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LibHuAirProp Product Information

Do you need property values for moist air in I-P or Sl units in your daily work?
» Use the property library LibHuAirProp <«

Do you need these properties in Excel®, MATLAB®, Mathcad®, EES®, LabVIEW™,
DYMOLA®, or SimulationX®?

» Use the add-ins FluidEXL, FluidLAB, FluidMAT, FIuidEES, FluidVIEW, or FluidDYM <«

What properties can be calculated using this software?
» thermodynamic properties psychrometric functions <«
» transport properties backward functions <«

What range of state is covered by this property library?
» unsaturated and saturated moist air <
» supersaturated moist air (liquid fog and ice fog) <«
» temperatures from -143.15°C (-225.67°F) to 350°C (662°F) «
» pressures from 0.01 kPa (0.00145 psi) to 10,000 kPa (1450.4 psi) <

What are the references of LibHuAirProp?

Tables for moist air properties in the 2009 ASHRAE Handbook of Fundamentals were calculated
using LibHuUAirProp
Psychrometrics 1.3

Table 2 Thermodynamic Properties of Moist Air at Standard Atmospheric Pressure, 101.325 kPa

Terp., °C  Humidity Rutio Specific Volame, m kg, Specific Enthalpy, klikg,, Specific Entropy. klilke, KD fop o
] W kg kg, Vi Vs v, b he h, Sda x ;
0 00000067 0.6027 0.0000 0.6027 0.016 60,325 0.2494 6l
59 00000076 06055 L0000 06055 0018 50.317 59
58 1,0000087 084 00,0000 0,6084 0021 58
57 0.0000100 06112 00000 0.6112 0,024 57
56 0.00000 14 06141 L0000 06141 0027 56
55 0.0000129 06169 (0.0000 06169 0031 A 55
54 0.0000147 06198 0.0000 06198 033 { 54
53 0.0000167 06226 0,0000 0,6226 040 ) 53
52 00000190 0.6255 {0000 06255 00446 i 52
51 00000215 (L6283 (L0000 06283 0052 0.2078 5l

Thermodynamic and psychrometric property algorithms from ASHRAE Research Project 1485
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This paper is bused on findings resulting from ASHRAE Research Project RP-1485.

This research updates the modeling of moist air as a real gas mixture using the virial equation
o state. It includes the Hyland and Wexler model (1983a, 1983b) and considers the Nel-
son-Sauer model (2002). Al new National Institute of Standards and Technology reference
equations and the latest ional Jfor the Properties of Water and Steam
(IAPWS) standards, as well as ihe current values for the molar masses and gas constants, have
been incorporated. The deviations of the proposed model to the Hyland-Wexler and Nel-
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10 kg kg, This model was used to produce moist air and H,0 saiuration property iables for
the psychrometric chapter in the 2009 ASHRAE Handbook—Fundamentals (ASHRAE 2009).
The paper summarizes ASHRAE Research Project 1485 (RP-1483).




Transport properties of moist air from the PTB Report PTB-CP-3 and the related paper in the
Journal of Engineering for Gas Turbines and Power
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Property Library for Real Humid Air,
Steam, Water, and Ice
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0 Package Contents

0.1 Add-Ins for 32-bit version of LabVIEWTNI

The following ZIP files are delivered for your computer running a 32-bit version of LabVIEW™.

ZIP file "CD_FIuidVIEW_ASHRAE_LibHuAirProp_IP.zip" for LabVIEWTM

The directory structure of the delivered archive corresponds to the default directory of LabVIEW™,
All contained files, their paths and the structure of the archive are shown in the screenshot of the
WInRAR file archiver and compression tool illustrated in Figure 0.1.

File Commands Tools Favorites Options Help
Ed —a — Ty ]
FINWEY RO & ¥
= View file =i W ar
Add Extract To  Test Vi e Find Wizard Info VirusScan Comment SEX
m E CD_FluidVIEW_ASHRAE_LibHuAirProp_IP.zip - ZIP archive, unpacked size 24.491.908 bytes -
N=] CD_FluidVIEW_ASHRAE_LibHuAirProp_IP.zip Name = Size Packed Type
= . CD_FluidVIEW_ASHRAE_LibHuAirProp_IP 1 File folder
hE|PFI i , Categories File folder
i FluidVIEW-Help | CD_FluidVIEW_ASHRAE_LibHuAirProp_IP File folder
T m_encuaiegories  FiidVIEW Flefolder
E| | FluidVIEW J FluidVIEW File folder
B LibHuAirProp_IP . FluidVIEW-Help File folder
]| source J help File folder
E| villib . LibHuAirProp_IP File folder
i | FluidVIEW | menus File folder
| source File folder
Jvildib File folder
|%| advapi32.dil 678.400 416,668 DLL File
% Dformd.dll 458,752 192962 DLLFile
\%| Dforrt.dll 450.560 189.747 DLLFile
| dirmnu 2.269 868 MNU File
__|dirmnu 4917 1.054  MNU File
2 FluidVIEW_ASHRAE_LibHuAirProp_Users_Guide.pdf 10105783 6989731 Adobe Acrobat Do...
T FluidVIEW _LibHuAirProp_IP.pdf 9.812.950 6.664.667 Adobe Acrobat Do..
=] LC.dll 135168 52,620 DLL File
|%| LCKCE.dII 139.264 56928 DLL File
% LibHuAirProp_IP.dil 303104 102374 DLLFile
IZ@' LibHuAirProp_IP.HLP 442424 154249 Help file
|| LibHuAirProp_IP.llb 1.188.968 317.218 LLBEFile
| LibHuAirProp_IP txt 29 29 Text Document
%] msvepB0.dil 413,696 106456 DLL File
%] msvert.dil 343.040 173569 DLLFile
| Open_LibHuAirProp_IP_doc.tet 28 28 Text Document
|| Open_LibHuAirProp_IP_docwvi 12.556 6.823 VIFile
« [ I N b
=L+ Total 10 folders and 24.491.908 bytes in 17 files

Figure 0.1: Screenshot of WinRAR showing the CD_FluidVIEW_ASHRAE_LibHuAirProp_IP.zip archive

The effects of the seventeen files, which are stored in the different directories of the zip archive, are
shown in Table 0.1 to Table 0.4.

Table 0.1: Effects of the files located in the archive directory
CD_FIuidVIEW_ASHRAE_LibHuAirProp_IP.zip\vi.lib\FluidVIEW\LibHuAirProp_IP

Filename Effects

LibHuAirProp_IP.lIb LabVIEW™ library file, containing every function of the LibHuAirProp_IP
property library in the form of subprograms (SubVIs)
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Table 0.2: Effects of the files located in the archive directory
CD_FluidVIEW_ASHRAE_LibHuAirProp_IP.zip\menus\Categories\FluidVIEW

Filename Effects

dir.mnu The palette view of LabVIEW™ is based on the palette files (*.mnu).
They include the palette data (e. g. the display name, the palette icon,
the palette description, the help information, the synchronize
information and the items).

Table 0.3: Effects of the files located in the archive directory
CD_FIluidVIEW_ASHRAE_LibHuAirProp_IP.zip\source

Filename

Effects

LibHuAirProp_IP.dll

advapi32.dll
Dformd.dll
Dforrt.dll
LC.dl
LCKCE.dIl
msvcp60.dll

msvecrt.dll

Dynamic-link library containing the algorithms for the calculation of
humid air as an ideal mixture of the real fluids dry air and steam,
water and/or ice, using the ASHRAE-Virial-Model.

The results are calculated in I-P Units.

Runtime library

Runtime library for the Fortran DLL

Runtime library for the Fortran DLL

Auxiliary library

Auxiliary library

Runtime library

Runtime library

Table 0.4: Effects of the files located in the archive directory
CD_FluidVIEW_ASHRAE_LibHuAirProp_IP\help\FluidVIEW-help

Filename

Effects

FluidVIEW_LibHuAirProp_IP.pdf

LibHuAirProp_IP.hlp
OpenLibHuAirProp_IP_doc.vi
LibHuAirProp_IP.txt

OpenLibHuAirProp_IP_doc.txt

User’s guide of the property library LibHuAirProp_IP for the
LabVIEW™ Add-On FluidVIEW

Help file with descriptions for each function
LabVIEW™ instrument to open the user’s guide via the help menu
Text file to change the name of the menu item of the help file

Text file to change the name of the menu item of the file
OpenLibHuAirProp_IP_doc.vi

H.-J. Kretzschmar, S. Herrmann, I. Stoecker, M. Kunick, M. Nicke, D. P. Gatley: Property Library ASHRAE-LibHuUAirProp
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ZIP file "CD_FluidVIEW_ASHRAE_LibHuAirProp_Sl.zip" for LabVIEW "™

The directory structure of the delivered archive corresponds to the default directory of LabVIEW™,
All contained files, their paths and the structure of the archive are shown in the screenshot of the
WINRAR file archiver and compression tool illustrated in Figure 0.2.

Eile Commands Tools Favorites Options Help
r 4
FAW MO & ¥
4 W i iy
Add  Extract To  Test View Delete Find Wizard Info VirusScan Comment  SFX
m & CD_FluidVIEW_ASHRAE_LibHuAirProp_SLzip - ZIP archive, unpacked size 24 485,809 bytes -
R=] CD_FluidVIEW_ASHRAE LibHuAirProp Slzip e = Size Packed Type
= CD_FluidVIEW_ASHRAE_LibHuAirProp_SI File folder
= help . . Categories File folder
i m'e:'u”S'MEW'HE'p | CD_FluidVIEW_ASHRAE_LibHuAirProp_SI File folder
-l Categories .FIu?d‘u"IEW F?Iefolder
B | FluidVIEW . FluidVIEW File folder
LB LibHuAirProp_SI . FluidVIEW-Help File folder
| source . help File folder
| vilib . LibHuAirProp_5I File folder
i | FluidVIEW . menus File folder
. source File folder
. vilib File folder
|%| advapi32.dil 678.400 416,668 DLL File
|%| Dformd.dll 458.752 192962 DLLFile
|| Dforrt.dll 450.560 189.747 DLLFile
|| dirmnu 2.269 868 MNU File
|| dirmnu 5301 1.094 MNU File
T FluidVIEW_ASHRAE_LibHuAirProp_Users_Guide.pdf 10.105.782 6989731 Adobe Acrobat Do...
T FluidVIEW_LibHuAirProp_SLpdf 9.812.950 6.664.667 Adobe Acrobat Do...
|| LC.dll 135168 52,620 DLLFile
|%| LCKCE.dII 139.264 56.928 DLL File
% LibHuAirProp_SLdll 303104 101,627 DLLFile
i@‘ LibHuAirProp_SLhlp 436.245 150,059 Help file
|| LibHuAirProp_SLIIb 1.188.652 319111 LLBFile
 LibHuAirProp_SLtdt 29 29 Text Document
%] msveps0.dil 413,696 106.456 DLL File
%] msvert.dll 343.040 173.568 DLL File
__ Open_LibHuAirProp_SI_doc.txt 28 28 Text Document
|| Open_LibHuAirProp_SI_doc.vi 12.568 6.845 VIFile
] m b
= L.+ Total 10 folders and 24.485.809 bytes in 17 files

Figure 0.2: Screenshot of WinRAR showing the CD_FluidVIEW_ASHRAE_LibHuAirProp_Sl.zip archive

The effects of the seventeen files, which are stored in the different directories of the zip archive, are
shown in Table 0.5 to Table 0.8.

Table 0.5: Effects of the files located in the archive directory
CD_FluidVIEW_ASHRAE_LibHuAirProp_Sl.zip\vi.lib\FluidVIEW\LibHuAirProp_SI

Filename Effects

LibHuAirProp_SL.IIb LabVIEW™ library file, containing every function of the LibHuAirProp_SI
property library in the form of subprograms (SubVIs).
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Table 0.6: Effects of the files located in the archive directory
CD_FluidVIEW_ASHRAE_LibHuAirProp_Sl.zip\menus\Categories\FluidVIEW

Filename Effects

dir.mnu The palette view of LabVIEW™ is based on the palette files (*.mnu).
They include the palette data (e. g. the display name, the palette icon,
the palette description, the help information, the synchronize
information and the items).

Table 0.7: Effects of the files located in the archive directory
CD_FluidVIEW_ASHRAE_LibHuAirProp_Sl.zip\source

Filename

Effects

LibHuAirProp_Sl.dll

advapi32.dll
Dformd.dll
Dforrt.dll
LC.dll
LCKCE.dIl
msvcp60.dll

msvcrt.dll

Dynamic-link library containing the algorithms for the calculation of
humid air as an ideal mixture of the real fluids dry air and steam,
water and/or ice, using the ASHRAE-Virial-Model.

The results are calculated in S| Units.

Runtime library

Runtime library for the Fortran DLL

Runtime library for the Fortran DLL

Auxiliary library

Auxiliary library

Runtime library

Runtime library

Table 0.8: Effects of the files located in the archive directory
CD_FIluidVIEW_ASHRAE_LibHuAirProp_Shhelp\FluidVIEW-help

Filename

Effects

FluidVIEW _LibHuAirProp_Sl.pdf

LibHuAirProp_Sl.hlp
OpenLibHuAirProp_SI_doc.vi
LibHuAirProp_Sl.txt

OpenLibHuUAIirProp_SI_doc.txt

User’s guide of the property library LibHuAirProp_SI for the
LabVIEW™ Add-On FluidVIEW

Help file with descriptions for each function
LabVIEW™ instrument to open the user’s guide via the help menu
Text file to change the name of the menu item of the help file

Text file to change the name of the menu item of the file
OpenLibHuUAirProp_SI_doc.vi
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0.2 Add-Ins for 64-bit version of LabVIEWT'VI

The following ZIP files are delivered for your computer running a 64-bit version of LabVIEW ™.

ZIP file "CD_FluidVIEW_ASHRAE_LibHuAirProp_IP_x64.zip" for LabVIEW ™

The directory structure of the delivered archive corresponds to the default directory of LabVIEW ™.,
All contained files, their paths and the structure of the archive are shown in the screenshot of the
WInRAR file archiver and compression tool illustrated in Figure 0.3.

File Commands Tools Favorites Options Help
A
AW HH WO & 4 ¥
v = W 1/
Add Extract To  Test View Delete Find Wizard Info VirusScan Comment SEX
m E CD_FluidVIEW_ASHRAE_LibHuAirProp_IP_x64.zip - ZIP archive, unpacked size 33.392.498 bytes -
R=] CD_FluidVIEW_ASHRAE LibHuAirProp_IP 64 zip |l IV S = Size Packed Type
= 1) CD_FluidVIEW_ASHRAE_LibHuAirProp_IP_x64 1 File folder
help ) | Categories File folder
i FluidVIEW-Help | CD_FluidVIEW_ASHRAE_LibHuAirProp_IP_64 File folder
m_er;:iegories J FluidVIEW File folder
E| | FluidVIEW J FluidVIEW File folder
B LibHuAirProp_IP . FluidVIEW-Help File folder
source . help File folder
L veredist b4 . LibHuAirProp_IP File folder
E| | vilib B | menus File folder
i . FluidVIEW | SOUrce File folder
. veredist_wb4 File folder
L vilib File folder
|| capt_ico_big.ico 4.534 1.081 Icon
|| dirmnu 2.269 868 MMNU File
|| dirmnu 4,917 1.054 MMNU File
? FluidVIEW_ASHRAE_LibHuAirProp_Users_Guide.pdf 10105.783 6.989.731 Adobe Acrobat Do...
2 FluidVIEW_LibHuAirProp_IP.pdf 9.812.950 6,664,667 Adobe Acrobat Do..,
|| LC.dll 135.168 52,620 DLLFile
| LCKCE.dII 42.496 14,858 DLLFile
1% LibHuAirProp_IP.dll 596.480 228158 DLLFile
IZ@' LibHuAirProp_IP.HLP 442,424 154,249 Help file
|| LibHuAirProp_IP.llb 1.188.968 317.218 LLBFile
| LibHuAirProp_IP.tet 29 29 Text Document
%] libifcoremd.dll 1313184 491014 DLLFile
%] libiomp5md.dil 761.760 305516 DLLFile
%] librmd.dll 3.250.080 1.261.510 DLL File
| Open_LibHuAirProp_IP_doc.tet 28 28 Text Document
|| Open_LibHuAirProp_IP_doc.wvi 12.556 6823 VIFile
[ veredist_xb4.exe 5.718.872 5.694.074  Application
“ 1 ¢
EImO Selected 10.105.783 bytes in 1 file Total 11 folders and 33.392.498 bytes in 17 files

Figure 0.3: Screenshot of WIinRAR showing the CD_FluidVIEW_ASHRAE_LibHuAirProp IP_x64.zip
archive

The effects of the seventeen files, which are stored in the different directories of the zip archive, are
shown in Table 0.9 to Table 0.13.

Table 0.9: Effects of the files located in the archive directory
CD_FluidVIEW_ASHRAE_LibHuAirProp_IP_x64\vi.lib\FluidVIEW\LibHuUAirProp_IP

Filename Effects

LibHuAirProp_IP.lIb LabVIEW™ library file, containing every function of the LibHuAirProp_IP

property library in the form of subprograms (SubVIs).
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Table 0.10: Effects of the files located in the archive directory
CD_FluidVIEW_ASHRAE_LibHuAirProp_IP_x64\menus\Categories\FIuidVIEW

Filename Effects

dir.mnu The palette view of LabVIEW™ is based on the palette files (*.mnu). They
include the palette data (e. g. the display name, the palette icon, the palette
description, the help information, the synchronize information and the items).

Table 0.11: Effects of the files located in the archive directory
CD_FluidVIEW_ASHRAE_LibHuAirProp_IP_x64\source

Filename Effects

LibHuAirProp_IP.dlI Dynamic-link library containing the algorithms for the calculation of humid air
as an ideal mixture of the real fluids dry air and steam, water and/or ice,
using the ASHRAE-Virial-Model.

The results are calculated in I-P Units.

Capt_ico_big.ico Icon file

Libmmd.dll Runtime library
Libifcoremd.dll Runtime library
LC.dll Auxiliary library
LCKCE.dII Auxiliary library
Libiomp5md.dll Runtime library

Table 0.12: Effects of the files located in the archive directory
CD_FluidVIEW_ASHRAE_LibHuAirProp_IP_x64\help\FluidVIEW-help

Filename Effects

FluidVIEW_LibHuAirProp_IP.pdf  User’s guide of the LibHuAirProp_IP property library for the
LabVIEW™ Add-On FluidVIEW

LibHuAirProp_IP.hlp Help file with descriptions for each function
OpenLibHuAirProp_IP_doc.vi LabVIEW™ instrument to open the user’s guide via the help menu
LibHuAirProp_IP.txt Text file to change the name of the menu item of the help file

OpenLibHuAirProp_IP_doc.txt Text file to change the name of the menu item of the file
OpenLibHuAirProp_IP_doc.vi
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Table 0.13: Effects of the files loc

ated in the archive directory

CD_FIluidVIEW_ASHRAE_LibHuAirProp_IP_x64 \vcredist_x64

Filename

Effects

vcredist_x64.exe

Executable file to install the Microsoft Visual C++ 2008
Redistributable Package (x64). Within runtime components of
Visual C++ Libraries required to run 64-bit applications developed
with Visual C++ on a computer that does not have Visual C++
2010 installed.

ZIP file "CD_FluidVIEW_ASHRAE_LibHuAirProp_SI_x64.zip" for LabVIEW ™

0/7

The directory structure of the delivered archive corresponds to the default directory of LabVIEW™.,

All contained files, their paths and the structure of the archive are shown in the screenshot of the

WINRAR file archiver and compression tool illustrated in Figure 0.4.

File Commands Tools | Favorites | Options Help

DI W [ by WD

M 4 ¥

Extract To  Test Wiew Delete Find Wizard Info VirusScan Comment SFX
m E CD_FluidVIEW_ASHRAE_LibHuAirProp_SI_xb4 zip - ZIP archive, unpacked size 33.380.767 bytes -
R=] CD_FluidVIEW_ASHRAE_LibHuAirProp_SLx64.zip Jjj FYH B Size Packed Type
E|--- , CD_FluidVIEW_ASHRAE_LibHuAirProp_5SI_xb64 File folder
help ) Categories File folder
il FluidVIEW-Help | CD_FluidVIEW_ASHRAE_LibHuAirProp_SLx64 File folder
mé?a?:egories y FIu?d\u‘IEW F?Ie folder
B | FluidVIEW J FluidVIEW File folder
-l LibHuAirProp_St J FluidVIEW-Help File folder
| source . help File folder
| veredist 164 J LibHuAirProp_SI File folder
| vilib B / menus File folder
‘)l FluidVIEW | source File folder
. weredist_xb4 File folder
L villib File folder
|| capt_ico_big.ico 4.534 1.081 Icon
|| dirmnu 2.269 868  MMNU File
|| dirmnu 5301 1094 MNU File
2 FluidVIEW_ASHRAE_LibHuAirProp_Users_Guide.pdf 10.105.783 6.989.731 Adobe Acrobat Do...
T FluidVIEW_LibHuAirProp_SLpdf 9.812.950 6,664,667 Adobe Acrobat Do..
%/ LC.dll 135.168 52620 DLL File
%] LCKCE.dIl 42,496 14,858 DLL File
1% LibHuAirProp_SLdIl 580.848 227167 DLL File
@ LibHuAirProp_SLhip 436.245 150059 Help file
|| LibHuAirProp_SLIlb 1.188.652 319111 LLE File

| LibHuAirProp_SLbxt 29 29 Text Document

1%/ libifcoremd.dll 1313184 4591014 DLL File
1%/ libiomp5md.dll 761.760 305516 DLL File
1%/ libmmad.dll 3.250.080 1.261.510 DLL File

| Open_LibHuAirProp_SI_doc.bd 28 28 Text Document

|| Open_LibHuAirProp_SI_doc.wvi 12.568 6.845 VIFile
(W5 veredist_64.exe 5.718.872 5.604.074  Application
< I ¢

= Lol

Total 11 folders and 33.380.767 bytes in 17 files

Figure 0.4: Screenshot of WinRAR showing the CD_FluidVIEW_ASHRAE_LibHuAirProp_ Sl x64.zip

archive

The effects of the seventeen files, which are stored in the different directories of the zip archive, are
shown in Table 0.14 to Table 0.18.
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Table 0.14: Effects of the files located in the archive directory
CD_FluidVIEW_ASHRAE_LibHuAirProp_SI_x64\vi.lib\FluidVIEW\LibHuAirProp_SI

Filename Effects

LibHuAirProp_Sl.IIb LabVIEW™ library file, containing every function of the LibHuAirProp_SI
property library in the form of subprograms (SubVIs).

Table 0.15: Effects of the files located in the archive directory
CD_FluidVIEW_ASHRAE_LibHuAirProp_SI x64\menus\Categories\FluidVIEW

Filename Effects

dir.mnu The palette view of LabVIEW™ is based on the palette files (*.mnu). They
include the palette data (e. g. the display name, the palette icon, the palette
description, the help information, the synchronize information and the items).

Table 0.16: Effects of the files located in the archive directory
CD_FluidVIEW_ASHRAE_LibHuAirProp_SI x64\source

Filename Effects

LibHuAirProp_SlI.dll Dynamic-link library containing the algorithms for the calculation of
humid air as an ideal mixture of the real fluids dry air and steam,
water and/or ice, using the ASHRAE-Virial-Model.

The results are calculated in S| Units.

