ�F�MLBEÎ h W h � ^eS���ÎLä�M�Ø9ÑzJ�ÍzÎ�F�B\ÅIM�ÊQMPFwJZB�ÆEÎLG�È%J£Æ Æ�ÄzJ�HwJ­[kMPF�MPHwÎkJ­OzÊ
Ä9ÑQÐãÎ¬BÏDPJ£ÆCD�GTOzÎ�FwJ�OQFwÎ�[]JZÐ�ÇzMLÈqGIÍ9OzÊ�B\ObaIc�dqæ�WÓû-Ñ9MLB\OQB\F�BEJZÆ�[ÂMfÎ�ÑÞBEÎ�ÅTMPH�ÐÞD�GeJ�HwÎ�MLF�Ñ9H�GTÍ9SIÑ9GIÍ9FkäÏ÷¬ÍzÎ�F
� �LÇQÐ î [ÂMfÎ�Ñ�ÄzG�B\OQFwÎ�æ�GTF�Ñ9MPH�F_ÑzJ�O�B\OÞF�Ñ9M�ÅIMPOQF�H�MPS�B\GIO�Ò�Ñ9MPH�MLÎ�GI[kM�B\OQB\F�BEJZÆ«H�M�çzO9MP[ÂMPOeF�ÑzJIÎ0ÇzMPMPO
B\[kÄYGeÎ�MfÊ
W-û-Ò-G Æ\MPÅIM�ÆEÎ0G�È�H�M�çzO9MP[kMPOQF�ÇYMPÐIGIOzÊ�F_Ñ9M0BROQB\F�BEJZÆ«D�GQJ�HwÎ�M0[kMfÎ�Ñ�J�H�M JZÆ�Æ\G�Ò«MfÊ
W

ÚhBRSYW*í�Î�Ñ9G�Ò�Î�D�G�Æ\GIÍ9H ÄQÆ\GIF�Î0G�È ' ( # Ö*F�Ñ9M�[]JTÎ�ÎCÈ×H�JID�F�B\GIOÞG�È�Æ�BRSTÑeF�G�B�Æ.Å£J�ÄYGIÍ9H�B\OÞF�Ñ9MÂSeJIÎ0Ä9ÑzJIÎ�MIÖ
J�OzÊ F�Ñ9MÓÎ�ÄzJ�F�BEJZÆ�[kMfÎ�ÑóJ­F]JÔÎ�MPH�B\MfÎkG�È GTÍ9F�Ä9Í9F]F�BR[ÂMfÎkÍ9Ä¹F�G�� hFhFhFh Î�MfD�GIOzÊ9Î(ä�J�Ä9Ä9H�GZØeB\[]J­F�M�Æ\ÐÌêFc
Ñ9GIÍ9H�Î�æwW�û-Ñ9M�D�G�Æ\GIÍ9H�Î�DPJZÆ\M�H�J�O9SIMfÎNÈqH�GI[ h W h ä�H�MfÊYæâF_G h W h � c�ä�ÇQÆ\Í9M�æwW�ß�O�F�Ñ9M�F�GIÄLÄQÆ\GIF-Ò-M�DPJ�O�Î�MPM�F_Ñ9M
Î�ÑzJ­H�Ä¨ÊQMfD�H�MfJIÎ�M0ÈqH�GI[ F�Ñ9M0B\OQB\F�BEJZÆ»Å�JZÆ\Í9M�G�È h W h � c�F_G~ïPMPH_G]J�F-F�Ñ9MCÈ×H�MPM Î�Í9H�ÈìJTD�MIÖãJ­OzÊLF�Ñ9MPO�Ò-MáÎ�MPM�F_Ñ9M
D_Æ\MfJ�O¨JZB\H0ä�ïPMPH�G�[]JTÎ�ÎNÈqHwJID�F�B\GIOLG�È
Æ�B\SIÑeFCG�B�Æ×æ�ÇzM�B\O9SkÄ9ÍQÆ�Æ\MfÊLB\O�F�Ñ9H�GIÍ9STÑkF�Ñ9MCÈ×H�MPM�Î�Í9H�È�JID�M0F�G�Ò�J�HwÊ9Î�F_Ñ9M
ÅIMPOQFfW�û-Ñ9M�D�GIOzD�MPOQF�HwJ�F�B\GIOòÈ×H�GTOeF�H�MP[]JZB\OzÎ Î�ÑzJ�H�Ä�F�Ñ9H�GIÍ9SIÑ9GTÍ9FfÖâJ�OzÊÕF�Ñ9M�õ�D_ÆRMfJ­O*öâH_MPS�B\GIOÞ[]JZB\OQFwJZB\OzÎ
JLÅ�JZÆ\Í9MkG�È«ïPMPH_GzÖzGTH�ÅIMPH�ÐÓÎ�[]JZÆ�Æ»O9MPSQJ�F�B\ÅIMLä�G�È-F�Ñ9M�GIHwÊQMPH �"h �"! æ-B\OÓÄQÆEJID�MfÎcW~û-Ñ9MPH_M�BEÎ0O9G�G£ÅTMPHwÎ�Ñ9GQGIF
GIHCÍ9OzÊQMPHwÎ�Ñ9GQGIFáJ­F�F�Ñ9M�[kG�ÅTBRO9SÂÈqH�GIOQFfW�û-Ñ9M [kMfÎ�Ñ¨H�M�çzO9MP[kMPOQFCBÏÎ0Î�MPMPO(F�G�ÈqG�Æ�ÆRG�Ò F_Ñ9M~D�GIOzD�MPOQF�HwJ�F�BRGTO
SIH�JIÊTB\MPOeFfÖÙÒ-B\F�Ñ¨D�GeJ�HwÎ�MPOQBRO9SÂB\O¨F�Ñ9M�õ�D_ÆRMfJ­O*özH�MPS­BRGTO*W

