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7KLV� GRFXPHQW� FRQWDLQV� D� GHVFULSWLRQ� RI� WKH�PDLQWHQDQFH� IXQFWLRQ� �&RPSXWH�069� �� 7XUELQH
HIILFLHQF\���6���

��� 2%-(&7,9(�2)�)81&7,21

7KH�IXQFWLRQ�REMHFWLYH�LV�WR�DVVHVV�WKH�ORVV�LQ�HIILFLHQF\�DQG�RU�SRZHU�RI�WKH�PDFKLQH�UHVXOWLQJ
IURP� ZHDU�� WKURXJK� D� WHVW� SURJUDPPH� LQFOXGLQJ� VHYHUDO� RSHUDWLQJ� SRLQWV� ZLWKLQ� WKH� QRUPDO
ZRUNLQJ�UDQJH��,Q�DGGLWLRQ��LW�PD\�EH�XVHIXO�IRU�RWKHU�SXUSRVHV��VXFK�DV�WR�DVVHVV�WKH�FKDQJH�LQ
HIILFLHQF\�DIWHU�UHSDLU�RU�PRGLILFDWLRQ�DQG�GXH�WR�WKH�RQVHW�RI�FDYLWDWLRQ�UHVXOWLQJ�IURP�D�FKDQJH
RI�VXFWLRQ�VSHFLILF�SRWHQWLDO�HQHUJ\�DQG�RU�VSHFLILF�K\GUDXOLF�HQHUJ\�

��� )81&7,21�(19,5210(17

7KH�IXQFWLRQ�LV�D�SDUW�RI�WKH�VXSHUYLVLRQ�PRQLWRULQJ�PDLQWHQDQFH�GRPDLQ�

%DVHG� RQ� SURFHVV� PHDVXUHPHQWV�� WKH� IXQFWLRQ� FDOFXODWHV�� LI� QHHGHG�� WKH� DFWXDO� YDOXH� RI� WKH
HIILFLHQF\� IRU� WKH� VSHFLILHG� RSHUDWLQJ� SRLQWV�� $OVR� SHUIRUPV� WKH� HVWLPDWLRQ� RI� WKH� H[SHFWHG
HIILFLHQF\� IRU� WKH� VDPH�RSHUDWLQJ� FRQGLWLRQV� IURP� WKH� HTXLSPHQW� WHFKQLFDO� GDWD�� XVLQJ� DIILQLW\
ODZV�

7KH� IXQFWLRQ� LV� DFWLYDWHG� E\� D� PDLQWHQDQFH� RSHUDWRU� DQG� WKH� VHTXHQFH� RI� UHTXHVWV� DQG
UHVSRQVHV�QHFHVVDU\�WR�XWLOLVH�WKH�IXQFWLRQ�LV�WKH�IROORZLQJ�

(YHQW 5HTXHVW�5HVSRQVH
�54�56�

)URP 7R

3HUIRUP�HIILFLHQF\�FDOFXODWLRQ 54 02 &2
RU

)XQFWLRQ

$FNQRZOHGJH 56 &2
RU

)XQFWLRQ

02

6SHFLI\�RSHUDWLQJ�SRLQWV 54 &2
RU

)XQFWLRQ

02

2SHUDWLQJ�SRLQWV�VSHFLILFDWLRQ�

− WXUELQH��H[DPSOH��������������������
�����������DQG�RU�������RI�PD[LPXP
JXLGH�YDQH�RSHQLQJ

− SXPS��IRU�D�SXPS�WXUELQH�

56 02 &2
RU

)XQFWLRQ
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(YHQW 5HTXHVW�5HVSRQVH
�54�56�

)URP 7R

3UHVHQW�UHVXOWV�

− WXUELQH��IRU�HDFK�RSHUDWLQJ�SRLQW���JXLGH
YDQH�RSHQLQJ��α ���KHDGZDWHU�OHYHO
� ]3���WDLOUDFH�OHYHO�� ]4 ���KHDG

�+ ( J= / ���IORZ��4 ���SRZHU�� 3 ��

HIILFLHQF\��η �

− SXPS��KHDGZDWHU�OHYHO��WDLOUDFH�OHYHO�
KHDG��IORZ��SRZHU��HIILFLHQF\

56 &2 02

&RQYHUVLRQ�RI�SRZHU�DQG�IORZ�IRU�HDFK
RSHUDWLQJ�SRLQW�WR�WKH�VDPH�KHDG�

54 02 )XQFWLRQ

3HUIRUP�HIILFLHQF\�HVWLPDWLRQ�IRU�WKH�VDPH
KHDG

54 02 )XQFWLRQ

&DOFXODWH�DFWXDO�ZHLJKWHG�DYHUDJH
HIILFLHQF\

&DOFXODWH�H[SHFWHG�ZHLJKWHG�DYHUDJH
HIILFLHQF\

&DOFXODWH�HIILFLHQF\�FKDQJH

54 02 )XQFWLRQ

3UHVHQW�UHVXOWV�

− WXUELQH�

• WDEOH����DFWXDO�HIILFLHQF\�IRU�WKH
VSHFLILHG�RSHUDWLQJ�SRLQWV���α �� ]3 �

]4 ��+ ��4 �� 3 ��+
VS
��4

VS
�� 3

VS
��η

• WDEOH����H[SHFWHG�HIILFLHQF\�IRU�WKH
VSHFLILHG�RSHUDWLQJ�SRLQWV���α ��+

VS
�

4
VS
�� 3

VS
��η

• JUDSKLF����η �DFWXDO�DQG�H[SHFWHG�

SORWWHG�DJDLQVW� 3
VS

• JUDSKLF���� 3
VS
�DFWXDO�DQG�H[SHFWHG�

SORWWHG�DJDLQVW�+
VS

− SXPS�

• WDEOHV���DQG����DFWXDO�DQG�H[SHFWHG
YDOXHV�UHVSHFWLYHO\�

• JUDSKLFV��DFWXDO�YDOXH�DQG�H[SHFWHG
FXUYH�RI�4 �� 3 ��DQG�η �SORWWHG

DJDLQVW�+

56 )XQFWLRQ 02
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3UHVHQW�UHVXOWV��FRQW���

− DFWXDO�ZHLJKWHG�DYHUDJH�HIILFLHQF\

− H[SHFWHG�ZHLJKWHG�DYHUDJH�HIILFLHQF\

− HIILFLHQF\�FKDQJH
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$FTXLUHG�GDWD��IURP�HYHQW�FRPPXQLFDWLRQ�IORZ��

� JXLGH�YDQH�RSHQLQJ��α ����
� KHDGZDWHU�OHYHO�� ]3���P

� WDLOUDFH�OHYHO�� ]4 �RU� ]2’’ ���P

� XSVWUHDP��KLJK�SUHVVXUH�VHFWLRQ��JDXJH�SUHVVXUH�� S1 ���3D

� GRZQVWUHDP��ORZ�SUHVVXUH�VHFWLRQ��JDXJH�SUHVVXUH�� S2 ���3D
� ZDWHU�IORZ��4 ���P��V

� DFWLYH�SRZHU�� 3
D
���N:

� UHDFWLYH�SRZHU�� 3
U
���NYDU

� ZDWHU�WHPSHUDWXUH��Θ ���.
�� FRROLQJ�ZDWHU�IORZ��T ���P��V

�� DLU�WHPSHUDWXUH�DW�PDFKLQH�UHIHUHQFH�OHYHO��Θ
D
���.

�� DPELHQW�SUHVVXUH�DW�PDFKLQH�UHIHUHQFH�OHYHO�� 3
DPE

���3D

&DOFXODWHG�GDWD��IURP�HYHQW�FRPPXQLFDWLRQ�IORZ��

� WXUELQH�HIILFLHQF\�η ��ZKHQ�FDOFXODWHG�E\�FRQWURO�V\VWHP����

&RQILJXUHG�GDWD��HTXLSPHQW�WHFKQLFDO�GDWD��

3ODQW�GDWD

� ODWLWXGH��φ ������

+\GUDXOLF�PDFKLQH�GDWD

� URWDWLRQDO�VSHHG�� Q ���V��

� PDFKLQH�UHIHUHQFH�GLDPHWHU��' ���P
� PDFKLQH�UHIHUHQFH�OHYHO�� ]

U
���P

� XSVWUHDP�VHFWLRQ�HOHYDWLRQ�� ]1 ���P



remafex

'HOLYHUDEOH������:3��6��
&RPSXWH�069���7XUELQH��(IILFLHQF\��6��

$QQH[��
)XQFWLRQV�VSHFLILHG�E\�('3

5(0$)(;�,QGXVWULDO�57'�3URMHFW������ 3DJH����
-XO\�����

� GLIIHUHQFH� RI� HOHYDWLRQ� EHWZHHQ�PDFKLQH� XSVWUHDP� VHFWLRQ� OHYHO� DQG� XSVWUHDP� LQVWUXPHQW
OHYHO�� =1 ���P

� GRZQVWUHDP�VHFWLRQ�HOHYDWLRQ�� ]2 �RU� ]2’���P
� GLIIHUHQFH� RI� HOHYDWLRQ� EHWZHHQ� PDFKLQH� GRZQVWUHDP� VHFWLRQ� OHYHO� DQG� GRZQVWUHDP