Capt_ico_big.ico Icon file

Libmmd.dll Runtime library
Libifcoremd.dll Runtime library
LC.dll Auxiliary library
LCKCE.dIl Auxiliary library
Libiomp5md.dll Runtime library
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Table 0.17: Effects of the files located in the archive directory
CD_FluidVIEW_ASHRAE_LibHuAirProp_SI x64\help\FluidVIEW-help

Filename Effects

FluidVIEW_LibHuAirProp_Sl.pdf  User’s guide of the LibHuAirProp_SI property library for the
LabVIEW™ Add-On FluidVIEW

LibHuAirProp_Sl.hlp Help file with descriptions for each function
OpenLibHuAirProp_SI_doc.vi LabVIEW™ instrument to open the user’s guide via the help menu
LibHuAirProp_Sl.txt Text file to change the name of the menu item of the help file

OpenLibHuAirProp_SI_doc.txt Text file to change the name of the menu item of the file
OpenLibHuAirProp_SI_doc.vi

Table 0.18: Effects of the files located in the archive directory
CD_FluidVIEW_ASHRAE_LibHuAirProp_SI_x64\vcredist_x64

Filename Effects

vcredist_x64.exe Executable file to install the Microsoft Visual C++ 2008
Redistributable Package (x64). Within runtime components of
Visual C++ Libraries required to run 64-bit applications developed
with Visual C++ on a computer that does not have Visual C++
2010 installed.
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1 Property Library ASHRAE-LibHuAirProp-IP

1.1 Function Overview

1.1.1 Function Overview for Real Moist Air

Functional Function Name Property or Function Unit of the Page
Dependence Result

a="f(p,t,W) a_ptW_HAP_IP Thermal diffusivity ft?/s 3/2

a, =f(p,t, W) alphap_ptW_HAP_IP Relative pressure coefficient 1/°R 3/3

By =f(p,t W) betap_ptW_HAP_IP Isothermal stress coefficient Ib/ft3 3/4

c =f(p,t,W) c_ptW_HAP_IP Speed of sound ft/s 3/5

¢, =f(p.t,W) cp_ptW_HAP_IP Specific isobaric heat capacity Btu/(Ib°R) 3/6

¢, =f(p,t,W) cv_ptW_HAP_IP Specific isochoric heat capacity Btu/(Ib°R) 3/7

f=f(p,t) f pt HAP_IP Enhancement factor (decimal ratio) - 3/8

h=f(p,t,W) h_ptW_HAP_IP Air-specific enthalpy Btu/lb, 3/9

n =f(p,t,W) Eta_ptW_HAP_IP Dynamic viscosity Ib-s/ft2 3/10
x =f(p,t,W) Kappa_ptW_HAP_IP Isentropic exponent - 3/11

A =f(p,t,W) Lambda_ptW_HAP_IP Thermal conductivity Btu/(h'ft°R) 3/12
v ="f(p,t,W) Ny ptW_HAP_IP Kinematic viscosity ft?/s 3/13
p =f(t,s,W) p_tsW_HAP_IP Pressure of humid air psi 3/14
p="F(zge) p_zele HAP_IP Pressure of humid air from elevation psi 3/15
Pair = f(p.t,W) pAIR_ptW_HAP_IP Partial pressure of dry air in moist air psi 3/16
Proo = f(p,t,W) pH20 ptW_HAP_IP Partial pressure of water vapor in moist air psi 3/17
Proos = f(p.t) pH20s_pt_HAP_IP Partial saturation pressure of water vapour in moist air psi 3/18
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Functional Function Name Property or Function Unit of the Page

Dependence Result

o =f(p,t,W) phi_ptW_HAP_IP Relative humidity (decimal ratio) - 3/19

Pr =f(p,t,W) Pr_ptW_HAP_IP PRANDTL number - 3/20

wair = (W) PsiAir W_HAP_IP Mole fraction of dry air in moist air mol./mol 3/21

Whoo = f(W) PsiH20_W_HAP_IP Mole fraction of water vapor in moist air mol,/mol 3/22

p=f(p,t,W) Rho_ptW_HAP_IP Density Ib/ft® 3/23

s="f(p,t,W) s_ptW_HAP_IP Air-specific entropy Btu/(Ib-°R) 3/24

t=1(p,h,p) t_phphi_HAP_IP Backward function: temperature from total pressure, air-specific °F 3/25
enthalpy and relative humidity

t=f(p,h,W) t phW_HAP_IP Backward function: temperature from total pressure, enthalpy and °F 3/26
humidity ratio

t=f(p,s,W) t_ psW_HAP_IP Backward function: temperature from total pressure, entropy and °F 3/27
humidity ratio

t=f(p,typ.W) t_ptwbW_HAP_IP Backward function: temperature from total pressure, wet-bulb °F 3/28
temperature and humidity ratio

tq =f(p,W) td_pW_HAP_IP Dew-point/frost-point temperature °F 3/29

ts = (P, Pr2o) ts_ppH20_HAP_IP Backward function: saturation temperature of water from total pressure | °F 3/30
and partial pressure of water vapor

two = f(p,t,W) twb_ptW_HAP_IP Wet-bulb/ice-bulb temperature °F 3/31

u="f(p,t,W) u_ptW_HAP_IP Air-specific internal energy Btu/lb, 3/32

v =f(p,t,W) v_ptW_HAP_IP Air-specific volume ft3/Ib, 3/33

W =1(p,t, PHoo) W_ptpH20_HAP_IP Humidity ratio from total pressure, temperature, and partial pressure of | Ib,/lb, 3/34
water vapor

W =1(p,t,p) W_ptphi_HAP_IP Humidity ratio from total pressure, temperature, and relative humidity | Ib,/lb, 3/35

W =f(p.ty) W_ptd HAP_IP Humidity ratio from total pressure and dew-point temperature Iby/lb, 3/36
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Functional Function Name Property or Function Unit of the Page
Dependence Result

W =f(p,t,t,p) W_pttwb_HAP_IP Humidity ratio from total pressure, (dry bulb) temperature, and wet- by /b, 3/37

bulb temperature

W, =f(p.t) Ws_pt HAP_IP Saturation humidity ratio Iby/1b, 3/38
Epir = (W) XiAir W_HAP_IP Mass fraction of dry air in moist air Ib,/Ib 3/39
Epo = f(W) XiH20_W_HAP_IP Mass fraction of water vapor in moist air Ib,/1b 3/40
Z =f(p,t,W) Z ptW_HAP_IP Compression factor (decimal ratio) - 3/41
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Range of Validity of Thermodynamic Properties Units

|Property Range of Validity Symbol | Quantity Unit

Pressure: 0.00145 | < | P | < |1450.4 |psi p Pressure psi

Temperature: 22567 | < | t | <|662 [F t Temperature °F

Humidity ratio: 0| < <110 Ib,./Ib, w Humidity ratio Iby/Ib, (Ib water / Ib dry air)
Relative humidity: oO|l<| e |<|1 (decimal ratio) ¢ Relative humidity (decimal ratio)

Dew-point temperature:| —22567 | < | t; | < | 662 °F Iy Dew point temperature °F

Wet-bulb temperature: | 22567 | < |ty | < | 662 °F b Wet bulb temperature il

Range of Validity of Transport Properties

|Property Range of Validity

Pressure: 0.00145 < P < 14504 psi
Temperature: 9967 < t < 662 °F

Humidity ratio: 0 < w < 10 Iby/1bs
Relative humidity: 0 < ¢ < 1 (decimal ratio)
Molar Masses

Component Molar Mass Reference

Dry Air 63.859 Ib/kmol [17]

Water 39.7168998 Ib/kmol [5], [6]

Reference States

Property Dry Air Steam, Water, and Ice
Pressure 14.6959 psi ps(32.018°F) = 0.088714 psi
Temperature 32°F 32.018°F
Enthalpy 0 Btu/lb 0.00026301926 Btu/lb
Entropy 0 Btu/(Ib*°R) 0 Btu/(Ib™R)
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1.1.2 Function Overview for Steam and Water for Temperatures t 2 32°F

Functional Function Name Property or Function Unit of the| Page
Dependence Result

hiq = f(p,t) hlig_pt_97_IP Specific enthalpy of liquid water Btu/lb 3/43
hiig,s = f(t) hligs_t_97_IP Specific enthalpy of saturated liquid water Btu/lb 3/44
hyap,s = f(t) hvaps_t 97_IP Specific enthalpy of saturated water vapor Btu/lb 3/45
ps =f(t) ps_t 97_IP Saturation pressure of water psi 3/46
Siiq = f(p,t) slig_pt 97 IP Specific entropy of liquid water Btu/(Ib-°R) 3/47
Siiqs = f(t) sligs_t 97_IP Specific entropy of saturated liquid water Btu/(Ib*°R) 3/48
Syap,s = f(t) svaps_t 97 _IP Specific entropy of saturated water vapor Btu/(Ib-°R) 3/49
t, =f(p) ts p 97 IP Saturation temperature of water °F 3/50
Viig = f(p,1) vlig_pt_97_IP Specific volume of liquid water ft¥/lb 3/51
Viigs = f(t) vligs_t 97 IP Specific volume of saturated liquid water ft3/Ib 3/52
Vyap,s = f(t) vvaps_t 97_IP Specific volume of saturated water vapor ft¥/lb 3/53
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Range of Validity Units

[Property Range of Validity Symbol | Quantity Unit
Pressure: 0.00145/ < (P | < [1450.4 |psi p Pressure psi
Temperature: 32/ <|t| < 662 [°F t Temperature | °F

Reference State

Property Water Vapor and Liquid Water
Pressure ps(32.018°F) = 0.088714 psi
Temperature 32.018°F

Enthalpy 0.00026301926 Btu/lb
Entropy 0 Btu/(Ib*°R)
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1.1.3 Function Overview for Steam and Ice for Temperatures t < 32°F

Functional Function Name Property Unit of the Page
Dependence Result
hice sub = f(t) hicesub_t_06_IP Specific enthalpy of saturated ice Btu/lb 3/55
hyap sub = f(t) hvapsub_t 95 IP Specific enthalpy of saturated water vapor Btu/lb 3/56
Prmer = f(t) pmel_t 08_IP Melting pressure of ice psi 3/57
Psub = f(t) psub_t 08_IP Sublimation pressure of ice psi 3/58
Sice.sub = T(t) sicesub_t_06_IP Specific entropy of saturated ice Btu/(Ib-°R) 3/59
Syap,sub = f(t) svapsub_t 95 |IP Specific entropy of saturated water vapor Btu/(Ib*°R) 3/60
toel =f(P) tmel_p_08_IP Melting temperature of ice °F 3/61
taup =f(p) tsub_p_08_IP Sublimation temperature of ice °F 3/62
Vice.sub = T(t) vicesub_t_06_IP Specific volume of saturated ice ft¥/lb 3/63
vvapsub_t 95 |IP Specific volume of saturated water vapor ft¥/lb 3/64

Vvap,sub = f(t)
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Range of Validity Units

|Property Range of Validity Symbol | Quantity Unit
Pressure: psub(_225-67oF) =1.7407E-12 |<|P| < |1450.4 pSI p Pressure pS|
Temperature: —225.67 |<|[t| £ |32 °F t Temperature | °F

Reference State

Property Water Vapor and Ice
Pressure ps(32.018°F) = 0.088714 psi
Temperature 32.018°F
Enthalpy 0.00026301926 Btu/lb
Entropy 0 Btu/(Ib*°R)
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1.2 Conversion of Sl and I-P Units

Property Conversion: Sl Units = I-P Units Conversion: I-P Units > Sl Units Units Sl Units I-P
ap _3si 81 _ap
Thermal diffusivity @ E = me x10.76391042 me T x0.0929304 m2/s ft2/s
s s s s
Relative pressure ~ a,, | 9pP _9psSi 9 9psi _9pip 5 ]
coefficient 1 I 1 ! 9 1K 'R
°R K K °R
Isothermal stress Bpip  Bpsi Bpsi  Bpip
o Bp b " kg x0.062428 & " b x16.018463 kg/m?® lb/f
coefficien P e e P
G _ st Gsi_
Speedofsound ¢ | f  m *3:2808399 m = }0-3048 s s
s s s s
- . c c c c
Specific isobaric ¢ plP_ _ =pSI pSI _ Cplp
P _ P | B T kg (02388459 k)~ B <1868 kJi(kg'K) | Btu/(lb°R)
heat capacity b°R kgK kgK Ib°R
I . o c o c
Specific isochoric viP _ ~v.S v.SI _ ~vIP
P _ o, | Btu ~ kg <0:2388459 k) ~ Bt <1868 kJi(kg'K) | Btu/(lb°R)
heat capacity Ib °R kg K 7kg K Ib°R
e _ Nsi Nsi _ Mip_
Dynamic viscosity /1 bs Pa 0.02088543 Pa Ibs < 47.880259 Pa's Ib-s/ft2
ft2 S s ft2
Enhancement
actor f|fe="fsi fs1 = fip - -
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Property Conversion: Sl Units = I-P Units Conversion: I-P Units > Sl Units Units Sl Units I-P
Air-specific h h
IP S|
—— = 0.4299226 + 7.68565365666 h
enthalpy ho| Bty K = g'tF’ ~7.68565365666 |x 2.326 kJ/kga Btu/lb,
(moist air) b, kg, @ Iba
Specific enthalpy hp h h hl
Bty = 1 ¥ 0:4299226 St P 2326
(water, water ~ h, | Btu kJ | kJ "Bt kJ/kg Btu/lb
vapor, ice) lb kg kg Ib
Isentropic
K Kip = Ks| ks = Kip - .
exponent
Thermal Ap  _ A ﬁ Ap
? P Btu - W x0.57778932 W - Bt x1.73073467 Wi(m-K) Btu/(hft°R)
conductivity hff°’R mK mK hft°R
Kinematic Yip _VsI Ysi _Vip
! . y =~ me x10.763910417 m® T x0.092903040 m2/s f2/s
viscosity S s S S
Pressure p | PP _PSi 014503774 Psi_ PP, 6894757 KPa osi
psi kP kPa
Relative humidity ¢ Pp = Pg) Ps| =Pp - -
Prandtl number  Pr | Prip =Prp Prg, = Prip ) )
Mole fraction 4 Vip = Vg Vs = V¥p mol/mol mol/mol
Pip _Psi Psi_P
Density p b = ko x0.062428 kg b x16.018463 kg/m?® Ib/f
ft3 m?3 m? ft
Air-specific
i P _ Sl 02388459 +0.01616365106 | s Sp
entropy s Btu kJ o | B —-0.01616365106 [x4.1868 | kJ/(kg.'K) Btu/(Iby°R)
(moist air) by “R kg, K kg, K {Ib, °R
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factor

Property Conversion: Sl Units = I-P Units Conversion: I-P Units> Sl Units Units Sl Units I-P
Specific entropy Sp S Ss) Sp
= x0.23884589 = x4.1868
(water, water Sw Btu kJ kd Btu kJ/(kga'K) | Btu/(Ib,°R)
vapor, ice) b, ‘R kg K kg K by °R
tp _ls1 9 tsi _(tp 5
- =—=x—+32 = =|-5-32 |x— ° °
Temperature t °F °CX5+ °c | °F Xg C F
(u=h-pv) (u=h-pv)
Air-specific Yp _ hsi x0.4299226 + 7.68565365666 Ysi _ h'—P —7.68565365666 |x2.236
| B kJ k| Buw
internal energy u Ib,, kg, kg, Ib,, kJ/kga Btu/lb
(moist air)
_Pst 0145037738 LS. x16.018453 _PP . 6.894757293. YSIP  0.062428
kPa m psi ftt
kda b,
Air-specific
P _ 'Sl 16.018453 st _ 1P, 0.062428
volume v ft m m* - ft* m3kga ft3/lb,
(moist air) ba  kda kga g
Specific volume v v v v
Vi | oo =1 x16.018453 Sl 7IP 4 0.062428
(water, water ft m? m* ft mkg ft/lb
vapor, ice) b kg kg Ib
Humidity ratio w | Wp =Wg W =Wp kgw/Kga Ib,/Ib,
Mass fraction E | dp=4s &g =4p kguw/kg Ib/Ib
Compression
Z | Zp=Zg Zg =Zp - -
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1.3 Calculation Algorithms

1.3.1 Algorithms for Real Moist Air

The properties of moist air are calculated from the modified Hyland-Wexler model given in Herrmann,
Kretzschmar, and Gatley (HKG) [1], [2]. The modifications incorporate:

the value for the universal molar gas constant from the CODATA standard by Mohr and Taylor
[22]

the value for the molar mass of dry air from Gatley et al. [17] and that of water from IAPWS-95
[5], [6]

the calculation of the ideal-gas parts of the heat capacity, enthalpy, and entropy for dry air from
the fundamental equation of Lemmon et al. [14]

the calculation of the ideal-gas parts of the heat capacity, enthalpy, and entropy for water
vapor from IAPWS-IF97 [7], [8], [9] for t > 32°F and from IAPWS-95 [5], [6] for t < 32°F

the calculation of the vapor-pressure enhancement factor from the equation given by the
models of Hyland and Wexler [21]

the calculation of the second and third molar virial coefficients B, and C,,, for dry air from
the fundamental equation of Lemmon et al. [14]

the calculation of the second and third molar virial coefficients B,,,, and C,,,,,, for water and
steam from IAPWS-95 [5], [6]

the calculation of the air-water second molar cross-virial coefficient B,,, from Harvey and
Huang [15]

the calculation of the air-water third molar cross-virial coefficients C,,,, and C,,,, from Nelson
and Sauer [12], [13]

the calculation of the saturation pressure of water from IAPWS-IF97 [7], [8], [9] for t > 32°F
and of the sublimation pressure of water from IAPWS-08 [11] for t <32°F

the calculation of the isothermal compressibility of saturated liquid water from IAPWS-IF97 [7],
[8], [9] for t > 32°F and that of ice from IAPWS-06 [10] for t <32°F in the determination of the
vapor-pressure enhancement factor

the calculation of Henry's constant from the IAPWS Guideline 2004 [16] in the determination of
the enhancement factor. The mole fractions for the three main components of dry air were
taken from Lemmon et al. [14]. Argon was not considered in the calculation of Henry’s constant
in the former research projects, but it is now the third component of dry air.

H.-J. Kretzschmar, S. Herrmann, I. Stoecker, M. Kunick, M. Nicke, D. P. Gatley: Property Library ASHRAE-LibHuAirProp



I-P —1/14
1.3.2 Algorithms for Steam and Water for Temperatures t 2 32°F

The p-T diagram in Fig. 1 shows the formulations used for water and water vapor. The temperature
range above 32°F is covered by IAPWS-IF97 [7], [8], [9]:
e The saturation line is calculated from the IAPWS-IF97 saturation pressure equation p§7(t)
and saturation temperature equation t897(p).

e The properties in the liquid region including saturated-liquid line are calculated from the
fundamental equation of the IAPWS-IF97 region 1.

e The properties in the vapor region including saturated-vapor line are calculated from the
fundamental equation of the IAPWS-IF97 region 2.

1.3.3 Algorithms for Steam and Ice for Temperatures t < 32°F

e The sublimation curve is covered by the IAPWS-08 sublimation pressure equation pgSm(t)
[11] (see Fig. 1).

e The properties of ice including saturated ice are determined by the fundamental equation of
the IAPWS-06 [10].

e The properties of vapor including saturated vapor are calculated from the fundamental
equation of IAPWS-95 [5], [6].

1.3.4 Overview of the Applied Formulations for Steam, Water, and Ice

The following p-T diagram shows the used IAPWS Formulations and the ranges where they are
applied.

p/ kPa

10% | -
- 32784
10 | p = 1450.4 psi Pe ps ©

10% - Liquid
IAPWS-IF97
10*2 Region 1
’ P (1)
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10"
1072 1
107
10* 1
107 1
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107 1 Vapor
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Figure 1: p-T diagram with used IAPWS formulations for steam, water, and ice.
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2 Add-In FluidVIEW for LabVIEW™ for ASHRAE-
LibHuUAirProp-IP

2.1 Installing FluidVIEW

The FluidVIEW Add-on has been developed to calculate thermodynamic properties in LabVIEW™
(version 10.0 or higher) more conveniently. Within LabVIEW™, it enables the direct call of functions
relating to humid air as an ideal mixture of the real fluids dry air and steam, water and/or ice from
the LibHuAirProp_IP property library.

2.1.1 Installing FIuidVIEW including LibHuAirProp

If a FIuidVIEW property library has not yet been installed, please complete the initial installation
procedure described below.

If a FluidVIEW property library has already been installed, you only need to copy several files which
belong to the LibHuAirProp IP library. In this case, follow the subsection "Adding the
LibHuAirProp_IP Library" on page I-P — 2/3.
In both cases folders and files from the zip archive
CD_FIluidVIEW_ASHRAE_LibHuAirProp_IP.zip (for 32-bit version of LabVIEW ™)
CD_FIluidVIEW_ASHRAE_LibHuAirProp_IP_x64.zip (for 64-bit version of LabVIEW ™)

have to be copied into the default directory of the LabVIEW™ development environment. In the
following text these zipped directories for the 32-bit or 64-bit operating system will be symbolised
with the term <CD>.

You can see the current default directory of LabVIEW™ in the paths page (options dialog box). To
display this page please select Tools and click on Options to open the options dialog box and then
select Paths from the category list.

By choosing Default Directory from the drop-down list the absolute pathname to the default
directory, where LabVIEW™ automatically stores information, is displayed. In the following sections
the pathname of the default directory will be symbolised by the term <LV>.

Additional Requirement When Using the 64-bit Operating System

If you want to use FluidVIEW on a 64-bit computer that does not have Visual C++ installed, please
make sure the Microsoft Visual C++ 2010 x64 Redistributable Package is installed.

If it is not the case, please install it by double clicking the file
vcredist_x64.exe

which  you find in the folder \vcredist_ x64 in the 64-bit CD folder
"CD_FluidVIEW_ASHRAE_LibHuUAirProp_IP_x64."

In the following window you are required to accept the Microsoft® license terms to install the
Microsoft Visual C++ 2010 runtime libraries by ticking the box next to "I have read and accept the
license terms" (see Figure 2.1.1).
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-
+ Microsoft Visual C++ 2010 x64 Redistributable Setu =

Welcome to Microsoft Visual C++ 2010 x64 Redistributable Setup
Please, accept the license terms to continue.,

MICROSOFT SOFTWARE LICENSE TERMS

MICROSOFT VISUAL C++ 2010 RUNTIME LIBRARIES

[¥]T have read and accept the license terms .

[ Yes, send information about my setup experiences to Microsoft Corporation.

For more information, read the Data Collection Policy,

[ Install ][ Cancel ]

Figure 2.1.1: Accepting the license terms to install the Microsoft Visual C++ 2010 x64 Redistributable
Package

Now click on "Install" to continue installation.

After the "Microsoft Visual C++ 2010 x64 Redistributable Pack" has been installed, you will see the
sentence "Microsoft Visual C++ 2010 x64 Redistributable has been installed." Confirm this by
clicking "Finish."

Now you can use the FluidVIEW Add-On on your 64-bit operating system. Please follow the
instructions below to install FluidVIEW.

Initial Installation of FluidVIEW

The initial installation of FluidVIEW is carried out by copying three directories with its contents from
the zip archive to the standard directory of LabVIEW ™.

The directories that have to be copied, their paths in the zip archive and their target paths are listed
in Table 2.1.1.

The installation is complete after copying the files and restarting LabVIEW ™.

Due to the fact, that the functions of the DLL are called with a variable pathname, the source files
you will find in the directory <CD>\source can be stored in a random directory on the hard drive.
The pathname of the LibHuAirProp_IP.dll, which is located in this directory, has to be indicated in
order to calculate the property functions (see example calculation in section 2.3 on page 2/9).

All source files have to be stored in the same directory to make the property functions of the

LibHuAirProp_IP library work. These files are for the

= 32-bit system: LibHuAirProp_IP.dll, advapi32.dll, Dformd.dll, Dforrt.dll, LC.dll, LCKCE.dIl
msvcp60.dll, and msvcrt.dll

and for the
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= 64-bit system: LibHuAirProp_IP.dll, capt_ico_big.ico, LC.dll, LCKCE.dIl, libifcoremd.dll,
libiomp5md.dIl, and libmmd.dlIl.

Table 2.1.1: Directories which have to be copied from the zip archive in the default directory of LabVIEW™
(<LV>) for the initial installation of FluidVIEW

Target path in the default

Name of the directory Parent directory in the zip archive directory of LabVIEW (<LV>)

FluidVIEW <CD>\vi.lib <LV>\vi.lib
FluidVIEW <CD>\menus\Categories <LV>\menus\Categories
FluidVIEW-Help <CD>\help <LV>\help

Adding the LibHuAirProp_IP Library

In order to add the LibHuAirProp_IP property library to an existing FluidVIEW installation, one folder
with its contents and five files have to be copied from the zip archive to the standard directory of
LabVIEW™. This directory, the files plus their pathnames in the zip archive and their target paths
are listed in Table 2.1.2.

The installation is complete after copying the files and restarting LabVIEW™,

Due to the fact, that the functions of the DLL are called with a variable pathname, the source files
you will find in the directory <CD>\source can be stored in a random directory. The pathname of
the LibHuAirProp_IP.dll, which is located in this directory, has to be indicated in order to calculate
the property functions (see example calculation in section 2.3 on page 2/9).

All source files have to be stored in the same directory to make the property functions of the
LibHuAirProp_IP library work. These files are for the

= 32-bit system: LibHuAirProp IP.dll, advapi32.dll, Dformd.dll, Dforrt.dll, LC.dll, LCKCE.dI,
msvcp60.dll, and msvcert.dll

and for the

= 64-bit system: LibHuAirProp IP.dll, capt_ico big.ico, LC.dll, LCKCE.dIl, libifcoremd.dll,
libiomp5md.dIl, and libmmd.dlI

Table 2.1.2: Data which have to be copied from the zip archive in the default directory of LabVIEW™ (<LV>)
for adding the LibHuAirProp_IP property library to an existing installation of FluidVIEW

Target path in the default
directory of LabVIEW (<LV>)

File name with file extension

or name of the directory Parent directory in the zip archive

LibHuAirProp_IP.lIb <CD>\vi.lib\FluidVIEW <LV>\vi.lib\FluidVIEW

LibHuAirProp_IP <CD>\menus\Categories

\FluidVIEW

<LV>\menus\Categories
\FluidVIEW

LibHuAirProp_IP.hlp <CD>\\help\FluidVIEW-Help <LV>\help\FluidVIEW-Help

LibHuAirProp_IP.txt <CD>\\help\FluidVIEW-Help <LV>\help\FluidVIEW-Help

FluidVIEW_LibHuAirProp_IP.pdf
Open_LibHuUAirProp_IP_doc.vi
Open_LibHuUAirProp_IP_doc.txt

<CD>\\help\FluidVIEW-Help
<CD>\\help\FluidVIEW-Help
<CD>\\help\FluidVIEW-Help

<LV>\help\FluidVIEW-Help
<LV>\help\FluidVIEW-Help
<LV>\help\FluidVIEW-Help
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After you have restarted LabVIEW™ you will find the functions of the LibHuAirProp IP property
library in the functions palette under the sub palette FluidVIEW. An example calculation of the air-
specific enthalpy h is shown in section 2.3.

2.1.2 The FluidVIEW Help System

FluidVIEW provides detailed online help functions. If you are running Windows Vista or Windows 7,
please note the paragraph
"Using the FluidVIEW Online-Help in Windows Vista or Windows 7."

General Information

The FluidVIEW Help System consists of the Microsoft WinHelp file LibHuAirProp_IP.hlp and this
user's guide as PDF document ASHRAE_LibHuAirProp_Users_Guide.pdf. Both files can be
opened via the help menu. To do this please click Help in the menu bar. In the submenu
FluidVIEW-Help you will find the commands LibHuAirProp IP Help File and LibHuAirProp_IP
User’s Guide to open an appropriate file.

Context-Sensitive Help

If you have activated the context help function in LabVIEW™ (Ctrl-H) and move the cursor over a
FluidVIEW object basic information is displayed in the context help window. The in- and output
parameters plus a short information text are displayed for a property function. By clicking the
Detailed help button in the Context help window the online help will be opened. The context help
window of the function v_ HuAirProp_IP.vi is shown in Figure 2.1.2.

Kontexcthilfe

|
Air-specific volume in ft2/lb(a) ﬁ
[v_HuAirProp_TP.vi]

Path LibHuAirProp_IP.dll

Total pressure pin psi HAP-F Air-specific volume in ft2/. .
Temperature t in °F |
Humidity ratio W in Ib{w)/]... E o

This SubVI calculates the air-spedific volume in ft3b(a). Input parameters are the total pressure pin
psi, the temperature tin °F and the humidity ratio W in lb{w)Ab(z).

For further information please follow the link below or consult the user's guide of the property library via
the help menu,

Ausfiihrliche Hilfe -
(7

Figure 2.1.2: Context help window of the function v_ HuAirProp_IP.vi

Using the FluidVIEW Online-Help in Windows Vista or Windows 7

If you are running Windows Vista or Windows 7 on your computer, you might not be able to open
Help files. To view these files you have to install the Microsoft® Windows Help program which is
provided by Microsoft®. Please carry out the following steps in order to download and install the
Windows Help program. The description relates to Windows® 7.

The procedure is analogous for Windows® Vista.

