
$EVWUDFW²7KLV�SDSHU�GHVFULEHV�DQ�LQWURGXFWLRQ�LQWR�RFHDQ�ZDYH�HQHUJ\�FRQYHUWHU�DQG�LW
V�LPSDFWV�RQ�SRZHU�V\VWHP� 7KHUH�DUH�D�ORW�RI PHWKRGV�DQG�V\VWHPV IRU�FRQYHUWLQJ�ZDYH�SRZHU�LQWR�HOHFWULFDO�SRZHU�� 7KH� PRVW� FRPPRQ� VWUXFWXUH� RI� ZDYH� SRZHU� SODQW� LV�2VFLOODWLQJ�:DWHU�&ROXPQ��2:&��SODQW� 7KH�WXUELQH�HPSOR\HG�LQ�2:&� SODQW� LV� QRUPDOO\� :HOOV� WXUELQH�� 7KH� :HOOV� WXUELQH� KDV�LQKHUHQW�GLVDGYDQWDJHV� VXFK�DV� ORZ�HIILFLHQF\�� DQG�SRRU� VWDUWLQJ�FKDUDFWHULVWLFV� 7KH�REMHFWLYH�RI�WKLV�SDSHU�LV�LQWURGXFWLRQ�RI�:HOOV�WXUELQH� ZLWK� IL[HG� JXLGH YDQHV� LQ� RUGHU� WR� LPSURYH WXUELQH�SHUIRUPDQFH��0RGHOLQJ DQG�FRPSXWHU�VLPXODWLRQ�RI�2:&�SRZHU�SODQW� FRPSRQHQWV� DUH� SUHVHQWHG� DQG� HIIHFW� RI RXW SRZHU�IOXFWXDWLRQ�RQ�SRZHU�V\VWHP�LV�LQYHVWLJDWHG�
,QGH[� 7HUPV² :DYH� SRZHU� SODQW�� :HOOV� WXUELQH ZLWK� JXLGH�YDQHV��3RZHU�IOXFWXDWLRQV�

,� ,1752'8&7,21
FHDQ�ZDYH�HQHUJ\�LV�D�UHQHZDEOH�HQHUJ\�VRXUFH�ZLWK�D�ODUJH�SRWHQWLDO� WKDW� PD\� FRQWULEXWH� WR� ZRUOGZLGH� LQFUHDVLQJ�GHPDQG� IRU� SRZHU� )LUVW� SDWHQW� IRU�ZDYH� HQHUJ\� H[SORLWDWLRQ�GDWHV�EDFN�WR������LQ�)UDQFH�DQG�WKH�ILUVW�ZDYH�HQHUJ\�GHYLFH�ZDV� GHVLJQHG� LQ� ����V� LQ� -DSDQ� 6FLHQFH� DQG� HQJLQHHULQJ� RI�ZDYH�HQHUJ\� FRQYHUVLRQ�� VWDUWHG�PDLQO\�DIWHU������� DV� WKH� RLO�FULVHV�SXVKHG�IRUZDUG�WKH�H[SORLWDWLRQ�RI�DOO�SRVVLEOH�DOWHUQDWLYH�IRUPV�RI�HQHUJ\�,Q�JHQHUDO ZDYH�SRZHU�SODQWV FRXOG�EH FODVVLILHG LQWR�WKUHH�FDWHJRULHV� FRQVLVW� RI� 6KRUH� /LQH� 'HYLFHV� 1HDU� 6KRUH� /LQH�'HYLFHV�DQG�2II�6KRUH�'HYLFHV >�@� 6KRUH�OLQH�GHYLFHV�FDQ�EH�SODFHG�RQ� VHD� ERWWRP� LQ� VKDOORZ�ZDWHU��$ SRSXODU� VKRUH� OLQH�ZDYH�SRZHU�SODQWV LV�WKH�2:&�SODQW��,OOXVWUDWLYH�FRQVWUXFWLRQ�RI�WKH� RVFLOODWLQJ�ZDWHU� FROXPQ� �2:&�� VKRZQ� LQ� )LJ� �� 8QGHU�ZDYH�DFWLRQ��ZDWHU�VXUIDFH�LQVLGH�WKH�FKDPEHU�VWDUW�WR�PRYH�XS�DQG�GRZQ�FDXVLQJ�WR�LQKDOH�DQG�H[KDOH�DLU�WKURXJK�DQ�RSHQLQJ�DW�WKH�WRS��7KH�ELGLUHFWLRQDO�PRWLRQ�RI�DLU�LV�DSSOLHG�WR WKH WXUELQH�DQG�WXUELQH�GULYHV�DQ�LQGXFWLRQ�JHQHUDWRU�ZKLFK�LV�FRQQHFWHG�WR�WKH�PDLQ�YLD�D�GLVWULEXWLRQ�V\VWHP�>�@�1HDU�VKRUH�GHYLFHV�DUH�ORFDWHG�LQ�ZDWHU�RI�GHSWKV�IURP����WR�����P�ZKHUH�WKH\�FDQ�H[SORLW�WKH�JUHDWHU�SRZHU�GHQVLW\�RI�WKH�GHHSHU� ZDYHV� 2QH� NLQG� RI� QHDU� VKRUH� GHYLFHV LV� WKH� 'LUHFW�

$KPDG�'DUDEL�LV�ZLWK�)DFXOW\�RI�(OHFWULFDO�DQG�5RERWLF�(QJLQHHULQJ��6KDKURRG�8QLYHUVLW\�RI�7HFKQRORJ\�,UDQ �H�PDLO�'DUDELBDKPDG#KRWPDLO�FRP��3D\DP� 3RULDYDOL� LV� ZLWK� )DFXOW\� RI� (OHFWULFDO� DQG� 5RERWLF� (QJLQHHULQJ��6KDKURRG�8QLYHUVLW\�RI�7HFKQRORJ\��,UDQ��H�PDLO��3D\DPSR����#\DKRR�FRP��

'ULYH�&RQYHUWHU��7KLV�SODQW�FRQVLVWV�RI�D�OLQHDU�JHQHUDWRU�DQG�IORDWLQJ�ERG\��IROORZLQJ�WKH�ZDWHU�VXUIDFH�LQ�WKH�YHUWLFDO�SODQH��)LJ� �� VKRZV� WKH�'LUHFW�'ULYH� SURSRVDO��ZKHUHE\� WKH� URWRU� LV�FRXSOHG� GLUHFWO\� WR� WKH� EXR\�� DQG� WKH� VWDWRU� LV� IL[HG� RQ� VHD�ERWWRP��8QGHU�ZDYH�DFWLRQ��WKH�URWRU�PRYHV�LQVLGH�WKH�VWDWRU�VR�YROWDJH�LV�LQGXFHG�LQ�WKH�VWDWRU�ZLQGLQJV >�@�2IIVKRUH� GHYLFHV� ZLOO� EH� GHSOR\HG� LQ� GHHS� ZDWHU� VR� PD\�H[SORLW�KXJH�ZDYH�SRWHQWLDO�RI�RSHQ�VHDV��2QH�RI�RII�VKRUH�ZDYH�SRZHU�SODQWV�LV�WKH�2FHDQ�3RZHU�'HOLYHU\��23'���7KLV�SODQW�LV�ORRN� OLNH� VQDNH� FRQYHUWLQJ� ZDYH� WR� HOHFWULFDO� HQHUJ\� E\�K\GUDXOLF�OLQNDJH�V\VWHP�DV�VKRZQ�LQ�)LJ� ���,W�FRQVLVWV�RI�IRXU�VLPLODU� F\OLQGULFDO� ERGLHV� LQ� VHULHV� FRQQHFWHG� E\� WKUHH� MRLQWV��7KHUH�DUH�D�IHZ�K\GUDXOLF�UDPV�LQVLGH�RI�HDFK�MRLQW�WKDW�WKH�KHDG�DQG�ERWWRP�RI�HDFK�UDP�DUH�FRQQHFWHG�WR�HQG�DQG�KHDG�RI�WZR�GLIIHUHQW�F\OLQGHUV��8QGHU�ZDYH�DFWLRQ��WKH�F\OLQGHUV�SLWFK�DQG�\DZ VR�K\GUDXOLF�UDPV�SXPS�RLO�ZLWK�KLJK�SUHVVXUH�WR�K\GUDXOLF�PRWRUV�YLD�VPRRWKLQJ�DFFXPXODWRUV��7KHQ�WKH�PRWRUV�GULYH�DQ�HOHFWULFDO�JHQHUDWRU��7KH�K\GUDXOLF�UDP�ZRUNV�DV�D�KDQG�SXPS�WR�LQIODWH� D� WLUH�� :KHQ� KDQG� SXPS� PRYHV� XS� VR� DLU� PRYHV� WR�F\OLQGHU�DQG�ZKHQ�LW�PRYHV�GRZQ��DLU�LV�WUDQVIHUUHG�WR�WLUH��,Q�23'�SODQW��UDP�KDQGOH�LV�OLQNHG�WR�RQH�F\OLQGHU�DQG�LWV�ERG\�LV�FRQQHFWHG�WR�QH[W�F\OLQGHU�VR� UDP�ZRUNV�ZLWK�DQJOH�GHYLDWLRQEHWZHHQ�F\OLQGHUV�>�@�

)LJ���� &RQVWUXFWLRQ�RI�2VFLOODWLQJ�:DWHU�&ROXPQ

*XLGH�9DQHV�(IIHFW�RI�:HOOV�7XUELQH�RQ�2:&�:DYH�3RZHU�3ODQW�2SHUDWLRQ
$KPDG�'DUDEL DQG�3D\DP�3RULDYDOL
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)LJ� �� 2YHUDOO�YLHZ�RI�'LUHFW�'ULYH�ZDYH�SRZHU�SODQW

)LJ� �� 6FKHPDWLF�RI�D�2FHDQ�3RZHU�'HOLYHU\ SODQW
,Q� WKLV� SDSHU�� PRGHOLQJ� DQG� FRPSXWHU� VLPXODWLRQ� RI� 2:&�SRZHU� SODQW� FRPSRQHQWV� DUH� SUHVHQWHG DQG� HIIHFW� RI� RXWSXW�SRZHU�IOXFWXDWLRQ�RQ�SRZHU�V\VWHP�LV�LQYHVWLJDWHG� $ FRPPRQ�WXUELQH� IRU� 2:&� SRZHU� SODQWV� LV� :HOOV WXUELQH�� 7KH� :HOOV�WXUELQH�KDV�LQKHUHQW�GLVDGYDQWDJHV�VXFK�DV�ORZ�HIILFLHQF\��DQG�SRRU�VWDUWLQJ�FKDUDFWHULVWLFV�>�@� 7KH�REMHFWLYH�RI�WKLV�SDSHU�LV�LQWURGXFWLRQ�RI��:HOOV�WXUELQH�ZLWK�IL[HG�JXLGH YDQHV�LQ�RUGHU�WR�LPSURYH WXUELQH�SHUIRUPDQFH��

,,� 02'(/,1*2)2:&:$9( 32:(5 3/$17$� 7XUELQH� 0RGHO
7KHUH�DUH�YDULRXV�W\SH�RI�WXUELQHV�IRU�ZDYH�SRZHU�JHQHUDWLRQ��EXW� WKH� :HOOV� WXUELQH� LQYLWHG� E\� 'U�� $�� :HOOV� LQ� ����� KDV�EHFRPH�D�FHQWUH�RI�DWWUDFWLRQ�EHFDXVH�RI�LWV�VLPSOH�VWUXFWXUH�DQG�HDV\� PDLQWHQDQFH�� 7KH� PRVW� IDYRUDEOH� FKDUDFWHULVWLF� RI� WKH�WXUELQH� LV� WKDW� LW� LV� VHOI�UHFWLI\LQJ� >�@� ,Q� RUGHU� WR� LPSURYH�VWDUWLQJ�FKDUDFWHULVWLF�DQG�HIILFLHQF\�D�:HOOV�WXUELQH�ZLWK�IL[HG�JXLGH�YDQHV�LV�DSSOLHG��*XLGH�YDQHV�FDXVH� WR� LPSURYH� WXUELQH�RSHUDWLRQ�WKURXJK�DLU�SDWK�GHWHUPLQDWLRQ��7KH�SURILOH�RI�WXUELQH�ZLWK�JXLGH�YDQHV�LV�JLYHQ�LQ�)LJ����7XUELQH�PRGHO�LV�EDVHG�RQ�IORZ�FRHIILFLHQW ��M YLD�WRUTXH�FRHIILFLHQW �� 7& FXUYH�GHULYHG�IURP� H[SHULPHQW�� 7KH� IORZ� FRHIILFLHQW� GHSHQGV� RQ� DLU� D[LDO�YHORFLW\ WKURXJK� WKH� WXUELQH� DQG�PHFKDQLFDO� DQJXODU� YHORFLW\DFFRUGLQJ� WR� (T����� ZKLOH� WKH� WRUTXH� FRHIILFLHQW� GHWHUPLQHV�WXUELQH�WRUTXH�

ZM u U9$ ���

ZKHUH� $9 �� U DQG�Z DUH�DLU�YHORFLW\��WXUELQH�UDGLXV�DQG�VKDIW�DQJXODU VSHHG� UHVSHFWLYHO\�� 2XWSXW� PHFKDQLFDO� WRUTXH� LV�FDOFXODWHG�E\�
���� �� Zu� U9&.7 $77 ���

.�LV�D�WXUELQH�FRQVWDQW��)LJV���� ��� VKRZ�WKH�HIIHFW�RI�JXLGH�YDQHV� IURP� WKH�YLHZ�RI�WRUTXH�DQG�HIILFLHQF\�EHLQJ�RI� 1$&$����� 7XUELQH�SDUDPHWHUV�DUH�JLYHQ�LQ�7DEOH�ÿ DQG�7KH�JXLGH�YDQHV�FRQVLVW�RI����EODGHV�ZLWK�D�FKRUG�OHQJWK�RI����PP��D�FKDPEHU�DQJOH� ��T $�� DQG�D�VWDJJHU�DQJOH� ��] $�� >�@�
7DEOH�ÿ7XUELQH�SDUDPHWHUV

)LJ� �� 7KH SURILOH�RI�WXUELQH�ZLWK�JXLGH�YDQHV

Proceedings of the World Congress on Engineering 2007 Vol I
WCE 2007, July 2 - 4, 2007, London, U.K.

ISBN:978-988-98671-5-7 WCE 2007



)LJ���� FRPSDULVRQ�RI�WRUTXH�FRHIILFLHQW�EHWZHHQ�D�WXUELQH�ZLWK�DQG�ZLWKRXW�JXLGH�YDQHV

)LJ� �� FRPSDULVRQ�RI�HIILFLHQF\�EHWZHHQ�D�WXUELQH�ZLWK�DQG�ZLWKRXW�JXLGH�YDQHV
%� :DWHU�&ROXPQ�0RGHO
2:&� FKDPEHU� DQG� ZDYH� PRGHOLQJ� LV� UHTXLUHG� LQ� RUGHU� WRFDOFXODWLRQ� RI� DLU� EORZLQJ� YHORFLW\� WKURXJK� WKH� WXUELQH�� ,Q D�OLPLWHG� SHULRG� RI� WLPH� LW� FDQ� EH� DVVXPHG� WKDW� LQVWDQWDQHRXV�KHLJKW�RI�ZDWHU�MXVW�RXWVLGH�WKH�FKDPEHU�FKDQJHV�SHULRGLFDOO\��7KHUHIRUH�ZDWHU�OHYHO�YDULDWLRQV�RXWVLGH�WKH�FKDPEHU� ��WKV FDQ�EH�VLPXODWHG�HDVLHU�E\�WKH�ILUVW�KDUPRQLF�RU�D�VLQXVRLGDO�IXQFWLRQ�DV�

��FRV��� IW+WK 6V S ���
:KHUH�I�LV�WKH�ZDYH�IUHTXHQF\ DQG� 6+ LV�WKH�PD[LPXP�ZDWHU�KHLJKW�RXWVLGH� WKH� FKDPEHU�ZLWK� UHVSHFW� WR�PHDQ� OHYHO� RI� VHD�ZDWHU�� $� W\SLFDO� YDOXH� IRU� I� LV� DERXW� ���� +]�� &KDPEHU� LQOHW�SUHVVXUH�3�LQ� �P1 LV�GHVFULEHG�E\�

������ WKWKJ3 FVV � U ���

,Q� ZKLFK� VU DQG� J DUH� ZDWHU� GHQVLW\� H�J�� ����� PNJDQG� JUDYLW\� VD\� ���� 6HFP UHVSHFWLYHO\�� ��WKF LV� ZDWHU�KHLJKW�LQVLGH�WKH�FKDPEHU�ZLWK�UHVSHFW�WR�ZDWHU�PHDQ�OHYHO�DQG�FDQ�EH�GHVFULEHG�DV�EHORZ�
$:

7F 9$$WK �� ww ���
:KHUH� 7$ DQG� :$ DUH�FURVV� VHFWLRQ�RI� WKH� WXUELQH� LQOHW� DQG�FURVV�VHFWLRQ�RI� WKH�ZDWHU� VXUIDFH� LQ� WKH�FROXPQ� UHVSHFWLYHO\��5HSODFLQJ�HTXDWLRQ���LQ����JLYHV�DLU�SUHVVXUH�YHUVXV�RXWSXW�DLU�YHORFLW\�DV�

¸̧¹·¨̈©§ � ³ GWW9$$WKJ3 $:
7VV ������U ���

(TXDWLRQ�� FRQVLVWV�RI�WZR�XQNQRZQ�SDUDPHWHUV�WKHQ�DQRWKHU�HTXDWLRQ�LV�UHTXLUHG�IRU�XQLTXH�UHVSRQVH��)XUWKHUPRUH IRU�HDFK�2:&�SRZHU�SODQW��HTXDWLRQ�RI�DLU�SUHVVXUH�YHUVXV�DSSOLHG�DLU�YHORFLW\� FDQ� EH� DFKLHYHG� E\� VRPH� H[SHULPHQWV� $� W\SLFDO�H[SHULPHQWDO HTXDWLRQ�LV�JLYHQ�DV�EHORZ >�@�
$$ 993 ��������� � � ���

7KXV� DLU� EORZLQJ� YHORFLW\� LQ P�6HF FDQ� EH� FDOFXODWHG� XVLQJ�HTXDWLRQV�����DQG�����
,,,� 6,08/$7,21 5(68/76

$V� PHQWLRQHG� HDUOLHU�� JXLGH� YDQHV� FDQ� EH� XVHG� ZLWK� ZHOOV�WXUELQH� LQ� RUGHU� WR� WXUELQH� HIILFLHQF\� LPSURYHPHQW�� ,Q� WKLV�VHFWLRQ� HIIHFW�RI�JXLGH�YDQHV�RQ ZDYH SRZHU�SODQW�RSHUDWLRQ�LVJLYHQ�DQG�VLPXODWHG�XVLQJ�6LPXOLQN�WRROER[�RI�0$7/$%���)RU WKLV�VWXG\��D�ZDYH�SRZHU�SODQW�ZLWK�PHQWLRQHG�SDUDPHWHUV�LQ� SUHYLRXV� VHFWLRQV� ZKLFK� LV� FRQQHFWHG� WR� D� GLVWULEXWLRQ�QHWZRUN�YLD�D�WUDQVPLVVLRQ�OLQH LV�VLPXODWHG��:DYH�SRZHU�SODQW�LV�DOVR�VXSSO\LQJ�����.:�ORFDO�ORDG��7KH�WUDQVPLVVLRQ�OLQH�LV�PRGHOHG� VLPSO\� E\� � P+� LQGXFWDQFH�� � %DVLF� PDFKLQH�SDUDPHWHUV�DUH�JLYHQ�E\�7DEOH ÿÿ��7ZR�VLPXODWLRQV�KDYH�EHHQGRQH� IRU� ZDYH� SRZHU� SODQW� ZLWKRXW� DQG� ZLWK� JXLGH� YDQHV�UHVSHFWLYHO\� LQ� WKH� VDPH� LQSXW�� ,Q� WKLV� VLPXODWLRQ� GDPSLQJ�WRUTXH� LV� QHJOHFWHG� :DWHU� KHLJKW� RXWVLGH� WKH� FKDPEHU� DV� D�V\VWHP�LQSXW�YDULHV�ZLWK�WKH� IUHTXHQF\�RI�����+]�DV� VKRZQ� LQ�)LJ��� 6LPXODWLRQ� UHVXOWV� DUH� VKRZQ� LQ�)LJV��� WKURXJK�����$LUEORZLQJ YHORFLW\� WKURXJK� WKH� WXUELQH� YHUVXV� WLPH� JUDSK� LVGHSHQGHQW� RQ� SODQW
V� VWUXFWXUH DQG� WKH\� DUH VLPLODU� IRU� ERWK�VLPXODWLRQ� PRGHV� DV� VKRZQ� LQ� )LJ���� 7KH� IORZ� FRHIILFLHQW�IOXFWXDWLRQ�LV�SURSRUWLRQDO� WR DLU EORZLQJ YHORFLW\� WKURXJK� WKH�WXUELQH� VR� IORZ� FRQILGHQW� FXUYHV� DUH WKH� VDPH� IRU� ERWK�VLPXODWLRQV�DV�LOOXVWUDWHG�LQ�)LJ���
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7DEOH�ÿÿ,QGXFWLRQ�JHQHUDWRU�SDUDPHWHUV

