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Carbon Dioxide: Pressure - Enthalpy Diagram

 M
el

tin
g 

Li
ne

-4
0

-4
0 

o C

-2
0

-2
0

t =
 0

 o C

 0

20

20

40

 4
0 

60

 6
0 

80

 8
0 

10
0

10
0

12
0

12
0

14
0

14
0

16
0

16
0

18
0

18
0

20
0

20
0

22
0

22
0

24
0 

o C

24
0

26
0

28
0

E
nt

ro
py

 =
 -

2.
30

 k
J/

kg
,o C

s 
 =

 -
2.

20

-2
.1

0 -2
.0

0

-1
.9

0

-1
.8

0

-1
.7

0

--
1.

60

-1
.5

0

-1
.4

0

-1
.3

0

-1
.2

0 -1
.1

0

-1
.0

0

-.7
0

-.9
0

-.8
0

-.6
0

-.50

-.4
0

-.3
0

-.2
0

-.1
0

s =
 0

S
ub

lim
at

io
n 

Li
ne

 Triple Point (5.18 bar, -56.558 oC)
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´7KH�2OG�DQG�WKH�1HZ�µ�LQ�1HZ�<RUNHU�����-XQH�������UHSU��LQ�:ULWLQJV�IURP�WKH�1HZ
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2YHUYLHZ�DQG�)HDWXUHV

&2�7DE�LV�DQ�LPSRUWDQW�SURGXFWLYLW\�WRRO�IRU�WKRVH�ZKR�DUH�HQJDJHG�LQ�WKH
HYHU�ZLGHQLQJ�YDULHW\�RI�DSSOLFDWLRQV�RI�FDUERQ�GLR[LGH�VXFK�DV��FORVHG�ORRS
UHIULJHUDWLRQ��IUR]HQ�IRRG�SURFHVVLQJ��IRRG�SUHVHUYDWLRQ�DQG�VWRUDJH��EHYHUDJH
FDUERQDWLRQ��EUHZHU\�RSHUDWLRQV��VXSHUFULWLFDO�IOXLG�H[WUDFWLRQ��SUHFLVLRQ
FOHDQLQJ�ZLWK�FDUERQ�GLR[LGH��SLSHOLQH�HQJLQHHULQJ��VHFRQGDU\�RLO�UHFRYHU\�
VOXUU\�WUDQVSRUW��LQVHUWLQJ��JDV�SURFHVVLQJ��&2��VFUXEELQJ��RU�UHVHDUFK
DFWLYLWLHV�IRU�HIIHFWLYH�&2��VHTXHVWUDWLRQ�PHWKRGV�WR�FRQWURO�WKH�JUHHQ�KRXVH
JDVHV�

&2�7DE��GHVLJQHG�DV�DQ�DGG�LQ�SDFNDJH�WR�SRSXODU�VSUHDGVKHHW�DSSOLFDWLRQV�
DOORZV�XVHUV�WKH�FRQYHQLHQW�DFFHVV��ZLWKRXW�OHDYLQJ�WKH�VSUHDGVKHHW
FRPSXWDWLRQ�HQYLURQPHQW��WR�D�YDULHW\�RI�SURSHUW\�YDOXHV��&2�7DE�FRQWDLQV�D
FRPSUHKHQVLYH�VHW�RI�WKHUPRG\QDPLF�DQG�WUDQVSRUW�SURSHUWLHV�DSSOLFDEOH
RYHU�D�ZLGH�UDQJH�RI�FRQGLWLRQV��ZLWK�VHOHFWHG�GHULYDWLYH�DQG�GLPHQVLRQOHVV
SURSHUWLHV�

&2�7DE�DOVR�LQFOXGHV�IXQFWLRQV�IRU�REWDLQLQJ�WKH�WHPSHUDWXUH�RU�SUHVVXUH
DORQJ�WKH�VXEOLPDWLRQ�OLQH�DQG�WKH�PHOWLQJ�OLQH��&2�7DE�DOVR�DOORZV�WKH
FDOFXODWLRQ�RI�WKH�VROXELOLW\�RI�&2��LQ�ZDWHU��ZKLFK�LV�DQ�LPSRUWDQW�SDUDPHWHU
LQ�DWPRVSKHULF�FKHPLVWU\��WKH�EHYHUDJH�LQGXVWU\��HWF�

&2�7DE�XVHV�IXQGDPHQWDO�HTXDWLRQV�WR�FDOFXODWH�DOO�SURSHUWLHV�ZLWK�QR
LQWHUSRODWLRQ�RU�FXUYH�ILWV�WR�UDZ�GDWD��&2�7DE�XVHV�WKH�LQWHUQDWLRQDO�VWDQGDUG
IRUPXODWLRQ�IRU�WKH�WKHUPRG\QDPLF�DQG�WUDQVSRUW�SURSHUWLHV�RI�FDUERQ
GLR[LGH��7KH�UHIHUHQFHV�XVHG�LQ�&2�7DE�DUH�

&KDSWHU
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$�1HZ�(TXDWLRQ�RI�6WDWH�IRU�&DUERQ�'LR[LGH�&RYHULQJ�WKH�)OXLG�5HJLRQ
IURP�WKH�7ULSOH�3RLQW�7HPSHUDWXUH�WR������.�DW�3UHVVXUHV�XS�WR����
03D��5��6SDQ�DQG�:��:DJQHU��-��3K\V��&KHP��5HI��'DWD��9RO�
����1R����������

7KH�6ROXELOLW\�RI�&DUERQ�'LR[LGH�LQ�:DWHU�DW�/RZ�3UHVVXUH��-RKQ�-�
&DUUROO��-RKQ�'��6OXSVN\��$ODQ�(��0DWKHU��-��3KX��&KHP��5HI�
'DWD��9RO������1R���������

&2�7DE�IXQFWLRQV�KDYH�D�ZLGH�UDQJH�RI�DSSOLFDELOLW\��*HQHUDOO\��WKH
SURSHUWLHV�UHWXUQHG�E\�WKHVH�IXQFWLRQV�DUH�DFFHSWDEOH�ZLWKLQ�WKH�IROORZLQJ
UDQJHV�

� 3UHVVXUH��3��EDU��� ��≤�3�≤������
� 7HPSHUDWXUH��7���&�� �������≤�7�≤��������

7KH�&2�7DE�DGG�LQ�SDFNDJH�LV�EDVHG�RQ�D�VHW�RI����FRUH�IXQFWLRQV�WKDW
WRJHWKHU�FDOFXODWH�RYHU����WKHUPRG\QDPLF�DQG�WUDQVSRUW�SURSHUWLHV�RI�FDUERQ
GLR[LGH��<RX�FDQ�XVH�WKHVH�IXQFWLRQV�GLUHFWO\�LQ�\RXU�VSUHDGVKHHW�RU�\RX�FDQ
XVH�&2�7DE·V�HDV\�WR�XVH�GLDORJ�ER[HV�WR�DXWRPDWLFDOO\�JHQHUDWH�WKH
DSSURSULDWH�IXQFWLRQ�FDOO�ZLWK�WKH�FRUUHFW�DUJXPHQWV�

&2�7DE�IXQFWLRQV�DUH�GLYLGHG�LQWR�WKH�IROORZLQJ�FDWHJRULHV�

�� )XQFWLRQV�IRU�VDWXUDWHG�YDSRU��OLTXLG�RU�WZR�SKDVH�SURSHUWLHV
���IXQFWLRQV�

�� )XQFWLRQV�IRU�VXSHUKHDWHG�YDSRU�RU�VXEFRROHG�OLTXLG�SURSHUWLHV
���IXQFWLRQV�

�� 0HOWLQJ�DQG�6XEOLPDWLRQ�/LQH�)XQFWLRQV
���IXQFWLRQV�

�� 6ROXELOLW\�LQ�:DWHU
���IXQFWLRQV�

�� )XQFWLRQV�IRU�FRQVWDQW�FDUERQ�GLR[LGH�SURSHUWLHV
����IXQFWLRQV�
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7HFKQLFDO�6XSSRUW�DQG�&RQWDFW�,QIRUPDWLRQ

&KHPLFD/RJLF�RIIHUV�IUHH�WHFKQLFDO�VXSSRUW�ZLWK�WKH�SXUFKDVH�RI�&2�7DE��,I
\RX�KDYH�DQ\�SUREOHPV�GXULQJ�LQVWDOODWLRQ�RU�XVH�RI�&2�7DE��SOHDVH�FRQWDFW
XV�DW�RQH�RI�WKH�DGGUHVVHV�OLVWHG�EHORZ�

%HIRUH�UHTXHVWLQJ�VXSSRUW��LW�ZRXOG�VDYH�ERWK�\RXU�WLPH�DQG�RXU�WLPH�LI�\RX
FRXOG�ILUVW�GR�WKH�IROORZLQJ�

� 0DNH�VXUH�\RX�KDYH�UHDG�DQ\�UHOHYDQW�SRUWLRQV�RI�WKH�PDQXDO
� ,VRODWH�WKH�SUREOHP�WR�D�VPDOO�WHVW�FDVH
� +DYH�WKH�YHUVLRQ�QXPEHU�RI�\RXU�FRS\�RI�&2�7DE�UHDG\
� +DYH�WKH�YHUVLRQ�QXPEHU�RI�WKH�VSUHDGVKHHW�DSSOLFDWLRQ�DQG�WKH�RSHUDWLQJ
V\VWHP�RQ�ZKLFK�LW�LV�LQVWDOOHG�UHDG\

<RX�FDQ�FRQWDFW�XV�YLD�DQ\�RI�WKH�IROORZLQJ�SDWKV�

%\�7HOHSKRQH� ����������������$0�WR���30��(67�

%\�)D[� �����������������KRXUV�D�GD\�

%\�(PDLO� FOF�VXSSRUW#FKHPLFDORJLF�FRP

%\�:HE� KWWS���ZZZ�FKHPLFDORJLF�FRP

%\�0DLO� &KHPLFD/RJLF�&RUSRUDWLRQ
��&HGDU�6WUHHW��6XLWH���
:REXUQ��0DVVDFKXVHWWV�����������
86$



CHEMICALOGIC

&2�7DE�9��� �



CHEMICALOGIC

&2�7DE�9��� �

*HWWLQJ�6WDUWHG

,GLRW�ER[��Q�
7KH�SDUW�RI�WKH�HQYHORSH�WKDW�WHOOV�D�SHUVRQ�ZKHUH�WR�SODFH�WKH�VWDPS

ZKHQ�WKH\�FDQ·W�ILJXUH�LW�RXW�IRU�WKHPVHOYHV�
²�5LFK�+DOO��´6QLJOHWVµ�

0LQLPXP�6\VWHP�5HTXLUHPHQWV

<RX�VKRXOG�QRW�HQFRXQWHU�DQ\�KDUGZDUH�RU�VRIWZDUH�SUREOHPV�LQ�XVLQJ
&2�7DE�RQ�DQ\�KDUGZDUH�WKDW�KDV�RQH�RI�WKH�IROORZLQJ�VSUHDGVKHHW
DSSOLFDWLRQV�SUH�LQVWDOOHG�

� 0LFURVRIW�([FHO���������IRU�:LQGRZV�������17�

&2�7DE�UHTXLUHV�DERXW�������NLORE\WHV������0%��RI�KDUG�GLVN�VSDFH��:KLOH
&2�7DE�ZLOO�ZRUN�ZLWK���WR����0%�RI�5$0�LW�LV�UHFRPPHQGHG�WKDW�DW�OHDVW
���0%�RI�5$0�EH�DYDLODEOH�

,QVWDOODWLRQ

&2�7DE�FRQWDLQV�DQ�DXWRPDWLF�LQVWDOODWLRQ�SURJUDP�ZULWWHQ�LQ�WKH
VSUHDGVKHHW�DSSOLFDWLRQ�LWVHOI��,W�LV�UHFRPPHQGHG�WKDW�\RX�XVH�WKLV�SURJUDP�WR
LQVWDOO�&2�7DE�RQ�\RXU�PDFKLQH�

1RWH

%HIRUH�LQVWDOOLQJ�&2�7DE�RQ�\RXU�PDFKLQH��LW�LV�D�JRRG�LGHD�WR
FUHDWH�D�EDFNXS�FRS\�RI�WKH�GLVWULEXWLRQ�GLVNHWWH�

7KH�IROORZLQJ�VHFWLRQV�GHVFULEH�KRZ�WR�LQVWDOO�&2�7DE�

&KDSWHU
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4XLFN�,QVWDOODWLRQ�RI�&2�7DE
3HUIRUP�WKH�IROORZLQJ�VWHSV�WR�DXWRPDWLFDOO\�LQVWDOO�&2�7DE�RQ�\RXU
PDFKLQH�

�� 6WDUW�([FHO
�� &ORVH�DQ\�RSHQ�ZRUNERRNV�WKDW�\RX�PD\�KDYH�DXWRPDWLFDOO\�ORDGHG�
�� ,QVHUW�WKH�&2�7DE�GLVN�LQ�WKH��ó�LQFK�GULYH
�� )URP�ZLWKLQ�([FHO�RSHQ�WKH�ILOH�INSTALL.XLS�ORFDWHG�RQ�WKH�&2�7DE

GLVNHWWH
�� )ROORZ�WKH�LQVWUXFWLRQV�RQ�WKH�VFUHHQ
�� $IWHU�D�VXFFHVVIXO�LQVWDOODWLRQ��WKH�LQVWDOODWLRQ�ILOH�INSTALL.XLS�ZLOO

DXWRPDWLFDOO\�FORVH�LWVHOI�
�� &ORVH�\RXU�VSUHDGVKHHW�DSSOLFDWLRQ�DQG�UHVWDUW�LW�WR�DFWLYDWH�&2�7DE�

1RZ�HYHU\�WLPH�\RX�VWDUW�\RX�VWDUW�\RXU�VSUHDGVKHHW�DSSOLFDWLRQ��&2�7DE
ZLOO�EH�DXWRPDWLFDOO\�ORDGHG�

,I�\RX�GLG�QRW�HQFRXQWHU�DQ\�LQVWDOODWLRQ�SUREOHPV��\RX�FDQ�VNLS�WKH�IROORZLQJ
VHFWLRQV�DQG�JR�GLUHFWO\�WR�VHFWLRQ�ODEHOHG�8VLQJ�&2�7DE�RQ�SDJH���

0DQXDO�,QVWDOODWLRQ�RI�&2�7DE�IRU�([FHO��������
)RU�PDQXDO�LQVWDOODWLRQ��FDUHIXOO\�UHDG�WKH�UHVW�RI�WKLV�VHFWLRQ�DV�ZHOO�DV�WKH
LQVWUXFWLRQV�FRQWDLQHG�LQ�WKH�ILOH�README.TXT�ORFDWHG�RQ�WKH�&2�7DE
GLVNHWWH��7KH�&2�7DE�IRU�([FHO���������GLVNHWWH�FRQWDLQV�WKH�IROORZLQJ�ILOHV�

7DEOH����/LVW�RI�)LOHV�LQ�&2�7DE�IRU�([FHO���������'LVN

)LOHQDPH 'HVFULSWLRQ

Install.xls ,QVWDOODWLRQ�ILOH��([FHO�ILOH�
Readme.txt 5HDG�PH�ILOH��WH[W�ILOH�
mollier_chart_eng.xls 0ROOLHU�FKDUW�LQ�(QJOLVK�8QLWV
mollier_chart_met.xls 0ROOLHU�FKDUW�LQ�0HWULF�8QLWV
phase_diagram.xls &2��3KDVH�GLDJUDP
CO2Tab32.dll &2�7DE�V\VWHP�ILOH
CO2Tab.cnt &2�7DE�KHOS�FRQWHQWV�ILOH
CO2Tab.hlp &2�7DE�KHOS�ILOH
CO2Tab.xla &2�7DE�DGG�LQ��([FHO�DGG�LQ�ILOH�

7R�PDQXDOO\�LQVWDOO�&2�7DE�RQ�\RXU�PDFKLQH��IROORZ�WKHVH�VWHSV�

�� ,QVHUW�WKH�&2�7DE�GLVN�LQ�WKH��ó�LQFK�GULYH
�� &RS\�WKH�&2�7DE�V\VWHP�ILOHV�CO2TAB32.DLL�LQWR�WKH�:LQGRZV�V\VWHP

GLUHFWRU\��H�J��C:\WINDOWS\SYSTEM�
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�� &RS\�WKH�&2�7DE�DGG�LQ�ILOH��CO2TAB.XLA�LQWR�WKH�([FHO�OLEUDU\
GLUHFWRU\��H�J��C:\EXCEL\LIBRARY�

�� &RS\�WKH�&2�7DE�KHOS�ILOHV��CO2TAB.CNT DQG�CO2TAB.HLP�LQWR�WKH
([FHO�GLUHFWRU\��H�J��C:\EXCEL��

�� 6WDUW�([FHO
�� )URP�WKH�Tools PHQX�VHOHFW�Add-ins…

�� 6FUROO�GRZQ�WKH�OLVW�ER[�DQG�ORFDWH�WKH�&2�7DE�DGG�LQ�
�� 0DNH�VXUH�WKDW�WKH�FKHFN�ER[�LQ�IURQW�RI�&2�7DE�LV�FKHFNHG�DQG�FORVH

WKH�DGG�LQ�GLDORJ�ER[�

7KLV�FRPSOHWHV�WKH�PDQXDO�LQVWDOODWLRQ�RI�&2�7DE�IRU�([FHO���������RQ
\RXU�PDFKLQH�

8VLQJ�&2�7DE

7KH�IROORZLQJ�VHFWLRQV�GHVFULEH�KRZ�WR�DFFHVV�DQG�XVH�WKH�YDULRXV�IHDWXUHV�RI
&2�7DE�

:KHUH�LV�&2�7DE"
$V�DQ�DGG�LQ�SDFNDJH�WR�\RXU�VSUHDGVKHHW�DSSOLFDWLRQ��&2�7DE�TXLHWO\
EHFRPHV�D�SDUW�RI�\RXU�VSUHDGVKHHW��<RX�RQO\�VHH�LW�ZKHQ�\RX�QHHG�WR�XVH�LW�
-XVW�WR�PDNH�VXUH�WKDW�&2�7DE�LV�DYDLODEOH�

�� 6WDUW�\RXU�VSUHDGVKHHW�DSSOLFDWLRQ��LI�\RX�KDYH�QRW�DOUHDG\�VWDUWHG�LW�
�� &OLFN�RQ�WKH�Tools PHQX��<RX�VKRXOG�VHH�D�CO2Tab�SRS�XS�PHQX

VRPHZKHUH�QHDU�WKH�ERWWRP�RI�WKH�Tools�PHQX
�� ([SDQG�WKH�CO2Tab�SRS�XS�PHQX�E\�FOLFNLQJ�RQ�LW
�� 7KH�IROORZLQJ�ILJXUH�VKRZ�ZKDW�\RX�VKRXOG�VHH
�� <RX�FDQ�DOVR�DFFHVV�CO2Tab�IURP�WKH�ChemicaLogic�WRROEDU��VKRZQ�LQ

WKH�ILJXUH�

$�SRS�XS�PHQX��ZKLFK�LV
DOVR�NQRZQ�DV�D�GURS�GRZQ
PHQX��LV�D�VSHFLDO�PHQX�LWHP
WKDW�GLVSOD\V�D�VXEOLVW�RI
PHQX�LWHPV�ZKHQ�LW�LV
VHOHFWHG�
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)LJXUH����$FFHVV�WR�&2�7DE�LQ�([FHO

7KH�CO2Tab�SRS�XS�PHQX�FRQWDLQV�WKH�IROORZLQJ�PHQX�LWHPV�

�� 6DWXUDWHG

6HOHFWLQJ�WKLV�PHQX�LWHP�EULQJV�XS�WKH�VDWXUDWHG�SURSHUWLHV�GLDORJ�ER[
ZKLFK�KHOSV�\RX�REWDLQ�VDWXUDWHG�YDSRU�RU�OLTXLG�SURSHUWLHV��RU�WZR�SKDVH
SURSHUWLHV�

�� 6XSHUKHDWHG�6XEFRROHG

7KH�PHQX�LWHP�GLVSOD\V�WKH�GLDORJ�ER[�IRU�REWDLQLQJ�VXSHUFULWLFDO�RU
VXEFRROHG�SURSHUWLHV��7KLV�GLDORJ�ER[�LV�DOVR�XVHG�IRU�FRQVWDQW�SURSHUW\
SURFHVVHV��VXFK�DV��LVHQWKDOSLF��LVHQWURSLF��FRQVWDQW�YROXPH��HWF��&2�7DE
XVHV�D�KLJKO\�HIILFLHQW�LWHUDWLYH�VHDUFK�DOJRULWKP�WR�TXLFNO\�FDOFXODWH�DOO
FRQVWDQW�SURFHVV�SURSHUWLHV�

�� 0HOWLQJ�6XEOLPDWLRQ

7KLV�PHQX�LWHP�DOORZV�\RX�WR�REWDLQ�WKH�PHOWLQJ�DQG�VXEOLPDWLRQ
WHPSHUDWXUH�RU�SUHVVXUH�

�� 6ROXELOLW\�LQ�:DWHU

7KLV�PHQX�LWHP�EULQJ�XS�D�GLDORJ�ER[�WKDW�DOORZV�\RX�WR�FDOFXODWH�WKH
VROXELOLW\�RI�FDUERQ�GLR[LGH�LQ�ZDWHU�

&KHPLFD/RJLF
7RROEDU�ZLWK�DFFHVV�WR
&2�7DE�

&2�7DE�SRS�XS
PHQX�
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�� &RQVWDQW�3URSHUWLHV

6HOHFWLQJ�WKLV�PHQX�LWHP�EULQJV�XS�WKH�FRQVWDQW�SURSHUWLHV�GLDORJ�ER[
ZKLFK�\RX�FDQ�XVH�WR�VHOHFW�WKH�UHTXLUHG�FRQVWDQW�SURSHUW\�

�� 2SWLRQV

7KLV�PHQX�LWHP�DOORZV�\RX�WR�VHOHFW�WKH�XQLWV�DQG�RWKHU�FRQILJXUDWLRQ
RSWLRQV��<RX�FDQ�DOVR�FKDQJH�WKH�XQLWV�DQG�LQWHUIDFH�VHWWLQJV�IURP�DQ\�RI
WKH�&2�7DE�GLDORJ�ER[HV�

�� +HOS

3URYLGHV�\RX�ZLWK�HDV\�DFFHVV�WR�RQOLQH�KHOS�
�� $ERXW�&2�7DE

*LYHV�\RX�LQIRUPDWLRQ�UHJDUGLQJ�WKH�YHUVLRQ�RI�&2�7DE�LQVWDOOHG�RQ�\RXU
PDFKLQH�

7KH�IROORZLQJ�VHFWLRQV�GHVFULEH�KRZ�WR�XVH�WKH�YDULRXV�FDSDELOLWLHV�RI
&2�7DE�

6HWWLQJ�&2�7DE�3URSHUW\�2SWLRQV
7KH�RSWLRQV�GLDORJ�ER[�KHOSV�\RX�LQ�VHWWLQJ�XS�WKH�XQLWV�WR�EDVH�\RXU
SURSHUW\�FDOFXODWLRQV��$OO�RI�WKH�&2�7DE�GLDORJ�ER[HV�XVH�WKH�VDPH�RSWLRQV
WKDW�\RX�VSHFLI\�IURP�WKH�RSWLRQ�GLDORJ�ER[�

<RX�FDQ�DFFHVV�WKH�&2�7DE�RSWLRQV�IURP�HLWKHU�WKH�CO2Tab�SRS�XS�PHQX
RU�IURP�DQ\�RI�WKH�RWKHU�&2�7DE�GLDORJ�ER[HV�

8VH�WKH�IROORZLQJ�VWHSV�WR�VHW�WKH�&2�7DE�RSWLRQV��VHH�)LJXUH���IRU�DQ
LOOXVWUDWLRQ�RI�WKH�&2�7DE�RSWLRQV�GLDORJ�ER[��

�� 6HOHFW�XQLWV

6HOHFW�WKH�Metric�UDGLR�EXWWRQ�LI�\RX�ZDQW�SURSHUWLHV�LQ�0HWULF�6,�XQLWV�RU
VHOHFW�WKH�English�UDGLR�EXWWRQ�IRU�SURSHUWLHV�(QJOLVK�XQLWV�

�� 6HOHFW�FRPPHQW�RSWLRQ

&KHFN�WKH�FRPPHQW�ER[�LI�\RX�ZDQW�&2�7DE�WR�SODFH�D�FRPPHQW
UHJDUGLQJ�WKH�SURSHUW\�FDOFXODWHG�DQG�WKH�XQLWV�LQ�WKH�RXWSXW�FHOO�

�� &OLFN�2.