Open Microsoft Internet Explorer® and go to http://support.microsoft.com/kb/917607. Scroll down
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until you see the headline “Resolution”. Under the first Point you'll find the links to download the
Windows Help program. Click on the link "Windows Help program (WinHIp32.exe) for Windows 7"
(see Figure 2.1.3)

[=] RESOLUTION

To resolve this issue, obtain the Windows Help program (WinHIp32.exe} for the versions of Windows that
support it, To obtain the correct version for your operating system, you must know whether you have a
Windows 32-bit or Windows &4-bit system. If you are not sure which version of Windows you are running,
follow the steps under “If you are not sure which Windows version is installed.”

Mote To determine which version of Windows you are running, you must be logged on as an administrator.
To verify that you are logged on as an administrator, follow the steps under "To verify that you are logged
on as an administratar,”

4 Back to the top

If you are not sure which Windows version is installed

If you are not sure which version of Windows is installed on your computer, follow the steps in the
following wizard.
Click here to view or hide step-by-step instructions with pictures

4 Back to the top

To verify that you are logged on as an administrator

To verify that you are logged on as an administrator, follow the steps in the following wizard.
Click here to view or hide step-by-step instructions with pictures How to obtain the correct version of the
Windows Help program (WinHIp32.exe)

1. Click one of the following "Windows Help program” links, depending on the operating system that
Yyou are running:

é Windows Help program (WinHIp32.exe) for Windows Vista

é@s Help program (WinHIp32.exe] for Wi@

é Windows Help program [WinHIp32.exe] for Windows Server 2008

é Windows Help program (WinHIp32.exe] Tor Windows Server 2008 B2

Mote The Windows Help program is not supported for Windows 8 Server Beta, and no download
will be provided for this Windows version, The Windows Help program is supported for the x4 and
¥36 editions of the Windows 5 client, and a download package for these editions will be made
available in this article at a later date.
2, Click Continue to run Genuine Windows Validation. For more information about how to install
Genuine Windows Validation Component, visit the following Microsoft website:
hitp:/fwww.microsoft.com/download/en/genuine-validation.aspx?id=5143

3. Download and install Windowsb.*-KB317607-x64. msu or Windowsb,*-KBE917607-x86.msu,
depending on the edition of the operating system that you are running.

Figure 2.1.3: Selecting your Windows® Version
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You will be forwarded to the Microsoft Download Center where you can download the Microsoft
Windows Help program. First, a validation of your Windows License is required. To do this click on
the "Continue" button (see Figure 2.1.4).

Validation Required

For mere information about the validation process, click here,

Quick details

Version: 1.0 Date published: 10,/14,/2009
Change language: IEninsh ;I
KB articles: KB917607

Files in this download

The links in this section correspond to files available for this download. Download the files appropriate for you.

File name Size
Windowst.1-KB91 7607 -4, msu 702 KB
Windowsh.1-EB91 7607 -x86.msu 688 KB

Figure 2.1.4: Microsoft® Download Center

Afterwards a web page with instructions on how to install the Genuine Windows Validation
Component opens. At the top of your Windows Internet Explorer you will see a yellow information
bar. It reads
"This website wants to install the following add-on: 'Windows Genuine Advantage' from
'‘Microsoft Corporation'. If you trust this website and the add-on and want to install it, click here."

Right-click this bar and select "Install ActiveX Control" in the context menu. A dialog window
appears in which you are asked if you want to install the software. Click the "Install" button to
continue. After the validation has been carried out you will be able to download the appropriate
version of Windows Help program (see Figure 2.1.5).

To download and install the correct file you need to know which Windows version (32-bit or 64-bit)
you are running on your computer.

If you are running a 64-bit operating system, please download the file
Windows6.1-KB917607-x64.msu.

If you are running a 32-bit operating system, please download the file
Windows6.1-KB917607-x86.msu.
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Genuine Microsoft Software

Pleasze click Download to download the software.

Quick details

Version: 1.0 Date published: 10/14,/2009
Change language: IEninsh LI
KE articles: KB917607

Files in this download

The links in this section correspond to files available for this download. Download the files appropriate for you.

File name Size

Windowsd 1-KBI17607 -x04 . msu 702 KB DOWNLOAD

Windowsh.1-EB91 7607 -x88.msu 688 KB DOWNLOAD

Figure 2.1.5: Downloading the Windows Help Program

In order to run the installation of the Windows Help program double-click the file you have just
downloaded on your computer.

Installation starts with a window searching for updates on your computer.

After the program has finished searching you may be asked, if you want to install the "Update for
Windows (KB917607)."

(If you have already installed this update, you will see the message "Update for Windows
(KB917607) is already installed on this computer.")

The installation can be continued by clicking the "Yes" button.

In the next window you have to accept the Microsoft license terms before installing the update by
clicking on "l Accept".

After the Windows Help program has been installed, the notification "Installation complete" will
appear. Confirm this by clicking the "Close" button.

The installation of the Windows Help program has been completed and you will now be able to
open the Help files.
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2.2 Licensing the LibHuAirProp Property Library

The licensing procedure must be carried out when calculating a LibHuAirProp function and a
FluidVIEW prompt message appears. In this case, you will see the "License Information" window
for LibHuAirProp (see figure below).

- o
5’."'1;5 License Informatio

LibHu&irProp

Pleaze type in vour icenze keyl

Cancel

Figure 2.2.1: "License Information" window

Here you are asked to type in the license key which you have obtained from Kretzschmar
Consulting Engineers. If you do not have this, or have any questions, you will find contact
information on the "Content" page of this User's Guide or by clicking the yellow question mark in
the "License Information" window. Then the following window will appear:

K.retzzchmar
 Consulking
Engineers

I order to obtain a licenze for thiz praduct
please contact ug.

Product; LibHusirProp

Contact; Prof. Hanz-Joachim Kretzzchmar
Rathener Str. &
259 Drezden, Germary

+49-172-7914607
+45-3583-61-1846
infol@k retzzchmar-conzulting-engineers. com

Figure 2.2.2: "Help" window

If you do not enter a valid license it is still possible to run your VI by clicking "Cancel". In this case,
the LibHuAirProp property library will display the result "-1.11111E+7" for every calculation you ask
it to make.

The "License Information" window will appear every time you reopen your Virtual Instrument (VI) or
reload the path of the LibHuAirProp. Should you not wish to license the LibHuAirProp property
library, you can to uninstall the program according to the description in section 2.4 of this User’s
Guide.

With this procedure both the LibHuAirProp-IP and LibHuAProp-SI property libraries have been
licensed.
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2.3 Example: Calculation of h = f(p,t,W)

After the delivered files have been copied in the appropriate folders of the default directory
LabVIEW™ (described in section 2.1.1), the LibHuAirProp_IP property library is ready to use. The
function nodes of the LibHuAirProp_IP property library can be used by dragging them from the
functions palette into the block diagram and connecting them with the wires representing the
required input parameters.

Now we will calculate, step by step, the air-specific enthalpy h as a function of total pressure p,
temperature t, and humidity ratio W, using FluidVIEW.

Start LabVIEW™ and wait for the Getting Started window to be displayed. Then select Blank VI.
The Blank VI will be displayed in two windows, the front panel and the block diagram.

Open the functions palette in the block diagram via view / Functions Palette (or by clicking the
right mouse button anywhere in the free area of the block diagram) if not yet displayed.

In addition to the default LabVIEW™ palettes the functions palette contains the sub palette
FluidVIEW (see Figure 2.3.1) with the sub palette LibHuAirProp_IP (see Figure 2.3.2).

o 4 - E
Suchen %Anpassen' !
&, suchen | €, Anpassen~ | =l | [ Fluidview -
| » Express L LibHuairProp_tP
. ] [rap | [maz-=]
' o
" 3 Eigene Bibliotheken Thermal diffu... Relative pres... st..
- [maz-2] [mar—=]
| vIauswahlen...
" *  FluidVIEW Speed of sou... Isobaric heat ...
Lo} [mar-=] [mar-=]
HAP
IF Dynamic visc... Enhancement...
LibHuAirProp_IP
[t Iz
k- Spedficenth... Spedficenth...
[ap] [rar]
s
Spedific enth Spedific enth...
[ap ] [ap ]

Thermal cond... Kinematic visc... Total pressur...
[ap ]

[rar P |
-

Pressure of h... Partial pressu... Partial pressu... ﬂ

il

Figure 2.3.1: Functions palette with Figure 2.3.2: Functions palette with
the sub palettes FluidVIEW and the property functions of the
LibHuAirProp_IP LibHuAirProp_IP library

In order to calculate the air-specific enthalpy h, drag the function (SubVI) whose symbol shows
the h from the functions palette into the block diagram.

While the short names of the SubVIs behind the symbols will be shown in the control tip, the full
names and brief descriptions of the property functions are displayed in the Context Help
window (see Figure 2.1.2). To use the context help press <Ctrl>+<H> on your keyboard.

After placing the node of the SubVI h_HuAirProp_IP.vi on your block diagram the required
input parameters have to be defined.

The input parameters which are set as required appear in bold type in the Context Help
window. In this case these input parameters are Path LibHuAirProp_IP.dll (LabVIEW™ data
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type: Path), Total pressure p in psi (LabVIEW™ data type: Double precision, floating-point),
Temperature t in °F (LabVIEW™ data type: Double precision, floating-point) and Humidity
ratio W in Ibw/lba (LabVIEW™ data type: Double precision, floating-point).

To define these variables wire their input terminals with input elements on the front panel. You
can accomplish this in one step by choosing Create / Control in the context menu of all
required input terminals. In order to wire the output terminal of the function node with an output
element on the front panel, choose Create / Indicator in the context menu of the output
terminal Air-specific enthalpy h in Btu/lba (LabVIEW™ data type: Double precision, floating-
point). After cleaning up the block diagram by pressing <CtrI>+<U> it has the appearance
illustrated in Figure 2.3.3. The same input and output elements are available on the appropriate
front panel (see Figure 2.3.4).

) example.vi Blockdiagramm * B =3} | &) example.vi Frontpanel * o m|
Datei Bearbeiten Ansicht Projekt Ausfihren Werkzeuge Fen: Datei Bearbeiten Ansicht Projekt Ausfibren Werkzeu T T
o = OElhu|'E’ —f|13|3t"—klc? 1 |c{>|{§}|O@ll?-pt-ﬂnwendungssi-_)\l‘@!— |
i i A ific enthalpy in Btu/lb
Path LibHuAProp_TP.dl Path LibHuAirProp_IP.dl ir-specific enthalpy in Btu/lb(a)
g Er] 0
|.P°“" Total pressure p in psi
= A
9"
Total pressure pin psi ‘Temperature tinfE
iz 9o
‘Humidity ratio W in lb{w)b(a)
0
Temperature tin °F S‘J
fizsp
Humidity ratio W in Ib(w)/b(z) =
fz3p .
Kl I S | K1 21
Figure 2.3.3: Figure 2.3.4:
Block diagram of the example calculation Front panel of the example calculation

Enter a value in the input element total pressure p in psi on the front panel
(Range of validity: p = 0.00145 ... 1450.4 psi)

= e. g.: Enter the value 14.6959.

Enter a value in the input element temperature t in °F on the front panel
(Range of validity: t = -225.67 ... 662°F)

= e. g.: Enter the value 68.

Enter a value in the input element humidity ratio W in lbw/lba (Ib water per Ib air) on the front
panel.

(Range of validity: 0 < W < 10 lbw/lba)
= e. g.: Enter the value 0.01.

Enter the path of the LibHuAirProp_IP.dll in the input element Path LibHuAirProp_IP.dll on the
front panel (as explained in section 2.1.1 the LibHuAirProp_IP.dIl and the other library files from
the directory <CD>\source have to be stored in the same directory which is arbitrary). To do
this you can use the File Open Dialog which appears by clicking the yellow folder symbol on the
right of the input element.
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To run the calculation of the air-specific enthalpy click on the Run button or press <CtrI>+<R>.
The result for h in Btu/lba appears in the output element (see Figure 2.3.5).

= The result for h in our sample calculation is h = 27.24138183 Btu/lba

=101 %]
Datei Bearbeiten Ansicht Projekt Ausfilhren Werkzeu 77
||:{> |{§}| OIEI | l&ptﬁ.nwendungss1q L | o !— H
-
Path LibHuAirProp_IP.dll Air-spedific enthalpy in Btu/Ib(a]
% C:\Programme E‘ 27,24138183
Total pressure pin psi
;’ 14,6959
Temperature tin °F
9 08
Humidity ratio W in Ib{w)/b{a)
3 0,01
=
4 I Ny

Figure 2.3.5: Result of the example calculation of h

The calculation of h = f(p,t, W) has thus been completed.

You can now arbitrarily change the values for p, t, or W in the appropriate input elements.

Note:

If the calculation results in —1000, this indicates that the values entered are located outside the
range of validity. More detailed information on each function and its range of validity is available in

chapter 3. For further property functions calculable with FluidVIEW, see the function table in
chapter 1.
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2.4 Removing FluidVIEW

Should you wish to remove the LibHuAirProp IP library or the complete FluidVIEW Add-on you
have to delete the files that have been copied in the default directory of the LabVIEW™
development environment <LV>.

Removing the FluidVIEW Add-On

To remove the FluidVIEW Add-on please delete the folders listed in Table 2.4.1 from the default
directory of LabVIEW™,

Table 2.4.1: Directories that have to be deleted from the default directory of LabVIEW™ to
remove the FluidVIEW Add-on

Parent directory in the default directory of LabVIEW™

Name of the directory (<LV>)

FluidVIEW <LV>\vi.lib

FluidVIEW <LV>\menus\Categories
FluidVIEW-Help <LV>\help

Removing only the LibHuAirProp_IP library

To remove only the LibHuAirProp_IP library please delete the folders or files listed in Table 2.4.2
from the default directory of LabVIEW™.

Table 2.4.2: Data that have to be deleted from the default directory of LabVIEW™ (<LV>)
to remove only the LibHuAirProp_IP library

File name with file extension Parent directory in the default directory of LabVIEW
or name of the directory (<LV>)

LibHuAirProp_IP.lIb <LV>\vi.lib\FluidVIEW

LibHuAirProp_IP <LV>\menus\Categories\FluidVIEW
LibHuAirProp_IP.hip <LV=>\help\FluidVIEW-Help

LibHuAirProp_IP.txt <LV>\help\FluidVIEW-Help

FluidVIEW_LibHuAirProp_IP.pdf <LV>\help\FluidVIEW-Help
Open_LibHuAirProp_IP_doc.vi <LV>\help\FluidVIEW-Help

Open_LibHuAirProp_IP_doc.txt <LV>\help\FluidVIEW-Help

The changes will take effect after restarting LabVIEW ™,
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3 Property Functions of ASHRAE-LibHuAirProp-IP

3.1 Functions for Real Moist Air
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Thermal Diffusivity a = f(p,t,W)

Function Name:
a_ptW_HAP_IP

Fortran Program:
REAL*8 FUNCTION A _PTW_HUAIRPROP(P,T,W), REAL*8 P, T,W

Input Values:

p - Total pressure p in psi

t -  Temperature tin °F

W - Humidity ratio W in Ib,,/Ib,
Result:

a_ptW_HAP_IP - Thermal diffusivity of humid air in ft2 /s

Range of Validity:

Temperature t: from -99.67°F to 662°F
Total pressure p: from 0.00145 psi to 1450.4 psi
Humidity ratio W: 0<W <Wg

Comments:

- Thermal diffusivity a =

o Cp
- Calculation for supersaturated humid air (W > W) is not possible

Result for Wrong Input Values:
a_ptW_HAP_IP = -1000
References:

AP, W) Herrmann et al. [3], [4]
p(p,t W) Herrmann et al. [1], [2]
Cp(P.tW)  Herrmann et al. [1], [2]

H.-J. Kretzschmar, S. Herrmann, |. Stoecker, M. Kunick, M. Nicke, D. P. Gatley: Property Library ASHRAE-LibHuAirProp




I-P —3/3

Relative Pressure Coefficient a,, = f(p,t,W)

Function Name:
alphap_ptW_HAP_IP

Fortran Program:
REAL*8 FUNCTION ALPHAP_PTW_HUAIRPROP(P,T,W), REAL*8 P,T,W

Input Values:

p - Total pressure p in psi

t - Temperature tin °F

W - Humidity ratio W in Ib,,/Ib,
Result:

alphap_ptW_HAP_IP - Relative pressure coefficient of humid air in 1/°R

Range of Validity:

Temperature t: from -225.67°F to 662°F
Total pressure p: from 0.00145 psi to 1450.4 psi
Humidity ratio W: 0<W <Wg

Comments:

- Relative pressure coefficient ap = %[2—_?}
\")

- Calculation for supersaturated humid air (W > W) is not possible

Result for Wrong Input Values:
alphap_ptW_HAP_IP =-1000

References:

ap(P,t,W)  Herrmann et al. [1], [2]
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Isothermal Stress Coefficient g, =f(p,t,W)

Function Name:
betap_ ptW_HAP_IP

Fortran Program:
REAL*8 FUNCTION BETAP_PTW_HUAIRPROP(P,T,W), REAL*8 P, T,W

Input Values:

p - Total pressure p in psi

t - Temperature tin °F

W - Humidity ratio W in Ib,,/Ib,
Result:

betap ptW_HAP_IP - Isothermal stress coefficient of humid air in Ib/ft 3

Range of Validity:

Temperature t: from -225.67°F to 662°F
Total pressure p: from 0.00145 psi to 1450.4 psi
Humidity ratio W: 0<W <Wg

Comments:

- Isothermal stress coefficient 5, = —1(2\/—‘)}
P T

- Calculation for supersaturated humid air (W > W) is not possible

Result for Wrong Input Values:
betap ptW_ HAP_IP =-1000

References:
Bp(P.t, W) Herrmann et al. [1], [2]
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Speed of Sound c¢ = f(p,t,W)

Function Name:
c_ptW_HAP_IP

Fortran Program:
REAL*8 FUNCTION C_PTW_HUAIRPROP(P,T,W), REAL*8 P, T,W

Input Values:

p - Total pressure p in psi

t -  Temperature tin °F

W - Humidity ratio W in Ib,,/Ib,
Result:

c_ptW_HAP_IP - Speed of sound of humid air in ft/s

Range of Validity:

Temperature t: from -225.67°F to 662°F

Total pressure p: from 0.00145 psi to 1450.4 psi

Humidity ratio W: 0<W <10lb,,/Ib,
Comments:

- Speed of sound c =v _(6_pj
8\/ S

- When calculating supersaturated air an ideal mixing model (saturated humid air
and water droplets (or ice crystals) homogeneously mixed) is applied

Result for Wrong Input Values:
c_ptW_HAP_IP =-1000

References:
c(p,t W)  Herrmann et al. [1], [2]
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Isobaric Heat Capacity ¢, =f(p,t,W)

Function Name:
cp_ptW_HAP_IP

Fortran Program:
REAL*8 FUNCTION CP_PTW_HUAIRPROP(P,T,W), REAL*8 P, T,W

Input Values:

p - Total pressure p in psi

t - Temperature tin °F

W - Humidity ratio W in Ib,,/Ib,
Result:

cp_ptW_HAP_IP - Isobaric heat capacity of humid air in Btu/(Ib °R)

Range of Validity:

Temperature t: from -225.67°F to 662°F
Total pressure p: from 0.00145 psi to 1450.4 psi
Humidity ratio W: 0<W <Wg

Comments:

- Isobaric heat capacity Cp = ((‘%?j
P

- Calculation for supersaturated humid air (W > W) is not possible

Result for Wrong Input Values:
cp_ptW_HAP_IP =-1000

References:

Cp(P.tW)  Herrmann et al. [1], [2]
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Isochoric Heat Capacity c, = f(p,t,W)

Function Name:
cv_ptW_HAP_IP

Fortran Program:
REAL*8 FUNCTION CV_PTW_HUAIRPROP(P,T,W), REAL*8 P,T,W

Input Values:

p - Total pressure p in psi

t -  Temperature tin °F

W - Humidity ratio W in Ib,,/Ib,
Result:

cv_ptW_HAP_IP - Isochoric heat capacity of humid air in Btu/(Ib °R)

Range of Validity:

Temperature t: from -225.67°F to 662°F
Total pressure p: from 0.00145 psi to 1450.4 psi
Humidity ratio W: 0<W <Wg

Comments:

- Isochoric heat capacity c, = Eg__llfj
\')

- Calculation for supersaturated humid air (W > W) is not possible

Result for Wrong Input Values:
cv_ptW_HAP_IP = -1000

References:
¢y (P, W)  Herrmann et al. [3], [4]
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Enhancement Factor f = f(p,t)

Function Name:
f pt HAP_IP

Fortran Program:
REAL*8 FUNCTION F_PT_HUAIRPROP(P,T), REAL*8 P, T

Input Values:
p - Total pressure p in psi
t -  Temperature tin °F
Result:

f pt HAP_IP - Enhancement factor of water (decimal ratio)

Range of Validity:

Temperature t: from -225.67°F to 662°F
Total pressure p: from 0.00145 psi to 1450.4 psi
Comments:
PH20,s

- Enhancement factor f =
ps(t)

with pg(t) for t >32°F - Steam pressure of water
for t <32°F - Sublimation pressure of water

- Describes the enhancement of the saturation pressure of water in the air
atmosphere under elevated pressure

- Derived iteratively from the isothermal compressibility of liquid water, from
Henry's constant [15], [16] and from the virial coefficients of air, water, and the
air-water mixture

Result for Wrong Input Values:
f_pt_ HAP_IP = -1000

References:
f(p,t) Herrmann et al. [1], [2]
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Air-Specific Enthalpy h = f(p,t,W)

Function Name:
h_ptW_HAP_IP

Fortran Program:
REAL*8 FUNCTION H_PTW_HUAIRPROP(P,T,W), REAL*8 P,T,W

Input Values:

p - Total pressure p in psi

t -  Temperature tin °F

W - Humidity ratio W in Ib,,/Ib,
Result:

h_ptW_HAP_IP - Air-specific enthalpy in Btu/lb,

Range of Validity:

Temperature t: from -225.67°F to 662°F

Total pressure p: from 0.00145 psi to 1450.4 psi

Humidity ratio W: 0<W <10lb,,/Ib,
Comments:

- When calculating supersaturated air an ideal mixing model (saturated humid air
and water droplets (or ice crystals) homogeneously mixed) is applied

Result for Wrong Input Values:
h_ptW_HAP_IP = -1000

References:
h(p,t,W) Herrmann et al. [1], [2]
hy (p,1) IAPWS-IF97 [7], [8] and IAPWS-06 [11]

h (1) Lemmon et al. [14]
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Dynamic Viscosity nn =f(p,t,W)

Function Name:
Eta_ptW_HAP_IP

Fortran Program:
REAL*8 FUNCTION ETA_PTW_HUAIRPROP(P,T,W), REAL*8 P,T,W

Input Values:

p - Total pressure p in psi

t - Temperature tin °F

W - Humidity ratio W in Ib,,/Ib,
Result:

Eta_ptW_HAP_IP - Dynamic viscosity of humid air in (Ib s/ft?)

Range of Validity:

Temperature t: from -99.67°F to 662°F

Total pressure p: from 0.00145 psi to 1450.4 psi

Humidity ratio W: 0<W <10lb,,/Ib,
Comments:

- A new very accurate algorithm is implemented between 32°F and 662°F

- When calculating supersaturated air an ideal mixing model (saturated humid air
and water droplets (or ice crystals) homogeneously mixed) is applied

Result for Wrong Input Values:
Eta_ptW_HAP_IP = -1000

References:

n(p,t, W) Herrmann et al. [3], [4]
7e(pt)  IAPWS-IFO7 [7], [8] and IAPWS-06 [19]

7a(t) Lemmon et al. [18]
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Isentropic Exponent x =f(p,t,W)

Function Name:
Kappa_ptW_HAP_IP

Fortran Program:
REAL*8 FUNCTION KAPPA_PTW_HUAIRPROP(P,T, W), REAL*8 P, T,W

Input Values:

p - Total pressure p in psi

t - Temperature tin °F

W - Humidity ratio W in Ib,, /b,
Result:

Kappa_ptW_HAP_IP - Isentropic exponent

Range of Validity:

Temperature t: from -225.67°F to 662°F

Total pressure p: from 0.00145 psi to 1450.4 psi

Humidity ratio W: 0<W <10lb,,/Ib,
Comments:

- vV (op
- Isentropic exponent x = ——| —
pPLov s

- When calculating supersaturated air an ideal mixing model (saturated humid air
and water droplets homogeneously mixed) is applied for t = 32°F. For
temperatures below (ice fog) the value of the saturated state is applied.