LQVWUXPHQW�OHYHO�� =2 ���P

� XSVWUHDP�VHFWLRQ�DUHD�� $1 ���P
�

� GRZQVWUHDP�VHFWLRQ�DUHD�� $2 �RU� $2’���P
�

�� WXUELQH�FKDUDFWHULVWLFV�

JXLGH�YDQH�RSHQLQJ�α1

KHDG��+ ( J= / ���P +1 ��� +
M ��� +

P

IORZ��4 ���P��V

SRZHU�� 3 ���N:

HIILFLHQF\��η ����

XQLW�VSHHG�� Q11 �

XQLW�IORZ��411 �

XQLW�SRZHU�� 311 �

ZHLJKWLQJ�IDFWRU��Z �

���
JXLGH�YDQH�RSHQLQJ�α

L

���
JXLGH�YDQH�RSHQLQJ�α

Q

�� SXPS�FKDUDFWHULVWLFV

KHDG��+ ( J= / ���P +1 ��� +
M ��� +

IORZ��4 ���P��V

SRZHU�� 3 ���N:

HIILFLHQF\��η ����

XQLW�VSHHG�� Q11 �

XQLW�IORZ��411 �

XQLW�SRZHU�� 311 �

ZHLJKWLQJ�IDFWRU��Z �
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� PHFKDQLFDO�DQG�HOHFWULF�ORVVHV�� 3
E
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SRZHU�IDFWRU� cos ,ϕ = 1 0

ORDG��� ��� �� �� ��

DFWLYH�SRZHU��� 3 ���N:

ORDG�ORVVHV���� R &��N:

LURQ�ORVVHV��N:

PHFKDQLFDO�ORVVHV��LQFOXGLQJ�ZLQGDJH
ORVVHV���N:

WRWDO�ORVVHV� 3
E
���N:

SRZHU�IDFWRU� cosϕ = UDWHG�YDOXH

ORDG��� ��� �� �� ��

DFWLYH�SRZHU��� 3 ���N:

ORDG�ORVVHV���� R &��N:

LURQ�ORVVHV��N:

PHFKDQLFDO�ORVVHV��LQFOXGLQJ�ZLQGDJH
ORVVHV���N:

WRWDO�ORVVHV� 3
E
���N:

� WKUXVW�EHDULQJ�ORVVHV�GXH�WR�HOHFWULFDO�PDFKLQH�� 3
F
���N:

� IO\ZKHHO�ORVVHV�� 3
G
���N:

� SRZHU�VXSSOLHG�WR�DQ\�GLUHFWO\�GULYHQ�DX[LOLDU\�PDFKLQH�� 3
H
���N:

7XQLQJ�GDWD�

� QXPEHU�RI�PHDVXUHPHQWV�WDNHQ�GXULQJ�D�UXQ
� WLPH�LQWHUYDO�EHWZHHQ�PHDVXUHPHQWV��V
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2XWSXW�IURP�IXQFWLRQ�

� WXUELQH�HIILFLHQF\�
 
 WDEOH����DFWXDO�HIILFLHQF\�IRU�WKH�VSHFLILHG�RSHUDWLQJ�SRLQWV��
 

JXLGH�YDQH�RSHQLQJ��α ���� α1 ��� α
L

��� α
Q

KHDGZDWHU�OHYHO�� ]3���P

WDLOUDFH�OHYHO�� ]4 ���P

KHDG��+ ( J= / ���P

IORZ��4 ���P��V

SRZHU�� 3 ���N:

KHDG��+ ( J
VS VS

= / ���P

IORZ��4
VS
���P��V

SRZHU�� 3
VS
���N:

HIILFLHQF\��η ����

 

GDWD�WR�EH�VWRUHG

 
 WDEOH����H[SHFWHG�HIILFLHQF\�IRU�WKH�VSHFLILHG�RSHUDWLQJ�SRLQWV��
 

JXLGH�YDQH�RSHQLQJ��α ���� α1 ��� α ��� α
Q

JXLGH�YDQH�RSHQLQJ��α ����

KHDG��+ ( J
VS VS

= / ���P

IORZ��4
VS
���P��V

SRZHU�� 3
VS
���N:

HIILFLHQF\��η
VS
����

 
 JUDSKLF����η �DFWXDO�DQG�H[SHFWHG��SORWWHG�DJDLQVW� 3

VS

 
 JUDSKLF���� 3

VS
�DFWXDO�DQG�H[SHFWHG��SORWWHG�DJDLQVW�+

VS
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� SXPS�HIILFLHQF\�
 

WDEOH����DFWXDO�HIILFLHQF\���

KHDGZDWHU�OHYHO�� ]3���P

WDLOUDFH�OHYHO�� ]4 ���P

KHDG��+ ( J= / ���P

IORZ��4 ���P��V

SRZHU�� 3 ���N:

HIILFLHQF\��η ����

GDWD�WR�EH�VWRUHG

WDEOH����H[SHFWHG�HIILFLHQF\��

KHDG��+ ( J= / ���P

IORZ��4 ���P��V

SRZHU�� 3 ���N:

HIILFLHQF\��η ����

JUDSKLF����DFWXDO�YDOXH�DQG�H[SHFWHG�FXUYH�RI�4 �SORWWHG�DJDLQVW�+

JUDSKLF����DFWXDO�YDOXH�DQG�H[SHFWHG�FXUYH�RI� 3 �SORWWHG�DJDLQVW�+

JUDSKLF����DFWXDO�YDOXH�DQG�H[SHFWHG�FXUYH�RI�η �SORWWHG�DJDLQVW�+

� DFWXDO�ZHLJKWHG�DYHUDJH�HIILFLHQF\���
 
 WXUELQH�HIILFLHQF\�
 

JXLGH�YDQH�RSHQLQJ��α ����

ZHLJKWLQJ�IDFWRU��Z �

HIILFLHQF\��η ����

ZHLJKWHG�DYHUDJH�HIILFLHQF\
�η

Z
����

 
� H[SHFWHG�ZHLJKWHG�DYHUDJH�HIILFLHQF\���
 



remafex

'HOLYHUDEOH������:3��6��
&RPSXWH�069���7XUELQH��(IILFLHQF\��6��

$QQH[��
)XQFWLRQV�VSHFLILHG�E\�('3

5(0$)(;�,QGXVWULDO�57'�3URMHFW������ 3DJH����
-XO\�����

� HIILFLHQF\�FKDQJH���
 
 WXUELQH�HIILFLHQF\�

JXLGH�YDQH�RSHQLQJ��α ����

HIILFLHQF\�FKDQJH�∆η ����

DYHUDJH�HIILFLHQF\�FKDQJH
�∆η

Z
����

��� '<1$0,&�%(+$9,285

7KH�IXQFWLRQ�LV�DFWLYDWHG�RQ�PDLQWHQDQFH�RSHUDWRU�UHTXHVW��SHULRGLFDOO\�RU�DIWHU�D�PDFKLQH�UHSDLU
RU�PRGLILFDWLRQ��

0HDVXUHPHQWV�UHTXLUHG�WR�GHWHUPLQDWH�WKH�PDFKLQH�HIILFLHQF\�PXVW�EH�WDNHQ�RQO\�ZKHQ�VWHDG\
VWDWH�FRQGLWLRQV�SUHYDLO�DQG�DW�UHJXODU�LQWHUYDOV��7KH�QXPEHU�RI�PHDVXUHPHQWV�WDNHQ�GXULQJ�D�UXQ
PXVW�EH�DW�OHDVW�ILYH�DQG�WKH�WLPH�LQWHUYDOV�EHWZHHQ�WKHP�RI�DURXQG���PLQXWHV��D�UXQ�FRPSULVHV
WKH�PHDVXUHPHQWV�VXIILFLHQW�WR�FDOFXODWH�WKH�PDFKLQH�HIILFLHQF\�DW�RQH�RSHUDWLQJ�FRQGLWLRQ��

7KH�IROORZLQJ�ILJXUH�VKRZV�DQ�H[DPSOH�RI�D�PDFKLQH�HIILFLHQF\�WHVW�VFKHGXOH�

t
run 1 run 2 ... run n

5 measurements 5 measurements 5 measurements

∆t = 4 minutes ∆t = 4 minutes ∆t = 4 minutes

��� '$7$�352&(66,1*��$/*25,7+0�

7KH� IXQFWLRQ� DLPV� DW� FRPSDULQJ� WKH� DFWXDO� YDOXH� RI� K\GUDXOLF� PDFKLQH� HIILFLHQF\� ZLWK� WKH
H[SHFWHG�RQH��7KLV� LQYROYHV� WKH�HYDOXDWLRQ�RI� VSHFLILF�K\GUDXOLF� HQHUJ\�� GLVFKDUJH��PHFKDQLFDO
SRZHU�DQG�HIILFLHQF\�

(IILFLHQF\�FDOFXODWLRQ

(IILFLHQF\� ZLOO� EH� FDOFXODWHG� IURP� WKH� PHFKDQLFDO� SRZHU� 3 � H[FKDQJHG� ZLWK� WKH� HOHFWULFDO
PDFKLQH�DQG�WKH�K\GUDXOLF�SRZHU� 3

K
�H[FKDQJHG�ZLWK�WKH�ZDWHU�

η = 3 3
K

/ ���IRU�D�WXUELQH�

η = 3 3
K

/ ���IRU�D�SXPS�
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0HFKDQLFDO�SRZHU�GHWHUPLQDWLRQ

0HFKDQLFDO� SRZHU� 3 � LV� GHWHUPLQHG� HOHFWULFDOO\� E\� PHDVXULQJ� WKH� JHQHUDWRU� RXWSXW� �DFWLYH
RXWSXW�SRZHU��RU�PRWRU�LQSXW��DFWLYH�LQSXW�SRZHU�� 3

D
�DQG�WDNLQJ�LQWR�DFFRXQW�WKH�PHFKDQLFDO

DQG�WKH�HOHFWULFDO�ORVVHV� 3 �LQ�WKH�HOHFWULFDO�PDFKLQH�DQG�DOO�RWKHU�ORVVHV� 3 �� 3 �DQG 3 �VSHFLILHG

LQ�FODXVH���������RI�UHIHUHQFH�[ ]1 �

3 3 3 3 3 3
D E F G H

= + + + + ��IRU�D�WXUELQH�

3 3 3 3 3 3
D E F G H

= − − − − ��IRU�D�SXPS�

0HFKDQLFDO� DQG� HOHFWULFDO� ORVVHV� 3
E
� VKDOO� EH� FDOFXODWHG� E\� OLQHDU� LQWHUSRODWLRQ� RI� HTXLSPHQW

WHFKQLFDO�GDWD��WDNLQJ�LQWR�DFFRXQW�WKH�FXUUHQW�YDOXH�RI�SRZHU� IDFWRU� cosϕ � �UDWLR�RI� WKH�DFWLYH

SRZHU� 3
D
�WR�DSSDUHQW�SRZHU� 6 ��

cosϕ =
3
6
D �

$SSDUHQW�SRZHU�6��N9$��IRUPXOD�FDOFXODWLRQ�IURP�DFWLYH�SRZHU� 3
D
��N:��DQG�UHDFWLYH�SRZHU� 3

�NYDU��LV�DV�IROORZV�

6 3 3
D U

= +2 2 �

+\GUDXOLF�SRZHU�HYDOXDWLRQ

7KH�HYDOXDWLRQ�RI�K\GUDXOLF�SRZHU�UHTXLUHV�NQRZOHGJH�RI�WKH�VSHFLILF�K\GUDXOLF�HQHUJ\�� ( �RI�WKH
PDFKLQH�DQG�RI�WKH�PDVV�IORZ�UDWH�� ρ ⋅4 ��WKURXJK�WKH�KLJK�SUHVVXUH�VHFWLRQ��VXEVFULSW����

3 ( 4 3
K K

= ⋅ ⋅ ±( )ρ 1 ∆ ��

ZKHUH� ρ ��LV� WKH�ZDWHU�GHQVLW\� DQG� ∆3
K
� WKH� K\GUDXOLF� SRZHU� FRUUHFWLRQ� �VHH� FODXVH� ������ RI

UHIHUHQFH� [ ]1 ��� )RU� H[DPSOH�� D� VPDOO� GLVFKDUJH� T � �H�J��� FRROLQJ�ZDWHU�� WDNHQ� RII� EHWZHHQ� WKH
GLVFKDUJH� PHDVXULQJ� VHFWLRQ� DQG� D� PDFKLQH� LQ� WXUELQH� PRGH� DQG� QRW� XVHG� IRU� WKH� WXUELQH
RSHUDWLRQ�ZLOO�LQGXFH�D�QHJDWLYH�FRUUHFWLRQ�WR� 3

