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� X`Zba � X�e{luUV¤y¤e)WQ>åUVa`^BkÚab�]��e�� � UVa�kmZbaGW;X�e)Zb¤Åa#egZb¤	>åegZbnBWOkÚa
� X#eÅZ)>�>#ZV¤ega � ��kmWluU�Wk � ]@";KFk6�VY#¤em:�^bV°j
''X�e�a�U�aB-`��e�� � UVa�kmZba	��k¡WylU�W;k � ]�Z��¡WUÙeDiBX�k6��k � W�Z�>åeu¤oW;kmW � eua �

lega � ¤oZ)�[>åegZbn]��UV¤ � X#eEdfZ ��UV¤yk � ]iU�� � X�ej>`eg¤k¡UB^�ZVa#^ � X�e�^�eD-
�Ve*�ÚU@>�dfeua � U�� � �>UÅWdfZ��!�¡eu¤n>`e)ZbnBW�a�e)Zb¤ � X�e�e)^B�Ve
U�� � X�e�>�k!>åe
Z �©� kÚdfegW�U)���ÚU��¥�Ve��¡UBlk � ]�";K"k6�VY�¤yem:O^5V°j
KFk6�VY#¤e)WnXÅZ�V+-"^bV�W;X#U���W�lU�d�>#Zb¤yk¡WUVa`W��`e � �4egeua � X�e���e��©-

� U�a�kmZbaQZba#^¡¨n-wª-a�U�aB-`��e�� � UVa�kmZbaO�Ve*�ÚUBlk � ]<>�¤yU)_b�¡egW���U�¤ � X�e@�Zba`^ d�e D luUV¤y¤e)WQ>åUVa#^�kÚa�� � U � X�em¨>Zb¤yU � k¡^ÇZb¤ � eg¤]�j�� � kmW4U@�B-
Weu¤��Veg^ � X#Z �P� X�em>#¤U�_b�Úe)W
dEZ � loX]E�Y#k � eOlD�¡U�We��¡]Vjh''X�e��mZb¤��Ve)W �
^Bk!«åeg¤ega#le)W7S0# u #��	V�U�lglY�¤ÙZ �?� X#e7>åegZVn(��e��¡UBlk � ]�"3�
X�eu¤ye � X�e
a�U�aB-`��e�� � UVa�kmZba¥>�¤U�_b�¡eA/åZ �Q� eua#W�k¡acZGdEZVa�a�eu¤iWkÚdfk6�¡ZV¤ � U
� X`Z � U��`W;eg¤���eg^�kÚa � X#eÈlU�¤¤yegW�>`U�a#^Bk¡a��]¨>ZVWyW;U�aW/#U��§j   �Úk6�VX �
/`Z �Q� ega�k¡a��+ZV¤U�Y�a#^ � X#en�Ve*�ÚUBluk � ]�dfkÚa�k¡dEZ�Z � AbD�Z u 8�8#HQk¡W"Z)�mW;U
U��`W;eg¤���eg^ "_K"k!��Y�¤ye�X ^bV°j\''X�e�>�¤yeg^Bkml � eg^\��e��¡UBlk � k¡egW�kÚa � X�kmW
luZ�W;e+Zb¤ye
X�k!��X�eu¤ � X#ZVa � X#U�We�U��#Weu¤��Ve)^¢kÚa � X�e+luUV¤y¤e)WQ>åUVa#^�kÚa��

¨>Z�WWUVa�luZ�W;e@"���Y ��� X�e�^Bka«Peu¤yeua`legWP�`e � �4egeua � X#em��e*� � UVa#k¡ZVa
ZVa#^Ça�UVaB-u��e*� � U�a�k¡ZVa�>#¤U�_b�Úe)W
Zb¤ye+d�Y#loXiW;dEZ��!�¡eu¤)j
K"k!��Y�¤yegW�XH�5VÅZba#^A��VOW;X�U�� lU�d�>#Zb¤yk¡WUVa`W��`e � �4egeua�W;X#egZb¤

