
3HFXOLDULWLHV�RI�5DGLDWLYH�/RVV�3URILOHV�DQG�5DGLDWLRQ�&RQGHQVDWLRQ�
,QVWDELOLW\�LQ�WKH�L���F 7RNDPDN�'LVFKDUJHV�ZLWK�D�/LWKLXP�/LPLWHU

9�%��/D]DUHY� $�*��$OHNVH\HY��(�$��$]L]RY��6�9��0LUQRY��$�6��3URNKRURY
75,1,7,��7URLWVN��0RVFRZ�UHJLRQ���������5XVVLDQ�)HGHUDWLRQ

,Q�WKH�ODVW�H[SHULPHQWV�RQ�D�WRNDPDN�
L���F ZLWK� WKLQ� OLWKLXP� OLPLWHU� >�@� WKH�
TXDVL�VWDWLRQDU\� WKHUPDO� PRGHV� RI� WKH�
OLPLWHU� RSHUDWLRQ� ZHUH� REWDLQHG� �)LJ����� $W�
UDWKHU� ORZ�����������K��VWDUWLQJ� WHPSHUDWXUH�
RI� WKH� OLWKLXP� FDSLOODU\�SRURXV� VWUXFWXUH�
�&36��� WKH� SODVPD� SDUDPHWHUV� ZHUH� PXFK�
EHWWHU�LQ�FRPSDULVRQ�WR�WKH�GLVFKDUJHV�ZLWK�D�
JUDSKLWH� OLPLWHU�� 8VLQJ� WKLV� OLPLWHU�� LW� ZDV�
SRVVLEOH� WR� DFKLHYH� D� TXDVL�VWDWLRQDU\�PRGH�
RI� WKH�GLVFKDUJH� LQ�GHXWHULXP�DW� WKH�SODVPD�
FXUUHQW�,S # ���N:��VKRW�GXUDWLRQ�a���V�ZLWK�
WKH� VWDELOL]DWLRQ� RI� WKH� PDLQ� SDUDPHWHUV� DW�
VRPH� FHUWDLQ� OHYHO� ��QH!� # �Â����P���� 7H |
���� H9�� W(� | �� PV�� 7OLP # ����&�� 3OLP� |���

0:�P� ± VHH�)LJ������,Q�WKLV�ZRUN�WKH�UHDVRQ�RI�WKLV�SKHQRPHQD�DUH�FRQVLGHUHG�ZKLFK��DV�
ZH�KDYH�FODULILHG��DUH�UHODWHG�WR�WKH�UDGLDO�DOORFDWLRQ�RI�UDGLDWLYH�ORVVHV�LQ�WKH�SODVPD�FRUH��

)LJ���� 7KH�HYROXWLRQ�RI�WKH�SODVPD�UDGLDWLYH�
ORVV�SURILOH�ZLWK�D�/L�OLPLWHU�

)LJ���� 7KH�HYROXWLRQ�RI�WKH�SODVPD�UDGLDWLYH�
ORVV�SURILOH�ZLWK�D�JUDSKLWH OLPLWHU�
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)LJ��� L���F WUDFHV�ZLWK�D�WKLQ�/L�OLPLWHU�
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3ODVPD� UDGLDWLYH� ORVV� SURILOH� ZDV� PHDVXUHG� E\� ���FKDQQHO� $;89� GHWHFWRU� DUUD\� >�@��
LQVWDOOHG�YHUWLFDOO\�LQ�WKH�WDQJHQWLDO�SRUW�RI�7���0�WRNDPDN�>�@�WKXV�SURYLGLQJ�WKH�WRURLGDO�

YLHZ�GLUHFWLRQ��7KH�GHYLFH�LV�DEOH�WR�
PRQLWRU� WKH� YDULDWLRQV� RI� SODVPD�
HPLVVLRQ� SURILOH� LQ� D� ZLGH� VSHFWUDO�
UDQJH� ZLWK� WKH� WRWDO� IUDPH� WLPH�
����VHF� DQG� WKH� VSDWLDO� UHVROXWLRQ�
a�FP��7KH�UHFRYHU\�RI�UDGLDWLYH�ORVV�
SURILOH� ZDV� SHUIRUPHG� E\� WKH�
QXPHULFDO�SURFHGXUH�VLPLODU�WR�$EHO�
LQYHUVLRQ� DGDSWHG� IRU� WKH� WRURLGDO�
JHRPHWU\� >�@�� 7KH� UHVXOWV� DUH�
SUHVHQWHG� LQ� D� )LJ��� IRU� WKH�
GLVFKDUJH� ZLWK� WKH� OLWKLXP� OLPLWHU�
DQG� LQ� WKH� )LJ��� � IRU� WKH� GLVFKDUJH�

ZLWK� WKH� JUDSKLWH� RQH�� 7KH� OLQH� DYHUDJHG� SODVPD� GHQVLW\� LQ� ERWK� GLVFKDUJHV� ZDV�
DSSUR[LPDWHO\�HTXDO��QH!�a����Â�����P����DV�ZHOO�DV�WKH�WRWDO�SRZHU�RI�UDGLDWLYH�ORVVHV��7KH�

FRPSDUDWLYH� DQDO\VLV� RI� UDGLDWLYH�
ORVV� SURILOHV� LQ� WKHVH� WZR�
GLVFKDUJHV�UHYHDOV�WKH�FRQVLGHUDEOH�
GLIIHUHQFH� �)LJ���� )LJ����� ,Q� WKH�
FDVH� RI� D� JUDSKLWH� OLPLWHU� WKH�
UDGLDWLYH�ORVVHV�DUH�FRQFHQWUDWHG�DW�
WKH� SODVPD� FHQWUH� �)LJ����� DQG� LQ�
WKH�FDVH�RI�D� OLWKLXP�RQH�WKH�PRVW�
SDUW�RI� UDGLDWLYH� ORVVHV��PRUH�WKDQ�
����� DUH� ORFDWHG� DW� WKH� SODVPD�
HGJH� �)LJ����� ,W� VKRXOG� EH�
HPSKDVL]HG�� WKDW� WKH� WRWDO� SODVPD�
UDGLDWLYH� ORVVHV� DQG� GHQVLWLHV� LQ�

ERWK�FDVHV�DUH�DSSUR[LPDWHO\�HTXDO� �)LJ������ ,Q�VSLWH�RI� WKLV�IDFW�� WKH�LQWHQVLW\�RI� WKH�PRVW�
XQGHVLUDEOH� UDGLDWLRQ� IURP� WKH� SODVPD� FHQWUH� LQ� OLWKLXP� GLVFKDUJH� LV� ���� WLPHV� �)LJ�� ���
VXSSUHVVHG�LQ�FRPSDULVRQ�WR�WKH�GLVFKDUJHV�ZLWK�WKH�JUDSKLWH�OLPLWHU��7KH�UDGLDWLYH�FRROLQJ�

)LJ��� 7RWDO� SODVPD� UDGLDWLYH� ORVVHV� LQ� WZR� GLIIHUHQW�
GLVFKDUJHV� ZLWK� /L� DQG� JUDSKLWH� OLPLWHUV ZLWK� WKH�
LGHQWLFDO�DYHUDJH�SODVPD�GHQVLW\��Q H!�a����Â����P����
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#17931:  t=160 m s
P rad =27.9 kW      
#17795:  t=160 m s

P rad =28.2 kW      

)LJ��� 7KH�UDGLDWLYH�ORVV SURILOHV�DW�WKH�PRPHQW�W� �����
PV�� WKH� DYHUDJH� SODVPD�GHQVLW\� �Q H!�a� ���Â����P�� IRU�
ERWK�FDVHV��5HG�SRLQWV�&�OLPLWHU��EOXH SRLQWV �/L OLPLWHU�
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RI� WKH� FHQWUH� GHFUHHV� RI� 2KPLF� KHDWLQJ� HIILFLHQF\�� 7KH� a���� GURS� RI� 2KPLF� KHDWLQJ�
HIILFLHQF\�RI�WKH�SODVPD�FHQWUH�IRU�JUDSKLWH�GLVFKDUJHV�ZDV�DSSUR[LPDWHO\�WZLFH�PRUH�WKDQ�
WKDW�IRU�OLWKLXP�RQHV��a������7KH�HOHFWURQ�WHPSHUDWXUH�IRU�WKH�OLWKLXP�GLVFKDUJH�ZDV�7H����
§�����H9��)LJ�����DQG�D�ELW�ORZHU�� IRU�WKH�JUDSKLWH�RQH�7H����§����H9�DW�D�VRPHZKDW�KLJKHU�
2KPLF�SRZHU��7KH�ORZHU�=HII SODVPD�LQ�/L�OLPLWHU�GLVFKDUJHV�VHHPV�WR�EH�WKH�PRVW�SUREDEOH�
UHDVRQ� RI� WKLV� HIIHFW�� 7KH� OLWKLXP� FRQFHQWUDWLRQ� DW� SODVPD� FHQWUH� HVWLPDWHG� IURP� WKH�
PHDVXUHG�SDUDPHWHU�=HII�T����§�����IRU�VKRWV�ZLWK�UHODWLYHO\�ORZ�OLPLWHU�VWDUWLQJ�WHPSHUDWXUH�
�a����K�� LV�DERXW�����7KH�DEVROXWH�YDOXH�RI�UDGLDWLYH� ORVVHV�RQ�WKH�SODVPD�D[LV�ZDV�a���
N:�P� LQ� WKH� OLWKLXP� VKRWV�� ULVLQJ� XS� WR� a���� N:�P� RQ� WKH� SODVPD� HGJH�� 7KH� UHVXOWV�
REWDLQHG� H[SHULPHQWDOO\� FRQILUP� WKH� HDUOLHU� JXHVV� >�@� WKDW� LQ� WKH� GLVFKDUJHV�ZLWK� OLWKLXP�
OLPLWHU��WKH�KRW�SODVPD�FRUH�LV�HQFORVHG�ZLWKLQ�D�VWURQJ�UDGLDWLQJ�/L�LRQ�VKHOO��VHH�)LJ�����,W�
VKRXOG�EH�QRWHG�DOVR��WKDW�WKH�JURZWK�RI�UDGLDWLYH�ORVVHV�DW�WKH�SODVPD�HGJH�LV�TXLWH�KHOSIXO�
LQ� WKH� TXDVL�VWDWLRQDU\� WRNDPDN� GLVFKDUJHV�� SURYLGLQJ� WKH� UHGLVWULEXWLRQ� RI� D� WKHUPDO�
ORDGLQJ�IURP�D�OLPLWHU�WR�WKH�ZKROH�YDFXXP�YHVVHO�
3ODVPD�HGJH�LQVWDELOLW\�DW�KLJK�OLWKLXP�LQIOX[

