
���������
	���
�������������������������! "��#$&%'#(��#�����)���+*,�� -����$.�+�/*0 "���)�)��1�*0�)���2�) �����%����������3�

���������+��%'$��54&���76�� "�����)��89 :;#=<>#(�)���@?)������1�*0��ACBD�����E1��GFH���I :KJ(#(����#(F'$!���
���7�����G�� L����$M�+�N�� �N4'O-���PA>BN���G�� ���!J(#(���! "�7FH�������'�Q�����G�� L����$M���N�) R6���
#G�) "$�1����! "�S�) G�����,T>UWVYX@*0 "��%'1���#(���! "��#$�Z.1����S��8L��#�S�+*�[\%��� F'$!���]����$�#(�)���
�) ^�����;Z' �<_ :'<K#(�)���`���G�����>��1�*0��AWBN���K%'#(��#�����)�a��*;�S -����$-��������%'$��������3�)���
���9#�*0 "��%'1��)���b%��� 6��#�7c.<I����*��2����#(F'$!���I�����d6�� "�����)��8e�) QFH�C6��������#(�)���
���f�����R%�����%��� L*0�����) �� :N#eT/U�Vg�) "$!J����A=BN���S%'����%��� L*0�����) �C*0 "�EJ�������d�����
%'#(�a#�����)����*d6�� "�����)��89�) 7#=�������PcP���'#(�,F.��*0 "�S���^����������%'$��+*��!�N6�� "�����)��8
�0O����)������6C���S�����I�) "$!J����Aihj�R�����b*0 "�S%'1��)���K%��� 6��#�k#$!6 ���!�����R�l#(���^����%'$��0m
�����E�)���7�) R����#�Pc�<N�a�!�)�cL<; ��n=<D�����o#���7�S#����%'1�$�#(�)�b�������N�S�����PA

BN�����) "$�J���d%'�� -�'1�*0���G�'#(��#74&$�����ci<D�������Q�����o�) "$�1����� "�fJ(#$�1����p#(���=�)�) �����
#(:q�)���e�) "$�J-����6r�����rT>UWVs%��� F'$!���7AtBD���f*0 "��%'1��)���e%��� 6��#�u*�#�v����#�
���������,4&$!����A;w;8o1�������6p������%��� 6��#�x�����C�+��:y �a�S#(���! "�o���o#S�'#(��#p4&$!�c�:q �D#
�������7 :`#S%&#(��#�����)����*C��1�*0�I*�#�2FH�C�� L���54'���o�) QFH�C1��)���e#�I���'�!����#$P��#(��#
:q �,#�� �������^%'#(��#�����)�a��*�<>#(�)���@?)������1�*0��AIBD���dz-1�#$����{8o :`�����p����������#$M��#(��#
<D�+$�$.F.�, :�6 - -�7��:\�����,6�� "�S���)���!���I :\�����G��1�*0���N#(���������S��$�#(��A

|H	&}~}~	'�\�{	����
�\�@�\�

� �~�)�������������'���! "����$�$�c�%'#(��#�S���)�����)nf�� L����$;#�J����r:)� ������nL$�#�~6�� "�����)���
#�J2���)�bJ
#(�)�)���
?)���,��� �bn "���)�)��1�����#��A^�I�E��#$!���bJ
#(���+#(F'$!���I���� L����$�$!���r�#(�b�+�3�)�
4�OL����#(��Ar�2 L����$�$!����#�EJH�#�'���d����$�$K#(�)�S${� "��#eZ&1�����Z�� "�����)%��� F'$!��������cW�) "���#(�
n %�%&$�#(������$�$KJ(#(�)�)���LZ�� "�������>��� ������A��e -����$+$!���_����%'$��������3�)���a#���/���)�R��#(��m
#(%��� 6��#�ociJL��$!n���p�2� �?)$+�!66'� �d#(�)�d6�� "�����)���+�~n(#�r6������������#�p�;%�����%��� -*0����m
�) �a�e���+$�$����9Z.1����LZ�� "������${� "��#(���A^�`����%��� L*0�����) ���e "�CJ(#����$+#(�b6�� "�S���)����������$�$
���)�7FH�����#(nL������6"�����#(��cD�) "��F&$��!�=����������%'$��+*��!��#f6�� "�����)�a���) "���0O����)�)����#(�7�
${� "��#(�����PA`�b$!6 ���!�������a��#G�H��#(��#(%'�� 6��#�S�����/n "�'�)�)��1�����#�/�3�#d#(�)�/%'�� 6��#�pm
�����Kn(#�R${�#��#G���Pc-�)nE�a�!J
#C1���c-#(��F.����#G�����S L*��=�� L���54&����#^FH�����#(n-�'����6"�����#(�)����A

� � "��#(������6������������#(�=��#(��#�4&$!����c/���������l�#$�$�#�����=$�� "��������6"��JH�#(��������#LcK�\�#(�SZ&1Lm
����Z�� "�����)%��� F'$!���������#(�f${� "�)��A ��IJ������������#�4&$����9n(#��%��� 6�a#�S������${�#��#LA
� ���� "��#(�)�b#�3JP�#����#R%��� 6��#�S�S���Nn
#�e����:q ���S#(���! "�����7�P���2�'#(��#�4&$P:q�E�#�
���)�9%'#(��#�����)�a���)n-�2��� ���� L���54'����#�2�3�#�#(�)��������n
#��#�EJH�#���'#�e�) "�������!m
����#$+${� "��������6R����$�$\���)��#����#(�^J(#(�)�)���
?)���,��� ��AC�,J(#$��!�)���)����%;�#Q������6������������#���
���'�!����#$�${� "��������6���eF'$��!���\� 6�c\ "� 6�� "�����)���!�����'#2#�J�J(#(�)�)���
?)���G�
� �����f���E�)�e�#(�
#$�$��):�� �N "$+�!n
#LA



� ���-�{	����

BD����<; ��n2%����������3�)���f�������S*0 "��%'$!���)���C�C89�)��1����!���,�+�9�l�� F'$!�����L "$!J-�+��6��+����*��!����*0��#(�
� � �)��F. ��6��I����J�������!��8c`$!��#������6e�) �����������6�����o�e#�)�)���� :	�L*��!����*0�AfBN���Q������#eFH���������
�����,%��� F'$!���t*�#���C:y�� "�t������*0 E %H����#(���! "�=FH����<;�����o�����,�{<K R*0 "��%'#�������/��#����<>#S#���
T/#(��#���I1��) "�S ���!J�ACBN���d6����#(�,��1�%'%. ���I#�������E�)�������)�b:y�� "�������d%H�� %'$��G#(�,��#����<>#Lc
<I�� ���#�Q*0 "�S�S�������! "�������������S<; ��n_��#�RFH������#�6����#(�������)%'����#(���! "�r�) ~���e#���_h�#�
6�a#(�)��:q1�$M����#(�N������8=6"#�J�p���,�����+�> %�%H ����1����!��8A

hj�l��#�WFH�����S#�
%'���!JL��$!��6�>�) ,FH�N#(F'$!�/�) ,6���lnL�� �<D$!����6�/:q�� "��FH ���������N���'��1��)�)��8�#�'�������
#*�#�����S��*Q<; ��$+�f#���fh,<K "1�$���$��!n�R�) e����#��n�FH ���~�G8���1�%H����JL���) ����" "��#� � �����EF'$�#�
#(�=T>#(��#�_�b1��) "�� ���!J�2#�'�_��$�#���L#�d1���$����� "�_#(�QT>��#$������a���b���!J���a���!�{8~ :bB\��*��'�� "$5m
 68�#��� � � �)��F. ��6��I�'�!J�������!��82:q �C�S#(nL����6=�������^%H "�����!F'$!�cP#����:q �C#$�$W�����S�+��%'1��^#���
��1�%�%H ���>������ "1�6"�7 "1��/������<D�� "$!�^%��� 
?)��*0��A



���������	����


� ������������������ �

�  !����"�#%$'& ��$)(*�+�-,%.�/�,%��� 0

1  32546(*,7�+�#8"�����������������9/:�;/:2�$=<>��,?�@<��'AB.�����"�#7$)& C
DFEHG IKJ'LNMPOQOSRQTNU�JWV>RSTNXYJ+Z�[N\]MY^_^]RQ`NOSMba)RQ^_XPJ+cN^ed�cNRSLfd�J:g E3E!E!E3E!E3E!E!E h
DFEji k�cN\]`NcNOQMPTmln`�MYoNp:a)RSJ+cN\qRQTfa)RQ^]XYJ+cN^ed�cFRQLfd�J:g E3E!ErE3E!E!E3E!E3E!E!EsG*t
DFEuD keoFM!d�J:gvRQTflwoNM	gxpWlwMP\%y]MzlnLFcNXPl E!E3E!E!E3E!E3E!ErE3E!E!E3E!E3E!E!EsG{G

| }32�$=�+�5&;.>�~/:F/�,%����N#8<>��,7���64~���&�,?�m(�.��-�������& �e#?�6$)�5/-� �)�
� EHG �xJ{Z�Z�cFTNRQXYpWlwRSTNU�gqRSl_oK�>OQcNMPTml�� E!E3E!E!E3E!E3E!ErE3E!E!E3E!E3E!E!EsG:i

� ����#%�6,7�6��/�26$=.�����">#%$)& �)1
�'EHG IKJ'LNMPOQOSRQTNU�l_oNM	g�p-lwMY\�y]MPlnLNcNXzl�E3E!E3E!E!E3E!E3E!ErE3E!E!E3E!E3E!E!EsG �

�)ESG+EHG keoNM![�p{\_p{Z�Mzlw\]RQ^wp-lwRQJ{T E3E!E3E!E!E3E!E3E!ErE3E!E!E3E!E3E!E!EsG �
�)ESG+Eji ��Z�[NOQMPZ�MPT�lwpWlwRSJ+T�J{VnlwoNM�[�p{\_p{Z�MPlw\]RQXfZ�J'LFMYOxl_J;U+MPTNMY\_pWlwM

U+MPJ+Z�Mzlw\��fRQTK�rp{Z�`NRHl E3E!E3E!E!E3E!E3E!ErE3E!E!E3E!E3E!E!EsG:�
�)ESG+EuD ��L'a{pWT�lwp{U+MP^�p{TFLKOSRQZ�RSlwpWlwRSJ+TN^8J{V�l_oNMr[�p{\_p{Z�Mzlw\]RQXbZ�J'LFMYO�E!EsG*h

�'Eji �xoNp{TNU+RSTNU�XYJ)J+\_LFRQT�pWl_MY^�`�MPl�g�MYMPT�l_oNM���p{\�lwMY^]R�p{T�p{TFL lwoNM¡[�pW\wp-¢
Z�MPl_\_RSX	XYJ)J+\_LNRST�pWl_Mb^]�)^]l_MYZ�^£E!E3E!E3E!E!E3E!E3E!ErE3E!E!E3E!E3E!E!EsG*¤

�'EuD keoFM�XYJ+Z�[�p{\]RQ^_J{T=J{V¥l�g�JfU+\_RSLN^bp{TFL¡Z¦p{[F[NRQTNU¦^_J+OScFlwRSJ+TN^§`5Mzl�gxMPMYT
l_oNMYZ ErE!E3E!E!E3E!E3E!E!E3ErE!E3E!E3E!E!E3E!E3E!ErE3E!E!E3E!E3E!E!E¨i)G
�)EjDFEHG �>RSTNLNRQTFU�lwoNMrXYJ{\_\_MP^_[�J+TNLNRSTNU©XYMPOQO~RQTKp{TFJ{lwoNMP\eZ�MP^_o E3E!E!E¨i)G
�)EjDFEji IªJ:a)RQTNU©lwoFM!^]J+OQc'lwRQJ{T¦E!E3E!E3E!E!E3E!E3E!ErE3E!E!E3E!E3E!E!E¨i �

0 }32�$=�+�5&;.>�~/:$���,7&�.�#7$)&�$)�5/:'/�,7��� ��0
«FEHG �¬^]oNJ+\]l§RST�l_\_J)LNcNXzlwRQJ{T�lwJ��er E!E3E!E!E3E!E3E!ErE3E!E!E3E!E3E!E!E¨iWh
«FEji Iªp{RQT'¢®V%cNTNXzlwRQJ{TN^ecN^_RSTNU�lwoNMrXPJ+Z�[FcFlwMP\e[N\_J+U{\wp{Z¨¯NOQMY^	E!E!E3E!E3E!E!E¨iW¤

«'E°i'EHG �x\_MYpWlwRSTNU�p�±�RS[5M	J+`�y]MYXPlnp{TFLª[N\]RQTmlwRSTNU©pny]J+cN\]T�p{O�¯�OSM E!E!E¨iW¤
«'E°i'Eji ²qM*p{LNRSTNU¡lwoNM�Z�MY^]o³V%\]J+Z£p´Z�^]o�¯�OQMKp{TNLµXPJ+[m�'RSTNU�RSl�lwJ

p{TNJWlwoNMP\n±�RS[5M	J+`�y]MYXPl3E!E3E!E3E!E!E3E!E3E!ErE3E!E!E3E!E3E!E!E�D{t
«'E°i'EuD �x\_MYpWlwRSTNU�l�gxJ��r\]RQLfJ+`�y]MYXPl_^§V%\]J+Z�l�g�J¦Z�^_o)¢¶¯�OSMY^Y·F\_M*pWLNRQTNU

lwoFMK^]J+OQc'lwRQJ{T�V%J+\�J+TNMfJWV§l_oNM�U+\_RSLN^�V%\]J+Z£p¡L�pWl�¢¶¯�OSM{·¥p{TFL
V%\_J{Z¨lwoNRS^eU+MYTFMY\wp-lwRQTFU�pWTKRSTNRSl_R�p{O�^_J{OQcFl_RQJ+T�l_J©l_oNMrJ{lwoFMY\qU+\_RSLBD'G

«FEuD ¸bMP^_XP\_RQ['lwRQJ{TfJ{V>l_oNM	V%J+cN\eXYOQp{^_^]MY^§p{TNL�lwoFMYRQ\�V%cFTNXPl_RQJ+TN^¹E!E3E!E3E!E!E�D{D
«'EjDFEHG keoNM3±�RQ[�M	XYO�pW^_^§p{TNL�RSl_^�V%cNTNXzlwRQJ{TN^�E!E3E!ErE3E!E!E3E!E3E!E!E�D{D
«'EjDFEji keoNM��r\]RQLfXPO�p{^]^npWTNL�RSlw^�V%cFTNXPl_RQJ+TN^´E!E3E!ErE3E!E!E3E!E3E!E!E�D+�
«'EjDFEuD keoNM3¸	pWlºpWk�J��	\_RSL�XYOQp{^_^§p{TFLKRHlw^eV%cNTNXzlwRSJ+TN^rE3E!E!E3E!E3E!E!E � D
«'EjDFE � keoNM!��OSO�¸	pWlwp{k�Jm�r\]RQL�XYO�pW^_^§p{TNLKRSl_^�V%cNTNXPl_RQJ+TF^vE!E3E!E3E!E!E � �

D



� � ��&�.��6/:'/�,7���6�#�$��~N&�.>#%$=���q´A�F/:$����Y$m/������{/ |50

C � �����m#7��(*,7����( ���

� 	�,7(*�m��(Y(*,7���³�5� .���(*(Y,7"�#7$
���6��/:2�$���A����-� ��1



� �������	��
 ��¡���

� oNRQOSM§l_MYXºoNTNJ{OQJ+U{�©RS^�U{MPl_l_RQTNU3Z�J{\_M§p{LFaWp{TNXPMYL�·)lwoNMn\_MPO�pWl_MYL¦[F\_J+`NOSMYZ�^xpW\_M§U+MPl]lwRQTFU
Z�J+\]M¥XYJ+Z�[NOQRSX*pWl_MYL�E6��T!lwoNM�^_M*pW\_Xºo�V%J+\6TNMzg³p{TNL!RQZ�[N\_J:a{MYL3l_MYXºoNTFJ+OQJ+UW�rZ¦p{Tm�r^]J+\]l_^
J{VxZ�pWl_oNMYZ�pWlwRSX*p{O~l_J'J+OS^	p{\]M�cN^_MPL � oNMPT¡lwoNM©^_J{OQcFl_RQJ+T JWVxpf[N\]J+`NOSMYZsRQ^	RQZ�[�J+^_^]RH¢
`NOQM�lwJ�¯�TNL�cN^]RQTNUK[N\wpWXPlwRSX*p{O�l_MY^�lwRQTFUN·~lwoNMPJ+\_MzlwRQXYp{O�Z�MPlwoFJ'LN^r`�MYXYp{Z�M�p�TNMYXPMY^]^wp{\��
XYJ+Z�[NOQRSZ�MPTml*E���J+\xM��Fp{Z�[NOQMW·FRQTfZ�J+^�leXYJ+TF^]lw\]cNXPl_RQJ+T�[N\]J+`NOSMYZ�^Y·'l_oNM���cNMY^�lwRSJ+T�RQ^xl_J
J+[FlwRSZ�RS^_M�p�V%\_MYMnV%J+\_Z¹U+MYJ{Z�Mzlw\]�{·'gqoNRSXºo�RQ^�LNMP^_XP\_RQ`�MYL�`m�fp�OQp{\_U{M�T�cNZ�`�MY\�JWV�aWp{\]RH¢
p{`NOQMP^YE���TflwoFMY^_M	XYp{^_MP^Y·�Z�pWlwoFMYZ�pWlwRSX*p{O�J+[Fl_RQZ�RQ^_pWlwRSJ+T©RQ^ep�cN^]MPV%cNO5lwJ)J+O®·�lwoNJ{cNU+o�lwoFM
O�p{\]U+M¥T)cFZ�`5MP\�JWV�[�p{\_p{Z�MzlwMP\_^�RQTma+J+OHa+MPL�Z�p��{MP^>RSl6LFR���XYcNOHl6lwJn¯NTNL�pqgxJ+\��-p{`NOQM8J+[Fl_RH¢
Z�RS^wpWl_RQJ+T�Z�MPl_oNJ)L�E>keoNMP\_MzV%J+\_MqlwoNMP\_MqRQ^�prU{\_J:gqRQTNUrTNMPMYL©V%J+\�[�p{\_p{Z�MPlw\]RQX�U+MYJ+Z�MPl_\]�
Z�J)LNMYOS^Y·�V%\]J+Z gqoNRSXºo;U{MYJ+Z�MPl_\_RQMP^	M*p{^]RQOH�=XYp{T;`�M�U+MPTNMY\_pWlwMPL�·�gqRHlwo�p�V%MPg [�p{\wpWZ©¢
MPlwMP\_^PE�keoNMY^]M§U{MYJ+Z�MPl_\]�3Z�J)LNMYOS^�X*pWT�lwoNMPT�`�MeXYJ{Z�`NRQTFMYL�gqRSl_o�J+[Fl_RQZ�RQ^wp-lwRQJ{T!l_J'J+OS^YE

keoNM�g�J+\���[N\_MP^_MYTml_MYL�oNMY\]MbRQ^xp3¯�\]^]lep-l_lwMPZ�['lxlwJ�p{[N[N\]Jmp{Xºo�^]cNXºoKp�[N\_J{`NOQMPZªE�keoNM
p{[N[NOSRQX*p-lwRQJ{T¡RQ^	lwJKMYT�pW`NOQM©J+[Fl_RQZ�RQ^_pWlwRSJ+T J{V�lwoNM�U+MYJ{Z�Mzlw\]� J{Vepfg�p-lwMY\�y]MPl3LNcNXzl�RST
J+\_LNMP\�lwJ¦Z�RSTNRQZ�RQ^]MblwoNM3[N\_MP^_^_cF\_M�OQJ{^_^bpWTNL lwoNM!d�cNXzlwc�pWl_RQJ+TF^bRQTKlwoNM�J{cFl_d�J:grEb�nT
RQTNLNcF^]lw\��µRQTmlwMP\_MP^]lwMPL RQT�l_oNRQ^©[N\]J+`NOQMPZ£RQ^��rp{Z�MPgxpF·x^]RSl_c�pWlwMPL@RST��	\]RQ^]l_RQTNMPo�p{Z�T�·
gqoNJ o�p{^�XYJ+Z�Z�RQ^_^]RQJ+TFMYLµlwoNMª^]lwcFLF�+E�keoNM `�pW^_RQXKRQLFM*p;RS^�l_J;¯�TFL�p�[�p{\_p{Z�MPlw\]RQX
Z�J)LNMYO�J{V�l_oNMxy]MPl�¢¶lwcF`5MW·FgqoNRQXºoKX*pWTK`�MrU+MYTFMY\wp-lwMYLKM*pW^_RQOH��l_J�¯NlqlwoNM	^]J+OSa{MY\eV%J+\�lwoFM
d�cNRQL3d�J:gµ[N\_J+`FOQMYZ¬RST3lwoFMxLNcNXzl*E��¶l�RQ^�p{T�pWLFaWp{Tmlºp{U+M�RSVNl_oNMxT�cNZ�`5MP\>J{V�[Np{\wp{Z�MPl_MY\]^
RQT©lwoNMn[�p{\wpWZ�Mzlw\_RSXeZ�J)LNMPO�RQ^¥^_Z�p{OQO?·m`5MPX*p{cF^_Mnl_oNMY^]Mbp{\]MelwoNM§a{pW\_R�pW`NOQMP^�lwo�pWl8gqRQOSON`�M
a{pW\_RQMPLflwJ©¯�TNL�lwoNMrJ+[Fl_RQZ�p{O�^_J+OScFlwRSJ+T�E

� MYXYp{cN^_MnJ{V�l_oNM§LNR���XYcFOSlwRSMY^�J{V5¯�TNLNRSTNU3p!T�cNZ�MY\]RQX*pWO�^_J+OScFlwRSJ+T�V%J+\8pra)RQ^]XYJ+cF^8l_cN\_`Nc)¢
OQMYTml�d�cNRQL�d�J:g [N\_J{`NOQMPZª·)p3OSJ{l8J{V~RHlwMY\_pWlwRSJ+TN^¥o�p{^8lwJ3`5MnZ¦p{LFMn`�MPV%J+\]Mnl_oNM�^]J+OQcFl_RQJ+T
XYJ+Tma+MP\_U+MP^YEn�¶V�lwoNM3[N\_J{`NOQMPZ o�p{^bp�U+J)J'LKRQTNRHlwRQp{O�^]J+OQcFl_RQJ+T�lwoFM�T�cNZ�MY\_RSX*p{O6^]J+OQcFl_RQJ+T
gqRQOQOFXYJ+Tma+MP\_U+MnZ�J{\_M���cNRQX���OH�+E � RHlwoNJ+c'lxpWT�RSTNRSl_R�p{O)^_J+OScFlwRSJ+T�·mpWT�J+['lwRQZ�RQ^_pWlwRSJ+T�OSJ'J+[
gxJ+cFOQL¦`�Mqa+MY\���XYJ+^�lwOS�{·�`5MPX*p{cN^]M�J{V5lwoNM§oNRSU+o�T�cNZ�`5MP\�J{V�RSl_MY\wp-lwRQJ{TN^�lwo�p-l�RS^�TFMYMYLFMYL
V%J+\�M*pWXºo³U{MYJ+Z�MPl_\]�´lwo�p-l�MYTmlwMP\_^�lwoFM�J+[Fl_RQZ�RQ^wp-lwRQJ{T;OSJ'J+[�E keoNMfRQLFM*p=RS^3lwJ¡Z�p��WM
^_Z�p{OQO�Xºo�pWTNU+MY^3RQT´lwoNM�U+MPJ+Z�Mzlw\��¡LNcN\]RQTNU�lwoNM�J+[Fl_RQZ�RQ^_pWlwRSJ+T¡[N\_J)XYMP^_^!^_JKlwo�pWl!lwoFM
RQTNRHlwR�pWO�^_J+OScFlwRSJ+T¦XYp{Tf`5M�U+MYTNMP\wpWl_MYLfV%\_J{Z l_oNMbXYp{OQXPcNO�pWl_RQJ+TF^�J{V~l_oNMb[N\]MPa)RQJ{cN^eU+MYJ{Z©¢
MPlw\��+E

keoNM¦d�cNRSL;d�J:g [N\]J+`NOSMYZ lwJª`5M�MPaWp{OSc�pWl_MYL�RST;l_oNM�J{[FlwRSZ�RS^wpWl_RQJ+T¡RS^!l_J=`�M¦^_J{OSa+MPL
`��¦M��'RQ^�lwRSTNU�^]J{V�l�g�pW\_MblwJ)J+OS^YE>keoFM	^_[�MYXYRH¯�X*p-lwRQJ{TN^�V%\]J+Z �!pWZ�Mzg�p�RS^�l_o�pWlxl_oNMbXPJ+Z©¢
Z�MP\_XYRQp{O�[N\_J+U{\wp{Z¹�>OScNMYTml���^]o�p{OSO5`�MbcN^]MYL�·�pWTNL�lwoNM�U+MYJ+Z�MPl_\]��^_o�pWOQO�`5MbU{MYTNMP\wpWl_MYL
RQTª�!pWZ�`NRSlY·'l_oNMr[N\_MP[N\_J)XYMP^_^_J{\§l_J���OQcNMPT�lº�'E

�



� � 
 �����Y��� � �b
 � 
	��
 � � ���

keoNM	gxJ+\���LNJ+TFM	oNMY\]M	RQ^ep�[N\]MY\_M ��cNRQ^]RSlwM	JWV�l_oNMbd�cNRSLfd�J:gv[N\]J+`NOSMYZ�l_J�Z¦p �{M	J+[Fl_RH¢
Z�RS^wpWl_RQJ+T [�J+^]^_RQ`FOQM{ErkeoNM©J+['lwRQZ�RQ^_pWlwRSJ+TK^]lwMP[´RSlw^]MYOHV�RS^bTNJ{l	pWlrp{OSO�p{LNLF\_MY^]^_MPL;oNMP\_MWE
��TªU+MPTNMY\_p{O�l_MY\_Z�^elwoNMbg�J+\���XYJ+TF^_RQ^�lw^qJ{V�Z¦p �)RSTNU©p�[�p{\_p{Z�Mzlw\]RQX�Z�J)LNMYO�JWV�l_oNMbg�p�¢
lwMY\�y]MPl§LNcNXzl*·�p{TNL�Z�p{[N[NRSTNU�J{V>p�^]J+OQc'lwRQJ{Tf`5Mzl�gxMPMYTªl�g�J¦LFR�5MY\_MPTmlqZ�MP^_oNMP^YE

��^r^]lwpWlwMPL;`�MPV%J+\]M�lwoNMP\_M©RQ^rpfTNMPMYL�lwJ�Z¦p �{M©pfZ¦p-lwoNMPZ¦pWl_RQXYp{O�Z�J)LNMYO�JWV8l_oNM�g�p�¢
lwMY\�y]MPl�LNcNXPlY·�gqoFRQXºo LNMP^_XP\_RQ`�MY^§lwoNM3U+MYJ{Z�Mzlw\]��RST p©U+J)J'LKg�p*�+EqkeoNM3Z�J)LNMPO�oNp{^nl_J
o�p*a+M�p�^_Z�p{OQO�T�cNZ�`5MP\�J{V�aWp{\]R�p{`FOQM	[�p{\_p{Z�MPlwMP\_^np{TNLªRSl§TNMYMPLN^�l_J¦`�M!a{MY\]��d�M �'RQ`NOSM
^_J�p©OQp{\_U{M	T)cFZ�`5MP\qJ{V>LFR�5MY\_MPTmlnU{MYJ+Z�MPl_\_RQMP^eX*p{T�`�MrU+MYTNMP\wpWl_MYL�E

�¶l�RS^�a+MP\]��l_RQZ�M¦XYJ{TN^_cNZ�RQTFU´l_J¡[5MP\]V%J+\]Z OQp{\_U+Mf����¸��%XYJ+Z�[NcFlwpWlwRSJ+T�p{O¥d�cNRSLµLF�m¢
T�p{Z�RQXY^��¥XPJ+Z�[NcFlºp-lwRQJ{TN^YE�� O�p{\]U+M§T)cFZ�`5MP\xJ{V6RHlwMP\wpWl_RQJ+TN^¥o�pW^xlwJ3`5MnZ¦p{LFMnlwJ3U+MPl�p
T)cFZ�MP\_RQXYp{O�XYJ+Tma+MP\_U+MPTml3^]J+OQc'lwRQJ{T�E���T l_oNM�[N\]J'XPMY^_^	JWV¥J+[FlwRSZ�RS^_RSTNU�lwoNM�U{MYJ+Z�MPl_\]�ªp
O�p{\]U+M�T�cNZ�`5MP\>J{V�LNR���MP\_MPT�l>U+MYJ{Z�Mzlw\_RSMY^�p{\_M8lwJb`�MxMzaWp{OQc�p-lwMYL�·+p{TNL3gqRSlwo!lwo�p-l�pna{MY\]�
O�p{\]U+MqT)cFZ�`5MP\�JWV�d�cNRSL�dNJ�g [F\_J+`NOSMYZ�^�gqRQOSO�`5M§^_J+OHa+MPL¦T�cNZ�MY\_RSX*p{OSOS��RQT�p{T¦RHlwMP\wpWl_RSa+M
[N\_J)XYMP^_^YE@¸bcNM�l_J´l_oNM�OQRSZ�RHlwMYL;XYJ+Z�[NcFlwpWlwRSJ+T�p{O�[5J:g�MY\�p*aWp{RQOQp{`NOQMW·�lwoNM�RHlwMY\_pWlwRSJ+TN^
lwo�pWl8^]J+OSa{M§l_oNMn����¸ [N\]J+`NOSMYZ oNp:a{Mnl_J!`�M§Z�RSTNRQZ�RQ^]MYL�·{p{TNL©lwoNRS^�RQ^�lwoNMqZ�p{RQT©RS^_^_cFM
p{LNLN\]MY^_^]MYL�oNMY\]M{E�keoNMqU+MPTNMY\_p{ONRSLNM*pbRS^>lwo�p-l8pb^_J+OScFlwRSJ+T�V%\_J{Z J+TNMeU{MYJ+Z�MPl_\]�3X*p{T©`�M
cN^_MPL p{^§p{T�RQTFRSlwRQp{O�^_J+OScFlwRSJ+T�lwJ�p�^_RSZ�RSO�p{\�U+MYJ+Z�MPl_\]�{E��¶V�l_oNMr^_J+OScFlwRSJ+T�¯Nlw^el_oNMrTNMPg
U+MYJ+Z�MPl_\]��g�MYOSO®·xOSMY^]^�RHlwMY\_pWlwRSJ+TN^©p{\]M�TNMYXPMY^_^_p{\]�³lwJ;U+MPl�p�XYJ+Tma+MP\_U+MPTmlfT�cNZ�MP\_RSX*p{O
^_J+OScFlwRSJ+T p{TFL�lwoNM¦XYJ+Z�[NcFlwpWlwRSJ+T�p{O�[�J:gxMP\�X*p{T�`5M�cF^_MYL l_J [N\]J'LNcFXYM�Z�p{Tm������¸
\_MY^]cNOSl_^Y·~lwoNpWlrX*p{T�`�M�XYJ+Z�[�p{\]MYL´RQT¡lwoFM�J+[FlwRSZ�RS^wpWl_RQJ+Tª[N\_J)XYMP^_^PE � oFMYT�Z¦p{[F[NRQTNU
lwoNM�Z�MY^]oNMY^	lwoFM�[�p{\wpWZ�Mzlw\_RSX�Z�J'LFMYO>JWV8l_oNM�U+MPJ+Z�Mzlw\��=gqRQOSO�`�M�cN^]MYL�E � � ^]J+OSa)RQTFU
lwoNMrd�cNRSLKd�J:g [F\_J+`NOSMYZ V%J+\eJ{TNM3[Np{\wp{Z�MPl_\_RSXbg�pWl_MY\�y]MPlnLNcNXPlY·5RSTNRSl_R�p{O�^_J{OQcFl_RQJ+TN^eV%J+\
p{OQO�J{lwoFMY\bLNcFXPlw^P·�U+MPTNMY\_pWlwMPL�`m�KlwoNM�^wp{Z�M�[�pW\wp{Z�MPl_\_RQX3Z�J)LNMPO�XYp{T `�M�U+MYTFMY\wp-lwMYL�E
keoNM���c�p{OQRHl��!J{V�lwoNM�RSTNRSl_R�p{OmLNpWlºp�gqRSOQO�J{V�X*p{cF^_MeLNMP[5MPTNL©J+T�oNJ:g³^_RQZ�RQOQp{\~lwoNMxU+MYJ+Z�Mz¢
lw\_RSMY^np{\_MWE��§J�g�MPa{MY\P·5lwoFMY\_MrgqRQOSO~p{OHg�p*�)^n`�M![5J+^]^_RS`NOQM	lwJ�Z�p{[Kp�^_J{OQcFl_RQJ+T�·F`5MPX*p{cN^]M
MPa+MPTfRSV�lwoNMnZ�MP^_oNMP^xLNJ!TNJ{l�o�p*a+M�p���p{\�lwMP^_R�pWT¦XYJ)J+\]LNRQT�p-lwM�V%\wpWZ�MqRQT�XYJ{Z�Z�J+T�·mlwoFM
[�p{\wpWZ�Mzlw\_RSX	XYJ)J+\_LFRQT�pWl_MY^egqRQOSO~p{OHg�p*�)^n`�MrXYJ+Z�[�p{\_p{`NOSM{E¥keoNM!U+MYTNMP\wp{O6RSLNM*p�`�MYoNRSTNL
lwoNMbZ�p{[N[FRQTNU�RS^�l_o�pWl�XPMYOSOQ^�gqRSOQO�RQTFoNMY\]RSlxl_oNMb^]J+OQcFl_RQJ+T�aWp{OQcNMP^xJ{V6l_oNMbXYMPOQOS^8gqRHlwo�lwoFM
XYJ+\]\_MY^][5J{TNLNRQTFU�[Np{\wp{Z�MPl_\_RSX¦aWp{OQcNMP^�RQT l_oNMfZ�MP^_o�·¥V%J+\�gqoNRSXºo�lwoNMfd�cNRSL d�J:g o�pW^
`5MPMYT�^]J+OSa{MYL�E��>RSU+cN\]MfG�^]oNJ:gq^3l_oNM©XYJ+TNTFMYXPl_RQJ+T�`�MPl�g�MYMYT;l�gxJKXYMPOQO�XPMYTmlw\]M¦[�J+RQTmlw^
RQTfl�gxJ�LNR���MP\_MYTml§Z�MY^_oFMY^Y·�l_oN\_J+cFU+oKl_oNMr[�p{\_p{Z�Mzlw\]RQXb^][�p{XYMWE

keoNM�Z�p{RQT�\]MY^]cNOSlKJ{V3lwoNM´gxJ{\���RQ^KpµXYJ+Z�[NcFl_MY\�[N\]J+U+\wpWZ gq\_RHl_lwMPTvRST l_oNM�[N\_JW¢
U+\wp{Z�Z�RQTNU�OQp{TNU+cNp{U+Mr�er�E¥keoNM!V%cFTNXPl_RQJ+T�pWOQRSl���J{V�lwoFM![F\_J+U+\_p{Z RS^��

� l_J�U+MPTNMY\_pWlwM�¯NOQMY^ngqoNRQXºo¡XPJ+Tmlºp{RST RQTFV%J{\_Z�pWlwRSJ+TKp{`5J{cFlblwoFM�U+MYJ{Z�Mzlw\]�KJ{V�l_oNM§y]Mzl
LNcNXPlY·�gqoNRQXºoKX*p{TK`�M	\_M*pWLª`m�flwoFM!^]J+OSa{MY\PE

«



(x  , y  , z  )1 1 1 ( s, r  , θ )

Geometry1, mesh1

Structured help grid

(x  , y  , z  )22 2

Geometry2, mesh2

���������
	����������������������������� �!�"�$#%�!�'&!(���(")��*#��,+.-/��&0(1-2�3-2�"4546�2-*#7� #.���/#�����8�+ 9:�;���*45#0�<�2��)=�;#7�,+.�*�
(�468>)=�*�����*�;?

@BADC �E	GF6H A
I 	KJL	NM IPO � C J JL	NM IPQSR 	NMNTU��	<V�	N�
F A 	<HW��V ADI 	YX��
	<X�� C'Z 	<M
M C � C6O[ADI 	
M C�R.\ 	N�<]
@LADC^Z<C JLXSF6�
	 Z 	 R�R M��7V A,_`C H��7ab	N�E	NV A ��	 C JL	 A �E��	<MNT _ � A
I H��7ab	N�E	NV A Jc	<M I 	<MNT A
C 	NV'd
F6e R 	 A
I 	 ZNC JLX�� A 	NHfM C�R � A � C V ADC e�	gJ C�\ 	<H O � C J C V�	h�6	 C JL	 A �Ei A
C F6V C6A
I 	N�<]
@KA
C JcF6XjFkJL	NM IlA
C FKV�	 _ ��	 C JL	 A �;i�T _UI � R 	cm6	N	<X���V�� ADI 	 R7C ��� Z F RnZNC V�V�	 Z1A � C V
F6V�HfH�	 R � \ 	<� ADI 	g�7V OoC �
JcF A � C VpF5e C � A�ADI 	gJL	NM IqADCrA
I 	gM C�R.\ 	N�<]
@qADC �
	GF5H ADI 	LM C6R � A � C V \ F R ��	<M O � C J ADI 	^HSF A F QSR 	NM<T _UI � Z"I F6�E	 Z �E	GF A 	NHle�i ADI 	
M C�R.\ 	N�<T F OsA 	<�U� A�I F5M OoC ��V�HYFtM C�R � A � C V ADCtADI 	[uS���7Hpu C�_ X�� C e R 	<J
@rADCLv J C�\ 	 vLADI 	hM C6R � A � C V C6O�C V�	hJc	<M I F6V�H C V�	g��	 C Jc	 A �Ei A
C F5V C6ADI 	N�UJc	<M IYC6O
F6V C6A
I 	N�$w C � ADI 	gMDF5Jc	�x=�6	 C JL	 A �Ei
@pADCp_ �E� A 	LF QSR 	 Z<C V A F6�7V���V�� ADI 	LM C�R � A � C VyHSF A F ADC ��� \ 	cFpV�	 _ JL	NM I F6VB��V�� A ��F R
M C�R � A � C Vz]

{,V ADI 	 OoC�R�R7C!_ �7V��fM
	 \ 	NV|M
	 Z<A � C V�M C6O=ADI 	}�
	<X C � A T A
I 	}F5e C�\ 	^X�� C e R 	NJ~�7M O ��� ADI 	<�
H���M Z ��MEM
	NHkF6V�HYFLM C�R � A � C Vp�7M�X��
	<M
	<V A 	NHz]U�'	 Z1A � C VK��T Z<C V A F6�7V�M ADI 	 A
I 	 C �;ipe�	 I �7V�H
ADI 	�uS����Hyu C�_ X�� C e R 	NJf]g� I ��M[ME	 Z<A � C V��7V A 	NV�H�M ADC ��� \ 	rF}�
	NF6H�	<�NT3��V O F6JL� R ��F6� A
C
uS����Hyu C�_ X�� C e R 	NJLMNTzF6V���V A � C H�� Z<A � C V ADCpA
I 	rM
��e��E	 Z<A F6V�H A
I 	reSF Z m���� C ��V�HB��V�d
OoC �
JcF A � C V}V�	<	NH�	<H ADC ��V�H�	N�EM A F5V�H A
I 	gX�� C e R 	NJ�F6H�H��E	NMEM
	NH/]

��	 OoC �E	���JLX R 	<Jc	<V A ��V�� ADI 	�F R � C �E� A
I JcM C6OhADI 	�F6e C�\ 	�� A 	NJLMpF R�C6A}C6O X��
	NX�F6�DF0d
ADC �;i _�C �
m T I F6H A
C eb	pH C V�	6]|� I �7Mr��V \�C�R.\ 	<H�M A ��H�i'�7V�� ADI 	qM C6R7\ 	<�NT _UI � Z"I|_ F6M
� C ��V�� ADC eb	���M
	NH/T ADC �6	 A F5Vy��V�H�	<�
M A F6V�H��7V��pF6e C � A�I�C�_�ADC}Z<C JcJ$��V�� Z F A 	 _ � A
I
ADI 	�X�� C �6�DF6Jf]�� R M C F6V^��V�H�	N�EM A F6V�H��7V��rF6e C � A�ADI 	 OoC �EJ^F A M C5O/ADI 	 QSR 	NM I F6H A
C e�	
F Z"I ��	 \ 	<Hz]n� I 	 ZNC V Z 	N�EV�	NH QSR 	NM _ 	<�
	 ADI�C M
	 Z<C V A F6�7V���V�� ADI 	���V�X�� A H�F A F�T ADI F A�ADI 	
X�� C �6�DF6J��
	GF5H�MNT F6V�H A
I 	 QSR 	<MNT Z<C V A F6�7V���V�� ADI 	 C � A X�� A HSF A F _UI � Z"IqADI 	hX�� C ���
F6J
��	NV�	<�DF A 	NM<]�{,V OoC �
JcF A � C V���F6�7V�	NHWH����
�7V�� A
I ��McM A ��H�i C5O ��JLX C � A F6V Z 	 ADC ��V�H�	N�*d
M A F5V�H���V�� A
I ��M��E	NX C � A T Z F6Vfe�	 OoC ��V�Hf��VY�'	 Z<A � C Vf��]

�



keoNM=Z�p{RQTµ[N\]J+`NOSMYZ�^�\_MYOQpWlwMPL@l_J�l_oNM=pWOQU+J+\]RSl_oNZ�^3lwJ�`5MKRQZ�[NOQMPZ�MPTmlwMYL³p{\]M�[N\_M�¢
^_MYTml_MYL�RQT��'MPXPl_RQJ+T �'·�l_J+U+MzlwoNMP\!gqRHlwo;pKLNMP^_XP\_RQ['lwRQJ{T;J{VxoNJ:g lwoFMY^_M�[N\_J{`NOQMPZ�^!p{\]M
^_J+OHa+MYL�E

keoNMnLFMY^_XP\_RS[FlwRSJ+T©J{V�l_oNMqXYJ+Z�[NcFl_MY\¥RQZ�[NOQMPZ�MPTmlºpWl_RQJ+T�·�gqoNRSXºo�RS^¥l_oNMqZ¦pWRQT�\_MP^_cNOHl*·�RQ^
V%J+cNTNLªRQT��'MYXzlwRQJ{T=«FEe�rMPTNMY\_p{O6\_MYZ�p{\��)^§p{TFL=LNMP^_XY\]RQ[Fl_RQJ+TF^�p{\]M3Z�p{LNM!p{`�J+cFlqgqo�p-l
X*p{T�`5M©LNJ{TNM©cN^_RSTNUflwoNM�[N\_J{U+\wp{Zs¯�OQMP^Y·�p{^	g�MYOQO¥pW^	LNMPlwp{RQOSMYL´LNMY^]XY\]RQ[Fl_RQJ+TN^rJ{V8lwoFM
V%cNTNXPl_RQJ+TF^YE

�'MYXzlwRQJ{T¡��XPJ+Tmlºp{RSTN^§p{T=M �Fp{Z�[FOQMrJ{V�XYp{OQXPcNO�pWl_RQJ+TF^eZ¦p{LFM!J{T p�g�pWl_MY\�y]MPlbLFcNXPlnU+MYT)¢
MY\wp-lwMYLª`m�flwoNM![N\_J{U+\wp{Z�¯�OQMP^YE �nMY\]M3RHlqX*p{TK`�M3^]MYMYTªoNJ:g lwoFM3LNR���MP\_MPT�l§[N\]J+U+\_p{Z�^
RQTmlwMP\wp{Xzl*·�gqRSl_o�l_oNM!^_J+OHa+MY\§p{TFLªlwoFM!XPJ+Z�[NOQMzlwMrXºo�p{RSTKl_o�pWlelwoFM3[N\]J+U+\_p{Z�^qpW\_Mr[�p{\�l
J{V>`�MYXPJ+Z�MY^eXYOSM*p{\PE¥�xJ+Z�Z�MPTmlw^qp{\]Mrp{OQ^]J�Z¦pWLNMrp{`�J+cFl�l_oNM	\_MP^_cNOHleJ{V�lwoNM	M �NpWZ�[NOSM{·
gqoNRQXºoKU+RSa{MY^§p{TKRQLNMYp©p{`5J{cFlqoNJ:gvg�MYOSO�lwoNMr[N\]J+U+\wpWZ�^�g�J+\��¦RQT�[N\wpWXPlwRSXYMWE

�xJ+TNXYOScN^_RSJ+TN^¥p{\]M�U+RHa+MYT©RST��'MYXzlwRSJ+T�hF·mp{TNL�l_oNM�\_MP[5J{\]l¥MYTFLN^�gqRSl_o��'MYXzlwRQJ{T©¤F·+gqoNMY\]M
\_MYXPJ+Z�Z�MPTNL�pWl_RQJ+TN^xp{\_M�U+RSa{MYT�p{`�J+cFl�gqo�pWleXYp{Tf`5M�RQZ�[N\_J:a+MPLf`m�¦V%cN\�lwoNMP\xgxJ{\���J+T
lwoNMr^_JWV�l�g�p{\]M�pWTNLKl_oNM!p{OQU{J+\_RHlwoNZ�^YE

� ���	� 
 � � � � � � � �	��
 ���¡��� �>� � � ��
 � � � 
´�� 
�
 �����
�Y� �

��T�l_oNRQ^�^_MPXPlwRSJ+TflwoNMbp{RQZ RQ^�lwJ�[�J+RQTmleJ{cFlxgqo�p-lqZ¦p��WMY^�RHl�LNR ��XYcNOHl�lwJ�^]J+OSa{Mrp�d�cNRSL
d�J:g¨[N\]J+`NOSMYZKE¡keoNRQ^�LNR ��XYcNOHl���RS^�[�p{\�l�J{VqlwoFMfZ�J{l_RSaWpWl_RQJ+T�`5MPoNRQTFL lwoNM�[F\_MY^]MYTml
gxJ+\���E9keoNM�d�cNRSL³d�J:g [F\_J+`NOSMYZ pWLNLN\_MP^_^]MYL oNMP\_MKRQ^©p{^]^_cNZ�MYL³lwJ�`5MKp¡a)RQ^_XPJ+cN^P·
RQTNXPJ+Z�[F\_MY^]^_RS`NOQM�d�cNRSL3d�J:gr·-gqRSlwo3XYJ+TF^]lºpWT�l�lwMPZ�[�MY\_pWlwcN\]M{E���T3l_oNM�V%J+OSOQJ:gqRQTFUe^_MYXzlwRSJ+T
lwoNMKU+MYTFMY\wpWO§gxp*�³l_J;Z�J)LNMYO�a)RQ^]XYJ+cF^�d�J:g RS^�[F\_MY^]MYTmlwMPL�·qRQTNXPOQcNLFRQTNU¡lwoFM��np:a)RSMY\�¢
�)lwJ �WMY^�M ��c�pWl_RQJ+TN^PE9��T��'MYXzlwRSJ+T9D'E°i lwoNMK`�MYo�p*a)RQJ+cF\�JWV�lwcF\_`NcNOSMYTNXPMªRS^�LNMY^]XY\]RQ`�MYL
p{TNLµlwoNMf^][5MPXYR�pWO�XYJ+TFLNRSl_RQJ+TN^�V%J{\�lwoNMKp{[F[NOQRSX*pWl_RQJ+T;J{Vnl_oNMfg�p-lwMY\�y]MPl�LNcNXzl�X*p{Tµ`�M
V%J+cNTNLKRQT��'MPXPlwRSJ+TKDFEuDFE

����� � ��������� ��!#"$�&%'��!#()�+*$,#-.�0/1/2��3��4�657�4/1()�&8#/:98��4�;9<�>=
keoNM Z�J{lwRSJ+T9J{V�lwoNM=dNcNRQL9dNJ�g XYp{T�`�M=LNMP^_XY\]RQ`�MYL�`m�³V%J+cN\¦[Np{\]l_R�p{OqLNR���MP\_MYTml_R�p{O
M ��c�pWl_RQJ+TN^P·�gqoNRSXºo MPTFV%J+\_XPMY^KXYJ+TF^_MY\�aWpWlwRSJ+T J{V�Z�p{^]^�p{TNL�Z�J+Z�MYTml_cNZ ? «A@?E keoNM
XYJ+TN^]MY\�a{p-lwRQJ{TªJ{V�Z�p{^_^eRS^§LFMY^_XP\_RS`5MPLª`m�

BDC
B2E :FHGJI � C � �LK t1M ��G �

h



gqoNMY\]M C RQ^�l_oNMrLNMYTN^]RSl���pWTNL � K � ���0M�� M�� �xRS^�lwoNM	a+MPOQJ)XYRHl��¦a+MPXPl_J+\YE¥�¶lqX*pWTªMYp{^_RSOS�
`5M	^]MYMYTfl_o�pWl�l_oNM	M ��c�pWl_RQJ+Tf^]MPl_^ql_oNMb\_pWlwMbJWV�RSTNXY\]M*p{^]M	J{V�Z¦pW^_^�RSTfp�d�cNRSLfMYOQMPZ�MPTml
M ��c�p{O�lwJ�lwoFM�TFMPl3\wpWl_M�JWV�d�J:g JWV�Z�p{^_^rRQTml_J�l_oNM�d�cNRSL;MPOQMYZ�MYTmlYE���T´lwoNM�X*pW^_M�J{V
RQTNXPJ+Z�[F\_MY^]^_RS`NOQMed�cNRSLN^Y·mgqoNMP\_M C RQ^¥XPJ+TN^]lwp{Tml�l_oNM§M ��c�pWl_RQJ+T©V%J+\¥Z¦pW^_^¥XYJ+TF^_MY\�aWpWlwRSJ+T
RQ^e\_MPLNcNXPMYL=l_J

