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� oNMYT³^_J+OHa)RQTNU=l_oNMY^]M ��RQTNLN^�JWVn[F\_J+`NOSMYZ�^�T�cNZ�MY\_RSX*p{OSOS�{·�lwoFMfXYMYOSOQ^�XPOQJ+^]MY^�l�lwJ lwoFM
g�p{OSOQ^rp{\]M�lw\]M*pWl_MYL�^_J+Z�MPgqo�p-l3LFR
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k�J `�M�pW`NOQM©lwJªXYJ+Z�Z�cNTNRSX*pWl_M�gqRHlwo��>OQcNMPTml��KRHl�RS^3RSZ�[�J+\�lºp{TmlrlwJ ��TNJ:g oNJ:g lwoFM
RQTFV%J+\]Z¦p-lwRQJ{T RQ^ro�p{TFLNOQMPL;RST�l_MY\]T�p{OQOH�+E � MYOQJ:g RSlrRQ^rLNMP^_XP\_RQ`�MYL�gqoNMY\]M¦pWTNL;oFJ�g RQT'¢
V%J+\_Z�pWlwRSJ+T�RS^§cF^_MYLKRQTK�>OScNMYTmlº�'E

keoNM¦U+MPJ+Z�MPlw\��¡RQ^rXP\_M*p-lwMYL�RQT��!p{Z�`NRSlY·�lwoNM�[N\_MP[N\_J)XYMP^_^]J+\�J{V��>OQcFMYTml��'·�MYRHlwoNMP\r`��
� LN\wp*gqRSTNU � l_oNM�U{MYJ+Z�MPl_\]��RQT��!p{Z�`NRSl8p{TFL�OQMzl_lwRSTNU��!p{Z�`NRSl8\_MPXYJ+\]L¦lwoFRQ^8U+MYJ+Z�MPl_\]�
RQTµp�y]J+cN\]T�p{O8¯�OQMW·�J+\�\_cFTNTNRQTFU´p�y]J+cN\_TNp{O�¯�OSM�U+MPTNMY\_pWlwMPL@J+c'lw^_RSLNMf�>OScNMYTmlº�'E´keoNM
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V%MY\_MPTml�XPMYOQOS^qp{\_M	XPJ+TN^�lw\_cFXPlwMPLªV%\]J+Z¨lwoFM!TFJ'LNMP^YE
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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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LNRQ\]MYXPl_RQJ+T´p-lblwoNM�RSTNOQMzl*E!��OSO>J{V¥lwoFMY^_M©^][5MPXYRS¯NX*pWl_RQJ+TN^rpW\_M�U+RHa+MPT�Z�p{T�c�p{OSOS�K`m� lwoFM
cN^_MP\bRQT�lwoNM3cN^_MP\�RST�l_MY\�V7p{XYM3J{V�lwoFM3[N\]J+U+\_p{ZªE � oFMYT¡p{OSO6RQTFV%J+\]Z¦p-lwRQJ{TfRQ^§UmpWlwoFMY\_MPL
p¦X*p{^]Mz¢®¯�OQM3RQ^�Z�p{LNMW·�l_o�pWl�oNJ+OQLF^bp{OSO6l_oNRQ^§RQT'V%J+\_Z�pWlwRSJ+T�·�^]J¦lwoNM�[N\_J)XYMP^_^bJ{V�^_MPl]lwRSTNU
lwoNM§`5J{cNTNL�p{\���XYJ{TNLNRSl_RQJ+TF^¥p{TNL�J{lwoNMP\¥RQTNRHlwR�pWOQRQ^_pWlwRSJ+Tro�p{^¥lwJr`�M§LFJ+TNM§J+TNOS��J+TNXPM§V%J+\
M*p{XºofZ�MY^]o�E��¶V�l_oNMY\]M�RQ^�p3LNpWlºpr¯�OQMW·)gqoNRSXºo¦XYp{T�`�MncN^]MYL�p{^8RQTFRSlwRQp{ONL�p-lºpF·)p{OS^_J�^]cNXºo
p¡¯NOQMf^_oFJ+cNOQLµ`�Mf\_MYp{Lµ`5MzV%J+\_MflwoFMfRSlwMP\wpWl_RSa{M�[N\_J)XYMP^_^©lwJ¡¯�TNL³p¡^_J{OQcFl_RQJ+T�^�lºp{\�lw^YE
�¶VxlwoFMY\_M�RQ^	TFJKLNpWlºpf¯�OQMW·~lwoNM©^_J{OQcFl_RQJ+T gqRSOQO>`�M©^_Mzl3l_J � MY\]JªRST;pWOQO�XPMYOQOS^rp{^rRQTNRHlwRQp{O
^_J+OScFlwRSJ+T�E¥�xJ+TF^_M ��cNMPTmlwOS�KJ+TFOS�¦l_oNMrX*p{^]M!¯NOQM	RQ^eTFMYXYMP^_^_p{\]��V%J+\�l_oNMr^_J+OHa+MY\PE

