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&KDQJ�.HXQ <L�� 6XQJ�+R -R� %RQJ�+HH /HH
� 6HXQJ�<RQJ /HH� -DH�(N 6RQ DQG *\RXQJ�7DH -LQ

.RUHD ,QVWLWXWH RI (QHUJ\ 5HVHDUFK� 'DHMHRQ �������� .RUHD

'HSDUWPHQW RI &KHPLFDO (QJLQHHULQJ� &KXQJEXN 1DWLRQDO 8QLYHUVLW\� &KHRQJMX �������� .RUHD

�5HFHLYHG � 0DUFK ���� � DFFHSWHG � -XO\ �����

$EVWUDFW−+RW *DV 'HVXOIXUL]DULRQ IRU ,*&& LV D QHZ PHWKRG WR HIILFLHQWO\ UHPRYH +�6 LQ IXHO JDV ZLWK UHJHQHUDEOH

VRUEHQWV DW KLJK WHPSHUDWXUH DQG KLJK�SUHVVXUH FRQGLWLRQV� 7KH .RUHD ,QVWLWXWH RI (QHUJ\ 5HVHDUFK GLG RSHUDWLRQ RI

VXOILGDWLRQ LQ D GHVXOIXUL]HU DQG UHJHQHUDWLRQ LQ D UHJHQHUDWRU VLPXOWDQHRXVO\ DW KLJK SUHVVXUH DQG KLJK WHPSHUDWXUH

FRQGLWLRQV� 7KH +�6 FRQFHQWUDWLRQ DW H[LW ZDV PDLQWDLQHG FRQWLQXRXVO\ EHORZ �� SSPY DW ������ SSPY RI LQOHW +�6

FRQFHQWUDWLRQ� 7KH VRUEHQW KDG OLWWOH HIIHFW RQ WKH UHGXFLQJ SRZHU LQ WKH LQOHW JDV LQ WKH UDQJH IURP ��� WR ��� RI +��

$V LQOHW +�6 FRQFHQWUDWLRQ ZDV LQFUHDVHG� +�6 FRQFHQWUDWLRQ LQ WKH SURGXFW JDV ZDV DOVR LQFUHDVHG OLQHDUO\� 7KH VRUEHQW

ZDV PDLQWDLQHG DW ORZ VXOIXU OHYHO E\ WKH FRQWLQXRXV UHJHQHUDWLRQ DQG WKH FRQWLQXRXV VROLG FLUFXODWLRQ DW WKH UDWH RI

����î��−� NJ�V ZLWK OLWWOH PHDQ SDUWLFOH VL]H FKDQJH�

.H\ ZRUGV� +RW *DV 'HVXOIXUL]DWLRQ� +\GURJHQ 6XOILGH� 6RUEHQW� )OXLGL]HG %HG 5HDFWRU� ,*&&

,1752'8&7,21

$ +RW *DV 'HVXOIXUL]DWLRQ �+*'� WHFKQLTXH LV RQH RI HOHPHQ�

WDO WHFKQRORJLHV LQ WKH ,*&& �,QWHJUDWHG *DVLILFDWLRQ &RPELQHG

&\FOH� KDYLQJ ERWK KLJK WKHUPDO HIILFLHQF\ DQG YHU\ ORZ HPLVVLRQV

>*DQJZDO HW DO�� ����� :RRGV HW DO�� ����� &KRL HW DO�� ����@� 7KH

H[LVWLQJ FRQYHQWLRQDO ZHW�W\SH+�6 GHVXOIXUL]DWLRQ SURFHVVHV UHTXLUH

FRROLQJ DQG UHKHDWLQJ RI WKH JDV VWUHDP� UHVXOWLQJ LQ VLJQLILFDQW UH�

GXFWLRQ LQ WKHUPDO HIILFLHQF\ RI WKH V\VWHP DV ZHOO DV FRVWO\ ZDVWH�

ZDWHU WUHDWPHQW� +RW JDV GHVXOIXUL]DWLRQ LV D QHZ PHWKRG WR HIIL�

FLHQWO\ UHPRYH +�6� &26 LQ IXHO JDV ZLWK UHJHQHUDEOH VRUEHQW DW

KLJK WHPSHUDWXUH DQG KLJK�SUHVVXUH FRQGLWLRQ�

7KH +*' SURFHVV FRQVLVWV RI D VXOILGDWLRQ UHDFWRU� D UHJHQHUD�

WLRQ UHDFWRU DQG VROLG FLUFXODWLRQ ORRSV FRQQHFWLQJ ERWK UHDFWRUV�

7KH NH\ IRU VXFFHVVIXO SURFHVV GHYHORSPHQW LV KRZ ZHOO WKH VROLG

FLUFXODWLRQ DQG WUDQVSRUW V\VWHP EHWZHHQ WZR UHDFWRUV RSHUDWH� (VSH�

FLDOO\� LW LV GLIILFXOW WR UXQ WKH V\VWHP FRQWLQXRXVO\ DQG VWDEO\ EH�

FDXVH LW LV RSHUDWHG DW KLJK SUHVVXUH DQG KLJK WHPSHUDWXUH�

0RVW RI WKH UHVHDUFKHV RI KRW JDV GHVXOIXUL]DWLRQ VRUEHQW GHYHO�

RSPHQW KDYH EHHQ SHUIRUPHG LQ EDWFK F\FOLF WHVW RU 7*$ WR VHH KRZ

PXFK VRUEHQWV DEVRUE VXOIXU RI +�6 DQG &26 LQ UHGXFLQJ JDV >/L

DQG )O\W]DQL�6WHSKDQRSRXORV� ����� *DVSHU�*DOYLQ HW DO�� �����

-RWKLPXUXJHVDQ DQG*DQJZDO� ����� $EEDVLDQ DQG 6OLPDQH� �����

$ORQVR HW DO�� ����� /HH HW DO�� ����� ����� /LP HW DO�� ����� 6RQJ

HW DO�� ����@� +RZHYHU� LW LV QRW HQRXJK WR VHH WKH UHDO SHUIRUPDQFH

RI WKH VRUEHQW LQ D EDWFK F\FOLF WHVW EHFDXVH D UHDO KRW JDV GHVXOIXU�

L]DWLRQ SODQW LV RSHUDWHG DW WKH FRQWLQXRXV PRGH RI VXOILGDWLRQ DQG

UHJHQHUDWLRQ LQ ZKLFK WKH VXOIXU ORDGLQJ RI WKH VRUEHQW LQ WKH GH�

VXOIXUL]HU LV PDLQWDLQHG DW ORZ � OHYHO UDWKHU WKDQ DW WKH OHYHO RI

PD[LPXP VXOIXU ORDGLQJ� 7KHUHIRUH� D VWXG\ RI WKH FRQWLQXRXV RS�

HUDWLRQ LV QHHGHG WR FRQILUP WKH UHDO SHUIRUPDQFH RI VRUEHQW DW WKH

ODVW VWDJH RI WKH VRUEHQW GHYHORSPHQW� 7KH .RUHD ,QVWLWXWH RI (Q�

HUJ\ 5HVHDUFK �.,(5� KDV EHHQ GHYHORSLQJ D KRW�JDV GHVXOIXUL]D�

WLRQ SURFHVV WKDW KDV WZR IOXLGL]HG EHG UHDFWRUV FRQVLVWLQJ RI D GH�

VXOIXUL]HU DQG D UHJHQHUDWRU ><L HW DO�� ����D@� 3UHYLRXV UHVHDUFKHV

KDYH VKRZQ WKH HIIHFWV RI YDULRXV SDUDPHWHUV RQ YRLGDJHV DQG SUHV�

VXUH EDODQFH FXUYHV LQ WKH VROLG FLUFXODWLRQ V\VWHP ><L HW DO�� ����E�

����@� WKH FRQWURO VWUXFWXUHV IRU WKH VWDEOH VROLG FLUFXODWLRQ EHWZHHQ

WZR UHDFWRUV ><L DQG /X\EHQ� ����@�

7KH SXUSRVHV RI WKLV ZRUN DUH WR VKRZ WKH UHDO SHUIRUPDQFH RI

WKH GHYHORSHG VRUEHQW LQ FRQWLQXRXV PRGH� WR SURYH WKH IHDVLELOLW\

RI +*' SURFHVV E\ ORQJ�WHUP RSHUDWLRQ RI WKH SURSRVHG SURFHVV�

DQG WR REWDLQ GDWD IRU WKH VFDOH�XS�
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)LJ� � VKRZV WKH VFKHPDWLF RI WKH EHQFK VFDOH XQLW RI .,(5 KRW

JDV GHVXOIXUL]DWLRQ SURFHVV� 7KH JHQHUDO IHDWXUHV RI WKH V\VWHP LQ�

FOXGH D IOXLGL]HG UHJHQHUDWRU� D IOXLGL]HG GHVXOIXUL]HU� D ULVHU� DPXOWL�

F\FORQH� DQG D ORRSVHDO� $ IOXLGL]HG UHJHQHUDWRU LV D �����PP WDOO

EHG RI ����PP ,�'� ,W KDV D SHUIRUDWHG W\SH GLVWULEXWRU DQG D VPDOO

F\FORQH� $ IOXLGL]HG GXVXOIXUL]HU LV DOVR WKH VDPH VL]H DV D UHJHQHU�

DWRU� $Q XQGHUIORZ VWDQGSLSH DQG D VOLGHYDOYH DUH ORFDWHG EHORZ

HDFK UHDFWRU WR FRQWURO WKH UHDFWRU EHG OHYHO E\ PDLQWDLQLQJ WKH VROLG

FLUFXODWLRQ UDWH� 7KH XQGHUIORZ VWDQGSLSH RI ��PP ,�'� LV ORFDWHG

DW PLGGOH VHFWLRQ RI WKH GLVWULEXWRU� 7KH EHG KHLJKW LV FDOFXODWHG FRQ�

WLQXRXVO\ E\ WKH GDWD IURP WZR GLIIHUHQWLDO SUHVVXUH WUDQVGXFHUV DW

WKH UHDFWRU ZDOO� 7KH VOLGH YDOYH LV FORVHG DXWRPDWLFDOO\ ZKHQ WKH

FDOFXODWHG EHG KHLJKW LV VPDOOHU WKDQ WKH GHVLUHG ORZ OLPLW RI WKH

EHG KHLJKW� DQG LW LV RSHQ ZKHQ WKH EHG KHLJKW LV ODUJHU WKDQ WKH KLJK

OLPLW� 7KH EHG KHLJKW LV FRQWUROOHG ZLWKLQ WKH UDQJH RI ORZ DQG KLJK

OLPLW EHFDXVH LW LV DQ LQYHQWRU\ FRQWURO� 7KH VRUEHQW IURP D GH�

VXOIXUL]HU LV SDVVHG WKURXJK D KRUL]RQWDO SLSH DQG D ULVHU DQG LV FRO�

OHFWHG LQ WKH PXOWL�F\FORQH� 7KH FROOHFWHG VRUEHQW JRHV LQWR D UHJHQ�

UDWRU SDVVLQJ WKURXJK D ORRSVHDO WR SUHYHQW WKH JDV DQG VRUEHQWV IURP

IORZLQJ EDFNZDUG� 6ROLG FLUFXODWLRQ UDWH LV FDOFXODWHG LQGLUHFWO\ E\

PHDVXULQJ RI WKH EHG KHLJKW FKDQJH LQ WKH UHDFWRU DIWHU FORVLQJ RQH
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RI WKH VOLGH YDOYHV� 7KH SUHVVXUH DW HDFK UHDFWRU VKRXOG EH FRQ�

WUROOHG SUHFLVHO\ E\ SUHVVXUH FRQWURO YDOYHV EHFDXVH WKH VRUEHQW FLU�

FXODWLRQ RFFXUV LQ KLJK SUHVVXUH� 7KH WHPSHUDWXUH LQ WKH UHDFWRU LV

PDLQWDLQHG E\ KHDWHUV RQ WKH RXWVLGH RI WKH UHDFWRU� )LOWHUV ZHUH LQ�

VWDOOHG LQ WKH RXWOHWV RI D PXOWL�F\FORQH DQG WZR UHDFWRUV�

7DEOH � VKRZV WKH LQOHW JDVHV FRQFHQWUDWLRQV DQG WKH FRQGLWLRQV

RI VXOILGDWLRQ DQG UHJHQHUDWLRQ UHDFWLRQV XVHG LQ WKHVH H[SHULPHQWV�

7KH JDV FRQFHQWUDWLRQV RI +�� &2� +�2� &2�� +�6� 1� IRU VXOILGD�

WLRQ UHDFWLRQ DUH WKH VDPH DV WKH FRQGLWLRQ RI WKH DLU�EORZQ JDVLILHU

DQG WKH 2� FRQFHQWUDWLRQ IRU UHJHQHUDWLRQ UHDFWLRQ LV IURP ��� WR

����� 7KH IOXLGL]LQJ VXSHUILFLDO JDV YHORFLW\ RI ERWK UHDFWRUV LV ����

P�V EHFDXVH WKH PLQLPXP IOXLGL]LQJ YHORFLW\ RI WKH XVHG SDUWLFOHV

LV ����P�V� 7KH WHPSHUDWXUH LQ WKH GHVXOIXUL]HU LV ��� R&� DQG WKH

WHPSHUDWXUH LQ WKH UHJHQHUDWRU LV ��� R&� DQG WKH SUHVVXUHV RI ERWK

UHDFWRUV DUH �����î��� 3D� ,QLWLDO VRUEHQW LQYHQWRU\ LV ��� NJ�

7KH XVHG VRUEHQW� QDPHG (=�� ZDV IRUPHG E\ D VSUD\ GU\LQJ

PHWKRG E\ .RUHD (OHFWULF 3RZHU 5HVHDUFK ,QVWLWXWH �.(35,� DQG

.RUHD ,QVWLWXWH RI (QHUJ\ 5HVHDUFK �.,(5�� 7KH DYHUDJH SDUWLFOH

VL]H RI VRUEHQW LV �����PP� 7KH VNHOHWDO� SDUWLFOH� DQG EXON GHQVL�

WLHV RI WKH VRUEHQW DUH ������ ������ DQG ����� NJ�P�� UHVSHFWLYHO\�

7KH SRURVLW\ LV ����� DQG WKH %(7 VXUIDFH DUHD LV �����P��NJ�0HU�

FXU\ SRUH YROXPH� PHGLDQ SRUH GLDPHWHU EDVHG RQ YROXPH� DYHU�

DJH SRUH GLDPHWHU EDVHG RQ ��9�$� LV ����î��−�P��NJ� ���î��−�P�

����î��−�P UHVSHFWLYHO\� 7KH DWWULWLRQ ORVV EDVHG RQ$670�'�����

�� LV � KRXUV ORVV �$,�� ������ � KRXUV ORVV EHWZHHQ � KU DQG � KU

�&$,�� ������ WKDW VKRZV WKH ODUJHU LQLWLDO DWWULWLRQ FKDUDFWHULVWLFV

FRPSDUHGZLWK $,� ��� DQG&$,� ���� RI WKH FDOFLQHG$N]R)&&�
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�� 6XOILGDWLRQ &KDUDFWHULVWLFV LQ 'HVXOIXUL]HU