FHG I � Kvt�� �®i �
keoNM�Z�J+Z�MPTmlwcNZ J{VFlwoNM8d�cNRQL3RQ^�XYJ+TN^]MY\�a+MYL�·+gqoNMYT�l_oNMx\_pWlwM8J{V�RQTFXY\_MYp{^_M�J{V�Z�J+Z�MYT'¢
lwcNZ¹J{V�p3d�cFRQL�[�pW\]lwRSXYOSMnM �)cNp{OQ^8lwoNMb^]cNZ¹J{V~V%J+\_XPMY^xg�J+\��)RSTNU�J+T�l_oNMndNcNRQL�[Np{\]l_RQXYOSM{E
keoNMY\]M�p{\_M!l�gxJfLFR�5MY\_MPTml ��RQTNLF^�J{V�V%J+\]XYMP^ng�J+\���RQTFU�J+T=l_oNM3d�cFRQL [�pW\]lwRSXYOSM{·�lwo�p-lbRQ^
lwoNM	`�J'L'��V%J+\]XYMP^ep{Tml�lwoFMbV%J+\_XPMY^e\_MP^_cNOHlwRSTNU3V%\]J+Z�^]cN\]V7pWXYM	^]l_\_MP^_^YE8keoNM	`�J'L'��V%J+\]XYMP^
�7U+\_p:a)RHl��3V%J+\]XYMW·mXYMYTml_\_RSV%cFUmp{O�V%J+\_XPM{·)�xJ+\]RQJ+OSRQ^~V%J+\_XPMep{TNL�MPOQMPXPlw\]JW¢�Z�p{U+TFMPlwRSX8V%J{\_XYM��>p{\]M
cN^_c�pWOQOS�3^_cFZ�Z�MYL©p{TFL�[FcFl¥RQT©pb^]J+cN\_XPM�lwMP\_ZK·+gqoNRQOSM�lwoFMeLNR�5MY\]MYTml�V%J+\_XPMY^ �%[N\_MP^_^_cF\_M
V%J+\_XPMY^qp{TNL�a)RS^_XYJ{cN^xV%J+\]XYMY^��z·NXYp{cN^]MYL�`m��^_cF\]V7p{XPM	^]lw\]MY^]^Y·�p{\]MbLNMP^_XY\]RQ`�MYL�^_MP[�p{\_pWlwMPOS�+E

keoNMbZ�p{U+TNRHlwcNLNMqJ{V5lwoNM§V%J+\_XPMY^�\_MY^]cNOSl_RQTNUrV%\_J{Z ^]lw\]MY^]^�RQ^¥lwoNMn[N\_J)LNcNXzlxJWV�lwoNMn^]l_\_MY^]^
RQTmlwMPTN^_RHl���p{TNL pW\_M*p'E keoNM¡^�lºpWl_M J{V!^]l_\_MP^_^�J{VrlwoNM dNcNRQL MPOQMPZ�MPT�l�RQ^�LNMz¯�TNMPL RST
lwMY\]Z�^�J{Vn[N\_MP^_^]cN\_M=p{TNL9TFRQTNMfa)RQ^]XYJ+cN^�^]l_\_MP^_^�XYJ+Z�[5J{TNMYTmlw^PE9keoNMKa)RQ^_XPJ+cN^�^]l_\_MY^]^
RQ^	Z�J'LNMPOQOSMYL lwJ�`�M�pfV%cFTNXPl_RQJ+T´J{V�lwoNM©OQJ)X*pWO>LNMzV%J+\_Z�pWlwRSJ+T¡\wp-lwM{E�keoFMY\_M�p{\]M�`5J{l_o
OQRQTFM*p{\rp{TFL�a{J+OQcNZ�MPl_\_RSX�LNMPV%J+\]Z¦p-lwRQJ{T¡\wpWl_MY^YE�keoNM�OQRSTNM*p{\	LFMPV%J+\]Z¦pWl_RQJ+T¡RS^F �	� F � ·
gqoNMY\]M � K �
�0M�� M�� ��p{TNL�lwoNM	a{J+OQcNZ�MPl_\_RSXbLNMPV%J{\_Z�pWlwRSJ+T�RQ^�FHG I � E���J+\ �nMPgel_J+TNRQp{T
d�cNRQLKa)RQ^_XPJ+cN^§^]l_\_MY^]^bRQ^q[N\]J+[�J+\]l_RQJ+T�pWO�lwJ�lwoNM!\wpWl_M3JWV�LNMzV%J+\_Z�pWlwRSJ+T�·�p{TFLªlwoFMY\_M3p{\]M
l�gxJ©[N\]J+[5J{\]lwRSJ+T�p{OSRSl���XPJ+TN^�lºp{Tmlw^PE��	TFMbRQ^�X*p{OSOQMYL�lwoNMbL'�'TNp{Z�RSXna)RQ^]XYJ+^]RSl��{·��·Fp{TNLfRQ^
OQRQT �{MYLfl_J©l_oNMrOQRSTNM*p{\�LNMPV%J{\_Z�pWlwRSJ+T�E�keoNMrJ{l_oNMY\eXPJ+TN^�lºp{Tml§RQ^��~·FgqoNRSXºoªRS^eOQRQT �{MYLfl_J
lwoNM!a+J+OScNZ�Mzlw\]RQXrLNMPV%J{\_Z�pWlwRSJ+T�Ee��J+\np{T=RSTNXYJ{Z�[N\]MY^]^_RQ`FOQM	d�cNRSLªlwoFMY\_M3RQ^§J+TNOH��OQRQTFM*p{\
LNMPV%J+\]Z¦p-lwRQJ{Tf`5MPX*p{cN^]M FHGJI � KvtFE¥keoNMra)RQ^_XPJ+cN^§^]l_\_MY^]^§l_MY\]Z�^��ªp{\_M	l_oNMY\]MPV%J+\]M!V%J+\
RQTNXPJ+Z�[F\_MY^]^_RS`NOQM!d�J:g l�gqRSXYM�l_oNM�OSJ'XYp{O�\_pWlwM3J{V¥OQRSTNM*pW\nLNMzV%J+\_Z�pWl_RQJ+T�·5p{^�� ��c�pWl_RQJ+TF^
D-¢ h�^_oFJ�gq^PE ����� K i� B�� �B � �?D �

������Kvi� B�� �B � � � �

�����+K i� B�� �B � �®� �

������K �����#K!#" B�� �B �  B�� �
B �%$ �?« �

���&� K'���(�#K) " B�� �B �  B�� �
B �*$ �®� �

����� K'���(��K!#" B+� �B �  B�� �
B � $ �?h �

¤



keoNM¡XYJ+Tml_RQT�cNRSl��³M �)cNpWlwRSJ+TN^�V%J{\¦Z�J+Z�MPTmlwcNZ p{\]MªV%J+cNTFL�`��@^_Mzl_l_RQTNU�l_oNM=\_pWlwM=J{V
Xºo�p{TNU+M�J{V�lwoNM�Z�J{Z�MPT�l_cNZBRST�l_oNM �)¢¶LNRQ\]MYXzlwRQJ{T�JWV�pfd�cNRSL;[�pW\]lwRSXYOSM�M ��c�p{O�lwJ�lwoFM
lwJ{lwp{O>V%J+\]XYM�RST lwoNM ��¢�LNRS\_MPXPlwRSJ+T�·5LNcNM�lwJf^]cN\]V7p{XPM©^]lw\]MY^]^Y·~gxJ{\���RQTNU�J+T l_oNM�[�p{\�lwRSXYOQM
[NOQcN^§lwoNM3\wpWl_M�J{V¥XºoNp{TNU+M3J{V�lwoNM3Z�J{Z�MPT�l_cNZ RQTKlwoNM �)¢¶LNRQ\]MYXzlwRQJ{T�·5LFcNM3l_J�^_J+cF\_XYMP^
�7`�J'LF�=V%J+\_XPMY^ ��E � �)cNpWlwRSJ+T�¤-¢ºG+G{·�^_oNJ:g lwoNRS^	M ��c�p{OSRSl��=V%J{\blwoNM�Z�J+Z�MYTmlwcNZ RQT¡lwoFM
��·)��p{TNL � LNRQ\]MYXzlwRQJ{T¦\_MP^_[�MYXzlwRSa{MYOH�+·'gqoFMY\_M���RQ^¥lwoFM�[N\]MY^_^]cN\_MWE���� �m·���� �np{TFL���� �
p{\_M	lwoFM!XºoNp{TNU+MP^nJ{V�Z�J+Z�MPTmlwcNZ�LNcNM	lwJ�^_J+cF\_XYMP^YE

C F � �
F E K B �
	��© ����� �

B �  B ��� �
B �  B ���(�

B � ���� � �?¤ �

C F � �
F E K B ������� �

B �  B �	��� �������
B �  B ���(�

B � ���� � ��G:t �

C F � �
F E K B ���&�

B �  B �����
B �  B �	��� ����� �

B � ���� � ��G+G �� ��c�p-lwRQJ{TN^ni'·�¤F·~G:t©p{TFL�G{G!XPJ+TN^�lwRSl_cFlwM	l_oNM��p*a)RQMY\ ¢��)l_J �{MP^qM ��c�pWl_RQJ+TN^eV%J+\eRSTNXYJ{Z©¢
[N\_MP^_^_RS`NOQM	a)RQ^]XYJ+cF^qdNcNRQL�d�J:g pWlqXPJ+TN^�lºp{Tml§lwMYZ�[�MY\wp-lwcN\]M{E

����� � 8#-D3�8�����!���3 �����057�4�+8#- ��! 57��/ ()�+8#/ 98����;9<��=
keoNM©\wp{TNLFJ+ZBa+MPOQJ)XYRHl��=d�cNXzlwc�p-lwRQJ{TN^	Xºo�p{\_p{XPl_MY\_RS^]l_RQX�V%J+\�l_oNM�lwcN\]`NcNOSMYTml	d�J:gr·6U+RSa{M
\_RQ^]M	lwJ�p{LNLNRHlwRSJ+T�p{O5^]lw\]MY^]^_MY^nJ+T�lwoNM	d�cNRSL�E�keoNMP\_M!RQ^qp©XYOQJ{^_M	\_MPO�pWl_RQJ+Tf`�MPl�g�MYMPT=lwoFM
lwcN\]`NcNOQMPTNXYMnJ{V�l_oNMnd�J:g�p{TFL¦RSl_^x²qMP�)TNJ{OQLN^8T�cNZ�`�MY\Y·�gqoNRSXºo�Z�MYp{^_cF\_MY^8lwoNMn\_MPO�pWl_RSa+M
RQZ�[5J+\�lºp{TFXYM�J{V�RQTNMP\]l_R�p¦V%J+\]XYMY^3p{TNL´a)RQ^]XYJ+cN^	V%J+\]XYMP^3J{Vxpfd�cNRQL¡d�J:g ? «A@?E©keoNM�l_cN\�¢
`NcNOQMPTml	`5MPo�p*a)RQJ+cN\nRQTNXP\_MYp{^_MP^�gqRSl_o oNRQU{oNMY\qaWp{OQcNMP^�J{V�l_oNM�²qMP�)TNJ{OQLN^bT�cNZ�`5MP\Y·�pWTNL
V%J+\�MYp{Xºo¦l��)[�M�J{V�dNJ�g�l_oNMY\]M�RS^xp!XY\_RHlwRSX*p{O�²qMP�)TNJ+OSLN^8T)cFZ�`5MP\�pWl8gqoNRSXºo�lwcF\_`NcNOSMYTNXPM
¯�\_^�l�J)XYXPcN\_^PE�keoNM3²§Mz�'TFJ+OQLN^§T�cNZ�`�MY\����3RS^§LFMY^_XP\_RS`5MPL=`m��lwoNMrXºo�p{\_p{XPl_MY\]RQ^]l_RQXra+M�¢
OQJ)XYRSl����3·�lwoNM�OSMYTNUWlwo ^]X*p{OSM�J{V¥lwoNM�Z�p{RQTªd�J:g���p{TNL¡lwoFM �)RSTNMYZ�pWl_RQX3a)RS^_XYJ{^_RSl��! 
p{XYXPJ+\_LNRSTNU�l_J"���K#��� �  �EnkeoNM!lwcN\]`NcNOSMYTNXPM�X*pWT=`�M�^_MPMYT´p{^§MYLFLNRQMP^�J{V�LFR�5MY\_MPTml
OQMYTFU{lwo�^]X*p{OSMY^YE´keoNM�gqRSLNM�\_p{TNU+M�JWVnOSMYTNUWlwo�^_XYp{OQMP^�J{VqlwoFM�MYLNLFRQMY^�l_o�pWl�J)XYXPcN\�RST
lwoNM�^_p{Z�M¦d�cNRSL�d�J:g¹RQ^�pªLNR���XYcFOSl���V%J+\3l_oNM�T�cNZ�MY\_RSX*p{O8Z�MPlwoFJ'LN^P·�`�MYX*pWcN^_MfRHl�RQ^
lwJ)J=XYJ{^]lwOH�´lwJ pWL�p{[Fl!lwoNM�Z�MP^_o�pWXYXYJ{\_LNRSTNUªl_JªlwoFM¦^_Z�p{OSOQMY^�l!OQMYTFU{lwo�^_XYp{OQMP^YEKkeoNM
MYLNLNRSMY^	XPJ+Tmlw\_RS`NcFl_M�lwJfZ�R �KlwoFM�d�J:g M ��MPXPl_RSa+MPOS�{·�gqoNRQXºo´\]MY^_cFOSlw^�RQT oNRSU+o LNR���cF^_RQJ{T
XYJ)M ��XYRSMYTmlw^qV%J+\�Z�p{^_^P·�Z�J{Z�MPT�l_cNZ pWTNL�oNM*pWlYE¥k�cN\]`NcNOSMYTNXPM!RS^qp{OQ^]J�RQTNoFMY\_MPTmlwOS�¦RQT'¢
^]lºp-lwRQJ{T�p{\]�{·FgqoNRSOQMblwoFM!RSTmlwMY\]MY^�lnZ�J+^�lqJ{V�lwMPTªRS^eRQT�^]lwpWlwRSJ+T�p{\���d�J:gq^PE

k�J�J:a{MY\_XPJ+Z�M�lwoNMn[N\_J{`NOQMPZ gqRHlwo�LFR�5MY\_MPTml�OQMPTNU{l_o¦^_XYp{OQMP^�aWp{\]RQJ+cN^�Z�J)LNMPOQ^�V%J+\�l_cN\�¢
`NcNOQMPTNXYM3RQ^qcN^]MYL�E��bTNM!J{V>l_oNMY^]M�Z�J'LFMYOQ^eRS^elwoNM!l�gxJ�M ��c�pWl_RQJ+TKZ�MzlwoNJ)LKX*p{OSOQMYL�lwoFM
$&% ¢�Z�MPl_oNJ)L�E�keoNRS^�Z�MzlwoNJ)LµcN^_MP^�lwoNM�l_RQZ�Mfp*a+MY\_p{U+MPL��np:a)RSMY\�¢4�)lwJ��{MY^©M �)cNpWlwRSJ+TN^Y·
p{TNL³p{XYXPJ+cNTmlw^�V%J+\�l_oNMf^_Z�p{OSOx^_XYp{OQMP^�lwo�p-l©X*p{TµTNJ{l�`5M�¯Nl]lwMPL@RST�l_J lwoNMfZ�MY^]oµ`��
p{OQ^]JfZ�J)LNMYOSOQRSTNU�lwoNM�l_cN\_`NcFOQMYTml ��RQTFMPlwRSX�MPTNMY\]U{� $ p{TNL l_oNM�\wp-lwM�J{V8LNRS^_^]RQ[�pWl_RQJ+T=J{V
lwcN\]`NcNOQMPTml ��RSTNMPl_RQX	MYTFMY\_UW� % E