û-ÑQBEÎ�M�ØzJ�[kÄQÆ\M~Î�G�Æ\Í9F�B\GIO¨F�GQGI^]J­Ä9Ä9H�GZØeB\[]J�F_M�ÆRÐ î�h [ªBROQÍ9F�MfÎCG�È]j«K e>F�B\[kM�GIO�J�O�é  �ß$#�êkÒ-GIH�^Qà
Î�F�J�F�B\GIOÞä ��%Fh � �'&¨ß¬K�íIê]KµH�G9D�MfÎ�Î�GIHfÖÿéIMfD�GIOzÊ9J�H�Ð`j«JID_Ñ9MIÖzêFc � �(ÇeÐQF�MfÎ � Ã �ÕæwW Ã O�MfÛIÍQB\Å£J£ÆRMPOQF H_Í9O
Ò-B\F�Ñ�J�Í9OQB�ÈqGIH�[ ç9Ø9MfÊk[kMfÎ�Ñ]D�GIH�H�MfÎ�ÄzGIOzÊTB\O9SkF�G�F�Ñ9M�[]J£ØeB\[�Í9[,Æ\MPÅIM�Æ*G�È*H�M�çzO9MP[kMPOQF�B\O]F�Ñ9M�JIÊ9J�Ä9F�BRÅTM
[kMfÎ�ÑÔF�GQGI^�G�ÅIMPH � ê h [�B\OQÍ9F�MfÎPW Ã Ê9J�Ä9F�B\ÅTBRF�Ð�BEÎ�F�Ñ9MPH�M�ÈqGIH�MLÄ9H�G�ÅTBÏÊTB\O9SÔÎ¬BRSTOQB ç"DPJ­OeFkM�Ü�D_BRMPOzD�Ð�SeJZB\OzÎPW
éIÍzD_ÑÝÎ_JfÅTB\O9SeÎNB\O�j«K�e¹F�B\[kM ù J�OzÊkD�GTH�H�MfÎ�ÄYGIOzÊTB\O9Sk[kMP[kGIH_ÐªÎ_JfÅTB\O9SeÎ ù Ò-B�Æ�Æ*ÇzMfD�GI[kMCB\OzD�H�MfJIÎ�B\O9S�Æ\Ð
B\[kÄYGIH�FwJ�OQF�JIÎ!Ä9H�GIÇQÆ\MP[�Î¬BRïPM%B\OzD�H�MfJIÎ�MfÎCÒ-B\F�Ñ�F�Ñ9M%BROzD_Æ\ÍzÎ�B\GIO�G�È�[kGIH_M D�GI[kÄzGTO9MPOeFwÎ«È×GIHCM�ØÙJ�[ÂÄQÆRMIW