,Q WKH +*' V\VWHP WKH FRQFHQWUDWLRQ RI +�6 LQ WKH SURGXFW JDV

OHDYLQJ WKH GHVXOIXUL]HU VKRXOG PDLQWDLQHG EHORZ WKH HQYLURQPHQ�

WDO UHJXODWLRQ� %RWK WHPSHUDWXUH DQG SUHVVXUH PXVW EH FRQWUROOHG LQ

ERWK WKH GHVXOIXUL]HU DQG WKH UHJHQHUDWRU�

7KH UHDFWLRQ LQ WKH GHVXOIXUL]HU LV DV IROORZV�

0H2�+�6 0H6�+�2

)LJ� � VKRZV WKH +�6 FRQFHQWUDWLRQ LQ WKH H[LW RI WKH GHVXOIXUL]HU

DQG WKH EHG KHLJKW IRU �� KRXUV GXULQJ WHVW QR� �� ,QOHW +�6 FRQFHQ�

WUDWLRQ LQ VLPXODWHG JDV LV ������ SSPY� 7KH +�6 FRQFHQWUDWLRQ LQ

WKH H[LW LV PDLQWDLQHG EHORZ �� SSPY ZKHQ WKH V\VWHP LV RSHUDWHG

VWDEO\� %HG KHLJKW LQ WKH GHVXOIXUL]HU RI )LJ� � LV FDOFXODWHG IURP

WZR GLIIHUHQWLDO SUHVVXUHV GDWD LQ WKH IOXLGL]HG EHG� 7KH EHG KHLJKW

LV PDLQWDLQHG ZLWKLQ WKH UDQJH IURP ��� WR ���P WKRXJK LW LV QRW

)LJ� �� 6FKHPDWLF RI WKH EHQFK VFDOH XQLW RI .,(5 KRW JDV GHVXOIX�

UL]DWLRQ SURFHVV�

7DEOH �� ,QOHW JDVHV FRQFHQWUDWLRQV DQG UHDFWLRQ FRQGLWLRQV RI
WKHVH H[SHULPHQWV

6XOILGDWLRQ 5HJHQHUDWLRQ

7HVW 1R� 1R� � 1R� � 1R� � 1R� �
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)LJ� �� +�6 FRQFHQWUDWLRQV LQ WKH H[LW RI WKH GHVXOIXUL]HU DQG WKH

EHG KHLJKW FKDQJHV IRU �� KRXUV �WHVW 1R� ���
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FRQWUROOHG WLJKWO\� :KHQ WKH WLPH D[LV LV DURXQG ��KRXUV LQ WKH )LJ�

�� +�6 FRQFHQWUDWLRQ LQFUHDVHV WR ��� SSPY VXGGHQO\� 7KH VWHDP

�+�2� ZDV LQMHFWHG DERXW ��� E\ PLVWDNH� +�6 FDSWXUH HIILFLHQF\

GURSSHG EHFDXVH WKH VWHDP GLVWXUEHG JRRG IOXLGL]DWLRQ VWDWH LQ WKH

UHDFWRU� ,Q WKH +*' V\VWHP WKH FRQFHQWUDWLRQ RI +�6 LQ WKH SURGXFW

JDV OHDYLQJ WKH GHVXOIXUL]HU LV PDLQWDLQHG IDU EHORZ WKH HQYLURQ�

PHQWDO UHJXODWLRQ� %RWK WHPSHUDWXUHV DUH FRQWUROOHG ERWK LQ WKH GH�

VXOIXUL]HU� ��� R& DQG LQ WKH UHJHQHUDWRU� ��� R& DW KLJK SUHVVXUH RI

�����î��� 3D�

)LJ� � DOVR VKRZV WKH HIIHFWV RI EHG KHLJKW LQGLUHFWO\� 7KH GDWD

IURP )LJ� � DUH FROOHFWHG LQ )LJ� � WR VHH WKH HIIHFWV RI EHG KHLJKW

RQ WKH H[LW +�6 FRQFHQWUDWLRQ� $V WKH EHG KHLJKW LV FKDQJHG IURP

���� WR ����P� WKH +�6 FRQFHQWUDWLRQ LV GHFUHDVHG IURP �� SSPY

DW ����P� �� SSPY DW ���P� �� SSPY DW ���P DQG OHYHOHG RII DW

DURXQG ��SSPY DW WKH KHLJKW ODUJHU WKDQ ���P� ,W PD\ EH WKH PD[�

LPXP SHUIRUPDQFH RI XVHG VRUEHQW HYHQ WKRXJK LW KDV HQRXJK UH�

VLGHQFH WLPH� RU LW FDQ EH GXH WR WKH ORZHU GHWHFWLRQ OLPLW RI WKH XVHG

DQDO\]HU� ,W LV LPSRUWDQW WR NQRZ WKH HIIHFWV RI EHG KHLJKW RQ RXWOHW

+�6 FRQFHQWUDWLRQ� WKDW DUH FORVHO\ UHODWHG ZLWK WKH SHUIRUPDQFH RI

WKH SURFHVV DQG WKH QHHGHG UHVLGHQFH WLPH WR JHW HQRXJK UHDFWLRQ�

7KH DEVROXWH YDOXH RI WKH H[LW +�6 FRQFHQWUDWLRQ LV PRUH LPSRUWDQW

WKDQ WKH FRQYHUVLRQ EHFDXVH LW LV UHTXLUHG WKDW WKH OLPLW RI WKH HPLV�

VLRQ VWDQGDUG IRU UHJXODWLRQ EH VDWLVILHG�

�� (IIHFWV RI +� &RQFHQWUDWLRQ

+� FRQFHQWUDWLRQ LQ WKH LQOHW�VLPXODWHG JDV LV FKDQJHG WR VHH WKH

HIIHFW RI UHGXFLQJ SRZHU RQ GHVXOIXUL]LQJ DELOLW\ RI WKH VRUEHQW LQ

WKH GHVXOIXUL]HU� 7KH LQOHW +� FRQFHQWUDWLRQ LV LQFUHDVHG IURP �����

WR ���� DQG 1� LV GHFUHDVHG IRU WKH EDODQFH� )LJ� � VKRZV WKH HI�

IHFWV RI +� FRQFHQWUDWLRQ RQ RXWOHW +�6 FRQFHQWUDWLRQ LQ WKH GHVXO�

IXUL]HU� 7KH EHG KHLJKW ZDV FRQWUROOHG PRUH WLJKWO\ ZLWKLQ �� FP

UDQJH IRU ��PLQXWHV IRU HDFK WHVW� 7KH RXWOHW +�6 FRQFHQWUDWLRQ LV

PDLQWDLQHG EHORZ ��SSPY WKRXJK WKH +� FRQFHQWUDWLRQ LV FKDQJHG

IURP ������ ��� WR ���� ZKHQ WKH EHG KHLJKW LV ���P DQG VROLG

FLUFXODWLRQ UDWH LV ����î��−� NJ�V� ,W LV VKRZQ WKDW WKH VRUEHQW KDV

OLWWOH HIIHFW RQ WKH UHGXFLQJ SRZHU LQ WKH LQOHW JDV�

�� (IIHFWV RI +�6 ,QOHW &RQFHQWUDWLRQ

7KH +�6 LQOHW FRQFHQWUDWLRQ GHSHQGV RQ WKH VXOIXU FRQWHQW LQ WKH