&OLFN�RQ�WKH�OK�EXWWRQ�WR�DFFHSW�WKH�FKDQJHV��$IWHU�\RX�KDYH�FOLFNHG�OK�
DOO�RI�WKH�&2�7DE�GLDORJ�ER[HV�ZLOO�XVH�WKH�VSHFLILHG�XQLWV�RSWLRQV�

1RWH

,I�\RX�W\SLFDOO\�ZRUN�ZLWK�RQO\�RQH�VHW�RI�XQLWV��\RX�QHHG�WR
RQO\�VSHFLI\�WKHP�RQFH��&2�7DE�ZLOO�UHPHPEHU�WKH�RSWLRQV�LQ
VXEVHTXHQW�VHVVLRQV�

,I�\RX�DUH�XVLQJ�WKH
:RUNVKHHW�IXQFWLRQV�GLUHFWO\
LQ�\RX�VSUHDGVKHHW��WKHQ�\RX
GR�QRW�KDYH�WR�VHW�WKH
RSWLRQV��7KH�RSWLRQV�GLDORJ
LV�RQO\�XVHG�E\�WKH�&2�7DE
GLDORJ�ER[HV�

6HH�7DEOH���RQ�SDJH����IRU�D
OLVWLQJ�RI�FDUERQ�GLR[LGH
SURSHUWLHV�DQG�WKHLU
0HWULF�6,�DQG�(QJOLVK�XQLWV
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)LJXUH����&DUERQ�GLR[LGH�3URSHUW\�2SWLRQV�'LDORJ

8VLQJ�WKH�6DWXUDWHG�3URSHUWLHV�'LDORJ�%R[
7KH�VDWXUDWHG�SURSHUWLHV�GLDORJ�ER[�KHOSV�\RX�LQ�FDOFXODWLQJ�VDWXUDWHG�YDSRU
RU�OLTXLG�FDUERQ�GLR[LGH�SURSHUWLHV�DW�HLWKHU�VSHFLILHG�WHPSHUDWXUH�RU
VSHFLILHG�SUHVVXUH�

7KLV�GLDORJ�ER[�DXWRPDWLFDOO\�FUHDWHV�D�FDOO��ZLWK�DOO�WKH�FRUUHFW�DUJXPHQWV��WR
WKH�DSSURSULDWH�&2�7DE�IXQFWLRQ�EDVHG�RQ�WKH�LQSXW�SDUDPHWHUV�\RX�VXSSO\�

8VH�WKH�IROORZLQJ�VWHSV�WR�FDOFXODWH�D�VDWXUDWHG�FDUERQ�GLR[LGH�SURSHUW\��VHH
)LJXUH���IRU�DQ�LOOXVWUDWLRQ�RI�WKH�VDWXUDWHG�FDUERQ�GLR[LGH�SURSHUWLHV�GLDORJ
ER[��

�� 6HOHFW�2SWLRQV��2SWLRQDO�

&OLFN�RQ�WKH�Options�EXWWRQ�WR�EULQJ�XS�WKH�RSWLRQV�GLDORJ�ER[�IURP
ZKHUH�\RX�FDQ�VHOHFW�WKH�XQLWV��DV�GHVFULEHG�LQ�WKH�SUHYLRXV�VHFWLRQ��,I
\RX�SUHYLRXVO\�VHOHFWHG�WKH�XQLWV��\RX�FDQ�VNLS�WKLV�VWHS�

�� 6HOHFW�LQGHSHQGHQW�YDULDEOH

&KRRVH�HLWKHU�Temperature�RU�Pressure�DV�WKH�LQGHSHQGHQW�YDULDEOH��WKH
YDULDEOH�\RX�ZLVK�WR�VSHFLI\��E\�FOLFNLQJ�RQ�WKH�DSSURSULDWH�UDGLR�EXWWRQ�

�� 3URYLGH�D�YDOXH�IRU�WKH�LQGHSHQGHQW�YDULDEOH

7\SH�LQ�D�QXPEHU�IRU�WKH�LQGHSHQGHQW�YDULDEOH�LQ�WKH�9DOXH�HGLW�ER[�
$OWHUQDWLYHO\��\RX�FDQ�W\SH�LQ�RU�VHOHFW�D�FHOO�UHIHUHQFH�WKDW�FRQWDLQV�D
YDOXH�IRU�WKH�VSHFLILHG�LQGHSHQGHQW�YDULDEOH�

�� 6HOHFW�SKDVH

6HOHFW�HLWKHU�Vapor or�Liquid�IRU�VDWXUDWHG�SURSHUWLHV��)RU�WZR�SKDVH
SURSHUWLHV��VHOHFW�Quality�DQG�VSHFLI\�WKH�FDUERQ�GLR[LGH�TXDOLW\�DV�D�YDOXH
EHWZHHQ���DQG���

�� 6HOHFW�FDUERQ�GLR[LGH�SURSHUW\�UHTXLUHG

8VLQJ�WKH�GURS�GRZQ�FRPER�ER[��VHOHFW�WKH�SURSHUW\�\RX�ZDQW��8VH�WKH
PRXVH�RU�WKH�FXUVRU�NH\V�WR�VFUROO�WKURXJK�WKH�OLVW�RI�DYDLODEOH�FDUERQ
GLR[LGH�SURSHUWLHV�XQWLO�\RX�FRPH�WR�WKH�RQH�\RX�GHVLUH�

6HH�WKH�&KDSWHU��)XQFWLRQ
5HIHUHQFH�RQ�SDJH����IRU�D
GHVFULSWLRQ�RI�&2�7DE
IXQFWLRQV

'HSHQGLQJ�RQ�\RXU�FKRLFH
RI�XQLWV�DQG�LQGHSHQGHQW
YDULDEOH��WKH�YDOXH�WH[W�ZLOO
VKRZ�\RX�WKH�XQLWV�LQ�ZKLFK
WKH�YDOXH�LV�UHTXLUHG

8VH�WKLV�JURXS�WR
VHOHFW�WKH�XQLWV�

6HOHFWLQJ�WKLV�RSWLRQ
SODFHV�D�QRWH�WH[W��RU
FRPPHQW�WH[W��LQ�WKH
VSHFLILHG�RXWSXW�FHOO
VKRZLQJ�WKH�QDPH
DQG�XQLWV�RI�WKH
SURSHUW\�FDOFXODWHG�
([FHO�XVHUV�FDQ�YLHZ
WKLV�QRWH�E\�KRYHULQJ
WKH�PRXVH�RYHU�WKLV
FHOO�
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�� 3URYLGH�DQ�RXWSXW�FHOO�UHIHUHQFH

1RWLFH�WKDW�&2�7DE�KDV�DOUHDG\�ILOOHG�WKLV�LQ�ZLWK�WKH�FXUUHQWO\�VHOHFWHG
FHOO�UHIHUHQFH��,I�WKLV�LV�QRW�ZKHUH�\RX�ZDQW�WKH�UHVXOWV�WR�JR��VHOHFW�RU
W\SH�LQ�D�GLIIHUHQW�FHOO�UHIHUHQFH�

�� &OLFN�2.

&2�7DE�ZLOO�FDOFXODWH�WKH�UHTXHVWHG�FDUERQ�GLR[LGH�SURSHUW\�DQG�SODFH�LW
LQ�WKH�VSHFLILHG�RXWSXW�FHOO�DV�D�IRUPXOD�

1RWH

7KH�VSHFLILHG�LQGHSHQGHQW�YDULDEOH�PXVW�EH�JUHDWHU�RU�HTXDO�WR
WKH�WULSOH�SRLQW�DQG�OHVV�WKDQ�RU�HTXDO�WR�WKH�FULWLFDO�SRLQW�RI
FDUERQ�GLR[LGH��,I�WKH�VSHFLILHG�LQGHSHQGHQW�YDULDEOH�LV�RXWVLGH
WKHVH�ERXQGV��WKH�&2�7DE�IXQFWLRQ�UHWXUQV�WKH�#VALUE!�HUURU�

,I�\RX�ZDQW�D�GLIIHUHQW�VDWXUDWHG�SURSHUW\��VLPSO\�UHSHDW�WKH�DERYH�VWHSV�
$OWHUQDWLYHO\��\RX�FRXOG�FRS\�WKH�FHOO�FRQWDLQLQJ�WKH�VDWXUDWHG�SURSHUW\
IXQFWLRQ�DQG�SDVWH�LW�LQ�WKH�ORFDWLRQ�\RX�ZDQW��<RX�FDQ�WKHQ�XVH�WKH�VDWXUDWHG
GLDORJ�ER[�WR�FKDQJH�WKH�RXWSXW�FDUERQ�GLR[LGH�SURSHUW\�

)LJXUH����6DWXUDWHG�3URSHUWLHV�'LDORJ

8VLQJ�WKH�6XSHUKHDWHG�6XEFRROHG�3URSHUWLHV�'LDORJ�%R[
7KH�VXSHUKHDWHG�VXEFRROHG�GLDORJ�ER[�KHOSV�\RX�LQ�FDOFXODWLQJ�VXSHUFULWLFDO
RU�VXEFRROHG�SURSHUWLHV��<RX�DOVR�XVH�WKLV�GLDORJ�ER[�WR�PRGHO�FRQVWDQW
SURSHUW\�SURFHVVHV��VXFK�DV��LVHQWKDOSLF��LVHQWURSLF��FRQVWDQW�YROXPH��HWF�

7LS��&OLFN�RQ�D�FHOO�ZKHUH
\RX�ZDQW�WKH�UHVXOWV�EHIRUH
RSHQLQJ�WKH�VDWXUDWHG�GLDORJ
ER[��&2�7DE�ZLOO
DXWRPDWLFDOO\�ILOO�LQ�WKH
2XWSXW�FHOO�UHIHUHQFH

<RX�FDQ�GHWHUPLQH�WKH�WULSOH
SRLQW�DQG�WKH�FULWLFDO�SRLQW
RI�FDUERQ�GLR[LGH�E\�XVLQJ
WKH�&RQVWDQW�FDUERQ�GLR[LGH
SURSHUWLHV�GLDORJ�ER[��6HH
SDJH����

,I�\RX�DFWLYDWH�WKH�VDWXUDWHG
GLDORJ�ER[�RQ�D�FHOO�WKDW
DOUHDG\�FRQWDLQV�D�VDWXUDWHG
&2�7DE�IXQFWLRQ��WKHQ
&2�7DE�ZLOO�DXWRPDWLFDOO\
LQLWLDOL]H�WKH�GLDORJ�ER[�ZLWK
WKH�FRUUHFW�YDOXHV�

&OLFN�RQ�WKLV�FKHFN
ER[�LI�\RX�ZDQW�WR
SRLQW�WR�D�FHOO
FRQWDLQLQJ�D�YDOXH�IRU
WKH�LQGHSHQGHQW
YDULDEOH

&OLFN�KHUH�WR�GURS
GRZQ�WKH�OLVW�ER[�DQG
WR�VHOHFW�WKH�GHVLUHG
RXWSXW�FDUERQ�GLR[LGH
SURSHUW\
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8VLQJ�WKLV�GLDORJ�ER[�DXWRPDWLFDOO\�FUHDWHV�D�FDOO�WR�WKH�DSSURSULDWH�&2�7DE
IXQFWLRQ�EDVHG�RQ�WKH�LQSXW�SDUDPHWHUV�\RX�VXSSO\�

7KH�IROORZLQJ�VWHSV�VKRZ�\RX�KRZ�WR�XVH�WKLV�GLDORJ�ER[��VHH�)LJXUH���IRU�DQ
LOOXVWUDWLRQ�RI�WKH�VXSHUKHDWHG�VXEFRROHG�GLDORJ�ER[��

�� 6HOHFW�2SWLRQV��2SWLRQDO�

&OLFN�RQ�WKH�Options�EXWWRQ�WR�EULQJ�XS�WKH�RSWLRQV�GLDORJ�ER[�IURP
ZKHUH�\RX�FDQ�VHOHFW�WKH�XQLWV��DV�GHVFULEHG�LQ�WKH�SUHYLRXV�VHFWLRQ��,I
\RX�SUHYLRXVO\�VHOHFWHG�WKH�XQLWV��\RX�FDQ�VNLS�WKLV�VWHS�

�� 6HOHFW�LQGHSHQGHQW�YDULDEOHV

8QOLNH�VDWXUDWHG�SURSHUWLHV��FDOFXODWLQJ�VXSHUKHDWHG�RU�VXEFRROHG
SURSHUWLHV�UHTXLUHV�WZR�LQGHSHQGHQW�YDULDEOHV��&2�7DE�JLYHV�\RX��
FRPELQDWLRQV�RI�LQGHSHQGHQW�YDULDEOHV�WKDW�\RX�FDQ�FKRRVH�IURP�
Temperature�DQG�DQ\�RQH�RI�Pressure��Volume��Enthalpy��Entropy��RU
Internal energy
RU
Pressure�DQG�DQ\�RQH�RI�Volume��Enthalpy��Entropy��RU�Internal energy

D� 6HOHFW�WKH�ILUVW�LQGHSHQGHQW�YDULDEOH

8VH�WKH�GURS�GRZQ�OLVW�WR�VHOHFW�HLWKHU�Temperature�RU�Pressure
DV�WKH�ILUVW�LQGHSHQGHQW�YDULDEOH

E� 6HOHFW�WKH�VHFRQG�LQGHSHQGHQW�YDULDEOH

8VH�WKH�GURS�GRZQ�OLVW�ER[�WR�VHOHFW�WKH�VHFRQG�LQGHSHQGHQW
YDULDEOH��7KH�FKRLFHV�DYDLODEOH�ZLOO�GHSHQG�RQ�ZKDW�\RX�FKRVH�DV
WKH�ILUVW�LQGHSHQGHQW�YDULDEOH�

 �� 3URYLGH�YDOXHV�IRU�WKH�LQGHSHQGHQW�YDULDEOHV

7\SH�D�QXPEHU�LQ�HDFK�RI�WKH�HGLW�ER[HV�QH[W�WR�WKH�LQGHSHQGHQW
YDULDEOH�VHOHFWLRQV��$OWHUQDWLYHO\��\RX�FDQ�W\SH�LQ�RU�VHOHFW�D�FHOO
UHIHUHQFH�WKDW�FRQWDLQV�D�YDOXH�IRU�WKH�VSHFLILHG�LQGHSHQGHQW�YDULDEOHV�

 �� 6HOHFW�FDUERQ�GLR[LGH�SURSHUW\�UHTXLUHG

8VLQJ�WKH�GURS�GRZQ�FRPER�ER[��VHOHFW�WKH�SURSHUW\�\RX�ZDQW��8VH
WKH�PRXVH�RU�WKH�FXUVRU�NH\V�WR�VFUROO�WKURXJK�WKH�OLVW�RI�DYDLODEOH
SURSHUWLHV�XQWLO�\RX�FRPH�WR�WKH�RQH�\RX�GHVLUH�

 �� 3URYLGH�DQ�RXWSXW�FHOO�UHIHUHQFH

1RWLFH�WKDW�&2�7DE�KDV�DOUHDG\�ILOOHG�WKLV�LQ�ZLWK�WKH�FXUUHQWO\�VHOHFWHG
FHOO�UHIHUHQFH��,I�WKLV�LV�QRW�ZKHUH�\RX�ZDQW�WKH�UHVXOWV�WR�JR��VHOHFW�RU
W\SH�LQ�D�GLIIHUHQW�FHOO�UHIHUHQFH�

 �� &OLFN�2.

&2�7DE�ZLOO�FDOFXODWH�WKH�UHTXHVWHG�SURSHUW\�DQG�SODFH�LW�LQ�WKH
VSHFLILHG�RXWSXW�FHOO�DV�D�IRUPXOD�

6HH�WKH�&KDSWHU��)XQFWLRQ
5HIHUHQFH�RQ�SDJH����IRU�D
GHVFULSWLRQ�RI�&2�7DE
IXQFWLRQV

'HSHQGLQJ�RQ�\RXU�FKRLFH
RI�XQLWV�DQG�LQGHSHQGHQW
YDULDEOHV��WKH�GURS�GRZQ�OLVW
ER[�ZLOO�VKRZ�\RX�WKH�XQLWV
LQ�ZKLFK�WKH�YDOXHV�DUH
UHTXLUHG

7LS��&OLFN�RQ�D�FHOO�ZKHUH
\RX�ZDQW�WKH�UHVXOWV�EHIRUH
RSHQLQJ�WKLV�GLDORJ�ER[�
&2�7DE�ZLOO�DXWRPDWLFDOO\
ILOO�LQ�WKH�2XWSXW�FHOO
UHIHUHQFH
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,I�\RX�ZDQW�D�GLIIHUHQW�VXSHUKHDWHG�RU�VXEFRROHG�SURSHUW\��VLPSO\�UHSHDW�WKH
DERYH�VWHSV��$OWHUQDWLYHO\��\RX�FRXOG�FRS\�WKH�FHOO�FRQWDLQLQJ�WKH
VXSHUKHDWHG�VXEFRROHG�SURSHUW\�IXQFWLRQ�DQG�SDVWH�LW�LQ�WKH�ORFDWLRQ�\RX
ZDQW��<RX�FDQ�WKHQ�XVH�WKH�VXSHUKHDWHG�VXEFRROHG�GLDORJ�ER[�WR�FKDQJH�WKH
RXWSXW�SURSHUW\�

)LJXUH����6XSHUKHDWHG�6XEFRROHG�'LDORJ�%R[

8VLQJ�WKH�&RQVWDQW�3URSHUWLHV�'LDORJ�%R[
7KH�FRQVWDQW�SURSHUWLHV�GLDORJ�ER[�JLYHV�\RX�DFFHVV�WR�IXQGDPHQWDO
SURSHUWLHV��VXFK�DV��PROHFXODU�ZHLJKW��FULWLFDO�SURSHUWLHV��DQG�WULSOH�SRLQW
SURSHUWLHV�

7KH�IROORZLQJ�VWHSV�LOOXVWUDWH�KRZ�WR�XVH�WKLV�GLDORJ�ER[��VHH�WKH�ILJXUH�EHORZ
IRU�DQ�LOOXVWUDWLRQ�RI�WKLV�GLDORJ�ER[��

�� 6HOHFW�2SWLRQV��2SWLRQDO�

&OLFN�RQ�WKH�Options�EXWWRQ�WR�EULQJ�XS�WKH�RSWLRQV�GLDORJ�ER[�IURP
ZKHUH�\RX�FDQ�VHOHFW�WKH�XQLWV��DV�GHVFULEHG�LQ�WKH�SUHYLRXV�VHFWLRQ��,I
\RX�SUHYLRXVO\�VHOHFWHG�WKH�XQLWV��\RX�FDQ�VNLS�WKLV�VWHS�

�� 6HOHFW�FRQVWDQW�SURSHUW\�UHTXLUHG

8VLQJ�WKH�GURS�GRZQ�FRPER�ER[��VHOHFW�WKH�FRQVWDQW�SURSHUW\�\RX�ZDQW�
8VH�WKH�PRXVH�RU�WKH�FXUVRU�NH\V�WR�VFUROO�WKURXJK�WKH�OLVW�RI�DYDLODEOH
SURSHUWLHV�XQWLO�\RX�FRPH�WR�WKH�RQH�\RX�GHVLUH�

�� 3URYLGH�DQ�RXWSXW�FHOO�UHIHUHQFH

1RWLFH�WKDW�&2�7DE�KDV�DOUHDG\�ILOOHG�WKLV�LQ�ZLWK�WKH�FXUUHQWO\�VHOHFWHG
FHOO�UHIHUHQFH��,I�WKLV�LV�QRW�ZKHUH�\RX�ZDQW�WKH�UHVXOWV�WR�JR��VHOHFW�RU
W\SH�LQ�D�GLIIHUHQW�FHOO�UHIHUHQFH�

,I�\RX�DFWLYDWH�WKH
VXSHUKHDWHG��VXEFRROHG
GLDORJ�ER[�RQ�D�FHOO�WKDW
DOUHDG\�FRQWDLQV�D�&2�7DE
IXQFWLRQ��WKHQ�&2�7DE�ZLOO
DXWRPDWLFDOO\�LQLWLDOL]H�WKH
GLDORJ�ER[�ZLWK�WKH�FRUUHFW
YDOXHV�

7LS��&OLFN�RQ�D�FHOO�ZKHUH
\RX�ZDQW�WKH�UHVXOWV�EHIRUH
RSHQLQJ�WKLV�GLDORJ�ER[�
&2�7DE�ZLOO�DXWRPDWLFDOO\
ILOO�LQ�WKH�2XWSXW�FHOO
UHIHUHQFH

)LUVW�,QGHSHQGHQW
9DULDEOH

6HFRQG�,QGHSHQGHQW
9DULDEOH

&OLFN�KHUH�WR�GURS
GRZQ�WKH�OLVW�ER[�DQG
WR�VHOHFW�WKH�GHVLUHG
RXWSXW�FDUERQ�GLR[LGH
SURSHUW\
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�� &OLFN�2.