û-Ñ9M�ÄzGeÎ�F�à�DPJZÆED�ÍQÆEJ�F�MfÊN^�J­HwD�ÐÞÅIM�Æ\G9D_BRF�Ð§ÅIMfD�F_GIHwÎ�J�H�M�Î�Ñ9G�Ò�OÕBRO2ÚhB\SzW î È×GTH~F_Ñ9M¨ÊQMPÅIM�Æ\GIÄzMfÊÌëzG£Ò
ä�F_Ñ9MPH�M�BEÎCÆ�B\F�F�Æ\MkD�ÑzJ�O9STM�B\O�F�Ñ9M ÅIM�Æ\G9D_B\F¬ÐËçzM�ÆEÊ�ÇzMPÐIGTOzÊ�F�Ñ9M�B\OQB\F�BEJZÆ«Î�FwJ�H_F�àqÍ9Ä�Ä9ÑzJIÎ�M�æwW0Ú9GIH�D_ÆEJ�H�B\F�Ð�Ò-M
ÑzJZÅIM�Î�Ñ9G�Ò�O§F�Ñ9MLÅIM�Æ\GãD_B\F�Ð§ÅIMfD�F�GTHwÎ�GIOÌJ(Í9OQB�ÈqGIH�[ [kMfÎ�Ñ*W �!B\SIÑ�Æ\GãDPJ£Æ�ÅIM�Æ\GãD_B\F�B\MfÎLJ�H�M¨Î�MPMPO?J­F~F_Ñ9M
D�GIH_O9MPH�G�È�F�Ñ9M D�G�ÅIMPH�J�OzÊ�J�FCF�Ñ9M�ÅIMPOQFfW
ÚhBRSYWYcLÎ�Ñ9G�Ò�ÎCF�Ñ9M~DPJZÆED�ÍQÆEJ�F�MfÊòF�GIFwJZÆN[]JIÎ�ÎCG�È�Æ�B\SIÑeF�G­B ÆNB\OÞJZÆ�Æ.F�Ñ9M Ä9ÑzJIÎ�MfÎCBRO�F�Ñ9MLä�ÑzJ£Æ ÈZæ«ÊQGI[]JZB\O

ÅIMPH�Î�ÍzÎkF�BR[ÂMIW2ß�O2F�Ñ9M¨MfJ­H�Æ�BRMPH¨Î�FwJ�SIMfÎ�F_Ñ9M¨G�B�Æ�M�ØãF�H�JID�F�B\GIO§HwJ�F_M�BEÎ]D�GTOzÎ�FwJ�OQF]J�OzÊ Ñ9MPOzD�MÓF_Ñ9M¨F�GIF�JZÆ
[]JTÎ�Î�BEÎkJ(Æ�B\O9MfJ�HÂÈ×Í9OzD�F�B\GIO¹G�È�F�B\[kMIþ-GIOzD�M¨F_Ñ9M¨D_ÆRMfJ­O9MPHÝJZB\HkÇYMPS�B\OzÎkF_GÞ[kMPMPFwÎ�F_Ñ9M�ÅIMPOeFkJ�FLJ�ÇzGIÍ9F
� h
hFhFh Î�MfD�GIOzÊ9ÎPÖYD�GIOzD�MPOeF_HwJ�F�B\GIO�F�Ñ9MPH_M Ò-B�Æ�ÆâÈ�JZÆ�Æ»J�OzÊLÑ9MPOzD�M�[]JIÎ�Î!H�MfÊQÍzD�F�B\GIO¨H�J�F�MfÎ-J�H�M�H�MfÊQÍzD�MfÊ
W
Ã Î�ÐIMPF�Ò-M�ÑzJZÅIM]O9GTF~F�J�^IMPO�F�Ñ9M¨Î�G�Æ\Í9F�B\GIO§[�ÍzD_Ñ§ÇzMPÐIGIOzÊ(� hFhFhFh Î�MfD�GIOzÊ9Î�G�È0ÅIMPOeF�BRO9SòÈ×GIH�F�Ò-G