� oNMYTµlwoNM¦T)cFZ�MP\_RQXYp{Ox^]J+OQc'lwRQJ{T RQ^!V%J+cNTNL�lwoFM�cN^_MP\�XYJ+Z�Z�p{TNLN^�l_oNMf[N\]J+U+\wpWZ l_J
gq\_RSl_M�p¦TFMPg¬L�pWlwp�¯�OSM{·�gqoNMY\]M�lwoNM3^_J+OScFlwRSJ+T=RS^n^�lwJ+\]MYL�EnkeoNM�^�lwJ+\]MYL ^]J+OQcFl_RQJ+TKaWp{OH¢
cNMY^KRQT l_oNM´L�pWlºp�¯NOQM´p{\]M¡J{V3l�g�Jµl��'[�MY^PE �'J+Z�M J{V!lwoNM¡aWp{OQcFMY^�p{\]M¡X*p{OSXYcNOQpWlwMPL
lwoN\]J+cNU+o�lwoNM	RHlwMP\wpWl_RSa+M	[F\_J)XYMY^]^Y·�p{TFLªpW\_M	lwoNMP\_MzV%J+\_M	^]RSlwcNpWlwMPLKRSTflwoNM	XPMYTmlw\]M3J{V�lwoFM
XYMYOSO®E§keoNM�J{l_oNMY\�^_J+OScFlwRSJ+TKaWp{OScNMY^�p{\_M!V%J+cNTNLªlwoN\]J+cNU+o¡XYp{OQXPcNO�pWl_RQJ+TF^§`Np{^_MPL¡J+T=lwoFM
lwoNM§XYMPT�l_\_J+RSL�aWp{OScNMY^PE�keoNMY^]Mb[�J+^]l�¢�[N\]J'XPMY^_^]MYL�^]J+OQc'lwRQJ{T©aWp{OScNMY^8p{\]Mn^]RSl_c�pWlwMPL�J{T�lwoFM
XYMYOSO�V7p{XYMP^YE
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� �rMPTNMY\_pWlwMnp![Np{\wp{Z�MPl_\_RSX§U{MYJ+Z�MPl_\]��J{V�p!gxpWlwMP\%y]MzlxLNcFXPl*·'p{TNL�^]l_J+\_MqlwoNM§RQT'V%J+\�¢
Z¦pWl_RQJ+T´pW`5J+c'l!l_oNM©U+MYJ{Z�Mzlw\]�¡p{TNL;l_oNM©Z�MP^_o;^_R � M©RQT;p�y]J{cN\_T�pWO�¯�OQMW·�gqoNRSXºo
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� ²§MYp{LKl_oNM!RQTFV%J+\]Z¦p-lwRQJ{T�p{`5J{cFlqlwoNM!Z�MP^_oKRQT�lwoNM!Z�^_o'¢®¯�OQMbl_o�pWlb�!p{Z�`NRSleXP\_M�¢
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keoNM3J{[FlwRSZ�cNZ¹RQ^eV%J+cNTNLfl_oN\_J+cFU+o=pWTKRHlwMP\wpWl_RSa+M	[F\_J)XYMYLFcN\_MWE

keoNM=TNM �)l�[�p{\_p{Z�MPlwMP\�l_J�`�MªXYp{OQXPcNO�p-lwMYL³RQ^©lwoFM=\wpWLNRQcN^PE keoNRS^¦RQ^©LNJ{TNM=`m�³^_cN`)¢
lw\wpWXPlwRSTNU�lwoNMrXPJ'J+\]LNRQTNpWlwMP^eJ{V�l_oNMr[5J{RQTml�V%J+cNTFLªJ+Tfl_oNMrXYMYTml_\_M!XYcN\�a+MrV%\_J+Z¨l_oNMrXYJW¢
J+\_LNRST�pWl_MY^xJWV�lwoNM§[�J+RQTml8lwo�pWl�RQ^8`�MYRQTFU�MPaWp{OSc�pWl_MYL�E�keoFRQ^�a{MYXzlwJ+\�RS^�TNp{Z�MPL � � E>keoNM
\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  ) 
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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��(4
K�� 	 4 �
keoNM	l_oNRQ\]L ��c�pWLN\wp{Tml���4
K��¦­ 4 �
keoNM	V%J+cF\]lwo ��c�p{LN\_p{Tml��(4
Kvi�� 	 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