VROLG IXHO� ,W LV PHDQLQJIXO WR VHH WKH VRUEHQW UHDFWLYLW\ DW WKH KLJK

+�6 FRQFHQWUDWLRQ JDV� )LJ� � VKRZV WKH HIIHFWV RI +�6 LQOHW FRQ�

FHQWUDWLRQ RQ GHVXOIXUL]LQJ DELOLW\� ,QOHW +�6 FRQFHQWUDWLRQ LQ WKH

VLPXODWHG JDV LV FKDQJHG IURP ������SSPY WR �����SSPY� $V LQOHW

+�6 FRQFHQWUDWLRQ LV LQFUHDVHG� +�6 FRQFHQWUDWLRQ LQ WKH SURGXFW

JDV LV DOVR LQFUHDVHG OLQHDUO\� $V D PDWWHU RI IDFW� EHFDXVH WKH GH�

WHFWLRQ OLPLW RI WKH XVHG RQ�OLQH JDV DQDO\]HU LV DERXW � SSPY� WKH

RWKHU WHFKQLTXH RU DQDO\]HU LV QHHGHG WR PHDVXUH WKH ORZHU FRQ�

FHQWUDWLRQ UDQJH RI +�6�

�� 5HJHQHUDWLRQ &KDUDFWHULVWLFV

7KH UHDFWLRQ LQ WKH UHJHQHUDWRU LV DV IROORZV�

0H6���� 2� 0H2�62�

)LJ� �� (IIHFWV RI EHG KHLJKW RQ H[LW +�6 FRQFHQWUDWLRQ �WHVW 1R� ���

)LJ� �� (IIHFWV RI +� FRQFHQWUDWLRQ RQ +�6 H[LW FRQFHQWUDWLRQ LQ WKH

GHVXOIXUL]HU �WHVW 1R� ���

)LJ� �� (IIHFWV RI LQOHW +�6 FRQFHQWUDWLRQ RQ RXWOHW +�6 FRQFHQWUD�
WLRQ �WHVW 1R� ���

)LJ� �� 2XWOHW 62� FRQFHQWUDWLRQ IURP WKH UHJHQHUDWRU DQG WKH RXW�

OHW +�6 FRQFHQWUDWLRQ IURP WKH GHVXOIXUL]HU PHDVXUHG DW
HYHU\ KRXU �WHVW 1R� ���
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7KH UHJHQHUDWRU LV PDLQWDLQHG DW ��� R& DQG �����î��� 3D ZLWK WKH

FRQWLQXRXV VROLG FLUFXODWLRQ� VRUEHQW FRPLQJ IURP D ORRSVHDO DQG

VRUEHQW OHDYLQJ WR GHVXOIXUL]HU YLD D VWDQGSLSH� )LJ� � VKRZV WKH RXWOHW

62� FRQFHQWUDWLRQ IURP WKH UHJHQHUDWRU DQG WKH RXWOHW +�6 FRQFHQ�

WUDWLRQ IURP WKH GHVXOIXUL]HU PHDVXUHG DW HYHU\ KRXU GXULQJ WHVW QR�

�� 7KH LQOHW 2� FRQFHQWUDWLRQ ZDV PDLQWDLQHG DW �� 2� IURP � WR

� KRXU DQG IURP �� WR �� KRXU� DQG DW ���� 2� EHWZHHQ � DQG ��

KRXU LQ RUGHU WR VHH WKH R[\JHQ FRQFHQWUDWLRQ HIIHFW� ,QLWLDOO\� 62�

FRQFHQWUDWLRQ LV PDLQWDLQHG ORZ OHVV WKDQ �� EHFDXVH PRVW RI WKH

VRUEHQW LQ WKH UHJHQHUDWRU LV IUHVK� 62� LV ���� EHWZHHQ � DQG ��

KRXUV ZKHQ WKH LQOHW 2� FRQFHQWUDWLRQ LV DW ����� ZKLFK VKRZV ZHOO�
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WKH 62� FRQFHQWUDWLRQ LQ WKH UHJHQHUDWRU LV KLJK� WKH RXWOHW +�6 FRQ�
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DQG D UHJHQHUDWRU ZHUH VDPSOHG DW KLJK SUHVVXUH DQG KLJK WHPSHUD�

WXUH DQG ZHUH ZHLJKHG� 7KHUH KDV EHHQ OLWWOH UHDO GDWD IURP D GH�

VXOIXUL]HU DQG D UHJHQHUDWRU GXULQJ FRQWLQXRXV RSHUDWLRQ LQ WZR UHDF�
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