H�MfJTÎ�GIOzÎPW�ÚhB\HwÎ�F�Æ\ÐIÖTF�Ñ9M�ÄzG­BROQF«Î�GIÍ9HwD�M�H�MPÄ9H_MfÎ�MPOeF�J�F�B\GIOkG�È
F�Ñ9M�ÅIMPOQF�BEÎ�ÛIÍ9MfÎ�F�BRGTOzJ�ÇQÆ\M�B\OLF�Ñ9M�Î�B\F�ÍzJ�F�BRGTOkG�È
Å�J�H�ÐTBRO9S�D�GIOzD�MPOQF�HwJ�F�B\GIOÂG�ÈzÆ�B\SIÑQF.G�B�Æ"Å�J�ÄzGTÍ9H�B\OkF�Ñ9M�ÅTBED_B\OQBRF�ÐkG­È"F�Ñ9M�ÅTMPOeFfWhß�FµBÏÎµF�Ñ9MPH�M�ÈqGIH�M�B\OeF_MPOzÊQMfÊkF�G
[kG9ÊQM�ÆzF�Ñ9M-ÅIMPOQFâ[ÂGIH�M.H_MfJZÆ�BÏÎ�F�BEDPJZÆ�ÆRÐIW-û-Ñ9M-Í9OzÎ�F�H_ÍzD�F�Í9H�MfÊ�O9GIO9àqÍ9OQB�ÈqGIH�[,[kMfÎ�Ñ~Ò!B Æ�Æ*JZÆ�ÆRG�Ò§ÍzÎhF�G�H�MfÎ�G­ÆRÅTM
F�Ñ9M Î�[]JZÆ�Æ»Î�DPJZÆ\M%ëzG£ÒôBRO(F�ÑQBEÎ-H�MPS�B\GIO*W!éIMfD�GIOzÊTÆ\ÐIÖ
F�Ñ9M�ÇzGIÍ9OzÊ9J­H�Ð¨D�GIOzÊTB\F�B\GIOzÎ0J�F�F�Ñ9M0ÈqH�MPM Î�Í9H�È�JID�M J�H_M
HwJ­F�Ñ9MPH D�H�ÍzÊQM]J�F0F�ÑQBEÎ Î�FwJ�SIMIÖ*J�OzÊ(F�Ñ9M�B\[kÄYGeÎ�B\F�B\GIO�G�È«ïPMPH�G¨D�GTOzD�MPOeF�H�J�F�B\GIOÞJZÆ\GIO9S¨F_Ñ9M~ÒCÑ9G�Æ\MkG�È«F_Ñ9M
F�GTÄÓÇYGIÍ9OzÊ9J�H�ÐËBEÎCBROzD�GTOzÎ�BEÎ�F�MPOQF Ò-B\F�Ñ�F�Ñ9MkÎ�[]J£Æ Æ�ëzG�Ò G�È«Å�J�ÄzGTÍ9H�GIÍ9F�G­È«F�Ñ9MkÊQGI[]J£BRO(B\OÞF�Ñ9M�H�MPS�B\GIO
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ÚhB\SIÍ9H�Mkí9ýfj.G­ÆRGTÍ9H�ÄQÆRGTFwÎ0G�È ')( #ªJ�OzÊ(F�Ñ9M�[kMfÎ�ÑÞJ�F�J�Ä9Ä9H�GZØQB\[]J�F�M�GIÍ9F�Ä9Í9F�F�B\[kMfÎ�äqÈqH�GI[ F�Ñ9M�F�GIÄ
æ-G�È
�"h ÎcÖãê hFhFhFh ÎPÖ î�hFhFhFh ÎPÖ � hFh
hFh ÎPÖ"� hFh
hFh Î

ÚhB\SIÍ9H�M î ýNA�M�ÆRG9D_B\F�Ð�çzM�ÆEÊ�ä�Í9OQB�ÈqGIH�[�[kMfÎ�Ñ
æ
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ÚhB\SIÍ9H�M cÙý.û*GTFwJZÆ*[]JIÎ�Î�G�ÈNÆ�B\SIÑeF0G�B�Æ*B\O¨F_Ñ9M ÊQGI[]JZB\O¨Å9ÎPW�F�BR[ÂM

O9GIFCB\OQëzÍ9MPOzD�MfÊ�ÇQÐ�F�Ñ9M ÅIMPOQFfÖ
ÊQÍ9M�F�GkF�Ñ9M�ÑQBRSTÑòD�GTOzD�MPOeF�H�J�F�B\GIO¨STHwJIÊTB\MPOeF�Î�F�Ñ9MPH_MIWfj.GIOzÎ�MfÛTÍ9MPOeF�ÆRÐ(Ò-M
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