K
�

3 ( 4 ( T
K

= ⋅ ⋅ − ⋅ ⋅( ) ( )ρ ρ1 �

6SHFLILF�K\GUDXOLF�HQHUJ\�GHWHUPLQDWLRQ

7R� GHWHUPLQDWH� WKH� VSHFLILF� K\GUDXOLF� HQHUJ\� RI� WKH� PDFKLQH�� LW� LV� QHFHVVDU\� WR� HYDOXDWH� WKH
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VSHFLILF� HQHUJ\� RI� ZDWHU� LQ� WKH� KLJK� SUHVVXUH� VHFWLRQ� �VXEVFULSW� ��� DQG� ORZ� SUHVVXUH� VHFWLRQ
�VXEVFULSW����
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1 22ρ
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7DNLQJ� LQWR� DFFRXQW� WKH� GLIIHUHQFH� RI� HOHYDWLRQ� = � EHWZHHQ� PDFKLQH� VHFWLRQ� OHYHO� DQG
LQVWUXPHQW�OHYHO��WKH�IRUPXOD�EHFRPHV�
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7KH� PHDQ� YHORFLW\� Y � LV� WKH� DFWXDO� YROXPH� GLVFKDUJH� SDVVLQJ� WKURXJK� WKH� PHDVXULQJ� VHFWLRQ
GLYLGHG�E\�WKH�DUHD�RI�WKDW�VHFWLRQ�� Y 4 $= / ��

9DULDWLRQ�RI� J �ZLWK�HOHYDWLRQ�LV�JHQHUDOO\�QHJOLJLEOH�DQG�FDQ�EH�FDOFXODWHG�IRU�WKH�UHIHUHQFH�OHYHO

RI�WKH�PDFKLQH�� ] ���$FFHOHUDWLRQ�GXH�WR�JUDYLW\� J �LV�D�IXQFWLRQ�RI�DOWLWXGH� ] �DQG�ODWLWXGHφ �

J ]= ⋅ + ⋅ − ⋅ ⋅−9 7803 1 0 0053 3 102 6, ( , sin )φ �

0HDQ�ZDWHU�GHQVLW\� ρ �VKDOO�EH�FDOFXODWHG�DV�WKH�PHDQ�RI�GHQVLWLHV�DW�WKH�WZR�VHFWLRQV�

ρ
ρ ρ

=
+1 2

2
��

:DWHU� GHQVLW\� LV� D� IXQFWLRQ� RI� ZDWHU� WHPSHUDWXUH� Θ � DQG� DEVROXWH� SUHVVXUH� S
EV
� �YDOXHV� IRU

ZDWHU�GHQVLW\�DUH�JLYHQ�LQ�WDEOH�(,,�RI�UHIHUHQFH� [ ]1 ���7KH�YDOXHV� ρ1 �DQG� ρ2 �VKDOO�EH�FDOFXODWHG

IURP� S
EV1 �DQG� SDEV2 �UHVSHFWLYHO\��DVVXPLQJ�WKH�VDPH�ZDWHU�WHPSHUDWXUH�Θ �IRU�ERWK�YDOXHV�

$EVROXWH�SUHVVXUH�IRUPXOD�LV�
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DLU�� DQG� ρ
D
� LV� WKH� DLU� GHQVLW\� DW� WKH� UHIHUHQFH� OHYHO� RI� WKH� PDFKLQH�� $LU� GHQVLW\� LQ� NJ�P�� LV

FDOFXODWHG�DV�IXQFWLRQ�RI�DLU�WHPSHUDWXUH� Θ
D
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)RU�PHGLXP�DQG�KLJK�KHDG�PDFKLQHV�� WKH�GLIIHUHQFH� LQ� DPELHQW�SUHVVXUH�EHWZHHQ��� DQG��� LV
QHJOHFWHG�EHFDXVH�� ] ]1 2− ��LV�VPDOO�FRPSDUHG�WR�+ �



remafex

'HOLYHUDEOH������:3��6��
&RPSXWH�069���7XUELQH��(IILFLHQF\��6��

$QQH[��
)XQFWLRQV�VSHFLILHG�E\�('3

5(0$)(;�,QGXVWULDO�57'�3URMHFW������ 3DJH�����
-XO\�����

S S S
D D D1 2= = �

DQG�WKHUHIRUH�

( J +
S S Y Y

J ] = ] == ⋅ =
−

+
−

+ ⋅ + − −1 2 1
2

2
2

1 1 2 22ρ
( ) �

$W�WKH�ORZ�SUHVVXUH�VLGH��DQG�DOVR�DW�WKH�KLJK�SUHVVXUH�VLGH�EXW�RQO\�WR�ORZ�KHDG�PDFKLQHV���WKH
VSHFLILF� HQHUJ\� RI�ZDWHU� FDQ� EH� HYDOXDWHG� IURP� �ZDWHU� OHYHO�PHDVXUHPHQW� ]2’’ �WDLOZDWHU� OHYHO
GLUHFWO\�DERYH�WKH�PHDVXULQJ�VHFWLRQ��ª��
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7KH�VHFWLRQ��ª�ZKHUH�WKH�ZDWHU�OHYHO�LV�PHDVXUHG�VKRXOG�EH�DV�FORVH�DV�SRVVLEOH�WR�WKH�GUDIW�WXEH
RSHQLQJ��7R�HYDOXDWH�WKH�PHDQ�YHORFLW\��WKH�ZDOOV�RI�WKH�GUDIW�WXEH�DUH�VXSSRVHG�WR�H[WHQG�XS�WR
VHFWLRQ��ª��GHOLQHDWLQJ�WKH�ILFWLWLRXV�DUHD�RI�WKH�VHFWLRQ�

7KH�ORVV�EHWZHHQ���DQG��ª�� (
/2 2− ’��LV�VXEWUDFWHG�IRU�D�WXUELQH�DQG�DGGHG�IRU�D�SXPS�

6R��LI�VHFWLRQ��ª�LV�FKRVHQ�DV�PHDVXULQJ�VHFWLRQ��WKH�VSHFLILF�K\GUDXOLF�HQHUJ\�IRUPXOD�EHFRPHV�
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5XQ�FRQGLWLRQV

(DFK�RSHUDWLQJ�SRLQW�ZLOO�EH�REWDLQHG�IURP�RQH�UXQ��7KH�QXPEHU�RI�PHDVXUHPHQWV�WDNHQ�GXULQJ
D� UXQ� ZLOO� EH� DW� OHDVW� ILYH� DQG� WKH� LQWHUYDOV� EHWZHHQ� WKHP� ZLOO� EH� GHILQHG� IRU� HDFK
H[SHULPHQWDWLRQ�VLWH��DURXQG���PLQXWHV��

$�UXQ�LV�FRQVLGHUHG�YDOLG� LI� WKH�IROORZLQJ�FRQGLWLRQV�DUH� IXOILOOHG��WKDW� LV�� LI�DOO�PHDVXUHPHQWV� OLH
ZLWKLQ�WKH�IROORZLQJ�OLPLWV�GXULQJ�D�UXQ��

− YDULDWLRQV�RI�DFWLYH�SRZHU�GR�QRW�H[FHHG�± 1 5%, RI�WKH�DYHUDJH�YDOXH�RI�DFWLYH�SRZHU�
− YDULDWLRQV�RI�UHDFWLYH�SRZHU�GR�QRW�H[FHHG�± 1 5%, RI�WKH�DYHUDJH�YDOXH�RI�UHDFWLYH�SRZHU�
− YDULDWLRQV�RI�VSHFLILF�K\GUDXOLF�HQHUJ\�GR�QRW�H[FHHG� ± 1% RI� WKH�DYHUDJH�YDOXH�RI� VSHFLILF

K\GUDXOLF�HQHUJ\�

)RU�HDFK�UXQ�WKH�DULWKPHWLF�DYHUDJH�YDOXH�RI�WKH�PHDVXUHPHQWV� LV�FRPSXWHG�IRU�HDFK�TXDQWLW\
�4 ( 3, , ���7KH�HIILFLHQF\�LV�FDOFXODWHG�RQ�WKH�EDVLV�RI�WKHVH�YDOXHV�

&RQYHUVLRQ�RI�WXUELQH�RSHUDWLQJ�SRLQWV�UHVXOWV�WR�WKH�VDPH�VSHFLILF�K\GUDXOLF�HQHUJ\
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&RQYHUVLRQ� RI� WXUELQH� RSHUDWLQJ� SRLQWV� UHVXOWV� WR� WKH� VDPH� YDOXH� RI� VSHFLILF� K\GUDXOLF� HQHUJ\
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([SHFWHG�HIILFLHQF\�FDOFXODWLRQ
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Initialisation

Operating  points
specification

Specif ic hydraulic
energy

computation

Acquire new
data

Run conditions
fulfilled ?

Equipment technical
data

Mechanical pow er
calculation

No

Yes

Efficiency
calculation

Efficiency calculated
by Control System ?