Result for Wrong Input Values:
Kappa_ptW_HAP_IP =-1000

References:
v(p,t,W) Herrmann et al. [1], [2]
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Thermal Conductivity 4 =f(p,t,W)

Function Name:
Lambda_ptW_HAP_IP

Fortran Program:
REAL*8 FUNCTION LAMBDA_PTW_HUAIRPROP(P,T, W), REAL*8 P, T,W

Input Values:

p - Total pressure p in psi

t - Temperature tin °F

W - Humidity ratio W in Ib,,/Ib,
Result:

Lambda_ptW_HAP_IP - Thermal conductivity in Btu/(h ft °R)

Range of Validity:

Temperature t: from -99.67°F to 662°F

Total pressure p: from 0.00145 psi to 1450.4 psi

Humidity ratio W: 0<W <10lb,,/Ib,
Comments:

- A new very accurate algorithm is implemented between 32°F and 662°F

- When calculating supersaturated air an ideal mixing model (saturated humid air
and water droplets (or ice crystals) homogeneously mixed) is applied

Result for Wrong Input Values:
Lambda_ptW_HAP_IP =-1000

References:
A(p,t,W) Herrmann et al. [3], [4]
Aw(p,t)  IAPWS-IF97 [7], [8] and IAPWS-08 [20]

A (1) Lemmon et al. [18]
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Kinematic Viscosity v = f(p,t,W)

Function Name:
Ny ptW_HAP_IP

Fortran Program:
REAL*8 FUNCTION NY_PTW_HUAIRPROP(P,T,W), REAL*8 P,T,W

Input Values:

p - Total pressure p in psi

t - Temperature tin °F

W - Humidity ratio W in Ib,, /b,
Result:

Ny ptW_ HAP_IP - Kinematic viscosity in ft2 /s

Range of Validity:

Temperature t: from -99.67°F to 662°F
Total pressure p: from 0.00145 psi to 1450.4 psi
Humidity ratio W: 0<W <Wg

Comments:

- Kinematic Viscosity v = n
2

Result for Wrong Input Values:
Ny ptW_HAP_IP =-1000

References:
n(p,t,W) Herrmann et al. [3], [4]
p(p,t, W) Herrmann et al. [1], [2]
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Backward Function: Pressure p = f(t,s,W)

Function Name:
p_tsW_HAP_IP

Fortran Program:
REAL*8 FUNCTION P_TSW_HUAIRPROP(T,S,W), REAL*8 T,S,W

Input Values:
t Temperature tin °F
S - Air-specific entropy s in Btu/(lb, °R)
W Humidity ratio W in Ib,, /b,

Result:
p_tsW_HAP_IP - Total pressure of humid air in psi

Range of Validity:
Temperature t: from -225.67°F to 662°F
Air-specific entropy s: from -6.32 Btu/(lb, °R) to 9.32877 Btu/(lb, °R)

Humidity ratio W: 0<W <101Ib,, /by,

Comments:

- Iteration of total pressure p from s = f(p,t,W)

Result for Wrong Input Values:
p_tsW_HAP_IP = -1000

References:
s(p,t,W) Herrmann et al. [1], [2]
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Pressure p = f(zge)

Function Name:
p_zele HAP_IP

Fortran Program:
REAL*8 FUNCTION P_ZELE HUAIRPROP(ZELE), REAL*8 ZELE

Input Values:

Zge - Elevation zgin ft
Result:

p_zele HAP_IP - Pressure of humid air in psi
Range of Validity:

Elevation z, from -16,404 ft to 36,089 ft

Comments:

- Pressure of humid air from elevation
. 5.256
- P(Zg1e) =14.696 psi-(1 ~6.8754-107° ?_tlej

Result for Wrong Input Values:
p_zele HAP_IP =-1000

References:
P(Zete) ASHRAE [23]
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Partial Pressure of Air p;, = f(p,t,W)

Function Name:
pAir_ptW_HAP_IP

Fortran Program:
REAL*8 FUNCTION PAIR_PTW_HUAIRPROP(P,T,W), REAL*8 P,T,W

Input Values:

p - Total pressure p in psi

t - Temperature tin °F

W - Humidity ratio W in Ib,,/Ib,
Result:

pAir_ptW_HAP_IP - Partial pressure of (dry) air in humid air in psi

Range of Validity:

Temperature t: from -225.67°F to 662°F

Total pressure p: from 0.00145 psi to 1450.4 psi

Humidity ratio W: 0<W <10lb,,/Ib,
Comments:

- Partial pressure of (dry) air in humid air paj, =1- PH20o

- Partial pressure of water vapor at saturation is calculated in case of
supersaturated humid air (W >Wg(p,t))

- The temperature value is used to calculate the saturation state

Result for Wrong Input Values:
pAir_ptW_HAP_IP = -1000

References:
PHoo(P,W)  Herrmann et al. [1], [2]
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Partial Pressure of Water Vapor py,o = f(p,t,W)

Function Name:
pH20 ptW_HAP_IP

Fortran Program:
REAL*8 FUNCTION PH20_PTW_HUAIRPROP(P,T,W), REAL*8 P,T,W

Input Values:

p - Total pressure p in psi

t - Temperature tin °F

W - Humidity ratio W in Ib,,/Ib,
Result:

pH20 ptW_HAP_IP - Partial pressure of water vapor in humid air in psi

Range of Validity:

Temperature t: from -225.67°F to 662°F

Total pressure p: from 0.00145 psi to 1450.4 psi

Humidity ratio W: 0<W <10lb,,/Ib,

Comments:
. . Dy W.p
- Partial pressure of water vapor in humid air pyog =
)

—+W
RW

- Partial pressure of water vapor at saturation is calculated in case of
supersaturated humid air (W >Wg(p,t))

- The temperature value is used to calculate the saturation state

Result for Wrong Input Values:
pH20 ptW HAP_IP = -1000

References:
PH2o(P,W) Herrmann et al. [1], [2]

H.-J. Kretzschmar, S. Herrmann, I. Stoecker, M. Kunick, M. Nicke, D. P. Gatley: Property Library ASHRAE-LibHuAirProp



I-P —3/18

Partial Sat. Pressure of Water Vapor in Humid Air py,0 s = f(p, 1)

Function Name:
pH20s_pt HAP_IP

Fortran Program:
REAL*8 FUNCTION PH20S_PT_HUAIRPROP(P,T), REAL*8 P,T

Input Values:
p - Total pressure p in psi
t - Temperature tin °F
Result:

pH20s_pt HAP_IP - Partial saturation pressure of water vapor in humid air in psi

Range of Validity:

Temperature t: from -225.67°F to 662°F
Total pressure p: from 0.00145 psi to 1450.4 psi
Comments:

- Partial pressure of water vapor at saturation py,0 ¢ =f - ps(t)
with ps(t) for t>32°F - Steam pressure of water

for t <32°F - Sublimation pressure of water

Result for Wrong Input Values:
pH20s_pt_HAP_IP = -1000

References:
f(p,t) Herrmann et al. [1], [2]
ps(t) fort > 32°F IAPWS-IF97 [7], [8]

for t < 32°F IAPWS-08 [11]
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Relative Humidity ¢ = f(p,t,W)

Function Name:
phi_ptW_HAP_IP

Fortran Program:
REAL*8 FUNCTION PHI_PTW_HUAIRPROP(P,T,W), REAL*8 P, T,W

Input Values:

p - Total pressure p in psi

t - Temperature tin °F

W - Humidity ratio W in Ib,, /b,
Result:

phi_ptW_HAP_IP - Relative humidity (decimal ratio)

Range of Validity:

Temperature . from -225.67°F to 662°F
Total pressure p: from 0.00145 psi to 1450.4 psi
Humidity ratio W- 0<W <10Ib,/Ib,
Comments:
PH20

- Relative humidity ¢ =
Pr20,s

- This equation is valid for pyo0 < prpo s @and for 0 < p <1

Result for Wrong Input Values:
phi_ptW_HAP_IP =-1000

References:
o(p,t,W) Herrmann et al. [1], [2]

H.-J. Kretzschmar, S. Herrmann, I. Stoecker, M. Kunick, M. Nicke, D. P. Gatley: Property Library ASHRAE-LibHuAirProp
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Prandtl Number Pr = f(p,t,W)

Function Name:
Pr_ptW_HAP_IP

Fortran Program:
REAL*8 FUNCTION PR_PTW_HUAIRPROP(P,T,W), REAL*8 P, T,W

Input Values:

p - Total pressure p in psi

t - Temperature tin °F

W - Humidity ratio W in Ib, /b,
Result:

Pr_ptW_HAP_IP - Prandtl number

Range of Validity:

Temperature . from -99.67°F to 662°F

Total pressure p: from 0.00145 psi to 1450.4 psi

Humidity ratio W: 0<W <10lb,,/Ib,
Comments:

-C
- Prandtl number Pr = UTP

- Calculation for supersaturated humid air (W > W) is not possible

Result for Wrong Input Values:
Pr_ptW_HAP_IP =-1000

References:
n(p,t,W)  Herrmann et al. [3], [4]
Cp(p,t,W) Herrmann et al. [3], [4]

A(p,t,W) Lemmon et al. [20]

H.-J. Kretzschmar, S. Herrmann, I. Stoecker, M. Kunick, M. Nicke, D. P. Gatley: Property Library ASHRAE-LibHuAirProp
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Mole Fraction of Air y,;, = f(W)

Function Name:
PsiAir W_HAP_IP

Fortran Program:
REAL*8 FUNCTION PSIAIR_W_HUAIRPROP(W), REAL*8 W

Input Values:
W - Humidity ratio W in Ib,, /b,

Result:

PsiAir_W_HAP_IP - Mole fraction of (dry) air in humid air in mola/mol

Range of Validity:

Humidity ratio W: 0<W <10lb,,/Ib,
Comments:
. . w
- Mole fraction of air ypj; =1-yoo =1- B
a +w
Ri20

Result for Wrong Input Values:
PsiAir W_HAP_IP = -1000

References:
¥ air (W) Herrmann et al. [1], [2]

H.-J. Kretzschmar, S. Herrmann, I. Stoecker, M. Kunick, M. Nicke, D. P. Gatley: Property Library ASHRAE-LibHuAirProp



I-P —3/22

Mole Fraction of Water yy,0 = f(W)

Function Name:
PsiH20 W_HAP_IP

Fortran Program:
REAL*8 FUNCTION PSIH20_W_HUAIRPROP(W), REAL*8 W

Input Values:
W - Humidity ratio W in Ib, /b,
Result:

PsiH20_W_HAP_IP - Mole fraction of water in humid air in mol,,/mol

Range of Validity:

Humidity ratio W- 0<W <10lb,,/Ib,
Comments:
. w
- Mole fraction of water w50 = B
a4
Rizo

Result for Wrong Input Values:
PsiH20_W_HAP_IP = -1000

References:
Yoo(W)  Herrmann et al. [1], [2]

H.-J. Kretzschmar, S. Herrmann, I. Stoecker, M. Kunick, M. Nicke, D. P. Gatley: Property Library ASHRAE-LibHuAirProp
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Density p = f(p,t,W)

Function Name:
Rho_ptW_HAP_IP

Fortran Program:
REAL*8 FUNCTION RHO_PTW_HUAIRPROP(P,T,W), REAL*8 P,T,W

Input Values:

p - Total pressure p in psi

t - Temperature tin °F

W - Humidity ratio W in Ib,, /b,
Result:

Rho_ptW_HAP_IP - Density of humid air in Ib/ft3

Range of Validity:

Temperature t: from -225.67°F to 662°F

Total pressure p: from 0.00145 psi to 1450.4 psi

Humidity ratio W- 0<W <10lb,,/Ib,
Comments:

. L : . - 1+ W
- Density of humid air obtained from air-specific volume: p = il

Result for Wrong Input Values:
Rho_ptW_HAP_IP = -1000

References:
p(p,t,W) Herrmann et al. [1], [2]

H.-J. Kretzschmar, S. Herrmann, I. Stoecker, M. Kunick, M. Nicke, D. P. Gatley: Property Library ASHRAE-LibHuAirProp
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Air-Specific Entropy s = f(p,t,W)

Function Name:
s_ptW_HAP_IP

Fortran Program:
REAL*8 FUNCTION S PTW_HUAIRPROP(P,T,W), REAL*8 P, T,W

Input Values:

p - Total pressure p in psi

t - Temperature tin °F

W - Humidity ratio W in Ib, /b,
Result:

s_ptW_HAP_IP - Air-specific entropy in Btu/(lb, - °R)

Range of Validity:

Temperature . from -225.67°F to 662°F

Total pressure p: from 0.00145 psi to 1450.4 psi

Humidity ratio W- 0<W <10lIb/Ib,
Comments:

- When calculating supersaturated air an ideal mixing model (saturated humid air
and water droplets (or ice crystals) homogeneously mixed) is applied

Result for Wrong Input Values:
s_ptW_HAP_IP = -1000

References:
s(p,t,W) Herrmann et al. [1], [2]

H.-J. Kretzschmar, S. Herrmann, I. Stoecker, M. Kunick, M. Nicke, D. P. Gatley: Property Library ASHRAE-LibHuAirProp
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Backward Function: Temperature t = f(p,h,p)

Function Name:
t_phphi_HAP_IP

Fortran Program:
REAL*8 FUNCTION T_PHPHI_HUAIRPROP(P,H,PHI), REAL*8 P,H,PHI

Input Values:

p - Total pressure p in psi

h - Air-specific enthalpy h in Btu/lb,

10) - Relative humidity ¢ (decimal ratio)
Result:

t_phphi_HAP_IP - Temperature from pressure, enthalpy, and relative humidity in °F

Range of Validity:
Total pressure p: from 0.00145 psi to 1450.4 psi
Air-specific enthalpy h:  from -2469.22 Btu/lb, to 12772.088 Btu/lb,

Relative humidity ¢: 0<p<1

Comments:
- Iteration of temperature ¢t from h = f(p,t,W) using W = f(p,t,p)

Result for Wrong Input Values:
t_phphi_HAP_IP = -1000

References:
h(p,t,W) Herrmann et al. [1], [2]

H.-J. Kretzschmar, S. Herrmann, I. Stoecker, M. Kunick, M. Nicke, D. P. Gatley: Property Library ASHRAE-LibHuAirProp
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Backward Function: Temperature t = f(p,h,W)

Function Name:
t_ phW_HAP_IP

Fortran Program:
REAL*8 FUNCTION T_PHW_HUAIRPROP(P,H,W), REAL*8 P,H.W

Input Values:
p - Total pressure p in psi
h - Air-specific enthalpy h in Btu/lb,
W - Humidity ratio W in Ib,,/Ib,
Result:

t phW_HAP_IP - Temperature from pressure, enthalpy, and humidity ratio in °F

Range of Validity:
Total pressure p: from 0.00145 psi to 1450.4 psi
Air-specific enthalpy h:  from -2469.22 Btu/lb, to 12772.088 Btu/lb,

Humidity ratio W: 0<W <10lb,,/Ib,

Comments:

- Iteration of temperature t from h = f(p,t,W)

Result for Wrong Input Values:
t_ phW_HAP_IP = -1000

References:
h(p,t,W) Herrmann et al. [1], [2]

H.-J. Kretzschmar, S. Herrmann, I. Stoecker, M. Kunick, M. Nicke, D. P. Gatley: Property Library ASHRAE-LibHuAirProp
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Backward Function: Temperature t = f(p,s,W)

Function Name:
t_ psW_HAP_IP

Fortran Program:
REAL*8 FUNCTION T_PSW_HUAIRPROP(P,S,W), REAL*8 P,S,W

Input Values:
p - Total pressure p in psi
S - Air-specific entropy in Btu/(lb, - °R)
W - Humidity ratio W in Ib,, /b,
Result:

t psW_HAP_IP - Temperature from pressure, entropy, and humidity ratio in °F

Range of Validity:
Total pressure p: from 0.00145 psi to 1450.4 psi
Air-specific entropy s: from -6.32 Btu/(Ib, °R) to 9.32877 Btu/(lb, °R)

Humidity ratio W: 0<W <10lb,,/Ib,

Comments:

- Iteration of temperature t from s = f(p,t,W)

Result for Wrong Input Values:
t psW_HAP_IP = -1000

References:
s(p,t,W) Herrmann et al. [1], [2]

H.-J. Kretzschmar, S. Herrmann, I. Stoecker, M. Kunick, M. Nicke, D. P. Gatley: Property Library ASHRAE-LibHuAirProp
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Backward Function: Temperature t = f(p,t,,,, W)

Function Name:
t_ptwbW_HAP_IP

Fortran Program:
REAL*8 FUNCTION T_PTWBW_HUAIRPROP(P,TWB,W), REAL*8 P, TWB,W

Input Values:
p - Total pressure p in psi
two - Wet-bulb temperature in °F
W - Humidity ratio W in Ib,,/Ib,
Result:

t ptwbW_HAP_IP - Temperature from pressure, wet bulb temperature and
humidity ratio in °F

Range of Validity:
Total pressure p: from 0.00145 psi to 1450.4 psi
Wet bulb temperature t,,,: from -225.67°F to 662°F

Humidity ratio W: 0<W <10lIb, /b,

Comments:

- Iterationof temperature t from t,,, =f(p,t,W)

Result for Wrong Input Values:
t_ptwbW_HAP_IP = -1000

References:
two (Pt W) Herrmann et al. [1], [2]

H.-J. Kretzschmar, S. Herrmann, I. Stoecker, M. Kunick, M. Nicke, D. P. Gatley: Property Library ASHRAE-LibHuAirProp
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Dew-Point/Frost-Point Temperature ty = f(p,W)

Function Name:
td_pW_HAP_IP

Fortran Program:
REAL*8 FUNCTION TD_PW_HUAIRPROP(P,W), REAL*8 P,W

Input Values:

p - Total pressure p in psi

W - Humidity ratio W in Ib,, /b,
Result:

td_ pW_HAP_IP - Dew-point/frost-point temperature in °F

Range of Validity:

Total pressure p: from 0.00145 psi to 1450.4 psi
Humidity ratio W: 0<W <10lb,,/Ib,
Comments:

Dew-point temperature ty = t;(pyo0) for t > 32°F (saturation temperature of
water in humid air)

tq =tsup(PH2o) for t < 32°F (sublimation temperature
of water in humid air)

Result for Wrong Input Values:
td_pW_HAP_IP = -1000

References:
t.(Pypo)  for ty>32°F  IAPWS-IF97 [7], [8]
tsub(Pr2o) for ty <32°F IAPWS-08 [11]

PH20 Herrmann et. al. [1], [2]

H.-J. Kretzschmar, S. Herrmann, I. Stoecker, M. Kunick, M. Nicke, D. P. Gatley: Property Library ASHRAE-LibHuAirProp
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Saturation Temperature t, = f(p,Py0)

Function Name:
ts_ppH20_HAP_IP

Fortran Program:
REAL*8 FUNCTION TS_PPH20_HUAIRPROP(P,PH20), REAL*8 P,PH20

Input Values:

p - Total pressure p in psi

PH2o - Partial saturation pressure of water py,q in psi
Result:

ts_ppH20_HAP_IP - Saturation temperature of water in humid air in °F

Range of Validity:
Total pressure p: from 0.00145 psi to 1450.4 psi
Partial pressure pyoo @ from 0.00145 psito 1450.4 psi

Comments:

- Iteration of saturation temperature t; from py,0 5 =f(p,t)

Result for Wrong Input Values:
ts_ppH20_HAP_IP =-1000

References:
PrHzos Herrmann et. al. [1], [2]

H.-J. Kretzschmar, S. Herrmann, I. Stoecker, M. Kunick, M. Nicke, D. P. Gatley: Property Library ASHRAE-LibHuAirProp
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Wet-Bulb/lce-Bulb Temperature ¢, = f(p,t,W)

Function Name:
twh_ptW_HAP_IP

Fortran Program:
REAL*8 FUNCTION TWB_PTW_HUAIRPROP(P,T,W), REAL*8 P, T,W

Input Values:

p - Total pressure p in psi

t - Temperature tin °F

W - Humidity ratio W in Ib,, /b,
Result:

twb_ptW_HAP_IP - Wet-bulb/ice-bulb temperature in °F

Range of Validity:

Temperature t: from -225.67°F to 662°F

Total pressure p: from 0.00145 psi to 1450.4 psi

Humidity ratio W: 0<W <10lb,,/Ib,
Comments:

- Iteration of wet-bulb temperature t,,, from pUnsatlurated g, ¢ /) = 9 (p ¢ W)

- Calculation for supersaturated humid air (W > W) is not possible

Result for Wrong Input Values:
twb_ptW_HAP_IP = -1000

References:
tun(P,t,W) Herrmann et al. [1], [2]

H.-J. Kretzschmar, S. Herrmann, I. Stoecker, M. Kunick, M. Nicke, D. P. Gatley: Property Library ASHRAE-LibHuAirProp
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Air-Specific Internal Energy u = f(p,t,W)

Function Name:
u_ptW_HAP_IP

Fortran Program:
REAL*8 FUNCTION U_PTW_HUAIRPROP(P,T,W), REAL*8 P,T,W

Input Values:

p - Total pressure p in psi

t - Temperature tin °F

W - Humidity ratio W in Ib, /b,
Result:

u_ptW_HAP_IP  _ Air-specific internal energy in Btu/lb,

Range of Validity:

Temperature . from -225.67°F to 662°F

Total pressure p: from 0.00145 psi to 1450.4 psi

Humidity ratio W: 0<W <10lb,,/Ib,
Comments:

- Internal energy u =h — pv

Result for Wrong Input Values:
u_ptW_HAP_IP = -1000

References:
u(p,t,W) Herrmann et al. [1], [2]

H.-J. Kretzschmar, S. Herrmann, I. Stoecker, M. Kunick, M. Nicke, D. P. Gatley: Property Library ASHRAE-LibHuAirProp
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Air-Specific Volume v = f(p,t,W)

Function Name:
v_ptW_HAP_IP

Fortran Program:
REAL*8 FUNCTION V_PTW_HUAIRPROP(P,T,W), REAL*8 P, T,W

Input Values:

p - Total pressure p in psi

t - Temperature tin °F

W - Humidity ratio W in Ib, /b,
Result:

V_ptW_HAP_IP  _ Aijr-specific volume in ft3/lb,

Range of Validity:

Temperature . from -225.67°F to 662°F

Total pressure p: from 0.00145 psi to 1450.4 psi

Humidity ratio W: 0<W <101Ib,/Ib,
Comments:

- When calculating supersaturated air an ideal mixing model (saturated humid air
and water droplets (or ice crystals) homogeneously mixed) is applied

Result for Wrong Input Values:
v_ptW_HAP_IP =-1000

References:
v(p,t,W) Herrmann et al. [1], [2]

H.-J. Kretzschmar, S. Herrmann, I. Stoecker, M. Kunick, M. Nicke, D. P. Gatley: Property Library ASHRAE-LibHuAirProp
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Humidity Ratio from Partial Pressure of Water Vapor W = f(p,t,pyo0)

Function Name:
W_ptpH20_HAP_IP

Fortran Program:
REAL*8 FUNCTION W_PTPH20_HUAIRPROP(P,T,PH20), REAL*8 P,T,PH20

Input Values:

p - Total pressure p in psi

t - Temperature tin °F

Proo - Partial pressure of water pyoq in psi
Result:

W_ptpH2O_HAP_IP - Humidity ratio from pressure, temperature and partial
pressure of water vapor in Ib,, /lb,

Range of Validity:

Total pressure p: from 0.00145 psi to 1450.4 psi

Temperature ¢t : from -225.67°F to 662°F

Partial pressure pyoq : from 0.00145 psi to 1450.4 psi
Comments:

- Iteration of humidity ratio W from py,o = f(p,t,W)

- Result for supersaturated humid air is W

Result for Wrong Input Values:
W_ptpH20_HAP_IP = -1000

References:
Puoo(p.t,W) Herrmann et al. [1], [2]

H.-J. Kretzschmar, S. Herrmann, I. Stoecker, M. Kunick, M. Nicke, D. P. Gatley: Property Library ASHRAE-LibHuAirProp
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Humidity Ratio from Relative Humidity W = f(p,t,®)

Function Name:
W_ptphi_HAP_IP

Fortran Program:
REAL*8 FUNCTION W_PTPHI_HUAIRPROP(P,T,PHI), REAL*8 P,T,PHI

Input Values:
p - Total pressure p in psi
t - Temperature tin °F
10) - Relative humidity (decimal ratio)
Result:
W_ptphi_HAP_IP - Humidity ratio from pressure, temperature and relative

humidity in Ib,, /b,

Range of Validity:

Temperature . from -225.67°F to 662°F
Total pressure p: from 0.00145 psi to 1450.4 psi
Relative humidity ¢: 0<p<l

Comments:

- Iteration of humidity ratio W from ¢ =f(p,t,W)
Result for Wrong Input Values:
W_ptphi_HAP_IP =-1000

References:
o(p,t,W) Herrmann et al. [1], [2]

H.-J. Kretzschmar, S. Herrmann, I. Stoecker, M. Kunick, M. Nicke, D. P. Gatley: Property Library ASHRAE-LibHuAirProp
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Humidity Ratio from Dew-Point Temperature W = f(p,t,)

Function Name:
W_ptd_HAP_IP

Fortran Program:
REAL*8 FUNCTION W_PTD_HUAIRPROP(P,TD), REAL*8 P,TD

Input Values:
p - Total pressure p in psi
ty - Dew-pointtemperature ty in°F
Result:
W_ptd_HAP_IP - Humidity ratio from pressure and dew-point temperature

in lby, /b,
Range of Validity:
Dew point temperature ty:  from -225.67°F to 662°F

Total pressure p: from 0.00145 psi to 1450.4 psi
Comments:

- Iteration of humidity ratio W from ty = f(p,W)

Result for Wrong Input Values:

W_ptd_HAP_IP = -1000
References:

ty(p,W) Herrmann et al. [1], [2]

H.-J. Kretzschmar, S. Herrmann, I. Stoecker, M. Kunick, M. Nicke, D. P. Gatley: Property Library ASHRAE-LibHuAirProp
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Humidity Ratio from Wet-Bulb Temperature W = f(p,t,t,,;,)

Function Name:
W_pttwb_HAP_IP

Fortran Program:
REAL*8 FUNCTION W_PTTWB_HUAIRPROP(P,T,TWB), REAL*8 P, T,TWB

Input Values:

p - Total pressure p in psi

t - Temperature tin °F

tww - Wet-bulb temperature in °F
Result:

W_pttwb_HAP_IP - Humidity ratio from pressure, temperature and wet-bulb
temperature in Ib,,/lb,

Range of Validity:
Total pressure p: from 0.00145 psi to 1450.4 psi
Temperature t: from -225.67°F to 662°F
Wet-bulb temperature t,,,,:  from -225.67°F to 662°F

Comments:

- Iteration of humidity ratio W from t,,, = f(o,t,W)

- Calculation for supersaturated humid air (W > W) is not possible
Result for Wrong Input Values:
W_pttwb_HAP_IP = -1000

References:
tup(P,,W)  Herrmann et al. [1], [2]

H.-J. Kretzschmar, S. Herrmann, I. Stoecker, M. Kunick, M. Nicke, D. P. Gatley: Property Library ASHRAE-LibHuAirProp
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Saturation Humidity Ratio W = f(p,t)

Function Name:
Ws_pt_ HAP_IP

Fortran Program:
REAL*8 FUNCTION WS_PT_HUAIRPROP(P,T), REAL*8 P,T

Input Values:
p - Total pressure p in psi
t - Temperature tin °F
Result:

Ws_pt HAP_IP - Saturation humidity ratio in Ib,/Ib,

Range of Validity:

Total pressure p: from 0.00145 psi to 1450.4 psi
Temperature t: from -225.67°F to 662°F
Comments:

Muoo  PH20.s

- Calculation of saturation humidity ratio Wy from Wy = M ( )
a \P~PH20,s

Result for Wrong Input Values:
Ws_pt_HAP_IP = -1000

References:
PH20O s Herrmann et al. [1], [2]

H.-J. Kretzschmar, S. Herrmann, I. Stoecker, M. Kunick, M. Nicke, D. P. Gatley: Property Library ASHRAE-LibHuAirProp
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Mass Fraction of Air &,;, = f(W)

Function Name:
XiAir W_HAP_IP

Fortran Program:
REAL*8 FUNCTION XIAIR_W_HUAIRPROP(W), REAL*8 W

Input Values:
W - Humidity ratio W in Ib,, /b,

Result:
XiAir_ W_HAP_IP - Mass fraction of (dry) air in humid air in Ib,/Ib

Range of Validity:

Humidity ratio W: 0<W <10lb,,/Ib,
Comments:
- Mass fraction of (dry) air &pi, =1-§ = 1—L
Air H20 1+ W

Result for Wrong Input Values:

XiAir W_HAP_IP =-1000
References:

Enir (W) Herrmann et al. [1], [2]

H.-J. Kretzschmar, S. Herrmann, I. Stoecker, M. Kunick, M. Nicke, D. P. Gatley: Property Library ASHRAE-LibHuAirProp
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Mass Fraction of Water Vapor in Humid Air &y, = f(W)

Function Name:
XiH20_W_HAP_IP

Fortran Program:
REAL*8 FUNCTION XIH20_W_HUAIRPROP(W), REAL*8 W

Input Values:
W - Humidity ratio W in Ib,, /b4

Result:
XiH20_W_HAP_IP - Mass fraction of water vapor in humid air in Ib,,/Ib

Range of Validity:

Humidity ratio W 0<W <10lIb,,/Ib,
Comments:
- Mass fraction of water & W
H20 =77\

Result for Wrong Input Values:
XiH20_W_HAP_IP = -1000

References:
Epo(W)  Herrmann et al. [1], [2]

H.-J. Kretzschmar, S. Herrmann, I. Stoecker, M. Kunick, M. Nicke, D. P. Gatley: Property Library ASHRAE-LibHuAirProp
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Compression Factor Z = f(p,t,W)

Function Name:
Z_ptW_HAP_IP

Fortran Program:
REAL*8 FUNCTION Z_PTW_HUAIRPROP(P,T,W), REAL*8 P,T,W

Input Values:

p - Total pressure p in psi

t - Temperature tin °F

W - Humidity ratio W in Ib,/Ib,
Result:

Z_ptW_HAP_IP - Compression factor (decimal ratio)

Range of Validity:

Total pressure p: from 0.00145 psi to 1450.4 psi
Temperature t: from -225.67°F to 662°F
Humidity ratio W: O<W <Wg
Comments:

. B

- Compression factor Z =1+ -1+ C—g‘
v v
with 7 =M _ MV
p 1+W

and M is the molar mass of humid air

- Calculation for supersaturated humid air (W > W) is not possible

Result for Wrong Input Values:
Z ptW_HAP_IP =-1000

References:
By (t,W),C(t,W)  Herrmann etal. [1], [2]
pp,t, W), v(p,t, W) Herrmann et al. [1], [2]

H.-J. Kretzschmar, S. Herrmann, I. Stoecker, M. Kunick, M. Nicke, D. P. Gatley: Property Library ASHRAE-LibHuAirProp
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3.2 Functions for Steam and Water for Temperatures t 2 32°F

H.-J. Kretzschmar, S. Herrmann, I. Stoecker, M. Kunick, M. Nicke, D. P. Gatley: Property Library ASHRAE-LibHuAirProp
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Specific Enthalpy of Liquid Water h;, =f(p,t)

Function Name:
hlig_pt_ 97 _IP

Fortran Program:
REAL*8 FUNCTION HLIQ_PT_97(P,T), REAL*8 P, T

Input Values:

p - Pressure pin psi

t - Temperature tin °F
Result:

hlig_pt_97_IP - Specific enthalpy of liquid water in Btu/lb

Range of Validity:

Pressure p: from ps(32°F) = 0.08865 psito 1450.4 psi
Temperature t: from 32°F to 662°F
Comments:

- Specific enthalpy of liquid water hj = h97(p, t) (Regionl)

Result for Wrong Input Values:
hlig_pt_97_IP = -1000

References:

¥ (p,t)  IAPWS-IF97 [7], [8]

H.-J. Kretzschmar, S. Herrmann, I. Stoecker, M. Kunick, M. Nicke, D. P. Gatley: Property Library ASHRAE-LibHuAirProp
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Specific Enthalpy of SaturatedLiquid Water h;q ¢ = f(t)

Function Name:
hligs_t 97 IP

Fortran Program:
REAL*8 FUNCTION HLIQS_T_97(T), REAL*8 T

Input Values:

t - Temperature tin °F

Result:
hligs_t 97 IP - Specific enthalpy of saturated liquid water in Btu/lb

Range of Validity:
Temperature t: from 32°F to 662°F

Comments:

- Specific enthalpy of liquid water hiig,s = h97(ps,t) (Region1)
with pg = pd’ (t)

Result for Wrong Input Values:
hligs_t 97 _IP =-1000

References:

h¥ (p,t), pd7(t)  IAPWS-IF97 [7], [8]

H.-J. Kretzschmar, S. Herrmann, I. Stoecker, M. Kunick, M. Nicke, D. P. Gatley: Property Library ASHRAE-LibHuAirProp
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Specific Enthalpy of Saturated Water Vapor h,,, s = f(t)

Function Name:
hvaps t 97 IP

Fortran Program:
REAL*8 FUNCTION HVAPS_T_97(T), REAL*8 T

Input Values:
t - Temperature tin °F

Result:
hvaps_t 97 IP - Specific enthalpy of saturated water vapor in Btu/lb

Range of Validity:
Temperature t: from 32°F to 662°F

Comments:

- Specific enthalpy of saturated water vapor hyap.s = h97(ps,t) (Region 2)

with pg = pd’ (t)

Result for Wrong Input Values:
hvaps_t 97 IP =-1000

References:

h¥ (p,t), pd7(t)  IAPWS-IF97 [7], [8]

H.-J. Kretzschmar, S. Herrmann, I. Stoecker, M. Kunick, M. Nicke, D. P. Gatley: Property Library ASHRAE-LibHuAirProp
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Saturation Pressure of Water pg = f(t)

Function Name:
ps_t 97 IP

Fortran Program:
REAL*8 FUNCTION PS_T 97(T), REAL*8 T

Input Values:

t - Temperature tin °F

Result:

ps_t 97 IP - Saturation pressure of water in psi

Range of Validity:
Temperature t: from 32°F to 662°F

Comments:

- Saturation pressure of water pg = p§7(t) (Region 4)

Result for Wrong Input Values:
ps_t 97 _IP -1000

References:

pd(t) IAPWS-IF97 [7], [8]

H.-J. Kretzschmar, S. Herrmann, I. Stoecker, M. Kunick, M. Nicke, D. P. Gatley: Property Library ASHRAE-LibHuAirProp
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Specific Entropy of Liquid Water s;;; = f(p,t)

Function Name:
slig_pt 97 IP

Fortran Program:
REAL*8 FUNCTION SLIQ_PT_97(P,T), REAL*8 P,T

Input Values:

p - Pressure pin psi

t - Temperature tin °F
Result:

slig_pt_97_IP - Specific entropy of liquid water in Btu/(Ib °R)

Range of Validity:

Pressure p: from ps(32°F) = 0.08865 psito 1450.4 psi
Temperature t: from 32°F to 662°F
Comments:

- Specific entropy of liquid water s;;q = 397(p, t) (Regionl)

Result for Wrong Input Values:
slig_pt_97_IP =-1000

References:

s2(p,t)  IAPWS-IF97 [7], [8]

H.-J. Kretzschmar, S. Herrmann, I. Stoecker, M. Kunick, M. Nicke, D. P. Gatley: Property Library ASHRAE-LibHuAirProp
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Specific Entropy of Saturated Liquid Water s;;, = f(t)

Function Name:
sligs_t 97 _IP

Fortran Program:
REAL*8 FUNCTION SLIQS T_97(T), REAL*8 T

Input Values:

t - Temperature tin °F

Result:
sligs_t 97 _IP - Specific entropy of saturated liquid water in Btu/(lb °R)

Range of Validity:
Temperature t. from 32°F to 662°F

Comments:

- Specific entropy of liquid water Siig,s = 397(p3,t) (Region 1)

with pg = pd’ (t)

Result for Wrong Input Values:
sligs_t_97_IP = -1000

References:

s (p,t), pd'(t)  IAPWS-IF97 [7], [8]

H.-J. Kretzschmar, S. Herrmann, I. Stoecker, M. Kunick, M. Nicke, D. P. Gatley: Property Library ASHRAE-LibHuAirProp
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Specific Entropy of Saturated Water Vapor Svap,s = f(t)

Function Name:
svaps_t 97 IP

Fortran Program:
REAL*8 FUNCTION SVAPS T _97(T), REAL*8 T

Input Values:
t - Temperature tin °F

Result:
svaps_t 97 IP - Specific entropy of saturated water vapor in Btu/(Ib °R)

Range of Validity:

Temperature t: from 32°F to 662°F

Comments:

- Specific entropy of saturated water vapor Syap,s = 397(ps,t) (Region 2)

with pg = pd’ (t)

Result for Wrong Input Values:
svaps_t 97 IP =-1000

References:

s (p,t), p'(t)  IAPWS-IF97 [7], [8]

H.-J. Kretzschmar, S. Herrmann, I. Stoecker, M. Kunick, M. Nicke, D. P. Gatley: Property Library ASHRAE-LibHuAirProp
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Saturation Temperature of Water t, = f(p)

Function Name:
ts_ p_97_IP

Fortran Program:
REAL*8 FUNCTION TS_P_97(P), REAL*8 P

Input Values:

p - Pressure pin psi

Result:

ts_p_97_IP - Saturation temperature of water in °F

Range of Validity:
Pressure p: from 0.08865 psi to 1450.4 psi

Comments:

- Saturation temperature of water tg = t§7(p) (Region 4)

Result for Wrong Input Values:
ts_p_97 IP =-1000

References:

t27(p) IAPWS-IF97 [7], [8]

H.-J. Kretzschmar, S. Herrmann, I. Stoecker, M. Kunick, M. Nicke, D. P. Gatley: Property Library ASHRAE-LibHuAirProp
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Specific Volume of Liquid Water v, = f(p,t)

Function Name:
vlig_pt_97_IP

Fortran Program:
REAL*8 FUNCTION VLIQ_PT_97(P,T), REAL*8 P,T

Input Values:

p - Pressure pin psi

t - Temperature tin °F
Result:

vlig_pt_97_IP - Specific volume of liquid water in ft /o

Range of Validity:

Pressure p: from pg(32°F) = 0.08865 psito 1450.4 psi
Temperature t: from 32°F to 662°F
Comments:

- Specific volume of liquid water v, :v97(p,t) (Region 1)

Result for Wrong Input Values:
vlig_pt_97_IP =-1000

References:

v¥(p,t)  IAPWS-IF97 [7], [8]

H.-J. Kretzschmar, S. Herrmann, I. Stoecker, M. Kunick, M. Nicke, D. P. Gatley: Property Library ASHRAE-LibHuAirProp
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Specific Volume of Saturated Liquid Water v ;, = f(t)

Function Name:
vligs_t 97 IP

Fortran Program:
REAL*8 FUNCTION VLIQS T_97(T), REAL*8 T

Input Values:

t - Temperature tin °F
Result:

vligs_t 97 _IP - Specific volume of saturated liquid water in ft3 /o
Range of Validity:

Temperature t: from 32°F to 662°F

Comments:

- Specific volume of liquid water Viig.s =v97(ps,t) (Region 1)

with pg = p’(t)

Result for Wrong Input Values:
vligs_t_97_IP =-1000

References:

vi(pt), pd(t)  IAPWS-IF97 [7], [8]

H.-J. Kretzschmar, S. Herrmann, I. Stoecker, M. Kunick, M. Nicke, D. P. Gatley: Property Library ASHRAE-LibHuAirProp
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Specific Volume of Saturated Water Vapor v, ¢ = f(t)

Function Name:

vvaps_t 97 IP

Fortran Program:
REAL*8 FUNCTION VVAPS T _97(T), REAL*8 T

Input Values:

t -  Temperature tin °F

Result:
vvaps_t_97_IP - Specific volume of saturated water vapor in ft3 /b
Range of Validity:

Temperature t: from 32°F to 662°F

Comments:

- Specific volume of saturated water vapor Vvap,s :v97(ps,t) (Region 2)

with pg = pd’(t)

Result for Wrong Input Values:
vvaps_t_97_IP =-1000

References:

vi(pt), pd(t)  IAPWS-IF97 [7], [8]

H.-J. Kretzschmar, S. Herrmann, I. Stoecker, M. Kunick, M. Nicke, D. P. Gatley: Property Library ASHRAE-LibHuAirProp
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3.3 Functions for Steam and Water for Temperatures t < 32°F

H.-J. Kretzschmar, S. Herrmann, I. Stoecker, M. Kunick, M. Nicke, D. P. Gatley: Property Library ASHRAE-LibHuAirProp



I-P —3/55

Specific Enthalpy of Saturatedice h;., ¢, = f(t)

Function Name:
hicesub_t 06_IP

Fortran Program:
REAL*8 FUNCTION HICESUB_T_06(T), REAL*8 T

Input Values:
t - Temperature tin °F

Result:
hicesub_t 06 _IP - Specific enthalpy of saturated ice in Btu/lb

Range of Validity:
Temperature t: from -225.67°F to 32°F

Comments:

- Specific enthalpy of saturated ice hice gyp = h06(psub,t)

with psyp = Pogy(t)

Result for Wrong Input Values:
hicesub_t 06 IP =-1000

References:
h%pt)  IAPWS-06 [10]

p28 (t) IAPWS-08 [11]

H.-J. Kretzschmar, S. Herrmann, I. Stoecker, M. Kunick, M. Nicke, D. P. Gatley: Property Library ASHRAE-LibHuAirProp
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Specific Enthalpy of Saturated Water Vapor h,,, ¢, = f(t)

Function Name:
hvapsub_t 95 IP

Fortran Program:
REAL*8 FUNCTION HVAPSUB_T_95(T), REAL*8 T

Input Values:

t - Temperature tin °F

Result:

hvapsub_t 95 IP - Specific enthalpy of saturated water vapor in Btu/lb
Range of Validity:
Temperature t: from -225.67°F to 32°F

Comments:

- Specific enthalpy of saturated water vapor h,,, sup = h95(psub,t)

with pgyp = Pogy (t)

Result for Wrong Input Values:
hvapsub_t 95 [P =-1000

References:
h%@p,t)  IAPWS-95 [5], [6]

p28 (1) IAPWS-08 [11]

H.-J. Kretzschmar, S. Herrmann, I. Stoecker, M. Kunick, M. Nicke, D. P. Gatley: Property Library ASHRAE-LibHuAirProp
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Melting Pressure of Ice p, = f(t)

Function Name:
pmel_t 08 IP

Fortran Program:
REAL*8 FUNCTION PMEL_T 08 (T), REAL*8 T

Input Values:

t - Temperature tin °F

Result:

pmel_t 08 IP - Melting pressure of ice in psi
Range of Validity:

Temperature t: from -7.573°F to 32°F
Result for Wrong Input Values:

pmel_t 08 IP =-1000
References:

p%8,(t) IAPWS-08 [11]

H.-J. Kretzschmar, S. Herrmann, I. Stoecker, M. Kunick, M. Nicke, D. P. Gatley: Property Library ASHRAE-LibHuAirProp
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Sublimation Pressure of Ice pg,, = f(t)

Function Name:
psub_t 08 IP

Fortran Program:
REAL*8 FUNCTION PSUB_T 08 (T), REAL*8 T

Input Values:

t - Temperature tin °F

Result:

psub_t 08 IP - Sublimation pressure of ice in psi
Range of Validity:

Temperature t: from -225.67°F to 32°F
Result for Wrong Input Values:

psub_t 08 [P =-1000
References:

p28 (1) IAPWS-08 [11]

H.-J. Kretzschmar, S. Herrmann, I. Stoecker, M. Kunick, M. Nicke, D. P. Gatley: Property Library ASHRAE-LibHuAirProp
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Specific Entropy of Saturated Ice s, o = f(t)

Function Name:
sicesub t 06_IP

Fortran Program:
REAL*8 FUNCTION SICESUB_T_06(T), REAL*8 T

Input Values:
t - Temperature tin °F

Result:
sicesub_t 06_IP - Specific entropy of saturated ice in Btu/(lb °R)

Range of Validity:
Temperature t: from -225.67°F to 32°F

Comments:

- Specific entropy of saturated ice Sice gyp = soe(psub,t)

with psyp = Pogy(t)

Result for Wrong Input Values:
sicesub_t 06_IP =-1000

References:
s%®(p,t)  IAPWS-06 [10]

p28 (t) IAPWS-08 [11]

H.-J. Kretzschmar, S. Herrmann, I. Stoecker, M. Kunick, M. Nicke, D. P. Gatley: Property Library ASHRAE-LibHuAirProp
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Specific Entropy of Saturated Water Vapor s, ¢,, = f(t)

Function Name:
svapsub_t 95 IP

Fortran Program:
REAL*8 FUNCTION SVAPSUB_T_95(T), REAL*8 T

Input Values:

t - Temperature tin °F

Result:

svapsub_t 95 |IP - Specific entropy of saturated water vapor in Btu/(lb °R)
Range of Validity:
Temperature t: from -225.67°F to 32°F

Comments:

- Specific entropy of saturated water vapor s, sup = 395(psub,t)

with pgyp = Pogy (t)

Result for Wrong Input Values:
svapsub_t 95 IP =-1000

References:
s®Et)  1APWS-95[7], [8]

p28 (1) IAPWS-08 [11]

H.-J. Kretzschmar, S. Herrmann, I. Stoecker, M. Kunick, M. Nicke, D. P. Gatley: Property Library ASHRAE-LibHuAirProp
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Melting Temperature of Icet,, = f(p)

Function Name:
tmel_p_08_IP

Fortran Program:
REAL*8 FUNCTION TMEL_P_08(P), REAL*8 P

Input Values:

p - Pressure p in psi

Result:

tmel_p_08_IP - Melting temperature of ice in °F

Range of Validity:
Pressure p: from pg (32°F) = 0.08865 psi to 1450.4 psi

Result for Wrong Input Values:
tmel_p 08 IP =-1000

References:

%, (p)  IAPWS-08 [11]

H.-J. Kretzschmar, S. Herrmann, I. Stoecker, M. Kunick, M. Nicke, D. P. Gatley: Property Library ASHRAE-LibHuAirProp
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Sublimation Temperature of Icetg,, = f(p)

Function Name:
tsub_p_08_IP

Fortran Program:
REAL*8 FUNCTION TSUB_P_08(P), REAL*8 P

Input Values:

p - Pressure pin psi

Result:

tsub_p_08_IP - Sublimation temperature of ice in °F

Range of Validity:
Pressure pi from pg,p,(-225.67°F) =1.7407 x 10712 psi to pg(32°F) = 0.08865 psi

Result for Wrong Input Values:
tsub_p_08_IP =-1000

References:

% () IAPWS-08[11]

H.-J. Kretzschmar, S. Herrmann, I. Stoecker, M. Kunick, M. Nicke, D. P. Gatley: Property Library ASHRAE-LibHuAirProp
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Specific Volume of Saturatedice v, ¢, = f(t)

Function Name:
vicesub_t 06 _IP

Fortran Program:
REAL*8 FUNCTION VICESUB_T_06(T), REAL*8 T

Input Values:
t - Temperature tin °F

Result:
vicesub_t 06_IP - Specific volume of saturated ice in ft3 /b
Range of Validity:

Temperature t: from -225.67°F to 32°F

Comments:

- Specific volume of saturated ice Vice gyp =v06(psub,t)

with psyp = PoS (1)

Result for Wrong Input Values:
vicesub_t 06 _IP =-1000

References:
vO(p,t)  IAPWS-06 [10]

p28 (t) IAPWS-08 [11]

H.-J. Kretzschmar, S. Herrmann, I. Stoecker, M. Kunick, M. Nicke, D. P. Gatley: Property Library ASHRAE-LibHuAirProp
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Specific Volume of Saturated Water Vapor v, o, = f(t)

Function Name:
vvapsub_t 95 IP

Fortran Program:
REAL*8 FUNCTION VVAPSUB_T_95(T), REAL*8 T

Input Values:

t - Temperature tin °F
Result:

vvapsub_t 95 IP - Specific volume of saturated water vapor in ft3 /b
Range of Validity:

Temperature t: from -225.67°F to 32°F

Comments:

- Specific volume of saturated water vapor vy, sup =v95(psub,t)

With pgyp = Pog(t)

Result for Wrong Input Values:
vvapsub_t_95_IP = -1000

References:
v®pt)  IAPWS-95([7], [8]

p8 () IAPWS-08 [11]

H.-J. Kretzschmar, S. Herrmann, I. Stoecker, M. Kunick, M. Nicke, D. P. Gatley: Property Library ASHRAE-LibHuAirProp
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4. Property Libraries for Calculating Heat Cycles, Boilers, Turbines and Refrigerators

Water and Steam

Library LibIF97

* Industrial Formulation IAPWS-IF97
(Revision 2007)

» Supplementary Standards
- IAPWS-IF97-S01
- IAPWS-IF97-S03rev
- IAPWS-IF97-S04
- IAPWS-IF97-S05

* IAPWS Revised Advisory Note No. 3
on Thermodynamic Derivatives (2008)

Carbon Dioxide
Including Dry Ice

Library LibCO2
Formulation of Span and Wagner (1996)

Seawater

Library LibSeaWa
IAPWS Industrial Formulation 2013

Ice

Library LibICE

Ice from IAPWS-06, Melting and
sublimation pressures from IAPWS-08,
Water from IAPWS-IF97, Steam from
IAPWS-95 and -IF97

Refrigerants

Ammonia
Library LibNH3
Formulation of Tillner-Roth et al. (1993)
R134a
Library LibR134a

Formulation of
Tillner-Roth and Baehr (1994)

Iso-Butane

Library LibButane_Iso

Formulation of
Bicker and Wagner (2006)

n-Butane

Library LibButane_n

Formulation of
Bucker and Wagner (2006)

Humid Combustion Gas Mixtures

Library LibHuGas

Model: Ideal mixture of the real fluids:

CO, - Span and Wagner
H,O - IAPWS-95
N, -Spanetal.

Ar - Tegele

and of the ideal gases:

SO,, CO, Ne (Scientific Formulation of Blicker et al.)

Consideration of:

Dissociation from VDI 4670 and Poynting effect

O, - Schmidt and Wagner

retal.

Ideal Gas Mixtures

Library LibldGasMix
Model: Ideal mixture of the ideal gases:

Ar NO He Propylene
Ne H,O F, Propane
N, SO, NH, Iso-Butane
0, H, Methane n-Butane
CO H,S Ethane Benzene
CO, OH Ethylene Methanol
Air

Consideration of:
« Dissociation from the VDI Guideline 4670

Library LibIDGAS

Model: Ideal gas mixture
from VDI Guideline 4670

Consideration of:
« Dissociation from the VDI Guideline 4670

Mixtures for Absorption Processes

Ammonia/Water Mixtures

Library LibAmWa

IAPWS Guideline 2001
of Tillner-Roth and Friend (1998)

Helmholtz energy equation for the mixing term

(also useable for calculating Kalina Cycle)

Water/Lithium Bromide Mixtures
Library LibWalLi

Formulation of Kim and Infante Ferreira (2004)

Gibbs energy equation for the mixing term

Humid Air

Library LibHuAir

Model: Ideal mixture of the real fluids:

¢ Dry air from Lemmon et al.
« Steam, water and ice from
IAPWS-IF97 and IAPWS-06

Consideration of:

» Condensation and freezing of steam
« Dissociation from the VDI 4670
* Poynting effect from

ASHRAE RP-1485

Humid Air

Library
ASHRAE LibHuAirProp
Model: Virial Equation from ASHRAE
Report RP-1485 for real mixture of
the real fluids:
- Dry air
- Steam
Consideration of:

* Enhancement of the partial saturation
pressure of water vapor at elevated
total pressures

www.ashrae.org/bookstore

Dry Air
Including Liquid Air
Library LibRealAir

Formulation of Lemmon et al. (2000)

Liguid Coolants

Liguid Secondary Refrigerants
Library LibSecRef

Liquid solutions of water with
C,HsO,  Ethylene glycol
C3HgO, Propylene glycol
C,HsOH  Ethyl alcohol
CH;OH  Methyl alcohol
C;HgO;  Glycerol
K,CO, Potassium carbonate

CaCl, Calcium chloride
MgCl, Magnesium chloride
NaCl Sodium chloride

C,H;KO, Potassium acetate

Formulation of the International Institute of
Refrigeration (1997)
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Ethanol Siloxanes as ORC Working Fluids Nitrogen

Library LibC2H50H
Formulation of Schroeder (2012)

Octamethylcyclotetrasiloxane CgH,,0,Si, Library LibD4

Library LibN2

Formulation of
Span et al. (2000)

Decamethylcyclopentasiloxane C,,H3,05Sis Library LibD5

Tetradecamethylhexasiloxane C;,H,,05Sig Library LibMD4M

Methanol Hexamethyldisiloxane CgH,4OSi, Library LibMM Hydrogen

Library LibCH30OH

Formulation of
de Reuck and Craven (1993)

Formulation of Colonna et al. (2006)

Dodecamethylcyclohexasiloxane C,,H350¢Sig Library LibD6

Library LibH2

Formulation of
Leachman et al. (2009)

Decamethyltetrasiloxane C;yH3,04Si, Library LibMD2M

Propane Dodecamethylpentasiloxane C,,H350,Sis Library LibMD3M

Library LibPropane

Formulation of
Lemmon et al. (2009)

Hydrocarbons
Decane C,oH,, Library LibC10H22
Isopentane CgH,, Library LibC5H12_ISO
Neopentane CgH,, Library LibC5H12_NEO
Isohexane CgH,, Library LibC6H14
Toluene C,Hg Library LibC7H8

Formulation of Lemmon and Span (2006)

Further Fluids
Carbon monoxide CO Library LibCO
Carbonyl sulfidle COS Library LibCOS
Hydrogen sulfide H,S Library LibH2S
Dinitrogen monooxide N,O Library LibN20O
Sulfur dioxide SO, Library LibSO2
Acetone C;HgO Library LibC3H60

Formulation of Lemmon and Span (2006)

Octamethyltrisiloxane  CgH,,0,Si; Library LibMDM

Formulation of Colonna et al. (2008)

Helium
Library LibHe
Formulation of Arp et al. (1998)

For more information please contact:

Zittau/Goerlitz University of Applied Sciences
Department of Technical Thermodynamics
Professor Hans-Joachim Kretzschmar

Dr. Ines Stoecker

Theodor-Koerner-Allee 16
02763 Zittau, Germany

Internet: www.thermodynamics-zittau.de
E-mail: hj.kretzschmar@hszg.de
Phone: +49-3583-61-1846

Fax.: +49-3583-61-1846

The following thermodynamic and transport properties can be calculated?:

Thermodynamic Properties

Vapor pressure pg
Saturation temperature Tg

» Dynamic viscosity 7

Specific volume v  Prandtl number Pr
Enthalpy h

Internal energy u

Entropy s

Exergy e

Isobaric heat capacity c,

Isochoric heat capacity c,

Isentropic exponent «

Speed of sound w

Surface tension o

Backward Functions

e T,v,s(ph)
« T,v, h(p,s) calculated.
*p, T,v(h,s)

* p, T(v,h)

*p, T(v,u)

Transport Properties

 Kinematic viscosity v
Density p » Thermal conductivity A

Thermodynamic Derivatives

 Partial derivatives can be

a Not all of these property functions are available in all property libraries.

www.thermodynamic-property-libraries.com
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Property Software for Calculating Heat Cycles, Boilers, Turbines and Refrigerators

Add-In FluidEXLGraphics for Excel®

| — pressure pin MPa — apecific volume v in m%kg

Choosing a property

SUM «© X o fu sh_ptx_9T[AS:BS;C5) i daf : —— enthalpy h in kkg — vapar fraction x

S A 1 8 T C T [ | E T F ibrary and a function

1 Calculating an isentropic expansion 3 " / »(77%[ ///// / / }'
! et Forcs Displaying the calculated 7
i p t x s h V|| search for a funceon: values in diagrams A /]
4| bar c kglkg kJ/kgK kJikg m3kg Type 8 brief fwhat youwanttodoand thenchk | | Ga | f AT
s| 20 -1 ‘A5:B5.C5) Go \ HE /

& 10 Or select & gategory: | Water LAPWS-IF97 3 o

7 5 || select a functon:

B ) h_pte 57 e_ptx_tu 57 -

s 05 pnbe (as =] - = EEIB.FI‘-'._” |

001 tin'c les ] - w0 _ |

5 TR xnkghg ed B - i"m-p:&’;, o

= - 28,707 {Pase_ptx 57 =

= Speaic enthalpy b in kg, Th_ptoe_97( p im bar; tin *C; x in ko/kg)

L imbgfhy Vapor faction Spefic enthalpy b in k).