&2�7DE�ZLOO�FDOFXODWH�WKH�UHTXHVWHG�FDUERQ�GLR[LGH�SURSHUW\�DQG�SODFH�LW
LQ�WKH�VSHFLILHG�RXWSXW�FHOO�DV�D�IRUPXOD�

,I�\RX�ZDQW�D�GLIIHUHQW�FRQVWDQW�SURSHUW\��VLPSO\�UHSHDW�WKH�DERYH�VWHSV�
$OWHUQDWLYHO\��\RX�FRXOG�FRS\�WKH�FHOO�FRQWDLQLQJ�WKH�FRQVWDQW�SURSHUW\
IXQFWLRQ�DQG�SDVWH�LW�LQ�WKH�ORFDWLRQ�\RX�ZDQW��<RX�FDQ�WKHQ�XVH�WKH�FRQVWDQW
SURSHUWLHV�GLDORJ�ER[�WR�FKDQJH�WKH�RXWSXW�SURSHUW\�

7KH�IROORZLQJ�ILJXUH�LOOXVWUDWHV�WKH�DERYH�VWHSV�

)LJXUH����&RQVWDQW�3URSHUW\�'LDORJ�%R[

8VLQJ�WKH�0HOWLQJ�6XEOLPDWLRQ�'LDORJ�%R[
7KH�PHOWLQJ�VXEOLPDWLRQ�SURSHUW\�GLDORJ�ER[�JLYHV�\RX�DFFHVV�WR�WKH�PHOWLQJ
RU�VXEOLPDWLRQ�SUHVVXUH�RU�WHPSHUDWXUH�

7KH�IROORZLQJ�VWHSV�LOOXVWUDWH�KRZ�WR�XVH�WKLV�GLDORJ�ER[��VHH�WKH�ILJXUH�EHORZ
IRU�DQ�LOOXVWUDWLRQ�RI�WKLV�GLDORJ�ER[��

�� 6HOHFW�2SWLRQV��2SWLRQDO�

&OLFN�RQ�WKH�Options�EXWWRQ�WR�EULQJ�XS�WKH�RSWLRQV�GLDORJ�ER[�IURP
ZKHUH�\RX�FDQ�VHOHFW�WKH�XQLWV��DV�GHVFULEHG�LQ�WKH�SUHYLRXV�VHFWLRQ��,I
\RX�SUHYLRXVO\�VHOHFWHG�WKH�XQLWV��\RX�FDQ�VNLS�WKLV�VWHS�

�� 6HOHFW�RXWSXW�SURSHUW\�UHTXLUHG

8VLQJ�WKH�UDGLR�EXWWRQV��VHOHFW�WKH�GHVLUHG�RXWSXW�SURSHUW\�
�� 3URYLGH�LQSXW�GDWD

'HSHQGLQJ�RQ�WKH�RXWSXW�SURSHUW\��\RX�ZLOO�KDYH�WR�JLYH�D�YDOXH�RU�D�FHOO
UHIHUHQFH�FRQWDLQLQJ�WKH�YDOXH�RI�WKH�LQSXW�YDULDEOH�

�� 3URYLGH�DQ�RXWSXW�FHOO�UHIHUHQFH

1RWLFH�WKDW�&2�7DE�KDV�DOUHDG\�ILOOHG�WKLV�LQ�ZLWK�WKH�FXUUHQWO\�VHOHFWHG
FHOO�UHIHUHQFH��,I�WKLV�LV�QRW�ZKHUH�\RX�ZDQW�WKH�UHVXOWV�WR�JR��VHOHFW�RU
W\SH�LQ�D�GLIIHUHQW�FHOO�UHIHUHQFH�

,I�\RX�DFWLYDWH�WKH�FRQVWDQW
SURSHUW\�GLDORJ�ER[�RQ�D�FHOO
WKDW�DOUHDG\�FRQWDLQV�D
FRQVWDQW�SURSHUW\�&2�7DE
IXQFWLRQ��WKHQ�&2�7DE�ZLOO
DXWRPDWLFDOO\�LQLWLDOL]H�WKH
GLDORJ�ER[�ZLWK�WKH�FRUUHFW
YDOXHV�

7LS��&OLFN�RQ�D�FHOO�ZKHUH
\RX�ZDQW�WKH�UHVXOWV�EHIRUH
RSHQLQJ�WKLV�GLDORJ�ER[�
&2�7DE�ZLOO�DXWRPDWLFDOO\
ILOO�LQ�WKH�2XWSXW�FHOO
UHIHUHQFH

&OLFN�KHUH�WR�GURS
GRZQ�WKH�OLVW�ER[�DQG
WR�VHOHFW�WKH�GHVLUHG
RXWSXW�FDUERQ�GLR[LGH
SURSHUW\
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�� &OLFN�2.

&2�7DE�ZLOO�FDOFXODWH�WKH�UHTXHVWHG�FDUERQ�GLR[LGH�SURSHUW\�DQG�SODFH�LW
LQ�WKH�VSHFLILHG�RXWSXW�FHOO�DV�D�IRUPXOD�

,I�\RX�ZDQW�D�GLIIHUHQW�SURSHUW\��VLPSO\�UHSHDW�WKH�DERYH�VWHSV��$OWHUQDWLYHO\�
\RX�FRXOG�FRS\�WKH�FHOO�FRQWDLQLQJ�WKH�SURSHUW\�IXQFWLRQ�DQG�SDVWH�LW�LQ�WKH
ORFDWLRQ�\RX�ZDQW��<RX�FDQ�WKHQ�XVH�WKH�SURSHUWLHV�GLDORJ�ER[�WR�FKDQJH�WKH
RXWSXW�SURSHUW\�

7KH�IROORZLQJ�ILJXUH�LOOXVWUDWHV�WKH�DERYH�VWHSV�

)LJXUH����0HOWLQJ�6XEOLPDWLRQ�3URSHUW\�'LDORJ�%R[

8VLQJ�WKH�6ROXELOLW\�LQ�:DWHU�'LDORJ�%R[
7KH�VROXELOLW\�LQ�ZDWHU�GLDORJ�ER[�JLYHV�\RX�DFFHVV�WR�WKH�PRODU�RU�PDVV
VROXELOLW\�RI�FDUERQ�GLR[LGH�LQ�ZDWHU�

7KH�IROORZLQJ�VWHSV�LOOXVWUDWH�KRZ�WR�XVH�WKLV�GLDORJ�ER[��VHH�WKH�ILJXUH�EHORZ
IRU�DQ�LOOXVWUDWLRQ�RI�WKLV�GLDORJ�ER[��

�� 6HOHFW�2SWLRQV��2SWLRQDO�

&OLFN�RQ�WKH�Options�EXWWRQ�WR�EULQJ�XS�WKH�RSWLRQV�GLDORJ�ER[�IURP
ZKHUH�\RX�FDQ�VHOHFW�WKH�XQLWV��DV�GHVFULEHG�LQ�WKH�SUHYLRXV�VHFWLRQ��,I
\RX�SUHYLRXVO\�VHOHFWHG�WKH�XQLWV��\RX�FDQ�VNLS�WKLV�VWHS�

�� 6HOHFW�,QSXW�'DWD

6HOHFW�7HPSHUDWXUH�DQG�7RWDO�3UHVVXUH�RU�7HPSHUDWXUH�DQG�3DUWLDO
3UHVVXUH�IRU�\RXU�LQSXW�GDWD�DQG�SURYLGH�WKH�GDWD�LQ�WKH�UHVSHFWLYH�HGLW
ER[LHV�

�� 6HOHFW�RXWSXW�SURSHUW\�UHTXLUHG

8VLQJ�WKH�GURS�GRZQ�OLVW��VHOHFW�WKH�RXWSXW�SURSHUW\��<RX�FDQ�VHOHFW
HLWKHU�WKH�YDSRU�RU�OLTXLG�PROH�RU�PDVV�IUDFWLRQV�RI�FDUERQ�GLR[LGH�

,I�\RX�DFWLYDWH�WKH�PHOWLQJ��
VXEOLPDWLRQ�SURSHUW\�GLDORJ
ER[�RQ�D�FHOO�WKDW�DOUHDG\
FRQWDLQV�D�FRQVWDQW�SURSHUW\
&2�7DE�IXQFWLRQ��WKHQ
&2�7DE�ZLOO�DXWRPDWLFDOO\
LQLWLDOL]H�WKH�GLDORJ�ER[�ZLWK
WKH�FRUUHFW�YDOXHV�
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�� 3URYLGH�DQ�RXWSXW�FHOO�UHIHUHQFH

1RWLFH�WKDW�&2�7DE�KDV�DOUHDG\�ILOOHG�WKLV�LQ�ZLWK�WKH�FXUUHQWO\�VHOHFWHG
FHOO�UHIHUHQFH��,I�WKLV�LV�QRW�ZKHUH�\RX�ZDQW�WKH�UHVXOWV�WR�JR��VHOHFW�RU
W\SH�LQ�D�GLIIHUHQW�FHOO�UHIHUHQFH�

�� &OLFN�2.

&2�7DE�ZLOO�FDOFXODWH�WKH�UHTXHVWHG�SURSHUW\�DQG�SODFH�LW�LQ�WKH�VSHFLILHG
RXWSXW�FHOO�DV�D�IRUPXOD�

,I�\RX�ZDQW�D�GLIIHUHQW�SURSHUW\��VLPSO\�UHSHDW�WKH�DERYH�VWHSV��$OWHUQDWLYHO\�
\RX�FRXOG�FRS\�WKH�FHOO�FRQWDLQLQJ�WKH�SURSHUW\�IXQFWLRQ�DQG�SDVWH�LW�LQ�WKH
ORFDWLRQ�\RX�ZDQW��<RX�FDQ�WKHQ�XVH�WKH�SURSHUWLHV�GLDORJ�ER[�WR�FKDQJH�WKH
RXWSXW�SURSHUW\�

7KH�IROORZLQJ�ILJXUH�LOOXVWUDWHV�WKH�DERYH�VWHSV�

)LJXUH����6ROXELOLW\�LQ�:DWHU�3URSHUW\�'LDORJ�%R[

7LS��&OLFN�RQ�D�FHOO�ZKHUH
\RX�ZDQW�WKH�UHVXOWV�EHIRUH
RSHQLQJ�WKLV�GLDORJ�ER[�
&2�7DE�ZLOO�DXWRPDWLFDOO\
ILOO�LQ�WKH�2XWSXW�FHOO
UHIHUHQFH

,I�\RX�DFWLYDWH�WKH�VROXELOLW\
SURSHUW\�GLDORJ�ER[�RQ�D�FHOO
WKDW�DOUHDG\�FRQWDLQV�D
FRQVWDQW�SURSHUW\�&2�7DE
IXQFWLRQ��WKHQ�&2�7DE�ZLOO
DXWRPDWLFDOO\�LQLWLDOL]H�WKH
GLDORJ�ER[�ZLWK�WKH�FRUUHFW
YDOXHV�
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)XQFWLRQ�5HIHUHQFH

$�WULDQJOH�ZKLFK�KDV�DQ�DQJOH�RI�����GHJUHHV�LV�FDOOHG�DQ�REVFHQH�WULDQJOH�
²�)UHH%6'�IRUWXQH�FRRNLH�

2YHUYLHZ

7KH�&2�7DE�DGG�LQ�SDFNDJH�LV�EDVHG�RQ�D�VHW�RI����FRUH�IXQFWLRQV�WKDW
WRJHWKHU�FDOFXODWH�RYHU����WKHUPRG\QDPLF�DQG�WUDQVSRUW�SURSHUWLHV�RI�FDUERQ
GLR[LGH��<RX�FDQ�XVH�WKHVH�IXQFWLRQV�GLUHFWO\�LQ�\RXU�VSUHDGVKHHW�RU�\RX�FDQ
XVH�&2�7DE·V�HDV\�WR�XVH�GLDORJ�ER[HV�WR�DXWRPDWLFDOO\�JHQHUDWH�WKH
DSSURSULDWH�IXQFWLRQ�FDOO�ZLWK�WKH�FRUUHFW�DUJXPHQWV�

&2�7DE�IXQFWLRQV�DUH�GLYLGHG�LQWR�WKH�IROORZLQJ�FDWHJRULHV�

 �� )XQFWLRQV�IRU�VDWXUDWHG�YDSRU��OLTXLG�RU�WZR�SKDVH�SURSHUWLHV

���IXQFWLRQV�

7KHVH�WZR�IXQFWLRQV�FDOFXODWH�VDWXUDWHG�YDSRU��OLTXLG�DQG�WZR�SKDVH
SURSHUWLHV�IURP�WKH�WULSOH�SRLQW�XS�WR�WKH�FULWLFDO�SRLQW��<RX�FDQ�FKRRVH
HLWKHU�WHPSHUDWXUH�RU�SUHVVXUH�DV�WKH�LQGHSHQGHQW�YDULDEOH�

 �� )XQFWLRQV�IRU�VXSHUKHDWHG�YDSRU�RU�VXEFRROHG�OLTXLG�SURSHUWLHV
���IXQFWLRQV�

7KH�IXQFWLRQV�LQ�WKLV�FDWHJRU\�SURYLGH�\RX�ZLWK�D�ULFK�VHW�RI�WRROV�IRU
FRQGXFWLQJ�VHYHUDO�FRQVWDQW�SURSHUW\�SURFHVVHV��'HSHQGLQJ�RQ�WKH
FKRLFH�RI�LQGHSHQGHQW�YDULDEOHV��\RX�FDQ�PRGHO�LVHQWURSLF��LVHQWKDOSLF�
FRQVWDQW�YROXPH��RU�FRQVWDQW�LQWHUQDO�HQHUJ\�SURFHVVHV�

 �� 0HOWLQJ�DQG�6XEOLPDWLRQ�/LQH�)XQFWLRQV
���IXQFWLRQV�

7KH�IXQFWLRQV�LQ�WKLV�FDWHJRU\�FDOFXODWH�WKH�PHOWLQJ�DQG�VXEOLPDWLRQ
WHPSHUDWXUH�RU�SUHVVXUH�

 ��� 6ROXELOLW\�LQ�:DWHU

���IXQFWLRQV�

<RX�FDQ�REWDLQ�WKH�VROXELOLW\�RI�FDUERQ�GLR[LGH�LQ�ZDWHU�XVLQJ�WKH
IXQFWLRQV�SURYLGHG�LQ�WKLV�FDWHJRU\�

&KDSWHU
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 ��� )XQFWLRQV�IRU�FRQVWDQW�FDUERQ�GLR[LGH�SURSHUWLHV
����IXQFWLRQV�

7KH����IXQFWLRQV�LQ�WKLV�FDWHJRU\�JLYH�\RX�DFFHVV�WR�IXQGDPHQWDO
FDUERQ�GLR[LGH�SURSHUWLHV�WKDW�DUH�QRW�IXQFWLRQV�RI�WHPSHUDWXUH�RU
SUHVVXUH��VXFK�DV��PROHFXODU�ZHLJKW��FULWLFDO�SURSHUWLHV��DQG�WULSOH�SRLQW
SURSHUWLHV�

1RWH

$OO�&2�7DE�IXQFWLRQV�EHJLQ�ZLWK�WKH�SUHIL[�CD�

7DEOH����2YHUYLHZ�RI�&2�7DE�)XQFWLRQV

)XQFWLRQ &DOFXODWHV�DW�6SHFLILHG &DOOLQJ�6HTXHQFH�([DPSOH

Saturated Vapor, Liquid, and Two-Phase Functions
CDPSAT SUHVVXUH��3� CDPSAT(pressure, quality, code, units)

CDTSAT temperature (T) CDTSAT(temperature, quality, code, units)

Superheated or Subcooled Functions
CDTP temperature and pressure (T-P) CDTP(temperature, pressure, code, units)
CDTV temperature and volume (T-V) CDTV(temperature, volume, code, units)
CDTH temperature and enthalpy (T-H) CDTH(temperature, enthalpy, code, units)
CDTS temperature and entropy (T-S) CDTS(temperature, entropy, code, units)
CDTU temperature and internal energy (T-U) CDTU(temperature, internal, code, units)
CDPV pressure and volume (P-V) CDPV(pressure, volume, code, units)
CDPH pressure and enthalpy (P-H) CDPH(pressure, enthalpy, code, units)
CDPS pressure and entropy (P-S) CDPS(pressure, entropy, code, units)
CDPU pressure and internal energy (P-U) CDPU(pressure, internal, code, units)

Melting and Sublimation Functions
CDPMELT pressure at specified temperature (T) CDPMELT(temperature, units)
CDTMELT temperature at specified pressure (P) CDTMELT(pressure, units)
CDPSUBL pressure at specified temperature (T) CDPSUBL(temperature, units)
CDTSUBL temperature at specified pressure (P) CDTSUBL(pressure, units)

Solubility in Water Functions
CDSOLU temperature and total pressure CDSOLU(temperature, pressure, code, units)
CDSOLUPP temperature and CO2 partial pressure CDSOLUPP(temperature, pressure, code, units)

Constant Properties Functions
CDWM Molecular weight CDMW(units)
CDTC Critical temperature CDTC(units)
CDPC Critical pressure CDPC(units)
CDVC Critical specific volume CDVC(units)
CDRC Critical specific density CDRC(units)
CDZC Critical compressibility factor CDZC(units)
CDTPT Triple point temperature CDTPT(units)
CDTPP Triple point pressure CDTPP(units)
CDTMIN Minimum temperature range CDTMIN(units)
CDTMAX Maximum temperature range CDTMAX(units)
CDPMIN Minimum pressure range CDPMIN(units)
CDPMAX Maximum pressure range CDPMAX(units)
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,Q�WKH�&2�7DE�IXQFWLRQV��units�LV�DQ�RSWLRQDO�DUJXPHQW��<RX�QHHG�QRW�VSHFLI\
units��LQ�ZKLFK�FDVH�DOO�UHTXHVWHG�SURSHUWLHV�DUH�UHWXUQHG�LQ�0HWULF�6,�XQLWV�
WKDW�LV��WKH�GHIDXOW�YDOXH�LV����)RU�FDUERQ�GLR[LGH�SURSHUWLHV�LQ�(QJOLVK�XQLWV�
VHW�units�WR����+RZHYHU��LQ�/RWXV�������units�LV�D�UHTXLUHG�DUJXPHQW��WKDW�LW��LW
KDV�WR�EH�H[SOLFLWO\�VSHFLILHG�DV���IRU�0HWULF�6,�XQLWV�DQG���IRU�(QJOLVK�XQLWV�

7KH�DUJXPHQW�quality�LV�XVHG�WR�VSHFLI\�WKH�VDWXUDWHG�FDUERQ�GLR[LGH�TXDOLW\
�YDSRU�PDVV�IUDFWLRQ��RU�WR�VSHFLI\�WKH�WZR�SKDVH�FDUERQ�GLR[LGH�TXDOLW\��8VH
D�YDOXH�RI���IRU�VDWXUDWHG�YDSRU����IRU�VDWXUDWHG�OLTXLG�DQG�EHWZHHQ���DQG��
IRU�WZR�SKDVH��7KH�&2�7DE�IXQFWLRQV�DOVR�UHWXUQ�quality�DV�D�FDOFXODWHG
SURSHUW\��,I�WKH�TXDOLW\�FDQQRW�EH�GHWHUPLQHG��WKHQ�D�YDOXH�RI����LV�UHWXUQHG�
,I�WKH�SKDVH�LV�VXSHUKHDWHG�YDSRU��WKHQ�D�quality�RI����LV�UHWXUQHG��DQG�LI�WKH
SKDVH�LV�VXEFRROHG�OLTXLG�D�quality�RI����LV�UHWXUQHG�

7KH�DUJXPHQW�code��LV�DQ�LQWHJHU�DUJXPHQW�RU�D�VWULQJ�LGHQWLILHU�WKDW�VSHFLILHV
WKH�W\SH�RI�FDUERQ�GLR[LGH�SURSHUW\�UHTXHVWHG��9DOLG�YDOXHV�RI�code�DQG�WKH
XQLWV�LQ�ZKLFK�WKH\�DUH�UHWXUQHG�DUH�VKRZQ�LQ�WKH�WDEOH�EHORZ��)RU�H[DPSOH�
WR�REWDLQ�WKH�HQWKDOS\�\RX�FDQ�VSHFLI\�D�FRGH�RI�HLWKHU�8�RU�H�



CHEMICALOGIC

&2�7DE�9��� ��

7DEOH����3URSHUW\�&RGHV�IRU�7KHUPRG\QDPLF�DQG�7UDQVSRUW�3URSHUWLHV

Code 3URSHUW\ 0HWULF�8QLWV (QJOLVK�8QLWV

0 T 7HPSHUDWXUH��7 �& �)

1 P 3UHVVXUH�� 3 EDU SVLD

2 V 9ROXPH��9 P��NJ IW��OE

3 D 'HQVLW\�� ρ NJ�P� OE�IW�

4 Z &RPSUHVVLELOLW\�IDFWRU��= GLPHQVLRQOHVV GLPHQVLRQOHVV

5 A +HOPROW]�IUHH�HQHUJ\�� $ N-�NJ %WX�OE

6 S (QWURS\�� 6 N-��NJÃ�&� %WX��OEÃ�)�

7 U ,QWHUQDO�HQHUJ\��8 N-�NJ %WX�OE

8 H (QWKDOS\��+ N-�NJ %WX�OE

9 G *LEEV�IUHH�HQHUJ\��* N-�NJ %WX�OE

10 CV +HDW�FDSDFLW\�DW�FRQVWDQW�YROXPH�� Y& N-��NJÃ�&� %WX��OEÃ�)�

11 CP +HDW�FDSDFLW\�DW�FRQVWDQW�SUHVVXUH�� S& N-��NJÃ�&� %WX��OEÃ�)�

12 W 6SHHG�RI�VRXQG�� Y P�V IW�V

13 ALPHA &RHIILFLHQW�RI�WKHUPDO�H[SDQVLRQ�� ( )379 ∂∂= ρα ���& ���)

14 KAPPA ,VRWKHUPDO�FRPSUHVVLELOLW\�� ( )739 ∂∂−= ρκ ��EDU ��SVLD

15 DPDT GSGW�� ( )973 ∂∂ EDU��& SVLD��)

16 DVDT GYGW�� ( )379 ∂∂ P���NJÃ�&� IW���OEÃ�)�

17 DVDP GYGS�� ( )739 ∂∂ P���NJÃEDU� IW���OEÃSVL�

18 MU 9LVFRVLW\��G\QDPLF��� µ µ3DÃV OE��IWÃKU�

19 KT 7KHUPDO�FRQGXFWLYLW\�� . :��PÃ�&� %WX��KUÃIWÃ�)�

20 ST 6XUIDFH�WHQVLRQ��σ 1�P 1�P

21 PR 3UDQGWO�QXPEHU�� 3U1 GLPHQVLRQOHVV GLPHQVLRQOHVV

22 DC 6WDWLF�GLHOHFWULF�FRQVWDQW GLPHQVLRQOHVV GLPHQVLRQOHVV

23 IJT ,VRWKHUPDO�-RXOH�7KRPVRQ�FRHIILFLHQW N-��NJÃEDU� %WX��OEÃSVLD�

24 JT Joule-Thomson coefficient °C/bar °F/psia

25 Q 4XDOLW\��YDSRU�PDVV�IUDFWLRQ� GLPHQVLRQOHVV GLPHQVLRQOHVV

1RWH

%\�GHILQLWLRQ��WKH�WKHUPRG\QDPLF�UHIHUHQFH�VWDWH�RI�FDUERQ
GLR[LGH�LV�DW�D�WHPSHUDWXUH�RI����&��������.��DQG���������
03D�ZKHUH�WKH�LGHDO�JDV�HQWKDOS\�DQG�HQWURS\�DUH�VHW�WR�]HUR�
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)XQFWLRQV�IRU�6DWXUDWHG�3URSHUWLHV

7KH�IXQFWLRQV�IRU�VDWXUDWHG�FDUERQ�GLR[LGH�SURSHUWLHV�FDOFXODWH�YDSRU��OLTXLG
RU�WZR�SKDVH�SURSHUWLHV�DW�HLWKHU�VSHFLILHG�SUHVVXUH�RU�VSHFLILHG�WHPSHUDWXUH�
7KH�DSSOLFDEOH�UDQJH�RI�WKHVH�IXQFWLRQV�LV�IURP�WKH�WULSOH�SRLQW�XS�WR�WKH
FULWLFDO�SRLQW�

'HSHQGLQJ�RQ�\RXU�FKRLFH�RI�LQGHSHQGHQW�YDULDEOH��WKH�WZR�IXQFWLRQV�\RX
FDQ�FKRRVH�DUH�

,QGHSHQGHQW�9DULDEOH 8VH�)XQFWLRQ

3UHVVXUH CDPSAT

7HPSHUDWXUH CDTSAT

7KHVH�IXQFWLRQV�DUH�GHVFULEHG�LQ�GHWDLO�EHORZ�

&'36$7
&DOFXODWHV�WKH�VDWXUDWHG�YDSRU�RU�OLTXLG�SURSHUW\�DW�WKH�VSHFLILHG�SUHVVXUH

6\QWD[
CDPSAT(pressure, quality, property_code, units)