>#¤U�_b�Úe)WP��U�¤ � X�e���e�� � UVa�kmZba Zba#^¡¨n-wª dfUB^Be��mWÙZba#^ � X�eEZ)>B-
>`Zb¤yeua � ��kmWluU�Wk � ]j>#¤U�_b�Úe�>�¤yeg^�k¡l � eg^���] � X#e7¨n-wª dfUB^Be��Øj ��e
U@�#Weu¤��Ve � X`Z �$� X�e�WX�e)Zb¤d>�¤yU)_5�Úe)W�dEZ � loX0lD�¡U�We��¡]Vj^��a¦��euaB-
eg¤yZ�� � X�e§¨n-0ª9a�UVaB-u��e*� � U�a�k¡ZVaNWX�e)Zb¤�k¡W�X#k!��X�eu¤ � X`Zba � X�e
luUV¤y¤e)WQ>åUVa`^BkÚab�$��e*� � UVa#k¡ZVa�WX�egZV¤gj�''X�e��mZb¤��Ve)W � ^Bka«Peu¤yeua`legW
Sw8 u e��	V�ZV¤e�luUVaB_#a#eg^ � U � X�e�k¡a�a�eg¤�¤ye���kÚU�a#W�U)� � X�eP>�k6>`e@".�
k � X
WdEZ)�6�Úeg¤+^Bk!«Peu¤yeua#luegW�Weuega�a�e)Zb¤ � X�e�e)^B�VeOUVa��¡]{^�Y�¤k¡a��{ZE¤e*�a-
Z � k6�Ve*�Ú]�WdEZ)�6� >�¤U@>`U�¤ � kÚU�aÈU�� � X#e4>`eg¤k¡UB^ASÏ^�Z � Z�a#U � WX�U��
a5V°jL a`le�Z���Zbk¡a�" � X�e+^�ka«Peu¤yeua#luegWn�`e � �4egeuad��e*� � U�a�k¡ZVaÈZba`^fa�UVaB-
��e�� � UVa�kmZba]>#¤U�_b�Úe)W�ZV¤eÅd�Y#loX*WdEZ)�6�Úeg¤ � X`Zba<��U�¤ � X�e�luUV¤y¤e�-
W�>åUVa#^Bk¡a��$¨>ZVWyWUVa$>#¤U�_b�Úe)Wuj
''X�e�Z�>�>#Zb¤yeua � ��k¡WylU�W;k � ]�>�¤yU)_5�ÚeceDiBX�k6��k � W.W;k¡dfk!�mZb¤��åeD-

X`ZN��k¡UVY#¤ � U � X�e�lUV¤y¤yegW�>`U�a#^Bk¡a��7¨>ZVWyW;U�aEluZVWe�"��
k � XÈZÅlueua � ¤oZ)�



>åegZbn � X#Z � �V¤yU���W���UV¤ � X�eÅdEZ ��UV¤yk � ]�U�� � X�e � kÚdfe)WQ>#ZVa�eDi�Zbd	-
k¡a�eg^¤SÖ^�Z � Z�a�U � WX�U��
a5VjL''X�e{kÚa�k � kmZ)�h>åegZVnIZ � A D Z u Z�X#H
X#Z�W�Z���¤yU�ZV^�eu¤[�#Z�W;e�SwZ u c %Q^Bk¡ZVdfe � eg¤�V�lUVd�>#ZV¤e)^ � U � X#e�lU�¤Q-
¤yegW�>`U�a#^Bk¡a��$¨>ZVWyW;U�a�>åegZVnASUZ u #@e�%3^�k¡ZVd¢e � eg¤�Vjn''X�eOWyZ � e��6�Úk � e
>åegZbnBW4kÚa � X�e�¨n-wª¤��k¡WylU�W;k � ]¢ZV¤e+W;dEZ)�6�¡eu¤�k¡a�dEZ)��a�k � Y#^Be�a#ZV¤Q-
¤yU��4eg¤ � X#ZVa � X�e�lU�¤¤yegW�>`U�a#^Bk¡a��m¨>ZVWyW;U�a�>`e)ZbnBWuj[''X�e�dfZ��Va�k!-
� Y`^Be�U�� � X�en�mZb¤��Ve)W � >åegZVn��'ZVW��¡ZV¤���eu¤ � X`Z � � X�e�luUV¤y¤e)WQ>åUVa#^�kÚa��
¨>ZVWyWUVa$>åegZVnASÏ^�Z � Z�a#U � WX�U��
a5V°j
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KFk6�VY#¤ejl�W;X#U���W � X�eEa�e)Zb¤�-0�'Z)�6��W;X�e)Zb¤§lU�d�>#Zb¤yk¡WUVa � ZVnVeua
Z � X`Z)�!��Z	��¤km^.-`�Úega�� � X¡SwZ u Z� N#�g;V{��¤yUVd � X�e��'Z)�6�2kÚa � X�em��e��©-
� U�a�kmZba�"@¨>ZV¤¤yegZVYB-wª�Z�W;Y`^�Z�Zba`^	¨>ZVWyWUVaÅU�Wluk!�6�¡Z � U�¤]�/#U���W?lU�¤Q-
¤yegW�>`U�a#^Bk¡a�� � U � X�e(¨>ZV¤U � km^ ZV¤ � eu¤y]Vj(''X�eÈWkÚa�Y#WUVkm^�Z)�4W;X�e)Zb¤
lY#¤���e;��U�¤ � X#e?¨n-wªJdfUB^Be*��dEZ � loX#egW � X#Z � ¤ye�>åUV¤ � e)^7��]  ¤ � U��¡k
���7 �¢!£,� 8�l�%Øj ''X�e�a�UVaB-u��e*� � U�a�k¡ZVaGWX�egZV¤yW�eDiBX�k6��k � �V¤yegZ � eu¤
dEZ)��a�k � Y#^Be)WÇluUVd�>#Zb¤yeg^ � U � X�e¡��e*� � UVa#k¡ZVa¦/#U���U���eu¤ � X�e
dEZ	��U�¤k � ]ÙU)� � X#e�>åeu¤yk¡U�^4��UV¤��`U � X � X�eP¨n-wª�Zba`^	¨>ZVWyWUVaÅdfUB^.-
e��mW*"��
k � X � X�e7¨>Z�WWUVa{k¡a<�Veua#eu¤oZ)�$WX�U��
kÚab� � X�e4�V¤yegZ � e)W � ^Bk!�J-
��eu¤yeua`leVj [4U � XJa#UVaB-u��e*� � UVa#k¡ZVa�d¢UB^Be*�¡WÇZb¤ye*Z)�mWU3WQ�¡k6�VX � �¡]
>�X#Z�W;e�WX�k!� � e)^�¤e*�¡Z � k6�Ve � U � X�eW��e�� � UVa�kmZba�lY#¤���eVj1��a � X�e
a�e�i � Wegl � kÚU�a � X#k¡W¢Zba#Z��Ú]BWk¡W7�
k6�!���`e{eDi � eua#^Be)^ � U�Z*luY�¤��Veg^
>�k6>`e���euUVdfe � ¤y]ikÚa�UV¤o^Beu¤ � U{U��`W;eg¤���e � X#e¢e�«åe)l � W � X#Z � luUVd	-
>��¡eDi(�VeuU�dfe � ¤yk¡egW>X#ZN�Ve�UVa � X#e�/#U���Wuj


Åý ��#'(d&),),.!$#%+�� %! H+'�N��
8"4� � �i9�	H&�	X�
#1IGU�Wylk6�!�mZ � UV¤y]�/#U��¡�'ZVW:kÚd�>��¡eudfeua � eg^Åk¡a � X�e4luY�¤��Veg^�>�k!>åe

�VegUVdfe � ¤]GW;X�U��
a\k¡a _b�VY�¤ye� *Z¡�
k � X � X�eO¨>Zb¤y¤yegZbY�-wª�Z�W;Y#^#Z
>#ZV¤yZVd¢e � eg¤yW>Y#Weg^$��UV¤ � X�e�>�¤ye���kÚU�Y#W
WkÚd�Y��¡Z � k¡UVa#Wgj
''X�e c
eg]�a#U��m^ = W�a�Y�dm�åeu¤;�>Z�W�^BeD_`a�eg^	��¤yUVdLe*E�Y#Z � k¡UVa]Sw#�Z@V