1

15 Formuls result = 1348,23 /

= =t (] (o= ] Z ST TR R S =y
7 HEm =] : 7 v ‘s

Menu for the input of given property values

Add-In FluidMAT for Mathcad®
The property libraries can be used in Mathcad®.

s o
specific entropy s in kJilkg K)

Add-In FluidLAB for MATLAB®
Using the Add-In FluidLAB the

Wl File Eot View lwent Format Tooh  Symbobcs  Window  Help
D-FW &Y

i,

= 4‘@:- g <=

bar = 1-105-h

p = 10bar

property functions can be called in MATLAB®.

A MATLAB 7.3.0

Db B |8 8| P | [Crommmrmasbme e

@

Shortouts (] Howta Add (2] What's New.

ibsHuAir, L 4

tditor - C2\Programme’ FluidLAR\LibHuAir_Example)\Example_hl.. # X
D E|inmoc|& Al =] 0=

Add-On FluidVIEW for LabVIEW®
The property functions can be calculated in LabVIEW®.

E Using FluidVIEW LibRealAi

Specific capacity
[C: i P VIEW LibRealAir B cp_pho_airovi] (48

Path LibRealir.dil [4]
Pressure pinbar (0] =00 (g 4
Temperature tin *C (1] Cp (8] 2

Vapor fraction xn b/ (2]

Fressura p in bar

Temperature t in °C

Vapor fraction x in ,ﬁ

Al

o
Humber Theory/Combiatoncs |Fio Tywe | Description | BEIB| -0+ | +im = |% % O
IEI h_ptx_97(p, t. x) ;'LELXIF[J.II: 1 % hi_ptxw_HuAir.m a
- 2 T
w:nw;"mm DN £330 300 vios g&:::: 3 = p=1; % pressure in bar
R, DLL File 4= t=20: % temperature in °C
_m_| DLL File S = xw=10; % sbsolute humidity in g/kg aic
Mile hi_ptiew_HuAir.m € e
’ 7 = hi=hl_ptxw_Hukir (p,t,xw)
@ A [E)x= 1§ <2 3 ap ® | |[mysee ] #co iy oL
| .
bar = 110°Pa  Com1 XJ = 10003 Function call
p = 10-bar = 300°C  xom -1 e of FluidLAB
2 %-- 20.06.07 10:50 —-%
t X
h=hpx 9| — ,— ,—0|—
1 _pt_ tw *C r’kg]:| r i
\he \ Function call 45,5084
>>
A of FluidMAT

4m|mmmwmwm,..
T
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Add-In FluidDYM for DYMOLA® (Modelica) and SimulationX®

The property functions can be called in DYMOLA® and SimulationX®

3 Examplet - nulmvu‘kaw-.Tmundnlh.:un.pln
Fle Edt Smulson i Commands Window Help
EHaA8 W ,-v'r:noo*AI.a-.g e E- W+ ')-'ﬂﬂ' 1008~
Package Biowser : .

#iok  Anmatio

Model
Path
Comment

I -FdDM_LbSeawa_ Ingut

1 . . Paaester:
J Examplel - FluidDYM_SeaWa. TestModelle. Example1

Fie Edt i [ ds Window Help

-EIQQ\? 4-8 0 Gl & wO N

& 52X

* AuidDYM_LibSeawa_Input.z = 67.9239
67

slope =0
* time = 1

Disgram 2 (luidDYM_LibSeaWa_Input in FluidDYM_SeaWa. TestMo..
= WMok s Releerce
¥ (S Modaica Companent
=u5;:,m_w4 Home [ BudlrM_LibSeawa_ingut
# [ Jirterisces Danmart

FhstM_Seaw'a FludD'vM_LibSeswa_lnput

[
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Add-In FIUidEES for
Engineering Equation Solver®

App International Steam Tables
for iPhone, iPad, iPod touch,
Android smart phones and tablets

Online Property Calculator at
www.thermodynamics-zittau.de

2 e
A Zittau's Fluid Property Calculator
¢ Math functions " EES library routines d L Lieg 5
= - — hsd Water F5. 7 =
e
 Solid/liquid properties ¢ [Boiling and Condenzation =] Internatl'inPiIVSSt[(;}:gg’l Tables Function i =]
¥ Function Info I F
SGEN_EDS.DLL Enter given values: Range of validity
Pressute p R |
Tempesature | faca It =]
CILIBR.DLL
CURVEFIT1D
A MA Vapor fraction x 5] T =l
Details on the vapor fraction x
soife Tables Flots Windows Help Examples C: !
2 (V] (R e 1A ] 51 5] Result:
Specific enthalpy h 3007 38 kg -

*Calculating the Enthalpy - h_ptWHuAirProp®

p=11

Man |
=20 ) )
Unit Settings: [kJY[C)/[KFal/[kgl/[degrees]
WeL - 45.4866 [kikg) p=101.3 [kPa] t =20 [C] W =0.01 [kakg)

CAL

Mo unit problems were detected

Calculation time = .1 sec

Property Software for Pocket Calculators

FluidCasio FluidHP
( '.‘_7-..?— .-I
fx 9750 G Il CFX 9850 CFX 9860 G ALGEBRA
x-GG20 Graph 85 FX 2.0

For more information please contact:

Zittau/Goerlitz University of Applied Sciences
Department of Technical Thermodynamics
Professor Hans-Joachim Kretzschmar

Dr. Ines Stoecker

Theodor-Koerner-Allee 16

02763 Zittau, Germany

FluidTI

TI Nspire CX CAS
TI Nspire CAS

E-mail: hj.kretzschmar@hs-zigr.de
Internet: www.thermodynamics-zittau.de
Phone: +49-3583-61-1846

Fax.: +49-3583-61-1846

The following thermodynamic and transport properties2 can be calculated in Excel®, MATLAB®,
Mathcad®, Engineering Equation Solver® EES, DYMOLA® (Modelica), SimulationX®, and LabVIEW®:

Thermodynamic Properties Transport Properties

Backward Functions Thermodynamic Derivatives

« Vapor pressure p » Dynamic viscosity 7 e T,v, s (ph) « Partial derivatives can be
« Saturation temperature T « Kinematic viscosity v « T,v, h(p,s) calculated.

 Density p » Thermal conductivity A e p, T, v(h,s)

« Specific volume v * Prandtl-number Pr e p, T(v,h)

 Enthalpy h e p, T(v,u)

* Internal energy u

e Entropy s

* Exergy e

Isobaric heat capacity c,
Isochoric heat capacity c,
Isentropic exponent «

e Speed of sound w

* Surface tension o

a Not all of these property functions are available in all property libraries.

www.thermodynamic-property-libraries.com
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1 Property Library ASHRAE-LibHuAirProp-Si

1.1 Function Overview

1.1.1 Function Overview for Real Moist Air

Functional Function Name Property or Function Unit of the Page
Dependence Result

a="f(p,t,W) a_ptW_HAP_SI Thermal diffusivity m?/s 3/2

ap =f(p,t,W) alphap_ptW_HAP_SI Relative pressure coefficient 1/K 3/3

By =f(p.t,W) betap_ptW_HAP_SI Isothermal stress coefficient kg/m? 3/4

c =f(p,t,W) c_ptW_HAP_SI Speed of sound m/s 3/5

¢, =f(p.t,W) cp_ptW_HAP_SI Specific isobaric heat capacity kd/(kg'K) 3/6

¢, =f(p,t,W) cv_ptW_HAP_SI Specific isochoric heat capacity kJ/(kg'K) 3/7

f=f(p,t) f pt HAP_SI Enhancement factor (decimal ratio) - 3/8

h=f(p,t,W) h_ptW_HAP_SI Air-specific enthalpy kJ/kga 3/9

n =f(p,t,W) Eta_ptWw_HAP_SI Dynamic viscosity Pa's 3/10
x =f(p,t,W) Kappa_ptW_HAP_SI Isentropic exponent - 3/11

A="f(p,t,W) Lambda_ptW_HAP_SI Thermal conductivity W/(mK) 3/12
v ="f(p,t,W) Ny ptW_HAP_SI Kinematic viscosity m?/s 3/13
p =1(t,s,W) p_tsW_HAP_SI Pressure of humid air kPa 3/14
P =1(Zge) p_zele HAP_SI Pressure of humid air from elevation kPa 3/15
Pair = f(p.t,W) pAIR_ptW_HAP_SI Partial pressure of dry air in moist air kPa 3/16
Proo = f(p,t,W) pH20 ptW_HAP_SI Partial pressure of water vapor in moist air kPa 317
Proos = f(p.t) pH20s_pt_HAP_SI Partial saturation pressure of water vapor kPa 3/18

H.-J. Kretzschmar, S. Herrmann, |. Stoecker, M. Kunick, M. Nicke, D. P. Gatley: Property Library ASHRAE-LibHuAirProp
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Functional Function Name Property or Function Unit of the Page

Dependence Result

o =f(p,t,W) phi_ptW_HAP_SI Relative humidity (decimal ratio) - 3/19

Pr =f(p,t,W) Pr_ptW_HAP_SI PRANDTL number - 3/20

Wair =F(W) PsiAir W_HAP_SI Mole fraction of dry air in moist air mol,/mol 3/21

Whoo = (W) PsiH20_W_HAP_SI Mole fraction of water vapor in moist air mol,/mol 3/22

p=T(p,t,W) Rho_ptW_HAP_SI Density kg/m? 3/23

s="f(p,t,W) s_ptW_HAP_SI Air-specific entropy kJ/(kga'K) 3/24

t=1(p,h,p) t phphi_HAP_SI Backward function: temperature from total pressure, air-specific °C 3/25
enthalpy and relative humidity

t =f(p,h,W) t phW_HAP_SI Backward function: temperature from total pressure, air-specific °C 3/26
enthalpy and humidity ratio

t=1f(p,s,W) t psW_HAP_SI Backward function: temperature from total pressure, air-specific °C 3/27
entropy and humidity ratio

t=f(p,typ.W) t ptwbW_HAP_SI Backward function: temperature from total pressure, wet-bulb °C 3/28
temperature and humidity ratio

tq =f(p,W) td_pW_HAP_SI Dew-point/frost-point temperature °C 3/29

ts = (P, Pr2o) ts_ppH20_HAP_SI Backward function: saturation temperature of water from total °C 3/30
pressure and partial pressure of water vapor

two = f(p,t,W) twb_ptW_HAP_SI Wet-bulb/ice-bulb temperature °C 3/31

u="f(p,t,W) u_ptW_HAP_SI Air-specific internal energy kJ/kga 3/32

v =f(p,t,W) v_ptW_HAP_SI Air-specific volume m3/kg, 3/33

W =1f(p,t, broo) W_ptpH20 HAP_SI Humidity ratio from total pressure, temperature, and partial pressure | kgw/kga 3/34
of water vapor

W =1(p,t,p) W_ptphi_ HAP_SI Humidity ratio from total pressure, temperature, and relative humidity [ kgw/kga 3/35

W =1(p.ty) W_ptd_HAP_SI Humidity ratio from total pressure and dew-point temperature kgw/kga 3/36

H.-J. Kretzschmar, S. Herrmann, |. Stoecker, M. Kunick, M. Nicke, D. P. Gatley: Property Library ASHRAE-LibHuAirProp
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Functional Function Name Property or Function Unit of the Page
Dependence Result

W =1f(p,t,t,p) W_pttwb_HAP_SI Humidity ratio from total pressure, (dry bulb) temperature, and wet- | kgu/kga 3/37

bulb temperature

W, =f(p.t) Ws_pt HAP_SI Saturation humidity ratio kgw/kga 3/38
Epir = (W) XiAir_ W_HAP_SI Mass fraction of dry air in moist air kga'kg 3/39
Epo = f(W) XiH20_W_HAP_SI Mass fraction of water vapor in moist air kgw/kg 3/40
Z =f(p,t,W) Z ptW_HAP_SI Compression factor (decimal ratio) - 3/41

H.-J. Kretzschmar, S. Herrmann, |. Stoecker, M. Kunick, M. Nicke, D. P. Gatley: Property Library ASHRAE-LibHuAirProp
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Units

|Property Range of Validity Symbol | Quantity Unit
Pressure: 001 < P < 10000 kPa P Pressure KPa
Temperature: -14315 < t < 350 C f Temperature °c

Humidity ratio: 0 < w < 10 kgw/kga w Humidity ratio kgw/kga (kg water / kg dry air)
Relative humidity: 0 < ¢ < 1 (decimal ratio) @ Relative humidity (decimal ratio)
Dew-point temperature: | _143.15 < t3 < 350 °C ty Dew point temperature | °C

Wet-bulb temperature: | 14315 < t,, < 350 °C twb Wet bulb temperature °C
Range of Validity of Transport Properties
|Property Range of Validity

Pressure: 001 < P < 10000 kPa

Temperature: -7315 < t < 350 °C

Humidity ratio: 0 < w < 10 kgw'kga

Relative humidity: 0 < ¢ < 1 (decimal ratio)
Molar Masses

Component Molar Mass Reference

Dry Air 28.966 kg/kmol [17]

Water 18.015268 kg/kmol [5], [6]

Reference States

Property Dry Air Steam, Water, and Ice
Pressure 101.325 kPa ps(0.01°C) = 0.611657 kPa
Temperature 0°C 0.01°C

Enthalpy 0 kd/kg 0.000611782 kJ/kg
Entropy 0 kJ/(kg K) 0 kJ/(kg K)

H.-J. Kretzschmar, S. Herrmann, |. Stoecker, M. Kunick, M. Nicke, D. P. Gatley: Property Library ASHRAE-LibHuAirProp
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1.1.2 Function Overview for Steam and Water for Temperatures t 2 0°C

Functional Function Name Property Unit of the Page
Dependence Result

hiq = f(p,t) hlig_pt_97_SI Specific enthalpy of liquid water kJ/kg 3/43
hiig,s = f(t) hligs_t 97_SI Specific enthalpy of saturated liquid water kJ/kg 3/44
hyap,s = f(t) hvaps t 97 SI Specific enthalpy of saturated water vapor kd/kg 3/45
ps = f(t) ps_ t 97 SI Saturation pressure of water kPa 3/46
Siiq = f(p,t) slig_pt 97_SI Specific entropy of liquid water kJ/(kg-K) 3/47
Siiqs = f(t) sligs_t 97 _SiI Specific entropy of saturated liquid water kJ/(kg'K) 3/48
Syap,s = f(t) svaps_t 97 SI Specific entropy of saturated water vapor kJ/(kg'K) 3/49
t, =f(p) ts p 97 SI Saturation temperature of water °C 3/50
Viig = f(p,1) vlig_pt_9 Sl Specific volume of liquid water m3/kg 3/51

Vig.s = f(t) vligs_t 97 Sl Specific volume of saturated liquid water m3/kg 3/52
Vyap,s = f(t) vvaps_t 97_SI Specific volume of saturated water vapor m3/kg 3/53

H.-J. Kretzschmar, S. Herrmann, |. Stoecker, M. Kunick, M. Nicke, D. P. Gatley: Property Library ASHRAE-LibHuAirProp
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Range of Validity Units

[Property Range of Validity Symbol | Quantity Unit
Pressure: 0.01< P < 10000 kPa p Pressure kPa
Temperature: 0<t < 350 °C t Temperature | °C

Reference State

Water Vapor and Liquid

Property Water

Pressure ps(0.01°C) = 0.611657 kPa
Temperature 0.01°C

Enthalpy 0.000611782 kJ/kg
Entropy 0 kJ/(kg K)

H.-J. Kretzschmar, S. Herrmann, |. Stoecker, M. Kunick, M. Nicke, D. P. Gatley: Property Library ASHRAE-LibHuAirProp
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1.1.3 Function Overview for Steam and Ice for Temperatures t < 0°C

Functional Function Name Property Unit of the Page
Dependence Result

hice sub = f(t) hicesub_t_06_SI Specific enthalpy of saturated ice kJ/kg 3/55
hyap sub = f(t) hvapsub_t 95 SI Specific enthalpy of saturated water vapor kJ/kg 3/56
Prmer = f(t) pmel_t 08_SI Melting pressure of ice kPa 3/57
Psub = f(t) psub_t 08_SI Sublimation pressure of ice kPa 3/58
Sice.sub = T(t) sicesub_t 06_SI Specific entropy of saturated ice kJ/(kg'K) 3/59
Syap,sub = f(t) svapsub_t 95 S Specific entropy of saturated water vapor kJ/(kg'K) 3/60
toel =f(P) tmel_p_08_SI Melting temperature of ice °C 3/61

taup =f(p) tsub_p_08_SI Sublimation temperature of ice °C 3/62
Vice.sub = T(t) vicesub_t 06_SI Specific volume of saturated ice m3/kg 3/63
Vyap.sub = T(t) vvapsub_t 95 S Specific volume of saturated water vapor m3/kg 3/64

H.-J. Kretzschmar, S. Herrmann, |. Stoecker, M. Kunick, M. Nicke, D. P. Gatley: Property Library ASHRAE-LibHuAirProp
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Range of Validity Units

|Property Range of Validity Symbol | Quantity Unit
Pressure: Psub(—143.15°C) = 1.2002x 107" < p < 10000 kPa p Pressure kPa
Temperature: -143.15 < t <0 °C t Temperature | °C

Reference State

Property Water Vapor and Ice
Pressure ps(0.01°C) = 0.611657 kPa
Temperature 0.01°C

Enthalpy 0.000611782 kJ/kg
Entropy 0 kJ/(kg K)

H.-J. Kretzschmar, S. Herrmann, |. Stoecker, M. Kunick, M. Nicke, D. P. Gatley: Property Library ASHRAE-LibHuAirProp
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1.2 Conversion of Sl and I-P Units

Property Conversion: Sl Units = I-P Units Conversion: I-P Units > Sl Units Units Sl Units I-P
ap _3si 81 _ap
Thermal diffusivity @ E = me x10.76391042 me T x0.0929304 m2/s ft2/s
s s s s
Relative pressure ~ a,, | 9pP _9psSi 9 9psi _9pip 5 ]
coefficient 1 I 1 ! 9 1K 'R
°R K K °R
Isothermal stress Bpip  Bpsi Bpsi  Bpip
o Bp b " kg x0.062428 & " b x16.018463 kg/m?® lb/f
coefficien P e e P
G _ st Gsi_
Speedofsound ¢ | f  m *3:2808399 m = }0-3048 s s
s s s s
- . c c c c
Specific isobaric ¢ plP_ _ =pSI pSI _ Cplp
P _ P | B T kg (02388459 k)~ B <1868 kJi(kg'K) | Btu/(lb°R)
heat capacity b°R kgK kgK Ib°R
I . o c o c
Specific isochoric viP _ ~v.S v.SI _ ~vIP
P _ o, | Btu ~ kg <0:2388459 k) ~ Bt <1868 kJi(kg'K) | Btu/(lb°R)
heat capacity Ib °R kg K 7kg K Ib°R
e _ Nsi Nsi _ Mip_
Dynamic viscosity /1 bs Pa 0.02088543 Pa Ibs < 47.880259 Pa's Ib-s/ft2
ft2 S s ft2
Enhancement
actor f|fe="fsi fs1 = fip - -

H.-J. Kretzschmar, S. Herrmann, |. Stoecker, M. Kunick, M. Nicke, D. P. Gatley: Property Library ASHRAE-LibHuAirProp
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Property Conversion: Sl Units = I-P Units Conversion: I-P Units > Sl Units Units Sl Units I-P
Air-specific h h
IP S|
—— = 0.4299226 + 7.68565365666 h
enthalpy ho| Bty K = g'tF’ ~7.68565365666 |x 2.326 kJ/kga Btu/lb,
(moist air) b, kg, @ Iba
Specific enthalpy hp h h hl
Bty = 1 ¥ 0:4299226 St P 2326
(water, water ~ h, | Btu kJ | kJ "Bt kJ/kg Btu/lb
vapor, ice) lb kg kg Ib
Isentropic
K Kip = Ks| ks = Kip - .
exponent
Thermal Ap  _ A ﬁ Ap
? P Btu - W x0.57778932 W - Bt x1.73073467 Wi(m-K) Btu/(hft°R)
conductivity hff°’R mK mK hft°R
Kinematic Yip _VsI Ysi _Vip
! . y =~ me x10.763910417 m® T x0.092903040 m2/s f2/s
viscosity S s S S
Pressure p | PP _PSi 014503774 Psi_ PP, 6894757 KPa osi
psi kP kPa
Relative humidity ¢ Pp = Pg) Ps| =Pp - -
Prandtl number  Pr | Prip =Prp Prg, = Prip ) )
Mole fraction 4 Vip = Vg Vs = V¥p mol/mol mol/mol
Pip _Psi Psi_P
Density p b = ko x0.062428 kg b x16.018463 kg/m?® Ib/f
ft3 m?3 m? ft
Air-specific
i P _ Sl 02388459 +0.01616365106 | s Sp
entropy s Btu kJ o | B —-0.01616365106 [x4.1868 | kJ/(kg.'K) Btu/(Iby°R)
(moist air) by “R kg, K kg, K {Ib, °R

H.-J. Kretzschmar, S. Herrmann, |. Stoecker, M. Kunick, M. Nicke, D. P. Gatley: Property Library ASHRAE-LibHuAirProp
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factor

Property Conversion: Sl Units = I-P Units Conversion: I-P Units > Sl Units Units Sl Units I-P
Specific entropy Sp S Ss) Sp
= x0.23884589 = x4.1868
(water, water Sw Btu kJ kd Btu kJ/(kga'K) | Btu/(Ib,°R)
vapor, ice) b, ‘R kg K kg K by °R
tp _ls1 9 tsi _(tp 5
- =—=x—+32 = =|-5-32 |x— ° °
Temperature t °F °CX5+ °c | °F Xg C F
(u=h-pv) (u=h-pv)
Air-specific Yp _ hsi x0.4299226 + 7.68565365666 Ysi _ h'—P —7.68565365666 |x2.236
| B kJ k| Buw
internal energy u Ib,, kg, kg, Ib,, kJ/kga Btu/lb
(moist air)
_Pst 0145037738 LS. x16.018453 _PP . 6.894757293. YSIP  0.062428
kPa m psi ftt
kda b,
Air-specific
P _ 'Sl 16.018453 st _ 1P, 0.062428
volume v ft m m* - ft* m3kga ft3/lb,
(moist air) ba  kda kga g
Specific volume v v v v
Vi | oo =1 x16.018453 Sl 7IP 4 0.062428
(water, water ft m? m* ft mkg ft/lb
vapor, ice) b kg kg Ib
Humidity ratio w | Wp =Wg W =Wp kgw/Kga Ib,/Ib,
Mass fraction E | dp=4s &g =4p kguw/kg Ib/Ib
Compression
Z | Zp=Zg Zg =Zp - -

H.-J. Kretzschmar, S. Herrmann, |. Stoecker, M. Kunick, M. Nicke, D. P. Gatley: Property Library ASHRAE-LibHuAirProp
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1.3 Calculation Algorithms

1.3.1 Algorithms for Real Moist Air

The properties of moist air are calculated from the modified Hyland-Wexler model given in Herrmann,
Kretzschmar, and Gatley (HKG) [1], [2]. The modifications incorporate:

the value for the universal molar gas constant from the CODATA standard by Mohr and Taylor
[22]

the value for the molar mass of dry air from Gatley et al. [17] and that of water from IAPWS-95
[5], [6]

the calculation of the ideal-gas parts of the heat capacity, enthalpy, and entropy for dry air from
the fundamental equation of Lemmon et al. [14]

the calculation of the ideal-gas parts of the heat capacity, enthalpy, and entropy for water
vapor from IAPWS-IF97 [7], [8], [9] for t = 0°C and from IAPWS-95 [5], [6] for t <0°C

the calculation of the vapor-pressure enhancement factor from the equation given by the
models of Hyland and Wexler [21]

the calculation of the second and third molar virial coefficients B,,; and C,,, for dry air from
the fundamental equation of Lemmon et al. [14]

the calculation of the second and third molar virial coefficients B,,,, and C,,, for water and
steam from IAPWS-95 [5], [6]

the calculation of the air-water second molar cross-virial coefficient B,,, from Harvey and
Huang [15]

the calculation of the air-water third molar cross-virial coefficients C,,,, and C,,,, from Nelson
and Sauer [12], [13]

the calculation of the saturation pressure of water from IAPWS-IF97 [7], [8], [9] for t > 0°C and
of the sublimation pressure of water from IAPWS-08 [11] for t <0°C

the calculation of the isothermal compressibility of saturated liquid water from IAPWS-IF97 [7],
[8], [9] for t > 0°C and that of ice from IAPWS-06 [10] for t <0°C in the determination of the
vapor-pressure enhancement factor

the calculation of Henry's constant from the IAPWS Guideline 2004 [16] in the determination of
the enhancement factor. The mole fractions for the three main components of dry air were
taken from Lemmon et al. [14]. Argon was not considered in the calculation of Henry’s constant
in the former research projects, but it is now the third component of dry air.
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1.3.2 Algorithms for Steam and Water for Temperatures t 2 0°C

The p-T diagram in Fig. 1 shows the formulations used for water and water vapor. The temperature
range above 0°C is covered by IAPWS-IF97 [7], [8], [9]:

e The saturation line is calculated from the IAPWS-IF97 saturation pressure equation p§7(t)
and saturation temperature equation t397(p).

e The properties in the liquid region including saturated-liquid line are calculated from the
fundamental equation of the IAPWS-IF97 region 1.

e The properties in the vapor region including saturated-vapor line are calculated from the
fundamental equation of the IAPWS-IF97 region 2.