No

Yes

Event communication
flow

Simulation

Tuning parameters

$

Efficiency calculation
for i = 1 to n

operating points
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��� ,17(5)$&(6

0DLQWHQDQFH�RSHUDWRU� LQWHUIDFH�PXVW�DOORZ� WKH�GLDORJXH�ZLWK� WKH�FRQWURO�RSHUDWRU� LQ�RUGHU� WR
UHTXHVW� D� QHZ� VWHDG\� VDWH� FRQGLWLRQ� �WKDW� LV�� D� QHZ� RSHUDWLQJ� SRLQW��� ZKHQ� WKH� HIILFLHQF\
FDOFXODWLRQ�LV�SHUIRUPHG�E\�WKH�IXQFWLRQ�

0DLQWHQDQFH�RSHUDWRU� LQWHUIDFH�VKDOO�EH�FDSDEOH�RI�GLVSOD\�ERWK� UHDO�WLPH�GDWD� �PHDVXUHPHQWV
GDWD��DQG�KLVWRULFDO�GDWD��HTXLSPHQW�WHFKQLFDO�GDWD��

6\VWHP� LQWHUIDFH� WR� WKH� H[WHUQDO�ZRUOG�PXVW� DOORZ� WR� GLVSOD\� WKH� UHVXOWV� �WDEOHV� DQG� JUDSKLFV�
UHPRWHO\�

��� (5525�0$1$*(0(17

(UURUV�PDQDJHU�PXVW�GLVSOD\�PHVVDJHV�GHVFULELQJ�WKH�FDXVH�RI�DQ�HUURU�RU�D�IDXOW��QHWZRUN�HUURU�
LQWHUQDO� HUURU�� PLVVLQJ� GDWD�� UXQ� FRQGLWLRQV� QRW� IXOILOOHG� �LI� D� SUHGHILQHG� QXPEHU� RI� UXQV� SHU
RSHUDWLQJ�SRLQW�LV�H[FHHGHG��������

Convert results to
the same head

Expected eff iciency
calculation

Store

END

Maintenance
database

Actual and expected  w eighted
average eff iciency calculation and

efficiency change calculation

Present
results

$
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��� &21675$,176

7KH�FRQVWUDLQWV�WR�H[HFXWH�FRUUHFWO\�WKH�IXQFWLRQ�DUH�GHVFULEHG�LQ�VHFWLRQV���DQG����QDPHO\�WKH
FRQGLWLRQV�XQGHU�ZKLFK�WKH�PHDVXUHPHQWV�PXVW�EH�SHUIRUPHG��

����+$5':$5(�$1'�62)7:$5(�5(48,5(0(176

7KH�IXQFWLRQ�FDQ�EH�LPSOHPHQWHG�XVLQJ�D�VWDQGDUG�3&�KDUGZDUH�

7KH�RXWSXW�GLVSOD\�VKRXOG�EH�RI�WKH�69*$�W\SH�DQG�DEOH�RI�SUHVHQWLQJ�FRORXU�LQIRUPDWLRQ�

����7(67�3/$1

,W�PXVW� EH� SRVVLEOH� WR� WHVW� WKH� IXQFWLRQ� LQGHSHQGHQWO\� RI� GDWD� DFTXLVLWLRQ� KDUGZDUH� DQG� LQ� D
PRGXODU�ZD\��7KH�FRPSRQHQWV�WR�WHVW�DUH�GHVFULEHG�LQ�VHFWLRQ���

(UURUV�FDXVH�VLPXODWLRQ�PXVW�DOVR�EH�SRVVLEOH�

7KH�WXQLQJ�SDUDPHWHUV��QXPEHU�RI�PHDVXUHPHQWV�WDNHQ�GXULQJ�D�UXQ�DQG�WLPH�LQWHUYDO�EHWZHHQ
PHDVXUHPHQWV��ZLOO�EH�DGMXVWHG�GXULQJ�H[SHULPHQWDWLRQ�SKDVH�

����5()(5(1&(6

[ ]1 �,(&������������ )LHOG� DFFHSWDQFH� WHVWV� WR� GHWHUPLQH� WKH� K\GUDXOLF� SHUIRUPDQFH� RI
K\GUDXOLF�WXUELQHV��VWRUDJH�SXPSV�DQG�SXPS�WXUELQHV

[ ]2 ,(&����������� *XLGH� IRU� ILHOG�PHDVXUHPHQWV� RI� YLEUDWLRQV� DQG� SXOVDWLRQV� LQ� K\GUDXOLF
PDFKLQHV��WXUELQHV��VWRUDJH�SXPSV�DQG�SXPS�WXUELQHV�

[ ]3 -DPHV�:��'DOO\� ,QVWUXPHQWDWLRQ�IRU�(QJLQHHULQJ�0HDVXUHPHQWV
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