G*t



���J� � �#� 9<��= ��! ���#�6= � �2�0- � ��� �<8#( �
keoNM�dNJ�g RQT�pµgxpWl_MY\%y]MzlKRQ^�Xºo�p{\_p{XPl_MY\_RS^_MPLv`m��oNRSU+ov²qMP�)TNJ{OQLN^�T�cNZ�`�MY\]^YE¹keoNM
²§Mz�'TFJ+OQLN^¦T)cFZ�`5MP\¦LNMP[5MPTNLN^�J{T9lwoNMªd�J:g \wpWl_MªlwoF\_J+cNU{o9lwoNMKg�p-lwMY\�y]MPl�pWTNL9lwoFM
LNRQZ�MYTN^]RQJ+TF^3J{VxlwoNM�RSTNOQMzl*Efk¥�)[NRQXYp{O�²qMP�)TNJ+OSLN^�T�cNZ�`5MP\_^�JWVeg�pWl_MY\�y]MPlw^�p{\_M�J{VelwoFM
J+\_LNMP\xJ{V¥G*t��Y·)`�p{^_MPLfJ+T¦l_oNM�LNRQp{Z�MPlwMP\�JWV~lwoNMnRQTNOSMPl#? h @®E�keoNMnlwcN\]`NcNOQMPTml�`�MYo�p*a)RQJ+cF\
RQ^�Z�J+^�l�p{[F[�p{\_MPTml�RQT�pªO�p*�{MY\�XPOQJ+^]M�l_J=lwoNM�g�pWOQOQ^!J{Vel_oNM¦LNcFXPl*·�gqoNRQOSM�l_oNMY\]M�RQ^3p
Z�J+\]M©cNTNRSV%J{\_Z dNJ�g RQT¡lwoNM©XPMYTmlw\]M�J{V�lwoNM©LNcFXPl*E���T�l_oNM©XYMPT�l_\_M�d�J:g lwoFM�RSTNMY\�lwR�p
M �5MYXPl_^¦LNJ{Z�RST�pWlwMW·8gqoFRQOQMfRST³l_oNM�O�p*�+MP\�XPOQJ+^]MY^�l�l_J�l_oNMfg�p{OSOQ^�lwoFM�a)RS^_XYJ{cN^�V%J+\]XYMP^
p{\_M	M �)cNp{O~RQT�Z�p{U+TNRHlwcNLNMW·FJ+\eOQp{\_U{MY\xl_o�p{T�·Fl_oNM	RQTFMY\]l_R�p�V%J+\]XYMP^YE¥keoNRQ^�a)RS^_XYJ{cN^qO�p*�+MP\
`5MPXYJ+Z�MY^!O�p{\]U+MY\nlwoNM©Z�J+\_M�l_oNM©[NRQ[�M�`5MPTNLN^PE¦��J+\	M �NpWZ�[NOSM{·~lwoFM�`�J+cNTFL�p{\]� O�p*�+MP\
Z¦p*��LNMPa{MYOQJ{[�l_J�XYJ:a+MP\qJ+TNMz¢¶o�p{OHV6J{V~lwoNM	XP\_J+^]^e^_MPXPlwRSJ+TKp{\_MYpF·FRSTfp�[NRS[5M�l_o�pWle`�MYTFLN^
p{`5J{cFl	¤+t�LNMYU{\_MYMP^�? hA@®E#�'cNXºo´p�O�p{\]U+M3`�J+cNTFL�p{\]�KOQp:�{MY\§gxJ+cFOQL o�p*a{M�U+\_MYpWlbRSZ�[Np{XPl
J+T�l_oNMelwoNMeZ�M*pWT©dNJ�grE��¶l¥RS^�lwoNMP\_MzV%J+\_MqMY^]^_MPT�l_R�p{O�l_J!oNp:a{M�p	U+J)J)L�Z�MP^_o�·)p{OSJ+TNUblwoFM
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`5J+cFTNL�p{\��+·�X*pWTª`�MrX*p{OSXYcNOQpWlwMPL�E

keoNMe`5J{cNTNL�p{\���OQp:�{MY\�JWV�lwoNM�d�J:g³RQT©pn[NRQ[�M{·{gqRHlwo�^]J+OQRSL3gxp{OQOS^Y·+XYp{T�`5MxLNRSa)RQLFMYL�RQTml_J
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lwcN\]`NcNOQMPTml3d�cFRQL´d�J:grE�keoNM¦\_p{TNU+M©J{VxLNR�5MY\]MYTml3^_XºoNMPZ�MP^�RQTFXYOQcFLNM�p{Z�J{TNU�J{lwoNMP\_^ �
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GAMBIT
Preprocessor

CFD-solver

FLUENT5

msh-file

dat-file

msh-file

geo, jou, msh and dat-files

C++ programUser geo-file

jou-file

dat-file msh-file

Reads, writes and modifies

of Fluent5
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�>OQcNMPTml��'·�pWTNLª\]MYOQpWlwMbl_oNMr^_J+OScFlwRSJ+T�lwJ�p�U+\_RSL�E
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\wp{LNRScN^�RQ^�lwoNMPT�^]X*p{OSMYL�·m`m��`�MYRSTNUrLNRSa)RQLFMYL�`m��lwoFMeXYMYTml_\_MqlwJbgxp{OQON\_p{LNRScN^ � ���	�
�?·mXPJ+\�¢
\_MY^][5J{TNLNRQTFU!l_Jrl_oNMqLNRQ^�lºp{TFXYMe`�MPl�g�MYMYT�lwoNMqXYMPTmlw\_M§J{V�lwoNMeLFcNXPlxp{TNL�lwoFMqgxp{OSONRQT�lwoFM
LNRQ\]MYXPl_RQJ+T�U{RSa+MPT�`m� � � E�keoFRQ^�\_p{LNRQcF^�RQ^�U{RSa+MPT©`�� � � � �
�.K � � D XPJ+^ D 4��� D ^_RST D 4 � H��$D ·
gqoNMY\]M ��pWTNL ��p{\_Mbl_oNMr\wp{LNRSR�J{V�lwoNMrMPOQOQRS[N^_MW·F^]MYM3p{OQ^]J���RQU+cN\]M	«
keoFM´p{TNU+cNOQp{\�[�p{\wpWZ�MzlwMY\¦RQ^¦TFJ�g M*pW^]�9l_J XYJ{Z�[Nc'lwM{E keoFRQ^�[�pW\wp{Z�MPl_MY\ 4�XPJ+\�¢

θ0 θ0

θ0

θ0

θ0v1

Rwallvb

θ
θ
θ

 r = v  / R1 wall

b n
= π − 
= π + 
= 2π − 

 = atan (v  / v  ) 

vn
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\_MY^][5J{TNLN^xl_J!l_oNMbp{TFU+OQMq`�MPl�g�MYMYT�l_oNM�TFJ+\_Z�p{ONa+MPXPl_J+\�p{TFL � � E�keoFMbp{TNU{OQMqRQ^8X*p{OSXYc'¢
O�pWl_MYL cN^]RQTNU�p{\_Xzlºp{T JWV�lwoNM�OSMYTNUWlwo J{V�l_oNM�[F\_J-y]MPXPlwRSJ+T¡J{V � � J{T=lwJ¦l_oNM�`NRSTNJ+\]Z¦p{O?·
p{TNL lwoFM�OQMPTNU{lwo=J{V¥lwoNM�[F\_J-y]MPXPlwRSJ+T J{V � � J{T=lwJ�l_oNM�TNJ+\]Z¦pWO®E�keoFM�p{TNU+OSM�RS^�O�p-lwMY\
p{L-y]cN^�lwMYL p{XYXPJ+\_LNRSTNU�lwJªgqoFRQXºo ��c�pWLN\wp{Tml � � RS^3RST�E¦keoNM�V%J+OQOSJ:gqRQTNU�p{L�y]cN^]l_Z�MPT�l_^
p{\_MrZ�p{LNM	RQTfl_oNMrLNR�5MY\]MYTml �)cNp{LN\wpWT�l_^��

keoNM	¯�\]^]l ��c�p{LN\_p{Tml���4<K 4 �
keoNMr^]MYXYJ{TNL ��c�p{LF\wp{Tml��(4K�� 	 4 �
keoNM	l_oNRQ\]L ��c�pWLN\wp{Tml���4K��¦ 4 �
keoNM	V%J+cF\]lwo ��c�p{LN\_p{Tml��(4Kvi�� 	 4 �

�rJ+RSTNU	V%\_J+Z [�p{\wpWZ�Mzlw\_RSXeXYJ)J+\_LFRQT�pWl_MY^�lwJ3��p{\�lwMP^_R�pWT¦XYJ)J+\]LNRQT�p-lwMY^�RS^¥Z�J+\]Mq^]lw\_p{RQU{o�l
V%J+\]gxp{\_L�E¨�>RS\_^�lflwoNM�[�p{\_p{Z�Mzlw\]RQX � aWp{OScNM´RQ^fcN^]MYL�·bl_J@LFMPlwMP\_Z�RQTNM¡gqoNRSXºo XP\_J+^]^
^_MYXzlwRSJ+TªJWV�l_oNM3LFcNXPlqlwoFM![�J+RST�lqRS^eOQJ)X*pWl_MYL�J+T�E � ��cN^_RSTNU©M ��c�pWl_RQJ+T�G�i�lwoNM3��p{\�lwM�¢
^_R�pWT=XYJ)J+\]LNRQT�p-lwMY^np{\]M!V%J+cFTNL�·�V%J+\qlwoNM3[5J+RSTmlnJ{TªlwoFM3XPMYTmlw\]M�XYcN\�a+M3OQJ)X*pWl_MYL=J{TªlwoFM
XY\_J{^_^�^_MPXPlwRSJ+T RQT ��cNMP^]lwRSJ+T�E � J{lwo�l_oNM¡TNJ+\]Z¦p{O ��� � M�� � M�� � ��p{TNL�l_oNM¡`NRQTFJ+\_Z�p{O
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����� � M ��� � M���� � �eJWV�l_oNMrXYMPT�l_\_MrXYcF\]a+M3p{\]M	MPaWp{OQcNpWlwMPLªp-lelwoNMr[�p{\_p{Z�MPlw\]RQX§a{pWOQcNMWE�keoNM��p{\]l_MY^_RQp{T�XYJ)J+\_LNRST�pWl_MY^�V%J+\�lwoNMq[�J+RQTmlY·+lwo�pWl8RS^8`�MYRSTNUrXYJ+Tma{MY\]l_MYL�RS^�lwoNMPT¦J+`Flwp{RQTFMYL�·
`�� � K 2 ��= �x 2�� � ���xXYJ+^ 4���� �  ����^]RQT 4������ � � M ��G:D ���K 2 ��= �8 2����	�	��XPJ+^ 4�� � �  �
��^]RQT 4�� ��� � � ��� F ��G � �� K 2 ��= �� 2�� � ���xXYJ+^	4�� � �  ����^]RQT 4�� ��� � ��� ��G�� �
��T�lwoNM�M ��c�pWl_RQJ+TF^72 ��= �¦RQ^rlwoNM ��¢�XPJ'J+\]LNRQTNpWlwM©V%J+\	lwoNM�[5J{RQTml!J+T;l_oNM¦XPMYTmlw\]M�XYcN\�a+MW·
2 ��= �nl_oNM��m¢�XPJ'J{\_LNRST�pWlwM�p{TNL 2 ��= �ql_oNM � ¢�XYJ)J+\]LNRQT�p-lwM{E�keoNM	\wpWLNRQR�J{V~l_oNMbMYOSOQRS[FlwRSX§XP\_J+^]^
^_MYXzlwRSJ+T=pW\_MrX*p{OSOQMPL ��p{TNL �:·�^_MYM!p{OS^_J��>RSU+cN\_M	�'E
 �J� � �#� ()�&* ,�� -D�4/1�&! � % � = � " -D����/ �L!#� * �L,�,�� !#" / �+��8�

�2���&!#/ 3 � � = �0��! � �#��*
keoNM3gqoNJ{OQM!RQLNMYp�J{V>Z�J:a)RQTFU¦p©^_J+OScFlwRSJ+TfV%\_J+Z J{TNM3Z�MY^]oªl_J¦p{TFJ{lwoNMP\Y·�RQ^§`�p{^]MYLªJ+T
lwoNM![5J{^_^_RS`NRQOSRSl��©lwJ�XYJ{Z�[�pW\_M	XYMPOQOS^eRQTflwoNM	l�g�J¦Z�MY^]oNMY^PEx�>RS\_^�lelwoNMrXYJ{TNXYMP[Fl�JWV�oNJ:g
XYMYOSOQ^3RQT J+TFM�U+\_RSL XYJ{\_\_MP^_[�J+TNL l_J¡XYMYOSOQ^3RQT�p{TFJ{lwoNMP\�U+\]RQL;gqRSOQO8`5M�LNRQ^]XYcN^]^_MPL�·xpWTNL
lwoNMPT�^]J+Z�M�RQLNMYp{^�JWV�oFJ�g¬l_oNM�^_J+OScFlwRSJ+T=XYp{T¡`�M�Z�J:a+MPL´p{TNL¡Z�J'LFRS¯�MPL=lwJ�Z�p��WM�p
U+J'J)L�RQTNRHlwRQp{O5^]J+OQc'lwRQJ{T�V%J+\�lwoNMr^]MYXYJ{TNL=Z�MY^]oKRS^q[N\_MP^_MYTml_MYL�E

���S1 �7� �e,7����,?�6�;/:2�$=�+������$)(Y.�������,7�����+$)#7#�,7�9��6��/�26$)��&�$)(*2
¸bcNM�lwJ�lwoNM©[�p{\_p{Z�MPlw\]RQX�XPJ'J{\_LNRST�pWlwMP^bl�gxJªZ�MP^_oNMP^Y·6lwo�p-l�pW\_M©`�p{^]MYL�J+T;LFR�5MY\_MPTml
U+MYJ+Z�MPl_\_RSMY^Y·WX*p{T3`5M�XYJ+Z�[�p{\]MYL�E�k�J�M��'MPZ�[NOSRSV��	l_oNM�LFRQ^_XPcN^_^]RQJ+T3l�gxJbZ�MY^]oNMY^>p{\_M8LNM�¢
¯�TNMYL�·'Z�MY^]o�Gbp{TFL�Z�MY^]o�i'E�keoNMP^_MnZ�MP^_oNMP^�Z�p*��`5M§J{V�LNR�5MY\]MYTml8^_R � M§p{TNL¦`�Mq`�p{^]MYL
J+TfLNR�5MY\]MYTmlqU+MPJ+Z�Mzlw\]RQMY^PE���TflwoNRS^�gqoNJ{OQMbLNRS^_XPcN^_^]RQJ+T�Z�MY^_o�i�RQ^xl_oNMbZ�MY^_ofl_o�pWleo�pW^
p©^]J+OQc'lwRQJ{T�·FpWTNL�Z�MP^_o�GrRQ^�lwoNM	Z�MY^]o�·FlwJ�gqoNRSXºoflwoNM	^]J+OQcFl_RQJ+T¦RQ^�Z�J:a+MYL�E8keoFM!XPJ+\�¢
\_MY^][5J{TNLNRQTFUKXPMYOSO®·�XPMYOSO�i'·5RQT Z�MY^]o�i�lwJ�p�XPMYOQO?·�XYMPOQO?G+·5RST¡Z�MP^_o�G{·�RQ^boFMY\_M�LFMP¯�TNMPL�pW^
lwoNM!XYMPOQO�lwoNpWl§XYJ+TmlºpWRQTN^qlwoNM	l_\wp{TN^�V%J+\_Z�MYLKXYMPTmlw\_J{RQL=JWV�XYMPOQO?G+E¥keoNM!l_\wp{TF^]V%J+\]Z¦pWl_RQJ+T
J{V¥lwoNM�XPMYTmlw\]J+RQL�·�XYJ+TF^_RQ^�lw^	J{V�¯N\_^]lbXYJ+Tma+MP\]l_RQTNUflwoFM©��p{\]l_MY^]R�p{T¡XPJ'J+\]LNRQTNpWlwMP^�J{V¥lwoFM
XYMYTml_\_J+RSL;RST�XPMYOSO®G�RQT´Z�MY^]o�G�lwJK[�p{\wpWZ�Mzlw\_RSX�XYJ)J+\]LNRQT�p-lwMY^	cF^_RQTFU�l_oNM©U+MYJ{Z�Mzlw\]� J{V
Z�MP^_o�G+E´keoNMPT lwoNMf[Np{\wp{Z�MPl_\_RSX�XPJ'J+\]LNRQTNpWlwMP^�p{\]M�XYJ+Tma{MY\]l_MYLµlwJ´��pW\]lwMP^_RQp{T�XYJ)J+\�¢
LNRQT�p-lwMY^�cN^_RSTNU�lwoNM�U{MYJ+Z�MPl_\]�ªJ{V¥Z�MP^_o�i)E!keoFMY^_M©XPJ'J+\]LNRQTNpWlwMP^	p{\_M3lwoNJ+^]M�lwoNpWlrp{\]M
XYJ+Z�[�p{\]MYL�gqRSlwofl_oNMrTNJ'LFMY^qJ{V�XYMYOSO�i�RSTKZ�MY^]o�i'·�^]MYM3p{OQ^]J©�>RQU+cF\_M!�

keoNMq^_RQZ�[NOSMY^]l�g�p*��l_Jb¯�TNL�lwoFMeXYJ+\]\_MY^][5J{TNLNRQTFU	XYMYOSO®·+RS^�l_J!XºoFMYX���p{OSOFXPMYOQOS^>RST�Z�MP^_o�i'·
V%J+\�M*pWXºoªXPMYOQO�RQT�Z�MY^]o�G+·NcNTml_RQO�l_oNM	\_RSU+omleXYMPOQO�RS^�V%J+cNTNL�·N`NcFl�gqoFMYT�lwoNM	Z�MY^]oNMY^§p{\]M
O�p{\]U+MKl_oNRQ^�RQ^©lwJ)J�XYJ+^�lwOS�{E �¶l�RQ^�XYOSM*p{\�l_o�pWl¦l_oNM=T�cNZ�`5MP\�J{VbJ+[5MP\wpWl_RQJ+TF^�gqRSOQOe`�M
[N\_J+[�J+\�lwRQJ{T�p{O>l_J <��)<;·�gqoNMY\]M < RQ^	lwoFM�T�cNZ�`�MY\!J{VxXYMYOSOQ^PE¦keoNRS^3[N\]J+`NOSMYZ XYp{T
`5M�^_J+OHa+MPL;`m�´cN^]RQTNU�lwoNM©[�pW\wp{Z�MPl_\_RQX�XPJ'J{\_LNRST�pWlwMP^blwJK\_MPO�pWl_M�pWOQO>XPMYOSOQ^rRQT¡lwoFM©l�g�J
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v
v v