1.3.3 Algorithms for Steam and Ice for Temperatures t < 0°C

e The sublimation curve is covered by the IAPWS-08 sublimation pressure equation pgSm(t)
[11] (see Fig. 1).

e The properties of ice including saturated ice are determined by the fundamental equation of
the IAPWS-06 [10].

e The properties of vapor including saturated vapor are calculated from the fundamental
equation of IAPWS-95 [5], [6].

1.3.4 Overview of the Applied Formulations for Steam, Water, and Ice

The following p-T diagram shows the used IAPWS Formulations and the ranges where they are
applied.
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Figure 1: p-T diagram with used IAPWS formulations for steam, water, and ice.
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2 Add-In FluidVIEW for LabVIEW™ for ASHRAE-
LibHuAirProp-Sl

2.1 Installing FluidVIEW

The FluidVIEW Add-on has been developed to calculate thermodynamic properties in LabVIEW™
(version 10.0 or higher) more conveniently. Within LabVIEW™, it enables the direct call of functions
relating to humid air as an ideal mixture of the real fluids dry air and steam, water and/or ice from
the LibHuAirProp-SI property library.

2.1.1 Installing FIuidVIEW including LibHuAirProp

If a FIuidVIEW property library has not yet been installed, please complete the initial installation
procedure described below.

If a FluidVIEW property library has already been installed, you only need to copy several files which
belong to the LibHuUAirProp-SI library. In this case, follow the subsection "Adding the
LibHuAirProp_SI Library" on page S| — 2/3.
In both cases folders and files from the zip archive
CD_FIluidVIEW_ASHRAE_LibHuAirProp_Sl.zip (for 32-bit version of LabVIEW ™)
CD_FIluidVIEW_ASHRAE_LibHuAirProp_SI_x64.zip (for 64-bit version of LabVIEW ™)

have to be copied into the default directory of the LabVIEW™ development environment. In the
following text these zipped directories for the 32-bit or 64-bit operating system will be symbolised
with the term <CD>.

You can see the current default directory of LabVIEW™ in the paths page (options dialog box). To
display this page please select Tools and click on Options to open the options dialog box and then
select Paths from the category list.

By choosing Default Directory from the drop-down list the absolute pathname to the default
directory, where LabVIEW™ automatically stores information, is displayed. In the following sections
the pathname of the default directory will be symbolised by the term <LV>.

Additional Requirement When Using the 64-bit Operating System

If you want to use FluidVIEW on a 64-bit computer that does not have Visual C++ installed, please
make sure the Microsoft Visual C++ 2010 x64 Redistributable Package is installed.

If it is not the case, please install it by double clicking the file
vcredist_x64.exe

which  you find in the folder \vcredist_ x64 in the 64-bit CD folder
"CD_FluidVIEW_ASHRAE_LibHuAirProp_SI_x64."

In the following window you are required to accept the Microsoft® license terms to install the
Microsoft Visual C++ 2010 runtime libraries by ticking the box next to "I have read and accept the
license terms" (see Figure 2.1.1).
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-
+ Microsoft Visual C++ 2010 x64 Redistributable Setu =

Welcome to Microsoft Visual C++ 2010 x64 Redistributable Setup
Please, accept the license terms to continue.,

MICROSOFT SOFTWARE LICENSE TERMS

MICROSOFT VISUAL C++ 2010 RUNTIME LIBRARIES

[¥]T have read and accept the license terms .

[ Yes, send information about my setup experiences to Microsoft Corporation.

For more information, read the Data Collection Policy,

[ Install ][ Cancel I

Figure 2.1.1: Accepting the license terms to install the Microsoft Visual C++ 2010 x64 Redistributable
Package

Now click on "Install" to continue installation.

After the "Microsoft Visual C++ 2010 x64 Redistributable Pack" has been installed, you will see the
sentence "Microsoft Visual C++ 2010 x64 Redistributable has been installed." Confirm this by
clicking "Finish."

Now you can use the FluidVIEW Add-On on your 64-bit operating system. Please follow the
instructions below to install FluidVIEW.

Initial Installation of FluidVIEW

The initial installation of FluidVIEW is carried out by copying three directories with its contents from
the zip archive to the standard directory of LabVIEW ™.

The directories that have to be copied, their paths in the zip archive and their target paths are listed
in Table 2.1.1.

The installation is complete after copying the files and restarting LabVIEW ™.

Due to the fact, that the functions of the DLL are called with a variable pathname, the source files
you will find in the directory <CD>\source can be stored in a random directory on the hard drive.
The pathname of the LibHuAirProp_SI.dll, which is located in this directory, has to be indicated in
order to calculate the property functions (see example calculation in section 2.2 on page 2/4).

All source files have to be stored in the same directory to make the property functions of the

LibHuAirProp_SI library work. These files are for the

= 32-bit system: LibHuAirProp_Sl.dll, advapi32.dll, Dformd.dll, Dforrt.dll, LC.dll, LCKCE.dII
msvcp60.dll, and msvcrt.dll

and for the

= 64-bit system: LibHuAirProp_Sl.dll, capt_ico big.ico, LC.dll, LCKCE.dIl, libifcoremd.dll,
libiomp5md.dll, and libmmd.dll.
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Table 2.1.1 Directories which have to be copied from the zip archive in the default directory of LabVIEW™
(<LV>) for the initial installation of FluidVIEW

Target path in the default

Name of the directory Parent directory in the zip archive directory of LabVIEW (<LV>)

FluidVIEW <CD>\vi.lib <LV>\vi.lib
FluidVIEW <CD>\menus\Categories <LV>\menus\Categories
FluidVIEW-Help <CD>\help <LV>\help

Adding the LibHuAirProp_SI Library

In order to add the LibHuAirProp_SI property library to an existing FluidVIEW installation, one folder
with its contents and five files have to be copied from the zip archive to the standard directory of
LabVIEW™. This directory, the files plus their pathnames in the zip archive and their target paths
are listed in Table 2.1.2.

The installation is complete after copying the files and restarting LabVIEW™,

Due to the fact, that the functions of the DLL are called with a variable pathname, the source files
you will find in the directory <CD>\source can be stored in a random directory on the hard drive.
The pathname of the LibHuAirProp_SI.dll, which is located in this directory, has to be indicated in
order to calculate the property functions (see example calculation in section 2.2 on page 2/4).

All source files have to be stored in the same directory to make the property functions of the
LibHuAirProp_SI library work. These files are for the

= 32-bit system: LibHuAirProp_ Sl.dll, advapi32.dll, Dformd.dll, Dforrt.dll, LC.dll, LCKCE.dI,
msvcp60.dll, and msvcert.dll

and for the

= 64-bit system: LibHuAirProp_Sl.dll, capt_ico_big.ico, LC.dll, LCKCE.dIl, libifcoremd.dll,
libiomp5md.dIl, and libmmd.dlI

Table 2.1.2 Data which have to be copied from the zip archive in the default directory of LabVIEW™ (<LV>)
for adding the LibHuAirProp_SI property library to an existing installation of FluidVIEW

File name with file extension Target path in the default
or name of the directory Parent directory in the zip archive directory of LabVIEW (<LV>)

LibHuAirProp_Sl.lIb <CD>\vi.lib\FluidVIEW <LV>\vi.lib\FluidVIEW

LibHuAirProp_SI <CD>\menus\Categories

\FluidVIEW

<LV>\menus\Categories
\FluidVIEW

LibHuAirProp_Sl.hip <CD>\\help\FluidVIEW-Help <LV>\help\FluidVIEW-Help

LibHuAirProp_Sl.txt <CD>\\help\FluidVIEW-Help <LV>\help\FluidVIEW-Help

FluidVIEW_LibHuAirProp_SI.pdf
Open_LibHuAirProp_SI_doc.vi
Open_LibHuUAirProp_SI_doc.txt

<CD>\\help\FluidVIEW-Help
<CD>\\help\FluidVIEW-Help
<CD>\\help\FluidVIEW-Help

<LV>\help\FluidVIEW-Help
<LV>\help\FluidVIEW-Help
<LV>\help\FluidVIEW-Help

After you have restarted LabVIEW™ you will find the functions of the LibHuAirProp_SI property
library in the functions palette under the sub palette FluidVIEW. An example calculation of the air-
specific enthalpy h is shown in section 2.2.

H.-J. Kretzschmar, S. Herrmann, I. Stoecker, M. Kunick, M. Nicke, D. P. Gatley: Property Library ASHRAE-LibHuAirProp



Sl —-2/4

2.2 Example: Calculation of h = f(p,t,W)

After the delivered files have been copied in the appropriate folders of the default directory
LabVIEW™ (described in section 2.1.1), the LibHuAirProp_SI property library is ready to use. The
function nodes of the LibHuAirProp_SI property library can be used by dragging them from the
functions palette into the block diagram and connecting them with the wires representing the
required input parameters.

Now we will calculate, step by step, the air-specific enthalpy h as a function of total pressure p,
temperature t, and humidity ratio W, using FluidVIEW.

Start LabVIEW™ and wait for the Getting Started window to be displayed. Then select Blank VI.
The Blank VI will be displayed in two windows, the front panel and the block diagram.

Open the functions palette in the block diagram via view / Functions Palette (or by clicking the
right mouse button anywhere in the free area of the block diagram) if not yet displayed.

In addition to the default LabVIEW™ palettes the functions palette contains the sub palette
FluidVIEW (see Figure 2.1.2) with the sub palette LibHuAirProp_SI (see Figure 2.1.3).

. suchen | 2, Anpassen~ | —H |
Q suchen | 2, Anpassen~ | —H/ |+ FiidviEw N
[ e L |ibHusirProp_ST
[» Favoriten N A N
" [ 3 EQEFIE Bibliotheken Thermal diffu... Relative pres... Isothermal st...
-
| vIauswshlen...
" w  FluidVIEW Speed of sou... Spedificisoba... Spedficisoch
oy
HAP | 7|
=l Dynamic visc... Enhancement... Air- spedfice
: -
LibHuAirProp_SI h h. P
gt Spedificenth... Spedfic enth Spedific enth...
h“aﬂs W=D
Spedific enth Specific enth... Isentropicex...
R
Thermal cond... Kinematic visc... Total pressur...
Pressure ofh... Partial press... Partial pressu... LI
Figure 2.1.2 Figure 2.1.3
Functions palette with the sub palettes Functions palette with the property
FluidVIEW and LibHuAirProp_SI functions of the LibHuAirProp SI

library

In order to calculate the air-specific enthalpy h, drag the function (SubVI) whose symbol shows
the h from the functions palette into the block diagram.

While the short names of the SubVIs behind the symbols will be shown in the control tip, the full
names and brief descriptions of the property functions are displayed in the Context Help
window (see Figure 2.1.2 in section 2.1.12 in the "Part I-P Units" of this User's Guide). To use
the context help press <Ctrl>+<H> on your keyboard.

After placing the node of the SubVI h_HuAirProp_Sl.vi on your block diagram the required
input parameters have to be defined.
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The input parameters which are set as required appear in bold type in the Context Help
window. In this case these input parameters are Path LibHuAirProp_SI.dll (LabVIEW™ data
type: Path), Total pressure p in kPa (LabVIEW™ data type: Double precision, floating-point),
Temperature t in °C (LabVIEW™ data type: Double precision, floating-point) and Humidity
ratio W in kgw/kga (LabVIEW™ data type: Double precision, floating-point).

To define these variables wire their input terminals with input elements on the front panel. You
can accomplish this in one step by choosing Create / Control in the context menu of all
required input terminals. In order to wire the output terminal of the function node with an output
element on the front panel, choose Create / Indicator in the context menu of the output
terminal Air-specific enthalpy h in kJ/kga (LabVIEW™ data type: Double precision, floating-
point). After cleaning up the block diagram by pressing <CtrI>+<U> it has the appearance
illustrated in Figure 2.1.4. The same input and output elements are available on the appropriate
front panel (see Figure 2.1.5).

b example.vi Blockdiagramm * o ] 4 ! example.vi Frontpanel * -0l
Datei Bearbeiten Ansicht Projekt Ausfilhren Werkzeuge Fen ] Datei Bearbeiten Ansicht Projekt Ausfihren ﬁerkz‘eul:‘_m
et =l
o> (& OlEI|Lpu|IE’ Jlﬂ:ﬂ#-.{l‘? 1 |:{>|@|O|E||l&ptﬁ.nwendungssc|-_)\|@|H_|_H 1
[ [
Path LibHuAirProp_SL.dl
|.Pc\1h'
= I?aﬁw LinuAirProp_SI.?L' I Air- specific enthalpy in kJ/ka(a)
Total pressure p in kPa E i}
...... Total pressure pin kPa
hzay A
; o°
‘Temperature it e
Temperature tin °C E) ]
Az - \Humidity ratio W in kg(w)/ka(a)
"
Humidity ratio W in ka{w)ko(@)
z3ps o
Kl | o[ ] |l | vl 4
Figure 2.1.4 Figure 2.1.5
Block diagram of the example calculation Front panel of the example calculation

Enter a value in the input element total pressure p in kPa on the front panel
(Range of validity: p = 0.01 ... 10 000 kPa)

= e. g.: Enter the value 101.325.

Enter a value in the input element temperature t in °C on the front panel
(Range of validity: t =-143.15 ... 350°C)

= e. g.: Enter the value 20.

Enter a value in the input element humidity ratio W in kgw/kga (kg water per kg air) on the front
panel.

(Range of validity: 0 < W < 10 kgw/kga)
= e. g.: Enter the value 0.01.

Enter the path of the LibHuAirProp_SI.dll in the input element Path LibHuAirProp_Sl.dll on the
front panel (as explained in section 2.1.1 the LibHuAirProp_SI.dll and the other library files from
the directory <CD>\source have to be stored in the same directory which is arbitrary). To do
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this you can use the File Open Dialog which appears by clicking the yellow folder symbol on the
right of the input element.

= To run the calculation of the air-specific enthalpy click on the Run button or press <CtrI>+<R>.
The result for h in kd/kga appears in the output element (see Figure 2.1.6).

= The result for h in our sample calculation is h = 45.48662391 kJ/kga

o ] 4
Datei Bearbeiten Ansicht Projekt Ausfihren Werkzeu[TTT J
< |45 OIE' | 13pt Anwendungssq - _{ I ‘? !— H "‘:'-t

Path LibHuAirProp_SI.dll

b Air- spedific enthalpy in kJ/ka(a)
"% C:\Programme h’l

45,48662391
Total pressure pin kPa
;) 101,325
Temperature tin °C
92
Humidity ratio W in ka{w)/kala)
;/J 0,01
=
4 | _>|2

Figure 2.1.6 Result of the example calculation of h

The calculation of h = f(p,t,W) has thus been completed.

You can now arbitrarily change the values for p, t, or W in the appropriate input elements.

Note:

If the calculation results in —1000, this indicates that the values entered are located outside the
range of validity. More detailed information on each function and its range of validity is available in

chapter 3. For further property functions calculable with FluidVIEW, see the function table in
chapter 1.
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2.3 Removing FluidVIEW including LibHuAirProp

Should you wish to remove the LibHuAirProp_SI library or the complete FluidVIEW Add-on you
have to delete the files that have been copied in the default directory of the LabVIEW™
development environment <LV>.

Removing the FluidVIEW Add-on

To remove the FluidVIEW Add-on please delete the folders listed in Table 2.3.1 from the default
directory of LabVIEW™,

Table 2.3.1 Directories that have to be deleted from the default directory of LabVIEW™ to
remove the FluidVIEW Add-on

Parent directory in the default directory of LabVIEW™

Name of the directory (<LV>)

FluidVIEW <LV>\vi.lib

FluidVIEW <LV>\menus\Categories
FluidVIEW-Help <LV>\help

Removing only the LibHuAirProp_Sl library

To remove only the LibHuAirProp_SI library please delete the folders or files listed in Table 2.3.2
from the default directory of LabVIEW™.

Table 2.3.2 Data that have to be deleted from the default directory of LabVIEW™ (<LV>) to
remove only the LibHuAirProp_SI library.

File name with file extension Parent directory in the default directory of LabVIEW
or name of the directory (<LV>)

LibHuAirProp_Sl.lIb <LV>\vi.lib\FluidVIEW

LibHuAirProp_SI <LV>\menus\Categories\FluidVIEW
LibHuAirProp_Sl.hlp <LV>\help\FluidVIEW-Help

LibHuAirProp_SI.txt <LV>\help\FluidVIEW-Help

FluidVIEW_LibHuAirProp_SI.pdf <LV>\help\FluidVIEW-Help
Open_LibHuAirProp_SI_doc.vi <LV>\help\FluidVIEW-Help

Open_LibHuUAirProp_SI_doc.txt <LV>\help\FluidVIEW-Help

The changes will take effect after restarting LabVIEW™,
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3 Property Functions of ASHRAE-LibHuUAirProp-SI

3.1 Functions for Real Moist Air
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Thermal Diffusivity a = f(p,t,W)

Function Name:
a_ptW_HAP_SI

Fortran Program:
REAL*8 FUNCTION A _PTW_HUAIRPROP(P,T,W), REAL*8 P, T,W

Input Values:

p - Total pressure p in kPa

t -  Temperature tin °C

W - Humidity ratio W in kg,,/kg,
Result:

a_ptW_HAP_SI - Thermal diffusivity of humid air in m?/s

Range of Validity:

Temperature t: from -73.15°C to 350°C
Total pressure p: from 0.01 kPa to 10 000 kPa
Humidity ratio W: 0<W <Wg

Comments:

- Thermal diffusivity a =

o Cp
- Calculation for supersaturated humid air (W > W) is not possible

Result for Wrong Input Values:
a_ptW_HAP_SI = -1000
References:
AP, W)  Herrmann et al. [3], [4]
PP, W) Herrmann et al. [1], [2]
Cp(P.tW)  Herrmann et al. [1], [2]
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Relative Pressure Coefficient a,, = f(p,t,W)

Function Name:
alphap_ptW_HAP_SI

Fortran Program:
REAL*8 FUNCTION ALPHAP_PTW_HUAIRPROP(P,T,W), REAL*8 P,T,W

Input Values:

p - Total pressure p in kPa

t -  Temperature tin °C

W - Humidity ratio W in kg,,/kg,
Result:

alphap_ptW_HAP_SI - Relative pressure coefficient of humid air in 1/K

Range of Validity:

Temperature t: from -143.15°C to 350°C
Total pressure p: from 0.01 kPa to 10 000 kPa
Humidity ratio W: 0<W <Wg

Comments:

- Relative pressure coefficient ap = %[2—_?}
\")

- Calculation for supersaturated humid air (W > W) is not possible

Result for Wrong Input Values:
alphap_ptW_HAP_SI =-1000

References:

PP, W) Herrmann et al. [1], [2]
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Isothermal Stress Coefficient g, =f(p,t,W)

Function Name:
betap ptW_HAP_SI

Fortran Program:
REAL*8 FUNCTION BETAP_PTW_HUAIRPROP(P,T,W), REAL*8 P, T,W

Input Values:

p - Total pressure p in kPa

t -  Temperature tin °C

W - Humidity ratio W in kg,,/kg,
Result:

betap ptW_HAP_SI - Isothermal stress coefficient of humid air in kg/m3

Range of Validity:

Temperature t: from -143.15°C to 350°C
Total pressure p: from 0.01 kPa to 10 000 kPa
Humidity ratio W: 0<W <Wg

Comments:

- Isothermal stress coefficient 5, = —1(2\/—‘)}
P T

- Calculation for supersaturated humid air (W > W) is not possible

Result for Wrong Input Values:
betap ptW_ HAP_SI =-1000

References:

V(p,t, W) Herrmann et al. [1], [2]
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Speed of Sound c¢ = f(p,t,W)

Function Name:
c_ptW_HAP_SI

Fortran Program:
REAL*8 FUNCTION C_PTW_HUAIRPROP(P,T,W), REAL*8 P, T,W

Input Values:

p - Total pressure p in kPa

t -  Temperature tin °C

W - Humidity ratio W in kg,,/kg,
Result:

c_ptW_HAP_SI - Speed of sound of humid air in m/s

Range of Validity:

Temperature t: from -143.15°C to 350°C

Total pressure p: from 0.01 kPa to 10 000 kPa

Humidity ratio W: 0<W <10kg,,/kg,
Comments:

- Speed of sound c =v _(6_pj
8\/ S

- When calculating supersaturated air an ideal mixing model (saturated humid air
and water droplets (or ice crystals) homogeneously mixed) is applied

Result for Wrong Input Values:
c_ptW_HAP_SI =-1000
References:

V(p,t, W)  Herrmann et al. [1], [2]
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Specific Isobaric Heat Capacity ¢, =f(p,t,W)

Function Name:
cp_ptW_HAP_SI

Fortran Program:
REAL*8 FUNCTION CP_PTW_HUAIRPROP(P,T,W), REAL*8 P, T,W

Input Values:

p - Total pressure p in kPa

t - Temperature tin °C

W - Humidity ratio W in kg,,/kg,
Result:

cp_ptW_HAP_SI - Specific isobaric heat capacity of humid air in kd/(kg K)

Range of Validity:

Temperature t: from -143.15°C to 350°C
Total pressure p: from 0.01 kPa to 10 000 kPa
Humidity ratio W: 0<W <Wg
Comments:
- Specific isobaric heat capacity Cp = (Z—$j
p

- Calculation for supersaturated humid air (W > W) is not possible

Result for Wrong Input Values:
cp_ptW_HAP_SI =-1000

References:
h(p,t W)  Herrmann et al. [1], [2]

H.-J. Kretzschmar, S. Herrmann, |. Stoecker, M. Kunick, M. Nicke, D. P. Gatley: Property Library ASHRAE-LibHuAirProp




SI1-3/7

Specific Isochoric Heat Capacity ¢, =f(p,t,W)

Function Name:
cv_ptW_HAP_SI

Fortran Program:
REAL*8 FUNCTION CV_PTW_HUAIRPROP(P,T,W), REAL*8 P,T,W

Input Values:

p - Total pressure p in kPa

t -  Temperature tin °C

W - Humidity ratio W in kg,,/kg,
Result:

cv_ptW_HAP_SI - Specific isochoric heat capacity of humid air in kJ/(kg K)

Range of Validity:

Temperature t: from -143.15°C to 350°C
Total pressure p: from 0.01 kPa to 10 000 kPa
Humidity ratio W: 0<W <Wg
Comments:
- Specific isochoric heat capacity ¢, = [2—};}
\'

- Calculation for supersaturated humid air (W > W) is not possible

Result for Wrong Input Values:
cv_ptW_HAP_SI = -1000

References:
¢y (P, W)  Herrmann et al. [3], [4]

H.-J. Kretzschmar, S. Herrmann, I. Stoecker, M. Kunick, M. Nicke, D. P. Gatley: Property Library ASHRAE-LibHuAirProp



SI1-3/8

Enhancement Factor f = f(p,t)

Function Name:
f pt HAP_SI

Fortran Program:
REAL*8 FUNCTION F_PT_HUAIRPROP(P,T), REAL*8 P, T

Input Values:
p - Total pressure p in kPa
t -  Temperature tin °C
Result:

f pt HAP_SI - Enhancement factor of water (decimal ratio)

Range of Validity:

Temperature t: from -143.15°C to 350°C
Total pressure p: from 0.01 kPa to 10 000 kPa
Comments:
PH20,s

- Enhancement factor f =
ps(t)

with pg(t) for t >0.01°C - Steam pressure of water
for t <0.01°C - Sublimation pressure of water

- Describes the enhancement of the saturation pressure of water in the air
atmosphere under elevated pressure

- Derived iteratively from the isothermal compressibility of liquid water, from
Henry's constant [15], [16] and from the virial coefficients of air, water, and the
air-water mixture

Result for Wrong Input Values:
f pt_ HAP_SI =-1000

References:
f(p,t) Herrmann et al. [1], [2]

H.-J. Kretzschmar, S. Herrmann, |. Stoecker, M. Kunick, M. Nicke, D. P. Gatley: Property Library ASHRAE-LibHuAirProp



S1-3/9

Air-Specific Enthalpy h = f(p,t,W)

Function Name:
h_ptW_HAP_SI

Fortran Program:
REAL*8 FUNCTION H_PTW_HUAIRPROP(P,T,W), REAL*8 P,T,W

Input Values:

p - Total pressure p in kPa

t -  Temperature tin °C

W - Humidity ratio W in kg,,/kg,
Result:

h_ptW_HAP_SI - Air-specific enthalpy in kJ/kg,

Range of Validity:

Temperature t: from -143.5°C to 350°C

Total pressure p: from 0.01 kPa to 10 000 kPa

Humidity ratio W: 0<W <10kg,,’kg,
Comments:

- When calculating supersaturated air an ideal mixing model (saturated humid air
and water droplets (or ice crystals) homogeneously mixed) is applied

Result for Wrong Input Values:
h_ptW_HAP_SI = -1000

References:
h(p,t,W) Herrmann et al. [1], [2]
hy (p,1) IAPWS-IF97 [7], [8] and IAPWS-06 [11]

h (1) Lemmon et al. [14]

H.-J. Kretzschmar, S. Herrmann, I. Stoecker, M. Kunick, M. Nicke, D. P. Gatley: Property Library ASHRAE-LibHuAirProp
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Dynamic Viscosity nn =f(p,t,W)

Function Name:
Eta_ptW_HAP_SI

Fortran Program:
REAL*8 FUNCTION ETA_PTW_HUAIRPROP(P,T,W), REAL*8 P,T,W

Input Values:

p - Total pressure p in kPa

t -  Temperature tin °C

W - Humidity ratio W in kg,,/kg,
Result:

Eta_ptW_HAP_SI - Dynamic viscosity of humid air in Pa s

Range of Validity:

Temperature t: from -73.15°C to 350°C

Total pressure p: from 0.01 kPa to 10 000 kPa

Humidity ratio W: 0<W <10kg,,/kg,
Comments:

- A new very accurate algorithm is implemented between 0°C and 350°C

- When calculating supersaturated air an ideal mixing model (saturated humid air
and water droplets (or ice crystals) homogeneously mixed) is applied

Result for Wrong Input Values:
Eta_ptW_HAP_SI = -1000

References:
n(p,t W) Herrmann et al. [3], [4]
7a(t) Lemmon et al. [18]

7w (1) IAPWS-IF97 [7], [8] and IAPWS-08 [19]

H.-J. Kretzschmar, S. Herrmann, |. Stoecker, M. Kunick, M. Nicke, D. P. Gatley: Property Library ASHRAE-LibHuAirProp




Sl —-3/11

Isentropic Exponent x =f(p,t,W)

Function Name:
Kappa_ptW_HAP_SI

Fortran Program:
REAL*8 FUNCTION KAPPA_PTW_HUAIRPROP(P,T, W), REAL*8 P, T,W

Input Values:

p - Total pressure p in kPa

t -  Temperature tin °C

W - Humidity ratio W in kg,,/kg,
Result:

Kappa_ptW_HAP_SI - Isentropic exponent

Range of Validity:

Temperature t: from -143.5°C to 350°C

Total pressure p: from 0.01 kPa to 10 000 kPa

Humidity ratio W: 0<W <10kg,,’kg,
Comments:

- vV (op
- Isentropic exponent x = ——| —
pPLov s

- When calculating supersaturated air an ideal mixing model (saturated humid air
and water droplets homogeneously mixed) is applied for t = 0.01°C. For
temperatures below (ice fog) the value of the saturated state is applied.