�
X�eg¤eÇkÚa � X�kmW�lgZVWe � Z �'ZVWOlgZ)�mlY��mZ � eg^O��¤yUVd � X#e�>�¤yegWyWY�¤e
�V¤oZV^�kÚega � Y#Wk¡a���e*E�Y#Z � k¡UVa^Sw#@e�VfZVW � X�e]>åegZVnL��e��¡U�luk � ]3kÚaJZ
W � ¤oZbk6�VX � >�k!>åeVjH''X�kmW � ZEdEZ�]�^Bk!«åeg¤���¤yUVd � X�eÈZ�l � Y#Z)�{>åegZVn
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��e��¡UBlk � ]ÇU�a � X�e¢lY�¤��Ve)^H�VeuU�dfe � ¤y]VjP''X#em�
km^ � X�U)� � X�e	>�k6>`e
�'ZVW � Zbn�eua � Um�`e d�f��lD�c@Z4�mZ ��� kmle�Y#a�k � W�ZVa#^ � X�e�>#Zb¤oZbdfe�-
� eu¤oW©�4eg¤eÅWyluZ��Úe)^ÇZ�luluUV¤o^BkÚab���¡]Vj{''X�e?@3a�Y#dm�åeu¤P�'ZVW
^Be�_#a�e)^
k¡a � X�efY#WY#Z)�"dEZba�a�eg¤gj  c
eg]�a#U��m^ = W�a�Y�d7�`eg¤�U�� d�e D  *Z@Z
ZVa#^?� UVdfeg¤yW��Úeg]§a�Y�dm�åeu¤�U���@ Dk ;�>eu¤ye>Y#W;e)^Ok¡a � X�kmW�lY�¤��Ve)^
>#k!>åeÅW;k¡dOYb�¡Z � k¡UVa$j
''X�e�W;k¡dOYb�¡Z � k¡UVa#W7�4eg¤eÈ¤Y�aGY�a � k6� � X�e(��U��6�¡U��
kÚa���lUVa.��eu¤�-

��eua#lue§l¤yk � eu¤ykÚU�a$�'ZVW
WyZ � kmWQ_#eg^

 
� r � � q�SM>�@�GIH�VXf q�SM>�@*S>G�f§ NV�H�V � ��y-@

�
X#eu¤yeSy$�'ZVW�ypD  %\ &Z�,���"�� �'ZVW � X�eEa�Y�d7�`eg¤§U)�;/#Y�km^
a#U�^�egW�k¡a � X�eW��euU�d¢e � ¤y]Vj G0kÚa � X�kmWÇlgZVWe]�'ZVWÈZV¤U�Y�a#^�c�Z
''X#e<�Ve��¡UBlk � ]G^Bk!«Peu¤yeua#lue<�>Z�W�^BeD_`a�eg^�Z�lulU�¤y^�kÚa�� � U�e*E�Y#Z�-
� kÚU�aLSw#�l@V+Zba#^ � X�efW;X#egZb¤�¤oZ � e¢^Bk!«åeg¤ega#le@"HP [\ "3�>Z�W+^Be�_#a�e)^ZVa#Z)�¡U���UVY#W��¡]	��] � X�e§e*E�Y#Z � k¡UVa