(x  , y  , z  ) (x  , y  , z  )1 1 1 2 22( s, r  , θ )

Geometry1, mesh1 Geometry2, mesh2

v  is the mapped solution from mesh2, 
adjusted to fit geometry1

vector for mesh2
v  the calculated solutionm c

c
m

a

a

Structured help grid

v  is the directly mapped solution from mesh2 
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Z�MP^_oNMP^�lwJ!proNMYOS[�Z�MY^]o�·mgqoNRQXºo�RQ^¥p	lwJ{lwp{OQOH��^�lw\]cNXPl_cN\_MPL�Z�MP^_o�E>keoNM§l_oN\_MPMnLFRQZ�MYT'¢
^_RQJ{T�p{O�XYMPOQO�T�cNZ�`5MP\_^Y·�J{V8lwoNM©^]l_\_cNXzlwcN\]MYL Z�MY^]o�·6XYJ+\]\_MP^_[�J+TNLN^!lwJflwoNM�[�p{\_p{Z�MPlw\]RQX
a{pWOQcNMP^YE � �3cN^]RQTNUbl_oNRQ^�oNMYOS[�Z�MP^_o©p{^�pb\]MPV%MP\_MYTFXYMelwoNMx^_M*pW\_Xºo�V%J+\>l_oNM�XYMPOQO'X*p{T�^�lºp{\�l
RQT�pWTfp{\_MYp3XPOQJ+^]M§l_J�lwoNMnXYJ+\]\_MPXPl�XPMYOSO®E>keoFMb[N\_J)XYMP^_^�J{V~\_MPO�pWl_RQTNUrlwoFM�Z�MY^_oFMY^xl_J3lwoFM
oNMYOS[�Z�MY^]o¡RQ^bTFJ{l	a+MP\]�¡XPJ+^]l_OS�+E �nJ:g�MPa{MY\Y·�RSV�l_oNM�LNR���MP\_MYTFXYM�`�MPl�g�MYMYT�lwoNM�^]R � M�J{V
lwoNMrl�gxJ�Z�MP^_oNMP^Y·�lwo�p-l�pW\_MrXYJ+Z�[�p{\]MYL�·�RS^qO�p{\]U+M{·N^]J+Z�M3[N\]J+`NOSMYZ�^eZ¦p*��p{\]RQ^]M{E8keoNM
^_R � MnJWV�lwoNM§oNMPOQ[�U+\_RSL�RS^8`Np{^_MPL�J+T�l_oNM§^_Z�p{OQOSMY^]l¥LFRQ^]lwp{TNXPMn`�MPl�g�MYMPT�l�gxJ�TFMYRQU{o)`�J+cN\
XYMYOSOQ^§V%J+cNTNL¡RST=lwoNM�l�g�JfZ�MY^_oFMY^YE � �=OQJ)J ��RQTNU�pWlbl_oNM�[�pW\wp{Z�MPl_\_RQX!XYJ)J+\]LNRQT�p-lwMY^�J{V
lwoNMrXYMPTmlw\_J{RQLKJ{V6lwoNMrXYMPOQO�RSTflwoNM � \]M*p{O � Z�MP^_oflwoNMr\]MYO�p-lwMYL�XPMYOQO�RQTflwoNM	oFMYOQ[�U+\]RQL�RQ^
V%J+cNTNL�E¥��TflwoFM!^_p{Z�Mbg�p*��l_oNMroNMYOS[KXPMYOSO�RQ^�\]MYOQpWlwMPLK`Np{X��¦lwJ�l_oNMrXYMYOSO�RQT�l_oNM � \_MYp{O �
U+\_RSL�E�keoNRS^�Z�M*p{TF^nlwoNpWlbRST [NO�pWXYMY^§gqoNMY\]M�lwoNM3Z�MP^_o¡RS^nXPJmp{\_^]M�p¦OSJ{l�JWV¥oNMYOS[ XYMPOQOQ^
gqRQOQO�TNJ{lb`5M�U{RSa+MPT´p¦\_MzV%MY\]MYTNXPM©l_Jfp�XYMPOQO�RQT=l_oNM � \]M*p{O � U+\_RSL�EbkeoNM�gqoFJ+OQM3RQLNMYp�J{V
U+J+RQTFU�V%\_J{Z J+TNM�Z�MY^]o=lwJ�lwoNM�JWlwoNMP\na)R�p©lwoNM3oNMYOS[ U+\_RSL=RS^§l_oNMYT ^][5J{RQOQMPL�·�`5MPX*p{cN^]M
lwoNMbXºoNp{RQT�J{V~RQT'V%J+\_Z�pWlwRSJ+T©`5Mzl�gxMPMYTflwoFMnl�g�J�Z�MP^_oNMP^xlwoNpWl�pW\_M�`�MYRSTNU�XPJ+Z�[�p{\_MPL�RQ^
`N\_J �WMYT�E�k�JbJ:a+MP\_XPJ+Z�M�lwoNRS^�[N\]J+`NOSMYZ lwoNM � MYZ�[Fl�� � oNMPOQ[�XPMYOSOQ^�pW\_MxU{RSa+MPT�\_MzV%MY\]MYTNXPMY^
lwJ�lwoNJ+^]M�XPMYOSOQ^blwoNpWlrlwoNM©TNMPRQU+o�`�J+cN\roNMYOS[;XPMYOSOQ^rp{\]M�\]MYOQpWlwMPL´l_JNE�keoNRQ^r[N\]J+`NOQMPZ RQ^
RQOQOScN^]l_\wpWl_MYLfRSTª��RQU+cN\]M	hFE

��TNJ{l_oNMY\�XPJ+TN^_RSLNMY\_pWlwRSJ+T�\_MPUmp{\]LNRQTNU;lwoNM´oNMPOQ[�U+\]RQL�·§RQ^¦l_o�pWlfRHVrlwoNM¡oNMPOQ[ U+\]RQL�RQ^
Z¦p{LFM�l_J'JKXYJmpW\_^_MW·>Z�J+\_M�l_o�p{T�J+TNM�XYMYOSO¥RQT´lwoNM�\_MYp{O¥U+\_RSL�gqRSOQO�`�M�\]MYOQpWlwMPL�l_JªlwoFM
^wp{Z�M3XPMYOSO�RSTKl_oNM!oNMYOS[=U+\]RQL�E���^nl_oNRQ^qRS^nRSZ�[NOSMYZ�MYTmlwMPL�oNMY\]M�J+TNOH�fJ+TNM!XYMPOQO6X*pWT=`�M
\_MPV%MP\_\]MYL�l_Jª[�MY\!oNMYOS[;XPMYOSO®E�keoNRQ^!Z�MYp{TN^rlwo�p-l3J{TNOS� l_oNM©¯�\_^�l�XPMYOQO�\]MYOQpWlwMPL;lwJ�lwoFM
oNMYOS[¦XYMPOQO?·+gqRQOQO�RST�V7pWXPl8`5M§\_MzV%MY\]\_MYL�lwJNE �§J{lwMqlwoNpWl¥lwoNM§XYMPOQO�^]l_J+\_MPL¦RQT©lwoFM�oNMPOQ[�U+\_RSL
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Cell  i,j
Centroid   of Cell   kk

k+1 k+1Centroid       of Cell   

Cell  i+3,j+6

Cell  i+1,j

Centroid       of Cell   k+3k+3

k+2Centroid       of Cell   k+2

Cells in help meshCell i,j

Cellk Cells in real mesh

Cell            <- Cell k+3i+3,j+6

i+3,j+6 k+2Cell           <-> Cell

Cell        ->  Cell  or Cell  i+1,j k k+1

Cell    <->  Cell  i,j k

Related Cells
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^_J+OScFlwRSJ+T¡Z¦p*�=`5M�`�pWL�·6`5MPX*p{cN^]M�lwoNM©^_J{OQcFl_RQJ+T JWV�l_oNM���p*a)RQMY\ ¢��)l_J �{MP^rM ��c�pWl_RQJ+T´RQ^
LNMY[�MYTNLFMYTml!J+T lwoNM�^_o�p{[�M�J{V¥l_oNM�U+MPJ+Z�Mzlw\��+E	�¶V8p�Z�MPlwoFJ'L JWV¥Z¦p{[F[NRQTNU¦XYJ+cNOSL `�M
V%J+cNTNLªp{T�p{OH��lwRQXYp{OQOH�©lwo�pWlqlwp��{MP^n`�J{lwo�lwoFM!U{MYJ+Z�MPl_\]�+·�M ��c�pWlwRSJ+TN^§p{TNL�lwoFM3^]J+OQcFl_RQJ+T
RQTmlwJªp{XYXPJ+cNTml*·�lwoNMPT;lwoFM¦XYJ{T�a{MY\]U+MYL ^]J+OQc'lwRQJ{T;XPJ+cNOQL�`�M�V%J+cFTNL�LNRS\_MPXPlwOH�+E�k�Jª¯NTNL
lwoNMrM��Fp{Xzlqg�p*��l_J�Z�p{[fRS^eoNJ:gxMza+MY\§RQZ�[�J+^_^]RQ`NOSM{·)LNM*p{OSRQTNU�gqRHlwoflwoFM<��p*a)RQMY\ ¢��)l_J �{MP^
M ��c�pWl_RQJ+TN^§p{TFLKl_oNMY^]M3\]MYO�p-lwRSa{MYOH�¦XPJ+Z�[FOQRQXYpWlwMPLfU+MYJ{Z�Mzlw\_RSMY^PE

k�J�RQZ�[N\_J:a{M�l_oNM�RQTNRHlwRQp{Ox^]J+OQcFl_RQJ+T�·8Z�J+\]M�lwo�p{T³J+TNM�XPMYOQOeRST�lwoNM�J{l_oNMY\©U+\]RQLµZ¦p*�
`5M¦p{XYXPJ+cNTmlwMPL V%J+\YE��¶V�l_oNM¦Z�MY^]o�·>lwoNpWl3l_oNM¦RSTNRSl_R�p{O>^_J+OScFlwRSJ+T;^]o�p{OSO8`�M¦Z�J:a+MPL�lwJN·
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RQ^b¯�TNMP\!l_o�p{T¡lwoFM�J{\_RQU{RQT�p{O�Z�MP^_o�·~gqoNMP\_M©lwoNM©^]J+OQcFl_RQJ+T¡RS^blºp��WMYT�V%\_J+ZK·�OQRSTNM*pW\bRQT'¢
lwMY\][5J{O�pWl_RQJ+T�·6RS^3pK`5Mzl_l_MY\!RQLNMYpFE���J+\	lwoNM�RQTmlwMP\_[�J+O�p-lwRQJ{T;pWOQ^_J�lwoFM�^]J+OQcFl_RQJ+T�RQT´lwoFM
TNMYRSU+o�`5J+cF\_RQTFUKXPMYOSOQ^Y·~l_JKl_oNM�XPJ+\_\]MY^][5J+TFLNRQTNUKXYMPOQO?·~X*p{T;`5M©cN^]MYL�E���T´lwoFRQ^	g�p*�´lwoFM
Z�J:a+MPL©RQTNRHlwR�pWO)^]J+OQc'lwRQJ{T�`5MPXYJ+Z�MY^�^]Z�J)J{l_oNMY\�pWTNL�Z�J{\_M�J{V�l_oNMeRQTFV%J{\_Z�pWlwRSJ+T3oFRQLNLNMPT
RQT�Z�MP^_o�i�RQ^ecF^_MYL�E

��T�l_oNM;XYp{^_M¡gqoNMP\_M´lwoNM�^_J{OQcFl_RQJ+T�RS^fZ�J:a+MPL�l_J9p�XPJmp{\_^]MY\KU+\_RSL�·§^_J+Z�M �)RSTNL�J{V
p:a{MY\_p{U+MbaWp{OQcFMnJ{V~l_oNMbXPJ+\_\]MY^_[�J+TNLFRQTNU�XPMYOSO�p{TFL�lwoNJ+^]MbJ{l_oNMY\�XYMYOSOQ^8gqoNJ+^_M	XPMYTmlw\]J+RQLF^
OQRQMrRSTªlwoFM�XYMPOQO?G3RST=Z�MY^_o�G+·5^]oNJ+cNOSL `�M3cN^]MYL�En�¶l�^]M*p{Z�^�\]M*p{^]J+T�p{`FOQM3l_J�g�MYRSU+oml�lwoFM
^_J+OScFlwRSJ+T�a{pWOQcNMP^�pWXYXYJ{\_LNRSTNU!l_J!l_oNMqLNRQ^�lºp{TFXYMqlwJrlwoNMqXYMPTmlw\_J{RQL¦JWV�XPMYOQO?Gelwo�pWl8RS^8U{RSa+MPT
lwoNMrRQTFRSlwRQp{O�^_J+OScFlwRSJ+T�E

��a{MYT9V%cF\]lwoFMY\©RQZ�[N\_J:a{MYZ�MYTmlw^©J{VnlwoNM�RQTFRSlwRQp{O8^_J+OScFlwRSJ+T�·�gxJ{cNOQL³`5Mfl_J�p{L�y]cN^]l©lwoFM
^_J+OScFlwRSJ+T;aWp{OScNMY^3^_J=l_o�pWl�XPJ+TmlwRST)cFRSl���gxJ+cFOQL `�M�V%cNOH¯�OQOSMYL´V%J+\�pWOQO�lwoNM�XYMPOQOQ^PE=keo�p-l
RQ^elwoNMra+MPOQJ)XYRHlwRQMP^e^_oNJ{cNOQLK`5M3p{L-y]cF^]lwMPL=^]J�l_oNM3Z�p{^]^qdNJ�g RQTmlwJ�M*p{XºoªXYMPOQO�g�J+cNOQLK`�M
M ��c�p{O~lwJ�l_oNMrZ¦p{^]^ed�J:g J+cFlqJWV�l_oNMrXYMYOSO®E
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keoNM¦\]MY^_cFOSl!J{Vxl_oNM�[N\_MP^_MYTml3gxJ+\��´RQ^rTNJ{l!J+TNM�^_RSTNU+OSM�[F\_J+U+\_p{ZKE � o�p-l3RS^!p{XYXPJ+Z©¢
[NOQRS^_oNMPL9RQ^¦p;T�cNZ�`�MY\�J{VbV%cNTFXPlwRSJ+TN^©lwo�p-l�X*pWT `5MKcN^]MYL gqoNMPT�Z¦p���RSTNU;LFR�5MY\_MPTml
^_Z�p{OQOSMY\e[N\]J+U+\wpWZ�^PEek�J�MYT�p{`FOQM!^_MY[Np{\wpWl_M3l_\_M*p-lwZ�MYTml�JWV�lwoNM!U+MPJ+Z�Mzlw\��+·�Z�MP^_o pWTNL
^_J+OScFlwRSJ+T�aWp{OScNMY^8lwoNMnXYJ+Z�[NcFl_MY\xRSZ�[FOQMYZ�MYTmlwpWlwRSJ+T©XYJ+TN^]RQ^�lw^�J{V~V%J{cN\xLNR���MP\_MPT�lx[�p{\�lw^Y·
gqoNRQXºoªp{\_MrXPJ+TNTNMPXPlwMPLªl_J�MYp{XºoªJWlwoNMP\YE