iWt



����� � 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
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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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OQcFl_RQJ+T�aWp{OScNM{·¥pWTNL lwoNMP^_MKp{\]M¦lwoNM�aWp{OScNMY^3lwo�pWl�O�pWl_MY\�J{T�RQ^�U+RHa+MPT lwJ´�>OScNMYTml�� pW^
lwoNM�RQTNRHlwRQp{O�^]J+OQc'lwRQJ{T lwJ�lwoNM©TNMzg d�cNRSL�d�J:g [N\_J+`FOQMYZKE©keoNM��)cNp{OQRHl�� J{V8lwoNM©lwJWlºp{O
RQTNRHlwR�pWO�^_J+OScFlwRSJ+T9Z�p*��lwoNJ{cNU+o `�M ��cNRHlwMK`�p{L�·eMP^_[�MYXYRQp{OQOH�µRSVbl_oNM=Z�MY^]o ^_R � MP^�p{\]M
a+MY\��¡LNR���MP\_MYTmlYE ��a{MYT�RSV�lwoFM�Z�MP^_oNMP^bgxMP\_M©J{V¥M �NpWXPlwOH�=l_oNM�^wpWZ�M�^]R � M{·�l_oNM�RQTNRHlwRQp{O
^_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\
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^_J+OScFlwRSJ+T�LNJ'MP^qTNJ{l§XYJ+Tma{MY\_U{M�p{^eV7p{^�lnp{^§p{^_^]cNZ�MPL�E8keoNM3[�J+^]^_RQ`FOQM	\_MYp{^_J{TN^§V%J{\ql_oNRQ^
RQ^eLNRS^_XYcF^_^_MPL `�MYOQJ:grE

��J{\�p�XPJ+Z�[Np{\_RS^_J+T�·�lwoFMb^_J+OHa+MP\�RQ^�p{OQ^]J�\_cFT�V%J+\�l_oNM�TNMzgvZ�MY^]o�·'gqRHlwofp � MY\]J�RQTNRHlwRQp{O
^_J+OScFlwRSJ+T�V%J+\qp�U+\_MYpWlqT�cNZ�`�MY\qJ{V�RSl_MY\_pWlwRSJ+TN^YE>keoNM3^]J+OQc'lwRQJ{T�XYJ+Tma{MY\_U{MY^�^]oNJ+\�l§pWV�lwMP\
D+t+t�RSl_MY\wp-lwRQJ{TN^YE�k�J{lwp{OQOH�f�)G:«�RSl_MY\wp-lwRQJ{TN^ep{\]M	Z¦p{LFM{·NpWTNL=��RQU+cN\]M�G���p{TFL�G*h©^]oNJ:gq^
lwoNM�[NOSJ{lw^�J{V§lwoFM�a+MYOSJ'XPRSl��;¯�MYOSL�·xpWTNL³l_oNMf^]lwpWlwRSXf[N\_MP^_^]cN\_M�¯�MYOSL�E � oNMYTµa)RQ^_c)¢
p{OQOH�;XPJ+Z�[�p{\_RSTNUªl_oNMfZ�p{[N[�MYLµp{TNL�[NpWlwXºoNMPL@RSTNRSl_R�p{O�^]J+OQc'lwRQJ{T�lwJ=l_oNMfXYJ{T�a{MY\]U+MYTml
^_J+OScFlwRSJ+T�·�lwoFM�^]RQZ�RQO�pW\_RSl��KJ{V8lwoFM�^]J+OQcFl_RQJ+T ¯NMYOQLF^3RS^	M*p{^��¡lwJK^_MYMWE � J)J ��RQTNUKpWlrlwoFM
a+MYOSJ'XPRSl��3¯�MYOSL�·�RSl�RS^�XYOQMYp{\�lwoNpWl�lwoNM�a{MYXzlwJ+\]^�RST�Z�J+^�l¥[NO�p{XPMY^¥p{\]MeLNRQ\]MYXzlwMYL�XYJ{\_\_MPXPl_OS�+E
keoNMn[F\_MY^]^_cN\]MnRS^�oNJ:gxMza+MP\xTNJ{l8XPJ+\_\]MYXPl_OS��^_cNRHlwMYL©V%J+\�l_oNMqTNMPg�U{MYJ+Z�MPl_\]�+·+gqoFMY\_MqlwoFM
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^

�Wt



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
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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

�>RQU+cF\_M¡G:h � � ��� � )�� �(� +(� �!� + � � � �$�!�����
��).���A����� ��� �	� � + �
��� ������� 

�!� � � � � � � ����+(� ��� � � �
+�� � 

�C�$� �*�>� ������� � � ��� ���
�	� �

�

�� ��� � + �
��� ������� ��� + ���
� ���*� �!� ��� � �	� � ��� � �	�%�	� ����� �.��� � � �!� � �����

�	� � �(��������� ��� + ���*�*���

�)G



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
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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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