P [\ S^AQVFD  
� r � � � 9: ! S?>�@BAQV f 9: "! S?>�@
AQV � ��#� O 9: ! �#� @ Sw8� NV

�
X#eu¤ye 9: !	S?>�@BAQV�ZVa#^ 9: "! SM>�@
AQV4Zb¤ye � X�e?��e*� � UVa#k¡ZVaÈZba#^�a�UVaB-
��e�� � UVa�kmZbaJWX�egZV¤È¤oZ � egW�Z �$� k¡dfe A2"�ZVa#^ O 9: ! k¡a � X�eW>`e)Zbn
��e�� � UVa�kmZbafW;X#egZb¤"¤oZ � e
Z �+� kÚdfe�A°j�''X�e
W;X�e)Zb¤?¤oZ � e'^Bk!«åeg¤ega#le
�'ZVW?Y`W;e)^�k¡a � X�kmW�Wegl � k¡UVaE^BY�e � U � X�e�luY�¤��Veg^	>�k6>åeh�VeuU�dfe � ¤y]Vj
''X#egWe��/Zb¤yk¡Z � k¡UVa#W
ZV¤eÅluUVa.�Vega�kÚega � �¡]ÇluZ�> � Y#¤e)^H��] � X#eOW;X#egZb¤
¤oZ � e�"�W;ege�e&E�Y`Z � k¡UVaASs &e@V°j K"k!��Y�¤e7 � �W;X�U���W4ZOluUVd�>#Zb¤ykmW;U�a¢U��
P � S^AQV'ZVa#^*P [\ S^AQV>U���eu¤'UVa�e�>åeu¤ykÚUB^2j� � luZVaA�åeEW;egeua � X#Z �?� X�e��Ve*�ÚUBlk � ]�Zba`^�WX�egZV¤§^Bka«Peu¤yeua`legW
ZV¤e�¤ye��mZ � k!��e��¡]L�¡U�� ��U�¤ � X�e*dfZ ��UV¤yk � ]3U)� � X�e]>åeu¤yk¡U�^�"h�
k � X
>åegZVnBWP�åeuk¡a��ÇWeuega�kÚa � X�e�¤e*�Vk¡UVa#W
U��{�ÚU��>egW � ��e��¡U�luk � ]{k¡a � X�e
U�Wluk!�6�mZ � U�¤]�>åeu¤ykÚUB^2j{''X#eÅZN�Veu¤oZ)��e�^Bk!«åeg¤ega#le)W���UV¤ � X�e4�Ve*�ÚUBl2-
k � ]�Zba`^*WX�egZV¤�¤oZ � e7�>eu¤ye P ���8D�Z u Z�c@8�ZVa#^ P [\ �8D�Z u Z@#�8
¤yegW�>åegl � k!��e��¡]VjH''X�egWej�/Z)�¡Y�egW�Zb¤yefU)��W;k¡dfk!�mZb¤OUV¤o^Beu¤ � U � X#U�We
U@�#Weu¤��Veg^���UV¤ � X�e;¨n-0ªGW � ¤oZbk6�VX � >�k!>åe�U�Wluk!�6�¡Z � U�¤]�lgZVWe�"�_b�VY�¤yegW
e�ZVa#^�g�"�Z�� � X�UVY���X�^BkÚ¤yegl � lU�d�>#Zb¤yk¡WUVa`W§luZba�a#U � �åe�dEZV^Be
^�Y�e � U � X�eE^Bk!«åeg¤ega#le)W�kÚa � X�eE^Be�_#a�k � k¡UVa U)� � X�e�c
eg]�a#U��m^ = W
a�Y�d7�`eg¤yW ��UV¤ � X�e � �>U+lgZVWegWgj ��a�UV¤o^Beu¤ � U�U��#Weu¤��Ve>^Bka«Peu¤yeua`legW
k¡a � X�e��Ve*�ÚUBlk � ]iZba#^�W;X#egZb¤�¤oZ � e7>�¤yU)_b�¡egW�WQ>`Z � kmZ)�6�¡]iU��Veu¤ � X�e
luY�¤��Veg^m>�k6>`eh��euUVdfe � ¤y]�")>�¤yU)_5�Úe)W��>eu¤ye � Zbn�euafZVlu¤U�WW � X�eh�¡k¡a�egW
 -�IcWX�U��
aÈk¡ad_5�VY�¤yem &Z�j�V�¤yU)_b�¡egWn�4eg¤e � ZVnVeua{Z ��� X�e � k¡dfegW
luUV¤y¤e)WQ>åUVa`^BkÚab� � U � X�e4>`e)ZbnWS���� M � D1Z u c#H�V�Zba#^{dfk¡a�kÚd�Y�dS���� < z D1Z u  *g#H�V{��e��¡UBlk � k¡egW'k¡a � X�eÅlY�¤��Ve)^$��euU�d¢e � ¤y]Vj
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KFk6�VY#¤e)WA N# Z@V$-�^bV�W;X#U�� � X�e���e��¡UBlk � ]�>�¤U�_b�¡egW�ZVlu¤U�WW
� X#e<�Úk¡a�egW  -SI ¤e)WQ>åegl � k6�Ve��¡]���¤yUVd _5�VY�¤ye¡ *Z�j�''X�eia�U�aB-
��e*� � U�a�k¡ZVa¦>�¤yU)_b�¡egW{WX�U�� W;dEZ��!�¡eu¤(>`e)Zbn��/Z)�¡Y�egW � X`Zba � X�e
lU�¤¤yegW�>åUVa#^Bk¡a��d��e�� � U�a�kmZba<>�¤yU)_b�¡egW�kÚa�Z)�6�"lgZVWegWgjP''X�eOa�U�aB-
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Umax - Newtonian
Umax - Non-Newtonian
Umin - Newtonian
Umin - Non-Newtonian
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