keoNM U+MPJ+Z�Mzlw\��@JWVblwoNMKg�p-lwMY\�y]MPlfLFcNXPl¦RQ^�\_MY[F\_MY^]MYTmlwMPL `m�@p ±�RQ[�MKJ+`)y]MYXzl*E keoNM
±¥RS[5M3J+`)y]MPXPlbRS^nLFMY^_XP\_RS`5MPL `m� p�XYMYTml_\_M�XPcN\]a{M�p{TNL¡pWTNJ{lwoFMY\§T)cF\_` XPcN\]a{M{·�LNMP^_XP\_RQ`)¢
RQTNU�lwoFM!U{MYJ+Z�MPl_\]��JWV�l_oNMrMYOQOSRQ[Fl_RQXnXY\_J{^_^§^_MYXzlwRSJ+TN^qJ{V�lwoNM	gxpWlwMP\%y]MPl§LNcFXPl*E

k�JrM*pWXºo¦±�RQ[�MeJ+`)y]MPXPl¥lwoFMY\_MeRS^¥p{OQ^]Jrpr�r\]RQL�J+`�y]MYXPlYE�keoNMn�	\_RQL�J{`)y]MYXzl�XPJ+Tmlºp{RSTN^�lwoFM
RQTFV%J+\]Z¦p-lwRQJ{T�pW`5J+c'lxlwoFMbZ�MP^_o�E���Tf�!p{Z�`NRSl¥lwoFMbZ�MP^_o�RS^x\]MY[N\]MY^_MPTmlwMYLK`m�¦LFR�5MY\_MPTml
V7p{XYMP^8l_o�pWl¥XYJ{TN^]l_RSlwc'lwMqXYMPOQOQ^PE �¥p{Xºo�XYMPOQONlwoFMYT�XYJ+TN^]RQ^�lw^¥J{V5^_R � � ��c�p{LN\_pWlwRSXeMYOSMYZ�MYTmlw^��
J+\�V%J+cF\ �%l_MPl_\wp{oNMPLN\wpWO'MPOQMYZ�MYTml_^ �6V7pWXYMY^PE�keoNMxV7pWXYMY^>XYJ+TN^]RQ^�lw^�J{VFV%J+cN\>J{\�lwoF\_MYM�TNJ)LNMY^PE
keoNMe[�p{\_p{Z�MzlwMP\_^�LNMP^_XP\_RQ`FRQTNUbl_oNMeZ�MP^_o�·+p{\_M�l_oNMY\]MPV%J+\]M�TNJ)LNMY^P·+V7p{XYMP^¥p{TNL�XYMPOQOS^YE���J+\
M*p{Xºo�V7p{XYM�l_oNMqT)cFZ�`5MP\¥J{V�XPMYOSOQ^�^_oNp{\_RSTNU	lwoNMeV7p{XPMeRQ^�U+RHa+MYT�E���T�l_oNRQ^�gxp*�©J+TNM ��TNJ:gq^
oNJ:g lwoFM�XYMYOSOQ^	pW\_M�XYJ{TNTNMYXzlwMPL�E�keoNRS^	RQTFV%J+\]Z¦p-lwRQJ{T=RQ^bp{OQ^]JfXYJ+Z�[NcFl_MYL�p{TNL´^]l_J+\_MPL
lwoNM3�	\_RQL�J+`�y]MYXPlYE

keoNMª�r\]RQL�J+`)y]MPXPl�p{OS^_J¡o�pW^©p�±�RS[5M�J{`)y]MYXzl*·8RQT lwoFMf^wp{Z�M�g�p*�µpW^�lwoNM�±�RQ[�MfJ+`'¢
y]MYXPl�o�pW^©p´�r\]RQL�J+`)y]MPXPlKE�keoFMKU{MYJ+Z�MPl_\]�;[�p{\wpWZ�MzlwMY\]^©p{\_MfMP^_^]MYTmlwRQp{O�gqoNMYTµlwoFM
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Z�MP^_o´RQ^nXYJ+Z�[�p{\]MYL lwJ�pWTNJ{lwoFMY\bZ�MY^]o�·~p{TNL l_oNRQ^�RQ^�gqom�=l_oNM�l�g�J�p{\_M�OSRQT �WMYL�E	k�J
lwoNM!�	\_RSLfJ+`)y]MYXzlelwoNMP\_M	RS^ep{OQ^]J©p�¸	pWlºpWk�J��	\_RSL¦J+`�y]MYXPlY·NgqoNRQXºo�oNJ{OQLN^xl_oNM	RQT'V%J+\_Z�p-¢
lwRQJ{T�p{`5J{cFlqp{OSO�l_oNM	^_J+OScFlwRSJ+T¦aWp{OScNMY^PE8k�J�M*pWXºoªXPMYOQO�lwoNMP\_M	RS^ep�^_J+OScFlwRSJ+T¦aWp{OQcFM{·NpWTNL
lwoNMr^_J{OQcFl_RQJ+T�aWp{OScNM	RQ^e^]RSlwcNpWlwMPLKRSTflwoNMrXYMPTmlw\_M!J{V6lwoFM!XPMYOSO~`5MPX*p{cN^]M!�>OQcNMPTmln�'·�cN^_MP^
p�XPJ+OQOSJ'XYpWlwMPL�¯�TNRSl_Mba+J+OScNZ�M	Z�MzlwoNJ)L�E

k�JrM*pWXºo¦�	\_RSL�J+`)y]MPXPl�l_oNMY\]Mqp{\_M�^]MPa{MY\wpWONl��'[�MY^¥J{V�^]J+OQcFl_RQJ+T�E��¥MPOQJ)XYRSl��3p{TFL�[N\_MP^_^_cF\_M
p{\_M�l�g�J�J{V¥lwoNJ+^]M{E!k�J�MYp{^_M�l_oNM�o�p{TNLFOQRQTFU�J{V8p{OSO�lwoFMY^_M©¸	p-lºp{k�J��	\_RQL=J+`)y]MYXzlw^P·6p{OQO
lwoNM�¸	pWlºp{k�J��	\_RSL�J+`)y]MYXzlw^8lwo�pWlxp{\]MnXPJ+TNTNMPXPlwMPL¦lwJ3J+TNM��r\]RQL�J+`)y]MPXPl�RQ^8UmpWlwoFMY\_MPL¦RST
p��nOQO�¸	p-lºp{k�J��	\_RQL�J+`)y]MPXPlYE

�>RSU+cN\_Mb¤�^_oNJ:gq^§p{TfJ:a+MP\]a)RQMzg J{V6lwoFMbXYOQp{^_^eJ+`�y]MYXPl_^elwo�pWl�XYJ+TN^�lwRHlwcFl_M�lwoNM	^][NRQTFM	J{V

Centercurve and ABCurve and the 
Includes the geometry parameters

related functions

Pipe object

to a Pipe and a DataToGrid object.
different meshes. Also has pointers
functions, used to compare cells in 
Faces and Cells and the related 

Includes the mesh parameters Nodes,  

Grid object DataToGrid object
Includes the solution parameters 

and the related functions. Also has

AllDataToGrid
Collects all the DataToGrid objects,

 that are related to the same Grid object 

body_forces, x-, y-, z-velocity.
The functions include scan and print 

It has also a Grid object

The variables are a pointer to Grid object
and the DataToGrid objects: pressure,
ted, tke, density, mu_lamb, mu_turb, 

functions and functions that can set or get  
all the private variables

pointer to a Grid object.
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lwoNM�[N\]J+U+\_p{ZªE � MzV%J+\_M�V%cF\]lwoFMY\	LNMP^_XY\]RQ[Fl_RQJ+TF^rp{\_M�Z�p{LNM�pW`5J+c'lblwoNM�[F\_J+U+\_p{Z ¯�OQMP^
�'MYXzlwRQJ{T «FEHG¦U+RHa+MP^�pª^]oNJ+\�l�RST�l_\_J)LNcNXzlwRQJ{T�l_JªlwoFM¦[N\]J+U+\wpWZ�Z�RQTNUfOQp{TNU+cNp{U+M��er�·
^_J�lwo�p-lqp�\_MYp{LNMP\ecNTFV7p{Z�RQOSR�p{\�l_J��e! X*pWT�V%J{OQOQJ:g l_oNMbLNRS^_XPcN^_^]RQJ+TN^e\]MYOQpWlwMPL�lwJ�lwoFM
XYJ+Z�[NcFl_MY\	RQZ�[NOSMYZ�MYTmlºpWl_RQJ+T�E���T��'MYXzlwRSJ+T´«FEji¦^_J+Z�M�M��Fp{Z�[NOSMY^	p{\]M�U+RSa{MYT¡J{V¥gqo�p-l
X*p{T�`�M§LNJ+TNMncN^_RSTNU3l_oNMnV%cNTFXPlwRSJ+TN^PE�keoNRQ^�RQT�LNJ+TNMnRQT�lwoNMqV%J+\_Z JWV~Z¦pWRQT'¢®V%cNTNXPl_RQJ+TF^Y·
lwJ+U+MzlwoNMP\xgqRSl_o�LNMP^_XY\]RQ[Fl_RQJ+TF^�J{V~gqo�pWlxlwoNMz��p{\]MbcN^]MYL�V%J+\xp{TNL�p{OS^_J3gqoNpWl�lwoFM�V%cNTNX�¢
lwRQJ{TN^¥RQT�lwoNM§Z�p{RQT'¢®V%cNTNXzlwRQJ{TN^>LNJ!RQT©a+MP\]�©U+MPTNMY\_p{O�lwMP\_Z�^YE���T©lwoNM7�'MPXPl_RQJ+T�«FEuD!Z�J+\_M
LNMPlwp{RQOSMYL�RQTFV%J{\_Z�pWlwRSJ+T¦RS^eU+RSa{MYTªp{`5J{cFlelwoNMrXPO�p{^]^_MY^np{TNLfl_oNMr\_MYOQpWlwMPLKV%cFTNXPl_RQJ+TN^PE
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k8�)[NRSX*p{O�V%J+\nlwoNM©J+`)y]MPXPlrJ+\]RQMPT�l_MYL�·6[N\]J+U+\_p{Z�Z�RQTFU¦O�pWTNU+c�p{U{M��er�·�pW\_M � XPO�p{^]^_MY^ �
lwo�pWlnp{\]M	lwoNM!`NcNRSOQLNRSTNU�^]l_J+TNMY^§J{V�lwoNM![N\]J+U+\wpWZ�^�gq\]RSl_l_MYTKRQTª�er�E�keoNMP^_M3XYO�pW^_^_MP^
p{\_M¥Z�p{LNM�lwJ§oNJ+OSL3pWTNL3oNp{TNLNOSM8RSTFV%J+\]Z¦pWl_RQJ+Tnlwo�pWl�RS^�\]MYOQpWlwMPL3pWTNL3^]oNJ+cNOSL3`�M¥lw\_MYpWlwMPL
p{^�pWT=RSl_MYZKE �¥p{XºoªXYOQp{^_^§o�p{^qaWp{\_RQp{`NOQMP^Y·NRSTKgqoFRQXºoªl_oNM!L�pWlºp�RQ^q^]l_J+\_MPL�·�p{TNLªZ�MPZ©¢
`5MP\�V%cNTNXPl_RQJ+TF^�lwo�p-l�o�p{TNLFOQM�lwoFM¦aWp{\_RQp{`NOQMP^Y·¥p{TFL lwo�cN^�lwoNMfLNpWlºpFE´keoNM�aWp{\]R�p{`FOQMY^
p{\_MKcN^_cNp{OQOH� � [N\]RSaWpWl_M � ·¥gqoNRQXºo@Z�MYp{TN^�lwoNpWl©lwoNM�aWp{\_RQp{`NOQMP^�X*p{T³TNJ{l�`�Mª\]M*p{XºoFMYL
J+cFlw^]RQLNM3lwoNM3XYO�pW^_^YE�keoNMY^]M�a{pW\_R�pW`NOQMP^�p{\]M�^_Mzl	J+\�p{XYXPMY^_^]MYL¡lwoF\_J+cNU{o ^_[�MYXPR�p{O�Z�MPZ©¢
`5MP\�V%cNTFXPlwRSJ+TN^P·WgqoNRSXºo�p{\_M � [FcN`NOQRSX � ·Wp{TNL!lwoNMP\_MzV%J+\_M8X*p{T�`5M8cN^_MPL�J+cFl_^_RSLNM8l_oNM8XYO�pW^_^YE

� �=cF^_RQTFU¦lwoNMP^_M�OQp{\_U+MP\n`FcNRQOSLNRQTNU�`NOSJ'X���^nl_oNM�[N\]J+U+\_p{Z�^§U+Mzl	M*p{^]RQMP\nlwJ¦U+\wp{^][�·�pWTNL
M*p{^]RQMY\¥lwJ3o�p{TNLFOQM§`��©l_oNM�cN^]MY\PE���OQ^]J3l_oNMY^]M�XYOQp{^_^]MY^�X*p{T�`5MncN^_MPL�RQTNLFMY[�MYTNLNMPTmlwOS��RST
J{lwoNMP\q[N\_J+U{\wp{Z�^YE

keoNM;LFR�5MY\_MPTmlªXPO�p{^]^_MP^ªpW\_M´LNMP¯NTNMYL RQT oNM*pWLNMY\f¯�OSMY^�X*p{OSOQMPL � XYO�pW^_^_TNp{Z�MWEuo � E ��T
lwoNMP^_Me¯�OQMP^>lwoFMxaWp{\_RQp{`NOQMP^�p{TFL�Z�MPZ�`5MP\>V%cNTNXzlwRSJ+TN^�p{\]M�LNMPXYO�pW\_MYL�E>��T�lwoNM�¯�OQM � XYO�pW^_^�¢
T�p{Z�M{Ej� � lwoFM�RQZ�[NOSMYZ�MYTmlºpWl_RQJ+T�JWV�lwoNMqV%cNTNXzlwRSJ+TN^xRS^�V%J+cNTNL�E�keoFM�[N\]J+U+\wpWZ RSlw^]MYOHV�RQ^
LNMP¯�TFMYL©RQT�pnZ¦p{RST�Ej��¯�OQMW·WgqoNMP\_M�l_oNM�oNMYp{LNMY\�¯�OQMP^>J{V�l_oNM�XYOQp{^_^]MY^>l_o�pWl�p{\_M�RSTNXYOScNLNMPL
¯�OQMP^YE

� �er V%cFTNXPl_RQJ+T RQ^fLFMYXYOQp{\_MPLvpW^�V%J{OQOQJ:gq^PE �>RQ\]^]lflwoFM´l��)[�M{·b\]MPl_cN\_TNMPLv`m��lwoFM
V%cNTNXPl_RQJ+T�·�RQ^b^�lºpWl_MYL�E3keoNM�l��)[5M©XPJ+cNOQL¡`�M�MPRSlwoFMY\rp{T � J{\_LNRST�p{\]� � l��)[�M�p{^bRQTml_MYU+MP\
J+\§dNJmpWl*·�`FcFl�XPJ+cNOSL=p{OS^_J�`5M!J{V�p{`N^]l_\wp{Xzlnl��)[�M{·�R®E M{Exp�XPO�p{^]^Y·�LNMP¯�TFMYL `m�flwoFM3cN^]MY\PE
�¶V	TNJ{l_oNRQTNU;RQ^©\_MzlwcN\]TNMYL l_oNM�l��'[�M=RS^�a{J+RQL�E�keoNMYT9l_oNM=XPO�p{^]^�l_o�pWl�lwoNMKV%cNTNXzlwRQJ{T
`5MPOQJ+TNU{^�lwJ�RS^x^�lºpWl_MYL�V%J+OSOQJ:gxMPL�`m� � �� � p{TNL¦l_oNMYTfl_oNMbT�p{Z�M�JWV~lwoNM�V%cFTNXPl_RQJ+T�E>keoNM
p{\_U+cFZ�MPT�l_^blwo�p-l	lwoNM�V%cNTFXPlwRSJ+T lºp �{MY^!p{\]M�RQTF^_RQLFM�[�p{\]MYTmlwoNMP^_MP^�pWV�l_MY\bl_oNM�V%cNTNXzlwRQJ{T
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Z�J+^�l�TNp{\_\]J�g [�p{^_^_p{U+M3RQ^§^_RSl_c�pWl_MYL=oNp{OSV�g�p*��lwoN\]J+cNU+oKlwoNM![NRS[5MWEe��TªlwoFM�[N\]MPa)RQJ+cF^
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Z
Y

X

Velocity Vectors Colored By Velocity Magnitude (m/s)
FLUENT 5.0 (3d, segregated, ke)

Aug 25, 1999

1.32e+01

1.19e+01

1.06e+01

9.28e+00

7.97e+00

6.67e+00

5.36e+00

4.06e+00

2.76e+00

1.45e+00

1.46e-01

�>RQU+cF\_M!G�� � ��� � � )�� �$� + ����� + �	���3������� � � ) �$�#����� � � �	� ��+����� ������� 
��� � � � ���� ���+(� �	� �	��� �
�



&%� ����� � ����� + ����� � ���!������+3����� ���*� ��� �$� � �	� ������$���	���	�����
� �*�!� � � ����� �������	� � �(��������� ��� + ���*�*���

Z
Y

X

Contours of Static Pressure (pascal)
FLUENT 5.0 (3d, segregated, ke)

Aug 25, 1999

 3.23e+04

 2.11e+04

 9.95e+03

-1.24e+03

-1.24e+04

-2.36e+04

-3.48e+04

-4.60e+04

-5.72e+04

-6.84e+04

-7.95e+04
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U+MYJ+Z�MPl_\]�fl_oNM�Z�J+^]l§T�pW\_\_J:g [Np{^_^_p{U+M�JWV>lwoFM�LNcNXzlngxp{^§lwoNM3J+cFlwOSMPlYExkeoNM!a+MYOSJ'XPRSl��
RQTflwoNRS^e\_MPU+RQJ+TfRS^�lwoNMP\_MzV%J+\_MroNRSU+oNMY^�l*E¥keoNMrRQTFRSlwRQp{O�^_J+OScFlwRSJ+T¦V%J+\�l_oNMrTNMPgvU+MYJ+Z�MPl_\]�
cN^_MP^3lwoFRQ^	[N\]MY^_^]cN\_M�¯�MYOSL�p{^	lwoNM�^]lwp{\]l_RQTNU�¯�MPOQL�E©keoNRS^rLNRQ^�lw\_RS`NcFl_RQJ+T gqRSOQO�oNJ:g�MPa{MY\
Xºo�p{TNU+M ��cNRSl_Mrp�OSJ{l*E

k�MP^]lw^!o�p*a+M�p{OS^_Jf^]oNJ:gqT�l_o�pWl!�>OScNMYTml��¦XPJ+Tma+MP\_U+MP^!V7p{^�lwMP\!RHV8p{OQ^]J�lwoNM�V7p{XPMY^	J{V8lwoFM
XYMYOSOQ^	pW\_M�RQTFRSlwRQp{OQRS^_MPL�E�keoNM©[�p-lwXºo¡V%cNTNXzlwRQJ{T¡oNMYOS[N^blwoNM�^_J+OScFlwRSJ+T=lwJ�XPJ+Tma+MY\]U+M{·6`Nc'l
lwoNM!\_MP^_cNOHl§g�J+cNOSLªoNp:a{M�`�MYMPT=`�MPl_l_MY\§RSV�lwoNM	V7p{XPM!aWp{OScNMY^qXPJ+cNOQLK`�M!Z�p{[N[�MYLKRQT�lwoFM
^wp{Z�M�gxp:� p{^�l_oNM�XYMPT�l_\_J+RSL=aWp{OQcFMY^YErkeoNRS^b^_MPMYZBp�`NRSl�^]lw\_p{TNU+MW·�`�MYX*pWcN^_M�l_oNM�V7p{Xzl
lwo�pWl§��OQcNMPT�lº��X*p{OSXYcNOQpWlwMP^xlwoFMrV7pWXYMbaWp{OQcFMY^�V%\_J{Z¹l_oNM	XYMPT�l_\_J+RSLfa{pWOQcNMP^Y·N`Nc'lelwoNM!p{T'¢
^]g�MY\	lwJ�gqom�=l_oNRQ^�RQ^b^]JfX*p{T´[N\]J+`�p{`NOH�K`5M�V%J+cFTNL¡RSV�l_oNM©p{OQU{J+\_RHlwoNZ l_o�pWlr�>OScNMYTmlº�
cN^_MP^nRS^eRQTma+MP^]lwRSUmpWl_MYL�E

� �¹��� � � �¡
 � ���¡


keoNM Z�p{RQT³\_MP^_cNOHl�J{V	l_oNMªg�J+\��³RQ^©lwoFM [N\_J{U+\wp{Z£¯NOQMY^�XYJ+Tmlwp{RQTNRSTNU pWOQOelwoNMKV%cNTNX�¢
lwRQJ{TN^YE!keoNM©Z¦pWRQT'¢®V%cNTNXPl_RQJ+TF^nXP\_M*p-lwMYL´V%cNOH¯�OQ^§lwoNM�^][5MPXYRS¯NX*pWl_RQJ+TN^bl_o�pWlbgxp{^	[Nc'lrJ+T
lwoNM	g�J+\���·�^_J©RST�lwoNRS^e^_MYTF^_M	lwoNMr[N\]J+U+\_p{Z�^�p{\_M	^]cNXYXPMY^_^�V%cNO®E8� [�p{\_p{Z�MPlw\]RQXnU+MYJ+Z�Mz¢
lw\]��J{V�lwoNMegxpWlwMP\%y]Mzl¥LNcNXPl¥RS^�U+MPTNMY\_pWlwMPL¦p{TFL©l_oNMeRQT'V%J+\_Z�pWlwRSJ+T3p{`5J{cFl�lwoFMeU+MYJ+Z�MPl_\]�
RQ^�XPJ+Z�Z�cNTNRQXYpWlwMPL¦lwJ��rp{Z�`FRSl*·mgqoNRSXºo�XY\_MYpWlwMP^�lwoNM�Z�MP^_o�E8��cN\]l_oNMY\P·'l_oNM	Z�MP^_ofXYp{T
`5M�oNp{TNLNOSMYL�p{TFL�Z¦pW[N[NRQTFU+^>pW\_MxZ�p{LNM8`�MPl�g�MYMYT©LNR���MP\_MPT�l�U+MYJ+Z�MPl_\_RSMY^�p{TNL�Z�MY^]oNMY^PE
�>RQT�pWOQOS�{·NRQTFRSlwRQp{O�L�p-lºp�RS^nU{RSa+MPTªl_J�p�Z�MY^]o�·�`��KcN^]RQTNU�M��'RQ^�lwRSTNU¦L�p-lºp�V%\]J+Z p{TNJWlwoNMP\
Z�MP^_o�E

�nJ:gxMza+MP\Y·�lwoNM	U{MYTNMP\wp{O�[FcN\_[�J+^_M	JWV�l_oNM	[N\]J+U+\wpWZ�RS^xlwJ�Z�p��{Mbl_oNMbd�cNRSL�d�J:gv[F\_J+`'¢
OQMYZ RST�l_oNMngxpWl_MY\%y]Mzl�LNcFXPl8lwJ�`�M§^_J+OHa+MYL�gqRSlwo�OQMP^_^�RSlwMP\wpWl_RQJ+TF^Y·m`m��U+RSa)RQTFUrl_oNM�Z�MY^]o
p�U+J)J)LKRSTNRSl_R�p{O�^_J{OQcFl_RQJ+T�E �§TFV%J+\�lwcNT�p-lwMYOH��TNJ©lwoFJ+\_J+cFU+oªRSTma+MY^�lwRSUmpWlwRSJ+TfJ{V>oNJ:gvV7p{^�l
lwoNM�^]J+OQc'lwRQJ{T=U+MPTNMY\_p{OQOH��XYJ+Tma+MP\_U+MP^Y·~RHV�lwoNM�RQTNRHlwR�pWO�^_J+OScFlwRSJ+T=RS^nU{RSa+MPT lwoNRS^§gxp*� o�pW^
`5MPMYT Z�p{LNMW·�LNcFM�l_JªOQp{X��¡J{Vxl_RQZ�M{E��¹OSRQZ�RSl_MYL¡T�cNZ�`�MY\!J{Vxl_MY^�lw^3gxp{^3[5MP\]V%J+\]Z�MPL
p{TNLµlwoNM�X*pWOQXYcFO�pWl_RQJ+TN^�^_oNJ:g l_o�pWl�lwoFMKZ�J:a+MPL9^_J{OQcFl_RQJ+T�·�l_o�pWl©RQ^�cF^_MYL9p{^©RQTNRHlwRQp{O
L�pWlºp'·FOQJ)J ��^x[F\_MPl]l���U+J)J)L�·'gqoNMPT�RSl�RQ^xa)RQ^]c�p{OSRQ^_MPL�RQT��>OQcNMPTml��'E �§J:gxMza+MY\q^]J�V7p{\xlwoFM
^_J+OScFlwRSJ+TfLNJ)MY^qTNJ{l§XYJ{T�a{MY\]U+M�pW^qV7pW^]l§p{^qM��'[�MYXzlwMYL�E

�¶l�o�p{^3`5MPMYT�MP^]lºpW`NOQRS^_oNMPL�lwo�p-l3l_oNM¦[�pW\wp{Z�MPl_\_RQX�Z�J'LNMPO�V%J+\!l_oNM¦U{MYJ+Z�MPl_\]�´gxJ{\���^
gxMPOQO®·�p{TFL�RS^ba+MP\]�´cN^]MPV%cNO?·6gqoFMYT�XPJ+Z�[�p{\_RSTNUfU+\]RQLN^PE�keoNM�^�lw\]cNXPl_cN\_MPL�[�p{\_p{Z�MPlw\]RQX
oNMYOS[�U{\_RQL�RS^�p{OS^_J	p	^_cFXYXYMP^_^�V%cNO�lwJ)J+OFRST�lwoNRS^�[N\_J)XYMP^_^Y·)p{TFL�Z�J+^�l�J{V�lwMPT�lwoNMq\]MPV%MY\]MYTNXPM
U+RSa{MYT´`m�=lwoFM�oNMYOS[¡U+\_RSL¡RQ^�l_oNM�XYJ+\]\_MP^_[�J+TNLNRSTNUfXYMPOQO®·5J+\bRST¡^_J+Z�M�X*pW^_MY^rJ+TFM�J{V8RSlw^
TNMYRSU+o�`5J+cF\_^YE
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keoNMb[NcN\][5J{^_M�JWV�lwoNRS^8g�J+\��©gxp{^�TNJ{lxl_J�^]J+OSa{M�p{OSO�[N\_J+`FOQMYZ�^Y·�XPJ+TNXYMP\_TNRSTNU�l_oNMnZ�p{['¢
[NRQTNU3J{V6p!^_J+OScFlwRSJ+T©J+[FlwRSZ¦pWOQOS�{·mp{TNL�lwJ3U+MPlxp3[N\]J+U+\_p{Z lwo�p-l�g�J+\���^xV%J{\xp{OSO�[5J{^_^_RS`NOQM
^_XYMPT�p{\]RQJ+^P·�J{VxZ�J)LNMPOQOQRSTNU¦l_oNM�g�pWl_MY\�y]MPl3LNcNXPlYE¦keoNM�p{RSZ gxp{^!l_JK¯NTNL�J+TFM©gxp*��J{V
Z¦p{[F[NRQTNU©p�^]J+OQcFl_RQJ+T�E���OSO�LNR�5MY\]MYTml§[�p{\�lw^eJ{V�lwoNMr[N\]J+U+\_p{Z�g�J+\���^P·5pWTNLflwoNMrXºo�p{RST
J{V�[N\]J'XPMY^_^]MY^bl_o�pWlbRS^nTFMYMYLFMYL lwJ�RQTKlwoNM3MYTNL U{MYTNMP\wpWl_M3lwoFM�RQTFRSlwRQp{O�^]J+OQcFl_RQJ+TKoNJ+OSLN^YE
keoNM3[F\_J+U+\_p{Z¨RS^eoNJ:gxMza+MP\nV7p{\�V%\]J+Z p�¯�TNRS^_oNMPLª[N\]J'LFcNXPlYE

¸bRQ^_\]MYUmpW\_LNRSTNUfp{OSO�lwoFM�RQZ�[N\_J:a+MPZ�MPTmlw^blwoNpWlrX*p{T´`�M�Z¦pWLNM�J+T lwoFM�pWXPlwcNp{O�XYJ)LNM�RST
lwoNMq[N\]J+U+\wpWZ ¯�OQMP^Y·)pb¯�\_^�l8^]lwMP[¦RST�[N\_J)XYMPMYLNRSTNU!l_oNRQ^�g�J+\���RQ^�lwJ	V%cN\�lwoNMP\¥RQTma+MP^]lwRSUmpWl_M
oNJ:g �>OScNMYTmlº��cN^_MP^�lwoNMeRSTFV%J+\_Z�pWl_RQJ+T!RQT�l_oNMeL�pWlwpn¯�OSM{·mp{TFL©gqoNpWl�o�p{[F[5MPTN^�`5Mzl�gxMPMYT
lwoNM�RSlwMP\wpWl_RQJ+TF^YE � �rcNTNLFMY\_^�lºp{TFLNRQTNU§lwoNRS^�Z�J+\]M�pWXYXYcF\wpWl_M�RSTFV%J+\_Z�pWl_RQJ+T	XYp{T�`�M�U{RSa+MPT
lwJf�>OScNMYTmlº�'·�pWTNL¡p¦OSJ{lng�J+cNOSL `�M�Ump{RSTNMYL�E � o�p-l	o�p{^n`5MPMYT¡^_MPMYT´p{OS\_MYp{LF�KRQ^qlwo�p-l
lwoNMq^_J{OQcFl_RQJ+T�aWp{OScNMY^�J{V�l_oNMeV7p{XYMP^8JWV5l_oNMeXYMPOQON^]oNJ+cNOSL�`�MqX*p{OSXYcNOQpWlwMPL©p{TNL©[N\]RQTmlwMPL�l_J
lwoNM�LNpWlºp¦¯�OSM{·�gqoNMY\]M�lwoNM�RSTNRSl_R�p{O�^_J+OScFlwRSJ+T RQ^n^wp*a+MPL�ErkeoNMY\]M�Z¦p*�ªp{OS^_J�`�M�V%cN\�lwoNMP\
a{pW\_R�pW`NOQMP^xlwo�p-lq�>OQcFMYTml���RS^�LNMY[�MYTFLNMYTmlnJ{V E �bTNM	^_RSZ�[FOQMngxp*�fJ{V6¯�TNLFRQTNU�J+c'l*·Fgqo�p-l
�>OQcNMPTml��§\]M*p{OSOS�	TFMYMYLF^>V%\_J+Z l_oNMxRSTNRSl_R�p{OW^_J+OScFlwRSJ+T�·-RQ^6lwJnlwp��{Mxp�L�pWlwp§¯�OSM�JWV�pnXPJ+Tma+MY\ ¢
U+MYTml�^]J+OQc'lwRQJ{T�·�p{TNL�\]MYZ�J:a+M§J+TNMnaWp{\]R�p{`FOQM�V%\_J{Z lwoNMnL�pWlºp	¯�OSM�pWlxp!l_RQZ�M{·�p{TFL¦lwoNMPT
lwMY^�l�oNJ:g�V7p{^�l>lwoFMx^_J{OQcFl_RQJ+T!XYJ+Tma{MY\_U{MY^Y·mgqoNMPT�lwoNRS^�LNpWlºpn¯NOQM8RQ^>cF^_MYL�p{^>RSTNRSl_R�p{O+LNpWlºpFE

keoNM´p{OQU{J+\_RHlwoNZ l_o�pWl�¯NTNLN^�lwoFM XYJ+\]\_MP^_[�J+TNLNRSTNU XYMPOQOnRQT�p{TFJ{lwoNMP\¦U+\]RQL ^]MYMPZ�^�l_J
`5M!gxJ+\���RQTNU¦g�MYOSO®Eq��^nRSl§RQ^nTNJ:g lwoNM3^_J+OScFlwRSJ+T�a{pWOQcNMP^nlwoNpWlbpW\_M�U{RSa+MPTªl_J¦lwoNM3XYMPOQOQ^
p{\_M�y]cN^]l�aWp{OQcFMY^6lºp��WMYT�V%\]J+Z J+TNM8XYJ{\_\_MP^_[�J+TNLNRSTNU�XPMYOSO)RST!l_oNM8J{lwoNMP\�U{\_RQL�E�keoNRS^�XPJ+cNOSL
`5M�V%cF\]lwoFMY\�LNMza+MPOQJ+[�MYLflwJ�Z¦p��WM	p*a+MP\wp{U+MP^eJ{V6^_Mza+MP\wp{O~XPMYOQO�aWp{OQcFMY^�RHV�lwoNM�^_J+OScFlwRSJ+T�RQ^
Z¦p{[F[5MPL=V%\_J+Z p©¯�TNM3U+\_RSLªlwJ¦p�XPJmp{\_^]M�U+\]RQL�·�p{OHlwMP\_T�pWl_RSa{MYOS��RQTmlwMP\_[�J+O�pWl_RQJ+T�XYp{T `�M
cN^_MPL�·�gqoNMYTKlwoNMr^_J{OQcFl_RQJ+TfRS^eZ�J:a+MPLKV%\]J+Z p�XYJ+p{\_^]M!U{\_RQLfl_J�p�¯�TFMY\qJ+TNMWE
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