$W�UHODWLYHO\�ORZ�VWDUWLQJ�WHPSHUDWXUHV�RI�OLWKLXP�OLPLWHU�����«����K��WKH�UDGLDWLRQ�
RI� D� SODVPD� VKHOO� LV� PRQRWRQLFDOO\� LQFUHDVHG� DFFRUGLQJ� WR� WKH� JURZWK� RI� OLWKLXP� VXUIDFH�
WHPSHUDWXUH�RI� DQG� UHODWHG� LQFUHDVH� RI�QHXWUDO� OLWKLXP� LQIOX[� LQWR� WKH�SODVPD� �)LJ�����7KH�

WRWDO� SRZHU� RI� UDGLDWLYH� ORVVHV�
JURZV� VLPLODULO\�� VLQFH� WKH� RXWHU�
SODVPD� OD\HUV� JLYH� WKH� PDMRU�
FRQWULEXWLRQ� �a����� WR� WKH� WRWDO�
ORVVHV�� +RZHYHU�� WKH� EHKDYLRXU�
TXDOLWDWLYHO\� YDULHV� DIWHU� WKH�
WUDQVLWLRQ� LQWR� WKH� KLJKHU�
WHPSHUDWXUH� UDQJH� ���«����K��
DQG� RVFLOODWLRQV� RI� DOO� SODVPD�
SDUDPHWHUV� REVHUYHG� DW� WKH�
SODVPD� HGJH� �)LJ�������� 7KHLU�
DPSOLWXGH� LQFUHDVH� IROORZLQJ� WKH�
OLPLWHU� VXUIDFH� WHPSHUDWXUH�� DQG�
WKH� ODWWHU� LWVHOI� EHJLQ� WR�RVFLOODWH�

DV�ZHOO��7KH�SHULRG�RI�WKHVH�RVFLOODWLRQV�DUH�a���PV�DQG�ULVH�DQG�IDOO�WLPHV���«��PV�DQG����
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)LJ�� �� 2VFLOODWLRQV� RI� WKH�/L� OLPLWHU� VXUIDFH� WHPSHUDWXUH�
DQG� RWKHU� SDUDPHWHUV� FDXVHG� E\� WKH� LQVWDELOLW\� DW� WKH�
SODVPD� HGJH� LQ� WKH� GLVFKDUJH� ZLWK� D� /L� OLPLWHU� DW� KLJK�
WHPSHUDWXUH�a����&�
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���PV� UHVSHFWLYHO\� DW� WKH� OLWKLXP� WHPSHUDWXUH�a����K��7KH�SHULRG�RI� WKHVH�RVFLOODWLRQV� LV�
PRUH� DW� KLJKHU� VXUIDFH� WHPSHUDWXUH�� $OWKRXJK� WKH� QDWXUH� RI� WKHVH� RVFLOODWLRQV� LV� QRW�

FRPSOHWHO\� FOHDU�� LW� LV� SRVVLEOH� WR�
DVVXPH�� WKDW� WKH\� DUH� FDXVHG� E\� WKH�
KLJK LQIOX[�RI�QHXWUDO� OLWKLXP�LQWR�WKH�
SHULSKHUDO�SODVPD�DUHD� UHVXOWLQJ� WR� LWV�
FRROLQJ��7KH� HVWLPDWHG� WRWDO� LQIOX[�RI�
OLWKLXP� DWRPV� IURP� WKH� OLPLWHU� LV�
=a�Â����V����1RUPDOL]LQJ�WKLV�YDOXH�E\�
WKH�DUHD�RI� WKH�RXWHU�PDJQHWLF�VXUIDFH�
RI� D� WRNDPDN� L���F�� WKH� DYHUDJH�
LQIOX[� GHQVLW\� LV� DERXW�
=�6a�Â����V���P���9HU\�FORVH�YDOXH�IRU�
D� WKUHVKROG� RI� WUDQVLWLRQ� LQ� D� QRQ�
VWDWLRQDU\� PRGH�� RU� WKUHVKROG� RI�

�LRQLVDWLRQ�FRQGHQVDWLRQ��LQVWDELOLW\�ZLWK�IRUPDWLRQ�RI�0$5)(�OLNH�UHJLRQ�ZDV�FDOFXODWHG�
LQ�>�@��ZKHUH�WKH�EHKDYLRXU�RI�OLWKLXP�LQ�62/�RI�WKH�,7(5�OLNH��OLWKLXP�WRNDPDN��ZLWK�WKH�
KHOS�RI�WKH�WZR�GLPHQVLRQDO�QXPHULFDO�FRGH�ZDV�VLPXODWHG��%RWK�HIIHFWV�REVHUYHG�RQ�WKH�L�
��F WRNDPDN�ZLWK�OLWKLXP�OLPLWHU��1DPHO\�
² IRUPDWLRQ�RI�D�VFUHHQLQJ�UDGLDWLYH�VKHOO�DW�/L�LQIOX[�OHYHO�EHORZ�=�6a�Â����V���P��
² GHYHORSPHQW�RI��LRQLVDWLRQ�FRQGHQVDWLRQ��LQVWDELOLW\�DW�/L�LQIOX[�DERYH�WKLV�OHYHO�

7KHVH� UHVXOWV� DUH� LQ� D� VRPH� DJUHHPHQW�ZLWK� WKH� EHKDYLRXU� RI� OLWKLXP� LQ� WKH� 62/�
UHJLRQ�� SUHGLFWHG� LQ� UHIHUHQFH� >�@�� $Q� RWKHU� VLJQLILFDQW� UHVXOW� LV� WKDW� VXFK� KLJK�/L� LQIOX[�
=a�Â����V�� GR�QRW�JLYH�DQ\�GLVUXSWLRQ� �DQG�WKH��LRQLVDWLRQ�FRQGHQVDWLRQ��LQVWDELOLW\�JLYHV�
RQO\�RVFLOODWLRQV�RQ�WKH�SODVPD�HGJH�
5HIHUHQFHV�
>�@� /D]DUHY� 9�%�� HW� DO�� 4XDVL�VWDWLRQDU\� WRNDPDN� H[SHULPHQW� ZLWK� WKLQ� OLTXLG� OLWKLXP�

OLPLWHU����WK�(36�&RQIHUHQFH�RQ�&RQWU��)XVLRQ�DQG�3ODVPD�3K\V���6W��3HWHUVEXUJ�������
-XO\������(&$�9RO����$��3�������

>�@� (YWLNKLQ� 9�$� HW� DO�� ([SHULPHQWDO� 6WXG\� RI� WKH� 7RNDPDN� SODVPD� LQWHUDFWLRQ� ZLWK�
/LWKLXP�&DSLOODU\�3RURXV�6\VWHPV������WK ,$($�)(&�� ������6RUUHQWR��,WDO\��([S������

>�@�$OHNVH\HY�$���3HURY�*���.XUQRVRY�$���HW�DO��)DVW�0XOWLFKDQQHO�3ODVPD�5DGLDWLRQ�/RVV�
0HDVXULQJ�6\VWHP��3ODVPD�'HYLFHV�DQG�2SHUDWLRQV��������Y�����SS����������

>�@�3URNKRURY�$�6��HW�DO��3ODVPD�3K\VLFV�5HSRUWV��9RO������1R�����������SS�����±�����
>�@� 5RJQOLHQ� 7�'��� 5HQVLQN� 0�(��� ,QWHUDFWLRQV� EHWZHHQ� OLTXLG�YDSRU� DQG� HGJH� SODVPDV��

-RXUQDO�RI�1XFOHDU�0DWHULDOV������������������SS����������

)LJ���� 7KH�HYROXWLRQ�RI�SODVPD�UDGLDWLYH�ORVV��SURILOH���
LQ�WKH�GLVFKDUJH��ZLWK�D��KRW��/L��OLPLWHU��
WHPSHUDWXUH�a����&� 'HYHORSPHQW�RI��
�LRQLVDWLRQ�FRQGHQVDWLRQ��LQVWDELOLW\�
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