)LJ� �� ZDYH�KHLJKW�RXW�VLGH�WKH�FKDPEHU ZLWKRXW� �w�DQG�ZLWK�JXLGH�YDQHV�� �

)LJ� �� DLU�EORZLQJ�YHORFLW\�WKURXJK�WKH�WXUELQH�ZLWKRXW� �w�DQG�ZLWK�JXLGH�YDQHV�� �

)LJ� �� )ORZ�FRHIILFLHQW�ZLWKRXW� �w� DQG�ZLWK�JXLGH�YDQHV� �
$V�VKRZQ�LQ�)LJ��� PHFKDQLFDO�WRUTXH�LV�DSSOLHG�WR�WKH�URWRU�LQ�WKH�VDPH�GLUHFWLRQ�E\�:HOOV�WXUELQH��,Q�WKH�VHFRQG�PRGH�WKH�JXLGH� YDQHV� LQFUHDVH� WKH�PHFKDQLFDO� DQG� WKH� HOHFWURPDJQHWLF�WRUTXH ZKLFK� DUH� GHSLFWHG� LQ� )LJV����� �� UHVSHFWLYHO\��3HUPDQHQW�VSHHG�RI�ERWK�VLPXODWHG�PRGHV�LV�VKRZQ�LQ�)LJ�����5RWRU�DQG�VWDWRU�FXUUHQWV�KDYH�WKH�VDPH�ULSSOH�VLPLODU�WR�WRUTXH�IOXFWXDWLRQ� DQG� WKLV� ULSSOH� HIIHFW� LV� LOOXVWUDWHG� LQ� DEVRUEHG�UHDFWLYH�SRZHU�E\�PDFKLQH�LQ�)LJ�����'HOLYHUHG�DFWLYH�SRZHU�E\�JHQHUDWRU�WR�ORFDO�ORDG��WUDQVIHUUHG�SRZHU�RI�PDLQ�WKURXJK�ORFDO�ORDG��RYHUDOO�FRQVXPHG�SRZHU�E\�ORDG�DQG�ORDG�YROWDJH�JUDSKV�

DUH� VKRZQ� LQ� )LJV����� ���� ���� �� UHVSHFWLYHO\�� 5HIHUULQJ� WR�)LJ����JHQHUDWRU�RXWSXW�SRZHU�LQFUHDVH�ZKLOH�ZHOOV�WXUELQH�ZLWK�JXLGH�YDQHV�LV�XVHG�DOWKRXJK�DV�VKRZQ�LQ�)LJV����DQG��� ORDG�SRZHU�DQG�YROWDJH�IOXFWXDWLRQ�ZLOO�LQFUHDVH�LQ�WKH�VHFRQG�PRGH�

)LJ� ��� 0HFKDQLFDO�WRUTXH ZLWKRXW� �w� DQG�ZLWK�JXLGH�YDQHV�� �

)LJ� ��� HOHFWURPDJQHWLF�WRUTXH ZLWKRXW �w�DQG�ZLWK�JXLGH�YDQHV� �

)LJ�����5RWRU�VSHHG ZLWKRXW �w� DQG�ZLWK�JXLGH�YDQHV�� �

)LJ� ����$EVRUEHG�UHDFWLYH�SRZHU�ZLWKRXW � �wDQG�ZLWK�JXLGH�YDQHV�� �
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)LJ� ��� 'HOLYHUHG�SRZHU�E\�JHQHUDWRU�ZLWKRXW �w�DQG�ZLWK JXLGH�YDQHV�� �

)LJ� ��� 'HOLYHUHG�SRZHU�E\�PDLQ�ZLWKRXW� �w�DQG�ZLWK�JXLGH�YDQHV�� �

)LJ� ��� /RDG�SRZHU�ZLWKRXW �w� DQG�ZLWK�JXLGH�YDQHV�� �

)LJ� ��� 1HW�9ROWDJH�ZLWKRXW� �w� DQG�ZLWK�JXLGH�YDQHV�� �

,9� &21&/86,21
,Q� WKLV� SDSHU�� 6,08/,1.� PRGHO� RI� 2:&� SRZHU� SODQW
V�FRPSRQHQWV� DUH� VLPXODWHG� DQG� 2XWSXW� SRZHU� DQG� YROWDJH�IOXFWXDWLRQV�RI�2:&�SRZHU�SODQW�FRQQHFWHG�WR�PDLQ�VXSSO\�LV�LQYHVWLJDWHG��7KH�VXSHULRULW\�RI�XVLQJ�JXLGH�YDQHV�DV�D�PHDQ�RI�LPSURYLQJ�WKH�PHFKDQLFDO�SRZHU�LV�HVWDEOLVKHG�E\�FRPSDUDWLYH�DQDO\VLV

5()(5(1&(6>�@�/HV�'XFNHUV�´:DYH�3RZHU��(QJLQHHULQJ�6FLHQFH�$QG�(GXFDWLRQ�-RXUQDO��SS����������-XQH�����>�@ 0LUNR� 3UHYLVLF�5RJHU� %HGDUG�� *HRUJH� +DJHUPDQ��2IIKRUH�:DYH� HQHUJ\�&RQYHUVLRQ�'HYLFHV�� 5HSRUW�5HSRUW�(���(35,�SS�������-XQH������>�@ 1LFKRODV� %DNHU��� /LQHDU�*HQHUDWRU� )RU�'LUHFW�'ULYH�0DULQH� 5HQHZDEOH�(QHUJ\�&RQYHUWHU��3+'�WKHVLV��8QLYHUVLW\�2I�'XUKDP�6HSWHPEHU������>�@� &�(�7LQGDOO�� 0�;X�� �2SWLPLVLQJ� D� :HOOV� WXUELQH�7\SH� :DYH� (QHUJ\�V\VWHP���,(((�7UDQVDFWLRQ�RQ�(QHUJ\�&RQYHUVLRQ��9RO�����1R���SS�����������6HSWHPEHU������>�@� 0�6X]XNL� DQG� &�$UDNDZD��*XLGH� 9DQHV� (IIHFW� RI� :HOOV� 7XUELQH� IRU�:DYH� 3RZHU� *HQHUDWRU��,QWHUQDWLRQDO� -RXUQDO� RI� RIIVKRUH� DQG� 3RODU�(QJLQHHULJ�YRO�����12����-XQH������>�@� '�*�'RUUHOO�� -�5�+DOOLGD\��� 5HYLHZ� RI� :DYH� (QHUJ\� 5HVRXUFH� DQG�2VFLOODWLQJ� :DWHU� &ROXPQ� 0RGHOLQJ��� 3RZHU� HQJLQHHULQJ� FRQIHUHQFH�83(&��WK ,QWHUQDWLRQDO��YRO�������SS����������6HSWHPEHU������
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