$UJXPHQWV

pressure LV�WKH�SUHVVXUH�DW�ZKLFK�WKH�VDWXUDWHG�SURSHUW\�LV�UHTXLUHG��6HH
WKH�5HPDUNV�VHFWLRQ�IRU�DFFHSWDEOH�SUHVVXUH�XQLWV�

quality LV���IRU�YDSRU�SKDVH�SURSHUWLHV����IRU�OLTXLG�SKDVH�SURSHUWLHV
DQG�EHWZHHQ���DQG���IRU�WZR�SKDVH�

property_code LV�DQ�LQWHJHU�SURSHUW\�FRGH�RU�D�VWULQJ�LGHQWLILHU�WKDW�VSHFLILHV
WKH�W\SH�RI�SURSHUW\�UHTXLUHG��6HH��7DEOH����3URSHUW\�&RGHV
IRU�7KHUPRG\QDPLF�DQG�7UDQVSRUW�3URSHUWLHV��SDJH�����IRU�D
OLVWLQJ�RI�YDOLG�SURSHUW\�FRGHV�

units LV�DQ�RSWLRQDO�LQWHJHU�DUJXPHQW��)RU�0HWULF�6,�XQLWV��VSHFLI\�D
YDOXH�RI����RU�OHDYH�HPSW\���)RU�(QJOLVK�XQLWV��VSHFLI\�D�YDOXH
RI���

5HPDUNV

• 7KH�VSHFLILHG�SUHVVXUH�XQLW�PXVW�EH�LQ�EDU�LI�units�LV����DQG�PXVW�EH�LQ
SVLD�LI�units�LV���

• 7KH�SUHVVXUH�PXVW�EH�JUHDWHU�WKDQ�RU�HTXDO�WR�WKH�7ULSOH�3RLQW�3UHVVXUH
DQG�OHVV�WKDQ�RU�HTXDO�WR�WKH�&ULWLFDO�3UHVVXUH�
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• ,I�DQ\�RI�WKH�DUJXPHQWV�DUH�LQYDOLG�RU�LI�WKH�DUJXPHQWV�DUH�RXWVLGH�WKH
DFFHSWDEOH�ERXQGV��WKH�IXQFWLRQ�UHWXUQV�WKH�#VALUE!�HUURU�

&'76$7
&DOFXODWHV�WKH�VDWXUDWHG�YDSRU��OLTXLG�RU�WZR�SKDVH�SURSHUW\�DW�WKH�VSHFLILHG
WHPSHUDWXUH�

6\QWD[
CDTSAT(temperature, quality, property_code, units)

$UJXPHQWV

temperature LV�WKH�WHPSHUDWXUH�DW�ZKLFK�WKH�VDWXUDWHG�SURSHUW\�LV�UHTXLUHG�
6HH�WKH�5HPDUNV�VHFWLRQ�IRU�DFFHSWDEOH�WHPSHUDWXUH�XQLWV�

quality LV���IRU�YDSRU�SKDVH�SURSHUWLHV����IRU�OLTXLG�SKDVH�SURSHUWLHV
DQG�EHWZHHQ���DQG���IRU�WZR�SKDVH�

property_code LV�DQ�LQWHJHU�SURSHUW\�FRGH�RU�VWULQJ�LGHQWLILHU�WKDW�VSHFLILHV�WKH
W\SH�RI�SURSHUW\�UHTXLUHG��6HH�7DEOH����3URSHUW\�&RGHV�IRU
7KHUPRG\QDPLF�DQG�7UDQVSRUW�3URSHUWLHV��SDJH�����IRU�D
OLVWLQJ�RI�YDOLG�SURSHUW\�FRGHV�DQG�WKHLU�PHDQLQJ�

units LV�DQ�RSWLRQDO�LQWHJHU�DUJXPHQW��)RU�0HWULF�6,�XQLWV��VSHFLI\�D
YDOXH�RI����RU�OHDYH�HPSW\����)RU�(QJOLVK�XQLWV��VSHFLI\�D�YDOXH
RI���

5HPDUNV

• 7KH�VSHFLILHG�WHPSHUDWXUH�XQLW�PXVW�EH�LQ��&�LI�units LV����DQG�PXVW�EH�LQ
�)�LI�units LV���

• 7KH�VSHFLILHG�WHPSHUDWXUH�PXVW�EH�JUHDWHU�WKDQ�RU�HTXDO�WR�WKH�7ULSOH
3RLQW�7HPSHUDWXUH�������&��DQG�OHVV�WKDQ�RU�HTXDO�WR�WKH�&ULWLFDO
7HPSHUDWXUH����������&��

• ,I�DQ\�RI�WKH�DUJXPHQWV�DUH�LQYDOLG�RU�LI�WKH�DUJXPHQWV�DUH�RXWVLGH�WKH
DFFHSWDEOH�ERXQGV��WKH�IXQFWLRQ�UHWXUQV�WKH�#VALUE!�HUURU�

)XQFWLRQV�IRU�6XSHUKHDWHG�RU�6XEFRROHG�3URSHUWLHV

7KH�IXQFWLRQV�LQ�WKLV�FDWHJRU\�FDOFXODWH�WKH�VXSHUKHDWHG�YDSRU�RU�VXEFRROHG
OLTXLG�SURSHUW\�DW�DQ\�WZR�VSHFLILHG�LQGHSHQGHQW�YDULDEOHV��7KHVH�IXQFWLRQV
KDYH�D�ZLGH�UDQJH�RI�DSSOLFDELOLW\��*HQHUDOO\��WKH�SURSHUWLHV�UHWXUQHG�E\�WKHVH
IXQFWLRQV�DUH�DFFHSWDEOH�ZLWKLQ�WKH�IROORZLQJ�UDQJHV�

� 3UHVVXUH��3��EDU��� ��≤�3�≤������
� 7HPSHUDWXUH��7���&�� �������≤�7�≤��������
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7KH�VXSHUKHDWHG�VXEFRROHG�IXQFWLRQV�UHTXLUH�WZR�LQGHSHQGHQW�YDULDEOHV�DV
LQSXW��8VH�WKH�IROORZLQJ�WDEOH�DV�D�JXLGH�WR�VHOHFW�WKH�DSSURSULDWH�IXQFWLRQ�

6SHFLILHG�,QGHSHQGHQW�9DULDEOH

)LUVW�9DULDEOH 6HFRQG�9DULDEOH 8VH�)XQFWLRQ

7HPSHUDWXUH��7 3UHVVXUH��3 CDTP

7HPSHUDWXUH��7 9ROXPH��9 CDTV

7HPSHUDWXUH��7 (QWKDOS\��+ CDTH

7HPSHUDWXUH��7 (QWURS\��6 CDTS

7HPSHUDWXUH��7 ,QWHUQDO�(QHUJ\��8 CDTU

3UHVVXUH��3 9ROXPH��9 CDPV

3UHVVXUH��3 (QWKDOS\��+ CDPH

3UHVVXUH��3 (QWURS\��6 CDPS

3UHVVXUH��3 ,QWHUQDO�(QHUJ\��8 CDPU

$OO�RI�WKHVH�IXQFWLRQV�KDYH�D�VLPLODU�V\QWD[�DQG�DUJXPHQWV�DV�GHVFULEHG
EHORZ�

*HQHUDO�'HVFULSWLRQ

*HQHUDO�6\QWD[
CDXX(first_variable, second_variable, property_code, units)

5HSODFH�&';;�ZLWK�WKH�DSSURSULDWH�IXQFWLRQ�QDPH�

*HQHUDO�$UJXPHQWV

first_variable LV�WKH�ILUVW�LQGHSHQGHQW�YDULDEOH�

second_variable LV�WKH�VHFRQG�LQGHSHQGHQW�YDULDEOH��

property_code LV�DQ�LQWHJHU�SURSHUW\�FRGH�RU�D�VWULQJ�LGHQWLILHU�WKDW�VSHFLILHV
WKH�W\SH�RI�SURSHUW\�UHTXLUHG��6HH�7DEOH����3URSHUW\�&RGHV
IRU�7KHUPRG\QDPLF�DQG�7UDQVSRUW�3URSHUWLHV��SDJH�����IRU�D
OLVWLQJ�RI�YDOLG�SURSHUW\�FRGHV�DQG�WKHLU�PHDQLQJ�

units LV�DQ�RSWLRQDO�LQWHJHU�DUJXPHQW��)RU�0HWULF�6,�XQLWV��VSHFLI\�D
YDOXH�RI����RU�OHDYH�HPSW\���)RU�(QJOLVK�XQLWV��VSHFLI\�D�YDOXH
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RI���

*HQHUDO�5HPDUNV

• ,I�DQ\�RI�WKH�DUJXPHQWV�DUH�LQYDOLG�RU�LI�WKH�DUJXPHQWV�DUH�RXWVLGH�WKH
DFFHSWDEOH�ERXQGV��WKH�IXQFWLRQ�UHWXUQV�WKH�#VALUE!�HUURU�

• 6RPH�RI�WKHVH�IXQFWLRQV�VROYH�IRU�WKH�SUHVVXUH�LWHUDWLYHO\��7KHUHIRUH��LW�LV
SRVVLEOH�WKDW�WKH�IXQFWLRQ�PD\�IDLO�WR�FRQYHUJH��LQ�ZKLFK�FDVH�WKH
IXQFWLRQ�UHWXUQV�WKH�DERYH�HUURU�FRGHV�

)XQFWLRQV�IRU�&RQVWDQW�3URSHUWLHV

7KH�IXQFWLRQV�LQ�WKLV�FDWHJRU\�UHWXUQ�FRQVWDQW�SURSHUWLHV��VXFK�DV��WKH
PROHFXODU�ZHLJKW��FULWLFDO�SURSHUWLHV��DQG�WULSOH�SRLQW�SURSHUWLHV�

7KH�FRQVWDQW�SURSHUW\�IXQFWLRQV�DUH�

)XQFWLRQ &DOFXODWHV 0HWULF�6,
8QLWV

(QJOLVK
8QLWV

CDMW 0ROHFXODU�ZHLJKW NJ�NPRO OE�OEPRO

CDTC &ULWLFDO�WHPSHUDWXUH �& �)

CDPC &ULWLFDO�SUHVVXUH EDU SVLD

CDVC &ULWLFDO�VSHFLILF�YROXPH P��NJ IW��OE

CDRC &ULWLFDO�VSHFLILF�GHQVLW\ NJ�P� OE�IW�

CDZC &ULWLFDO�FRPSUHVVLELOLW\�IDFWRU GLPHQVLRQOHVV GLPHQVLRQOHVV

CDTPT 7ULSOH�SRLQW�WHPSHUDWXUH �& �)

CDTPP 7ULSOH�SRLQW�SUHVVXUH EDU SVLD

CDTMIN 0LQLPXP�WHPSHUDWXUH �& �)

CDTMAX 0D[LPXP�WHPSHUDWXUH �& �)

CDPMIN 0LQLPXP�SUHVVXUH EDU SVLD

CDPMAX 0D[LPXP�SUHVVXUH EDU SVLD

$OO�RI�WKH�IXQFWLRQV�LQ�WKLV�FDWHJRU\�WDNH�DQ�RSWLRQDO�LQWHJHU�DUJXPHQW��units
ZKLFK�LV���RU�0HWULF�XQLWV��)RU�FRQVWDQW�SURSHUWLHV�LQ�(QJOLVK�XQLWV�VHW�WKLV
DUJXPHQW�WR���
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1RWH

,I�\RX�ZDQW�WR�XVH�WKH�GHIDXOW�DUJXPHQW�\RX�QHHG�QRW�VSHFLI\
DQ\�YDOXH��,Q�WKLV�FDVH��XVH�WKH�´HPSW\µ�SDUHQWKHVLV��IRU
H[DPSOH��=CDTC()�

0HOWLQJ�DQG�6XEOLPDWLRQ�/LQH�)XQFWLRQV

7KH�IXQFWLRQV�LQ�WKLV�FDWHJRU\�REWDLQ�WKH�WHPSHUDWXUH�RU�SUHVVXUH�DORQJ�WKH
PHOWLQJ�DQG�VXEOLPDWLRQ�OLQHV��7KH�IXQFWLRQV�LQ�WKLV�FDWHJRU\�DUH�

)XQFWLRQ &DOFXODWHV

CDPMELT 0HOWLQJ�SUHVVXUH�DW�VSHFLILHG�WHPSHUDWXUH

CDTMELT 0HOWLQJ�WHPSHUDWXUH�DW�VSHFLILHG�SUHVVXUH

CDPSUBL 6XEOLPDWLRQ�SUHVVXUH�DW�VSHFLILHG�WHPSHUDWXUH

CDTSUBL 6XEOLPDWLRQ�WHPSHUDWXUH�DW�VSHFLILHG�SUHVVXUH

$OO�RI�WKHVH�IXQFWLRQV�KDYH�D�VLPLODU�V\QWD[�DQG�DUJXPHQWV�DV�GHVFULEHG
EHORZ�

*HQHUDO�'HVFULSWLRQ

*HQHUDO�6\QWD[
CDXX(input, units)

5HSODFH�&';;�ZLWK�WKH�DSSURSULDWH�IXQFWLRQ�QDPH�

*HQHUDO�$UJXPHQWV

input LV�WKH�LQSXW�YDULDEOH��WHPSHUDWXUH�RU�SUHVVXUH�

units LV�DQ�RSWLRQDO�LQWHJHU�DUJXPHQW��)RU�0HWULF�6,�XQLWV��VSHFLI\�D
YDOXH�RI����RU�OHDYH�HPSW\���)RU�(QJOLVK�XQLWV��VSHFLI\�D�YDOXH
RI���

*HQHUDO�5HPDUNV

• ,I�DQ\�RI�WKH�DUJXPHQWV�DUH�LQYDOLG�RU�LI�WKH�DUJXPHQWV�DUH�RXWVLGH�WKH
DFFHSWDEOH�ERXQGV��WKH�IXQFWLRQ�UHWXUQV�WKH�#VALUE!�HUURU�
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)XQFWLRQV�IRU�6ROXELOLW\�LQ�:DWHU

7KH�VROXELOLW\�IXQFWLRQV�UHWXUQ�WKH�VROXELOLW\�RI�FDUERQ�GLR[LGH�LQ�ZDWHU�DV�D
IXQFWLRQ�RI�WHPSHUDWXUH�DQG�HLWKHU�WRWDO�SUHVVXUH�RU�WKH�SDUWLDO�SUHVVXUH�RI
FDUERQ�GLR[LGH��7KH�VROXELOLW\�IXQFWLRQV�DUH�EDVHG�RQ�

5HIHUHQFH

´7KH�6ROXELOLW\�RI�&DUERQ�'LR[LGH�LQ�:DWHU�DW�/RZ�3UHVVXUHµ�
-RKQ�-��&DUUROO��-RKQ�'��6OXSVN\��$ODQ�(��0DWKHU��-��3K\��&KHP�
5HI��'DWD��9RO������1R���������

7KH�IXQFWLRQV�DUH�

)XQFWLRQ &DOFXODWHV

CDSOLU 6ROXELOLW\�DW�VSHFLILHG�WHPSHUDWXUH�DQG�WRWDO�SUHVVXUH

CDSOLUPP 6ROXELOLW\�DW�VSHFLILHG�WHPSHUDWXUH�DQG�&2��SDUWLDO�SUHVVXUH

(DFK�RI�WKHVH�IXQFWLRQV�WDNHV�D�SURSHUW\�FRGH�DV�

7DEOH����6ROXELOLW\�3URSHUW\�&RGHV

3URSHUW\�&RGH 'HVFULSWLRQ

0 XCO2 /LTXLG�PROH�IUDFWLRQ�RI�&2���PRODU�VROXELOLW\�
1 YCO2 9DSRU�PROH�IUDFWLRQ�RI�&2�

2 XWCO2 /LTXLG�PDVV�IUDFWLRQ�RI�&2���PDVV�VROXELOLW\�
3 YWCO2 9DSRU�PDVV�IUDFWLRQ�RI�&2�

5DQJH
7KH�VROXELOLW\�IXQFWLRQV�DUH�YDOLG�IURP���&�WR�����&�XS�WR�D�WRWDO�SUHVVXUHV�RI
���EDU�DEVROXWH�

&'62/8
&DOFXODWHV�WKH�VROXELOLW\�RI�FDUERQ�GLR[LGH�LQ�ZDWHU�DW�WKH�VSHFLILHG
WHPSHUDWXUH�DQG�WRWDO�SUHVVXUH�

6\QWD[
CDSOLU(temperature, pressure, property_code, units)
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$UJXPHQWV

temperature LV�WKH�WHPSHUDWXUH�DW�ZKLFK�WKH�VROXELOLW\�LV�UHTXLUHG�

pressure LV�WKH�WRWDO�SUHVVXUH�DW�ZKLFK�WKH�VROXELOLW\�LV�UHTXLUHG�

property_code LV�DQ�LQWHJHU�SURSHUW\�FRGH�RU�VWULQJ�LGHQWLILHU�WKDW�VSHFLILHV�WKH
W\SH�RI�VROXELOLW\�UHTXLUHG��6HH�7DEOH����6ROXELOLW\�3URSHUW\
&RGHV��SDJH�����IRU�D�OLVWLQJ�RI�YDOLG�SURSHUW\�FRGHV�DQG�WKHLU
PHDQLQJ�

units LV�DQ�RSWLRQDO�LQWHJHU�DUJXPHQW��)RU�0HWULF�6,�XQLWV��VSHFLI\�D
YDOXH�RI����RU�OHDYH�HPSW\���)RU�(QJOLVK�XQLWV��VSHFLI\�D�YDOXH
RI���

&'62/833
&DOFXODWHV�WKH�VROXELOLW\�RI�FDUERQ�GLR[LGH�LQ�ZDWHU�DW�WKH�VSHFLILHG
WHPSHUDWXUH�DQG�&2��SDUWLDO�SUHVVXUH�

6\QWD[
CDSOLU(temperature, partial_pressure, property_code, units)

$UJXPHQWV

temperature LV�WKH�WHPSHUDWXUH�DW�ZKLFK�WKH�VROXELOLW\�LV�UHTXLUHG�

partial_pressure LV�WKH�&2��SDUWLDO�SUHVVXUH�DW�ZKLFK�WKH�VROXELOLW\�LV�UHTXLUHG�

property_code LV�DQ�LQWHJHU�SURSHUW\�FRGH�RU�VWULQJ�LGHQWLILHU�WKDW�VSHFLILHV�WKH
W\SH�RI�VROXELOLW\�UHTXLUHG��6HH�7DEOH����6ROXELOLW\�3URSHUW\
&RGHV��SDJH�����IRU�D�OLVWLQJ�RI�YDOLG�SURSHUW\�FRGHV�DQG�WKHLU
PHDQLQJ�

units LV�DQ�RSWLRQDO�LQWHJHU�DUJXPHQW��)RU�0HWULF�6,�XQLWV��VSHFLI\�D
YDOXH�RI����RU�OHDYH�HPSW\���)RU�(QJOLVK�XQLWV��VSHFLI\�D�YDOXH
RI���
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Function Calculates at Specified Calling Sequence Example

Saturated Vapor, Liquid, and Two-Phase Functions

CDPSAT pressure (P) CDPSAT(pressure, quality, code, units)

CDTSAT temperature (T) CDTSAT(temperature, quality, code, units)

Superheated or Subcooled Functions

CDTP temperature and pressure (T-P) CDTP(temperature, pressure, code, units)

CDTV temperature and volume (T-V) CDTV(temperature, volume, code, units)

CDTH temperature and enthalpy (T-H) CDTH(temperature, enthalpy, code, units)

CDTS temperature and entropy (T-S) CDTS(temperature, entropy, code, units)

CDTU temperature and internal energy (T-U) CDTU(temperature, internal, code, units)

CDPV pressure and volume (P-V) CDPV(pressure, volume, code, units)

CDPH pressure and enthalpy (P-H) CDPH(pressure, enthalpy, code, units)

CDPS pressure and entropy (P-S) CDPS(pressure, entropy, code, units)

CDPU pressure and internal energy (P-U) CDPU(pressure, internal, code, units)

Melting and Sublimation Functions

CDPMELT pressure at specified temperature (T) CDPMELT(temperature, units)

CDTMELT temperature at specified pressure (P) CDTMELT(pressure, units)

CDPSUBL pressure at specified temperature (T) CDPSUBL(temperature, units)

CDTSUBL temperature at specified pressure (P) CDTSUBL(pressure, units)

Solubility in Water Functions

CDSOLU temperature and total pressure CDSOLU(temperature, pressure, code, units)

CDSOLUPP temperature and CO2 partial pressure CDSOLUPP(temperature, pressure, code, units)

Constant Properties Functions

CDWM Molecular weight CDMW(units)

CDTC Critical temperature CDTC(units)

CDPC Critical pressure CDPC(units)

CDVC Critical specific volume CDVC(units)

CDRC Critical specific density CDRC(units)

CDZC Critical compressibility factor CDZC(units)

CDTPT Triple point temperature CDTPT(units)

CDTPP Triple point pressure CDTPP(units)

CDTMIN Minimum temperature range CDTMIN(units)

CDTMAX Maximum temperature range CDTMAX(units)

CDPMIN Minimum pressure range CDPMIN(units)

CDPMAX Maximum pressure range CDPMAX(units)

Quality (vapor mass fraction)

0 Saturated Liquid

1 Saturated Vapor

0 < Q < 1 Two-phase

-1* Indeterminate*

-2* Superheated vapor*

-3* Subcooled liquid*

Units

0 or none Metric/SI

1 English


Cannot be specified as a function argument. Only returned as a calculated value.
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Code Carbon Dioxide Property Metric/SI Units English Units

0 T Temperature, T °C °F

1 P Pressure, P bar psia

2 V Volume, V m3/kg ft3/lb

3 D Density, ρ kg/m3 lb/ft3

4 Z Compressibility factor, Z dimensionless dimensionless

5 A Helmoltz free energy, A kJ/kg Btu/lb

6 S Entropy, S kJ/(kg·°C) Btu/(lb·°F)

7 U Internal energy, U kJ/kg Btu/lb

8 H Enthalpy, H kJ/kg Btu/lb

9 G Gibbs free energy, G kJ/kg Btu/lb

10 CV Heat capacity at constant volume, vC kJ/(kg·°C) Btu/(lb·°F)

11 CP Heat capacity at constant pressure, pC kJ/(kg·°C) Btu/(lb·°F)

12 W Speed of sound, v m/s ft/s

13 ALPHA Coefficient of thermal expansion, ( )PTV ∂∂= ρα 1/°C 1/°F

14 KAPPA Isothermal compressibility, ( )TPV ∂∂−= ρκ 1/bar 1/psia

15 DPDT dpdt, ( )VTP ∂∂ bar/°C psia/°F

16 DVDT dvdt, ( )PTV ∂∂ m3/(kg·°C) ft3/(lb·°F)

17 DVDP dvdp, ( )TPV ∂∂ m3/(kg·bar) ft3/(lb·psi)

18 MU Viscosity (dynamic), µ µPa·s lb/(ft·hr)

19 KT Thermal conductivity, K W/(m·°C) Btu/(hr·ft·°F)

20 ST Surface tension, σ N/m N/m

21 PR Prandtl number, PrN dimensionless dimensionless

22 DC Static dielectric constant dimensionless dimensionless

23 IJT Isothermal Joule-Thomson coefficient kJ/(kg·bar) Btu/(lb·psia)

24 JT Joule-Thomson coefficient °C/bar °F/psia

25 Q Quality (vapor mass fraction) dimensionless dimensionless

Code Solubility in Water Property Metric/SI Units English Units

0 XCO2 Liquid mole fraction of CO2 (molar solubility) dimensionless dimensionless

1 YCO2 Vapor mole fraction of CO2 dimensionless dimensionless

2 XWCO2 Liquid mass fraction of CO2 (mass solubility) dimensionless dimensionless

3 YWCO2 Vapor mass fraction of CO2 dimensionless dimensionless