Result for Wrong Input Values:
Kappa_ptW_HAP_SI =-1000

References:

V(p,t, W)  Herrmann et al. [1], [2]

H.-J. Kretzschmar, S. Herrmann, I. Stoecker, M. Kunick, M. Nicke, D. P. Gatley: Property Library ASHRAE-LibHuAirProp
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Thermal Conductivity 4 =f(p,t,W)

Function Name:
Lambda_ptW_HAP_SI

Fortran Program:
REAL*8 FUNCTION LAMBDA_PTW_HUAIRPROP(P,T, W), REAL*8 P, T,W

Input Values:

p - Total pressure p in kPa

t - Temperature tin °C

W - Humidity ratio W in kg,,/kg,
Result:

Lambda_ptW_HAP_SI - Thermal conductivity in W/(m K)

Range of Validity:

Temperature t: from -73.5°C to 350°C

Total pressure p: from 0.01 kPa to 10 000 kPa

Humidity ratio W: 0<W <10kg,,/kg,
Comments:

- A new very accurate algorithm is implemented between 0°C and 350°C

- When calculating supersaturated air an ideal mixing model (saturated humid air
and water droplets (or ice crystals) homogeneously mixed) is applied

Result for Wrong Input Values:
Lambda_ptW_HAP_SI = -1000

References:
A(p,t, W) Herrmann et al. [3], [4]
Aa(t) Lemmon et al. [18]

A, (pt)  JAPWS-IF97 [7], [8] and IAPWS-08 [20]

H.-J. Kretzschmar, S. Herrmann, |. Stoecker, M. Kunick, M. Nicke, D. P. Gatley: Property Library ASHRAE-LibHuAirProp



SI1-3/13

Kinematic Viscosity v = f(p,t,W)

Function Name:
Ny ptW_HAP_SI

Fortran Program:
REAL*8 FUNCTION NY_PTW_HUAIRPROP(P,T,W), REAL*8 P,T,W

Input Values:

p - Total pressure p in kPa

t -  Temperature tin °C

W - Humidity ratio W in kg,,/kg,
Result:

Ny ptW_ HAP_SI - Kinematic viscosity in m? /s

Range of Validity:

Temperature t: from -73.5°C to 350°C
Total pressure p: from 0.01 kPa to 10 000 kPa
Humidity ratio W: 0<W <Wg

Comments:

- Kinematic Viscosity v = n
2

Result for Wrong Input Values:
Ny ptW_HAP_SI = -1000

References:
n(p,t,W)  Herrmann et al. [3], [4]

p(P,LW)  Herrmann et al. [1], [2]

H.-J. Kretzschmar, S. Herrmann, I. Stoecker, M. Kunick, M. Nicke, D. P. Gatley: Property Library ASHRAE-LibHuAirProp
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Backward Function: Total Pressure p = f(t,s,W)

Function Name:
p_tsW_HAP_SI

Fortran Program:
REAL*8 FUNCTION P_TSW_HUAIRPROP(T,S,W), REAL*8 T,S,W

Input Values:
t -  Temperature tin °C
s - Air-specific entropy s in kJ/(kg, K)
W - Humidity ratio W in kg,,/kg,
Result:

p_tsW_HAP_SI - Total pressure in kPa

Range of Validity:
Temperature t: from -143.5°C to 350°C
Air-specific entropy s: from -26.53 kJ/(kg, K) to 38.990 kJ/(kg,; K)

Humidity ratio W: 0<W <10kg,,/kg,

Comments:

- Iteration of total pressure p from s = f(p,t,W)

Result for Wrong Input Values:
p_tsW_HAP_SI =-1000

References:
s(p,t,W) Herrmann et al. [1], [2]

H.-J. Kretzschmar, S. Herrmann, |. Stoecker, M. Kunick, M. Nicke, D. P. Gatley: Property Library ASHRAE-LibHuAirProp




SI1-3/15

Pressure p = f(zge)

Function Name:
p_zele HAP_SI

Fortran Program:
REAL*8 FUNCTION P_ZELE HUAIRPROP(ZELE), REAL*8 ZELE

Input Values:

Zge - Elevation zgginm
Result:

p_zele HAP_SI - Pressure of humid air in kPa
Range of Validity:

Elevation z, from -5,000 m to 11,000 m

Comments:

- Pressure of humid air from elevation

7 5.256
- P(Zeje ) =101 .325kPa-(1 ~2.25577-107° L‘ej
m

Result for Wrong Input Values:
p_zele HAP_SI =-1000

References:
P(Zete) ASHRAE [23]

H.-J. Kretzschmar, S. Herrmann, I. Stoecker, M. Kunick, M. Nicke, D. P. Gatley: Property Library ASHRAE-LibHuAirProp



SI-3/16

Partial Pressure of Dry Air p;, = f(p,t,W)

Function Name:
pAir_ptW_HAP_SI

Fortran Program:
REAL*8 FUNCTION PAIR_PTW_HUAIRPROP(P,T,W), REAL*8 P,T,W

Input Values:

p - Total pressure p in kPa

t - Temperature tin °C

W - Humidity ratio W in kg,,/kg,
Result:

pAir_ptW_HAP_SI - Partial pressure of (dry) air in humid air in kPa

Range of Validity:

Temperature t: from -143.15°C to 350°C

Total pressure p: from 0.01 kPa to 10 000 kPa

Humidity ratio W: 0<W <10kg,,/kg,
Comments:

- Partial pressure of (dry) air in humid air paj, =1- PH20o

- Partial pressure of water vapor at saturation is calculated in case of
supersaturated humid air (W >Wg(p,t))

- The temperature value is used to calculate the saturation state

Result for Wrong Input Values:
pAir_ptW_HAP_SI = -1000

References:
PHoo(P,W )  Herrmann et al. [1], [2]

H.-J. Kretzschmar, S. Herrmann, |. Stoecker, M. Kunick, M. Nicke, D. P. Gatley: Property Library ASHRAE-LibHuAirProp




SI-3/17

Partial Pressure of Water Vapor py,o = f(p,t,W)

Function Name:
pH20 ptW HAP_SI

Fortran Program:
REAL*8 FUNCTION PH20_PTW_HUAIRPROP(P,T,W), REAL*8 P,T,W

Input Values:

p - Total pressure p in kPa

t - Temperature tin °C

W - Humidity ratio W in kg,,/kg,
Result:

pH20 ptW_HAP_SI - Partial pressure of water vapor in humid air in kPa

Range of Validity:

Temperature t: from -143.15°C to 350°C

Total pressure p: from 0.01 kPa to 10 000 kPa

Humidity ratio W: 0<W <10kg,,/kg,

Comments:
. . Sy W.p
- Partial pressure of water vapor in humid air pyog =
)

—+W
RW

- Partial pressure of water vapor at saturation is calculated in case of
supersaturated humid air (W >Wg(p,t))

- The temperature value is used to calculate the saturation state

Result for Wrong Input Values:
pH20 ptW HAP_SI = -1000

References:
PH2o(P,W) Herrmann et al. [1], [2]

H.-J. Kretzschmar, S. Herrmann, I. Stoecker, M. Kunick, M. Nicke, D. P. Gatley: Property Library ASHRAE-LibHuAirProp
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Partial Saturation Pressure of Water Vapor p,0 s = f(p,t)

Function Name:
pH20s_pt HAP_SI

Fortran Program:
REAL*8 FUNCTION PH20S_PT_HUAIRPROP(P,T), REAL*8 P,T

Input Values:
p - Total pressure p in kPa
t - Temperature tin °C
Result:

pH20s_pt_HAP_SI - Partial saturation pressure of water vapor in humid air in kPa

Range of Validity:

Temperature t: from -143.15°C to 350°C
Total pressure p: from 0.01 kPa to 10 000 kPa
Comments:

- Partial pressure of steam at saturation pyy,0 s =1 - ps(t)
with ps(t) for t>0.01°C - Steam pressure of water

for t <0.01°C - Sublimation pressure of water

Result for Wrong Input Values:
pH20s_pt_HAP_SI = -1000

References:
f(p,t) Herrmann et al. [1], [2]
ps(t) fort>0.01°C IAPWS-IF97 [7], [8]

fort < 0.01°C IAPWS-08 [11]

H.-J. Kretzschmar, S. Herrmann, I. Stoecker, M. Kunick, M. Nicke, D. P. Gatley: Property Library ASHRAE-LibHuAirProp




SI-3/19

Relative Humidity ¢ = f(p,t,W)

Function Name:
phi_ptwW_HAP_SI

Fortran Program:
REAL*8 FUNCTION PHI_PTW_HUAIRPROP(P,T,W), REAL*8 P, T,W

Input Values:

p - Total pressure p in kPa

t - Temperature tin °C

W - Humidity ratio W in kg,,/kg,
Result:

phi_ptW_HAP_SI - Relative humidity (decimal ratio)

Range of Validity:

Temperature . from -143.15°C to 350°C
Total pressure p: from 0.01 kPa to 10 000 kPa
Humidity ratio W. 0<W <10kg,,/kg,
Comments:
PH20

- Relative humidity ¢ =
Pr20,s

- This equation is valid for pyo0 < prpo s @and for 0 < p <1

Result for Wrong Input Values:
phi_ptW_HAP_SI = -1000

References:
o(p,t,W) Herrmann et al. [1], [2]

H.-J. Kretzschmar, S. Herrmann, I. Stoecker, M. Kunick, M. Nicke, D. P. Gatley: Property Library ASHRAE-LibHuAirProp




SI-3/20

Prandtl Number Pr = f(p,t,W)

Function Name:
Pr_ptW_HAP_SI

Fortran Program:
REAL*8 FUNCTION PR_PTW_HUAIRPROP(P,T,W), REAL*8 P, T,W

Input Values:

p - Total pressure p in kPa

t - Temperature tin °C

W - Humidity ratio W in kg,,/kg,
Result:

Pr_ptW_HAP_SI - Prandtl number

Range of Validity:

Temperature . from -73.5°C to 350°C
Total pressure p: from 0.01 kPa to 10 000 kPa
Humidity ratio W- 0 <W <10kg,,/kg,
Comments:
UN Cp

- Prandtl number Pr = T

- Calculation for supersaturated humid air (W > W) is not possible

Result for Wrong Input Values:
Pr_ptW_HAP_SI =-1000

References:
n(p,t,W)  Herrmann et al. [3], [4]
Cp(p,t,W) Herrmann et al. [3], [4]

A(p,t,W) Lemmon et al. [20]

H.-J. Kretzschmar, S. Herrmann, I. Stoecker, M. Kunick, M. Nicke, D. P. Gatley: Property Library ASHRAE-LibHuAirProp




SI-3/21

Mole Fraction of Dry Air ya;, = f(W)

Function Name:
PsiAir W_HAP_SI

Fortran Program:
REAL*8 FUNCTION PSIAIR_W_HUAIRPROP(W), REAL*8 W

Input Values:
W - Humidity ratio W in kg,,/kg,

Result:
PsiAir_W_HAP_SI - Mole fraction of (dry) air in humid air in mola/mol

Range of Validity:

Humidity ratio W- 0<W <10kg,,/kg,
Comments:
. . w
- Mole fraction of air ypj; =1-yoo =1- B
a +w
Ru20

Result for Wrong Input Values:
PsiAir W_HAP_SI = -1000

References:
¥ air (W) Herrmann et al. [1], [2]

H.-J. Kretzschmar, S. Herrmann, I. Stoecker, M. Kunick, M. Nicke, D. P. Gatley: Property Library ASHRAE-LibHuAirProp



SI-3/22

Mole Fraction of Water yy,0 = f(W)

Function Name:
PsiH20_ W_HAP_SI

Fortran Program:
REAL*8 FUNCTION PSIH20_W_HUAIRPROP(W), REAL*8 W

Input Values:
W - Humidity ratio W in kg,,/kg,

Result:

PsiH20_W_HAP_SI - Mole fraction of water in humid air in mol,,/mol

Range of Validity:

Humidity ratio W- 0 <W <10kg,,/kg,
Comments:
. w
- Mole fraction of water w50 = B
a +w
Ruzo

Result for Wrong Input Values:
PsiH20_W_HAP_SI = -1000

References:
Yoo(W)  Herrmann et al. [1], [2]

H.-J. Kretzschmar, S. Herrmann, I. Stoecker, M. Kunick, M. Nicke, D. P. Gatley: Property Library ASHRAE-LibHuAirProp




SI—-3/23

Density p = f(p,t,W)

Function Name:
Rho_ptW_HAP_SI

Fortran Program:
REAL*8 FUNCTION RHO_PTW_HUAIRPROP(P,T,W), REAL*8 P,T,W

Input Values:

p - Total pressure p in kPa

t - Temperature tin °C

W - Humidity ratio W in kg,,/kg,
Result:

Rho_ptW_HAP_SI - Density of humid air in kg/m3

Range of Validity:

Temperature t: from -143.15°C to 350°C

Total pressure p: from 0.01 kPa to 10 000 kPa

Humidity ratio W- 0 <W <10kg,,/kg,
Comments:

. L : . - 1+ W
- Density of humid air obtained from air-specific volume: p = il

Result for Wrong Input Values:
Rho_ptW_HAP_SI = -1000

References:
p(p,t,W) Herrmann et al. [1], [2]

H.-J. Kretzschmar, S. Herrmann, I. Stoecker, M. Kunick, M. Nicke, D. P. Gatley: Property Library ASHRAE-LibHuAirProp



SI—3/24

Air-Specific Entropy s = f(p,t,W)

Function Name:
s_ptW_HAP_SI

Fortran Program:
REAL*8 FUNCTION S PTW_HUAIRPROP(P,T,W), REAL*8 P, T,W

Input Values:

p - Total pressure p in kPa

t - Temperature tin °C

W - Humidity ratio W in kg,,/kg,
Result:

s_ptW_HAP_SI - Air-specific entropy in kJ/(kg, K)

Range of Validity:

Temperature . from -143.15°C to 350°C

Total pressure p: from 0.01 kPa to 10 000 kPa

Humidity ratio W. 0<W <10kg,,/kg,
Comments:

- When calculating supersaturated air an ideal mixing model (saturated humid air
and water droplets (or ice crystals) homogeneously mixed) is applied

Result for Wrong Input Values:
s_ptwW_HAP_SI =-1000

References:
s(p,t,W) Herrmann et al. [1], [2]

H.-J. Kretzschmar, S. Herrmann, I. Stoecker, M. Kunick, M. Nicke, D. P. Gatley: Property Library ASHRAE-LibHuAirProp




SI—-3/25

Backward Function: Temperature t = f(p,h,p)

Function Name:
t_phphi_HAP_SI

Fortran Program:
REAL*8 FUNCTION T_PHPHI_HUAIRPROP(P,H,PHI), REAL*8 P,H,PHI

Input Values:

p - Total pressure p in kPa

h - Air-specific enthalpy h in kJ/kga

0] - Relative humidity ¢ (decimal ratio)
Result:

t_phphi_HAP_SI - Temperature from pressure, enthalpy, and relative humidity in °C

Range of Validity:
Total pressure p: from 0.01 kPa to 10 000 kPa
Air-specific enthalpy h:  from -5745 kJ/kg, to 29690 kJ/kg,

Relative humidity ¢: 0<p<1

Comments:
- Iteration of temperature ¢t from h = f(p,t,W) using W = f(p,t,p)

Result for Wrong Input Values:
t_phphi_HAP_SI = -1000

References:
h(p,t,W) Herrmann et al. [1], [2]

H.-J. Kretzschmar, S. Herrmann, I. Stoecker, M. Kunick, M. Nicke, D. P. Gatley: Property Library ASHRAE-LibHuAirProp
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Backward Function: Temperature t = f(p,h,W)

Function Name:
t_ phw_HAP_SI

Fortran Program:
REAL*8 FUNCTION T_PHW_HUAIRPROP(P,H,W), REAL*8 P,H.W

Input Values:
p - Total pressure p in kPa
h - Air-specific enthalpy h in kJ/kga
W - Humidity ratio W in kg,,/kg,
Result:

t phW_HAP_SI - Temperature from pressure, enthalpy, and humidity ratio in °C

Range of Validity:
Total pressure p: from 0.01 kPa to 10 000 kPa
Air-specific enthalpy h:  from -5745 kJ/kg, to 29690 kJ/kg,

Humidity ratio W: 0<W <10kg,,/kg,

Comments:

- Iteration of temperature t from h = f(p,t,W)

Result for Wrong Input Values:
t_ phW_HAP_SI = -1000

References:
h(p,t,W) Herrmann et al. [1], [2]

H.-J. Kretzschmar, S. Herrmann, I. Stoecker, M. Kunick, M. Nicke, D. P. Gatley: Property Library ASHRAE-LibHuAirProp
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Backward Function: Temperature t = f(p,s,W)

Function Name:
t_psW_HAP_SI

Fortran Program:
REAL*8 FUNCTION T_PSW_HUAIRPROP(P,S,W), REAL*8 P,S,W

Input Values:
p - Total pressure p in kPa
S - Air-specific entropy s in kJ/(kga K)
W - Humidity ratio W in kg,,/kg,
Result:

t psW_HAP_SI - Temperature from pressure, entropy, and humidity ratio in °C

Range of Validity:
Total pressure p: from 0.01 kPa to 10 000 kPa
Air-specific entropy s: from -26.53 kJ/(kg, K) to 38.990 kJ/(kg, K)

Humidity ratio W: 0 <W <10kg,,/kg,

Comments:

- Iteration of temperature t from s = f(p,t,W)

Result for Wrong Input Values:
t_ psW_HAP_SI = -1000

References:
s(p,t,W) Herrmann et al. [1], [2]

H.-J. Kretzschmar, S. Herrmann, I. Stoecker, M. Kunick, M. Nicke, D. P. Gatley: Property Library ASHRAE-LibHuAirProp



SI—-3/28

Backward Function: Temperature t = f(p,t,,,, W)

Function Name:
t ptwbW_HAP_SI

Fortran Program:
REAL*8 FUNCTION T_PTWBW_HUAIRPROP(P,TWB,W), REAL*8 P, TWB,W

Input Values:
p - Total pressure p in kPa
two - Wet-bulb temperature in °C
W - Humidity ratio W in kg,,/kg,
Result:

t ptwbW_HAP_SI - Temperature from pressure, wet bulb temperature and
humidity ratio in °C

Range of Validity:
Total pressure p: from 0.01 kPa to 10 000 kPa
Wet bulb temperature t,,,,;:  from -143.15°C to 350°C

Humidity ratio W 0<W <10kg,,/kg,

Comments:

- Iterationof temperature t from t,,, =f(p,t,W)

Result for Wrong Input Values:
t_ptwbW_HAP_SI = -1000

References:
two (Pt W) Herrmann et al. [1], [2]

H.-J. Kretzschmar, S. Herrmann, I. Stoecker, M. Kunick, M. Nicke, D. P. Gatley: Property Library ASHRAE-LibHuAirProp
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Dew-Point/Frost-Point Temperature ty = f(p,W)

Function Name:
td_pW_HAP_SI

Fortran Program:
REAL*8 FUNCTION TD_PW_HUAIRPROP(P,W), REAL*8 P,W

Input Values:

p - Total pressure p in kPa

W - Humidity ratio W in kg,,/kg,
Result:

td_ pW_HAP_SI - Dew-point/frost-point temperature in °C

Range of Validity:

Total pressure p: from 0.01 kPa to 10 000 kPa
Humidity ratio W- 0<W <10kg,,/kg,
Comments:

Dew-point temperature ty = t;(pyoo) for £ >0.01°C (saturation temperature of
water in humid air)

tq =tsup(PH2o) for t <0.01°C (sublimation temperature
of water in humid air)

Result for Wrong Input Values:
td_pW_HAP_SI = -1000

References:
t.(Puoo)  for ty>0.01°C  IAPWS-IF97 [7], [8]
taub(Prpo)  for ty <0.01°C  IAPWS-08 [11]

PH20 Herrmann et. al. [1], [2]

H.-J. Kretzschmar, S. Herrmann, I. Stoecker, M. Kunick, M. Nicke, D. P. Gatley: Property Library ASHRAE-LibHuAirProp
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Saturation Temperature t, =f(p, pyoo)

Function Name:
ts_ppH20_HAP_SI

Fortran Program:
REAL*8 FUNCTION TS_PPH20_HUAIRPROP(P,PH20), REAL*8 P,PH20

Input Values:

p - Total pressure p in kPa

PH2o - Partial pressure of water vapor p,q in kPa
Result:

ts_ppH20_HAP_SI - Saturation temperature in °C

Range of Validity:
Total pressure p: from 0.01 kPa to 10 000 kPa

Partial Pressure pyo0 @ from 0.01 kPa to 10 000 kPa

Comments:

- Iteration of saturation temperature t5 from py,0 s =f(p,t)

Result for Wrong Input Values:
ts_ppH20_HAP_SI = -1000

References:
Puoos Herrmann et. al. [1], [2]

H.-J. Kretzschmar, S. Herrmann, I. Stoecker, M. Kunick, M. Nicke, D. P. Gatley: Property Library ASHRAE-LibHuAirProp
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Wet-Bulb/lce-Bulb Temperature ¢, = f(p,t,W)

Function Name:
twb_ptW_HAP_SI

Fortran Program:
REAL*8 FUNCTION TWB_PTW_HUAIRPROP(P,T,W), REAL*8 P, T,W

Input Values:

p - Total pressure p in kPa

t - Temperature tin °C

W - Humidity ratio W in kg,,/kg,
Result:

twb_ptW_HAP_SI - Wet-bulb/ice-bulb temperature in °C

Range of Validity:

Temperature t: from -143.15°C to 350°C

Total pressure p: from 0.01 kPa to 10 000 kPa

Humidity ratio W- 0<W <10kg,,/kg,
Comments:

- Iteration of wet-bulb/ice-bulb temperature t,,;,
from hunsaturated(p’ t,W) _ hfog(p’ twb’W)

- Calculation for supersaturated humid air (W > W) is not possible

Result for Wrong Input Values:
twbh_ptW_HAP_SI = -1000

References:
tup(P,t,W) Herrmann et al. [1], [2]

H.-J. Kretzschmar, S. Herrmann, I. Stoecker, M. Kunick, M. Nicke, D. P. Gatley: Property Library ASHRAE-LibHuAirProp
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Air-Specific Internal Energy u = f(p,t,W)

Function Name:
u_ptwW_HAP_SI

Fortran Program:
REAL*8 FUNCTION U_PTW_HUAIRPROP(P,T,W), REAL*8 P,T,W

Input Values:

p - Total pressure p in kPa

t - Temperature tin °C

W - Humidity ratio W in kg,,/kg,
Result:

u_ptW_HAP_SI . Air-specific internal energy in kd/kg,

Range of Validity:

Temperature . from -143.15°C to 350°C

Total pressure p: from 0.01 kPa to 10 000 kPa

Humidity ratio W- 0 <W <10kg,,/kg,
Comments:

- Internal energy u =h — pv

Result for Wrong Input Values:
u_ptW_HAP_SI = -1000

References:
u(p,t,W) Herrmann et al. [1], [2]

H.-J. Kretzschmar, S. Herrmann, I. Stoecker, M. Kunick, M. Nicke, D. P. Gatley: Property Library ASHRAE-LibHuAirProp
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Air-Specific Volume v = f(p,t,W)

Function Name:
v_ptW_HAP_SI

Fortran Program:
REAL*8 FUNCTION V_PTW_HUAIRPROP(P,T,W), REAL*8 P, T,W

Input Values:

p - Total pressure p in kPa

t - Temperature tin °C

W - Humidity ratio W in kg,,/kg,
Result:

V_ptW_HAP_SI . Air-specific volume in m*/kg,

Range of Validity:

Temperature . from -143.15°C to 350°C

Total pressure p: from 0.01 kPa to 10 000 kPa

Humidity ratio W: 0 <W <10kg,,/kg,
Comments:

- When calculating supersaturated air an ideal mixing model (saturated humid air
and water droplets (or ice crystals) homogeneously mixed) is applied

Result for Wrong Input Values:
v_ptwW_HAP_SI =-1000

References:
v(p,t,W) Herrmann et al. [1], [2]

H.-J. Kretzschmar, S. Herrmann, I. Stoecker, M. Kunick, M. Nicke, D. P. Gatley: Property Library ASHRAE-LibHuAirProp
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Humidity Ratio from Partial Pressure of Steam W = f(p,t,py,0)

Function Name:
W_ptpH20_HAP_SI

Fortran Program:
REAL*8 FUNCTION W_PTPH20_HUAIRPROP(P,T,PH20), REAL*8 P,T,PH20

Input Values:

p - Total pressure p in kPa

t - Temperature tin °C

Pr2o - Partial pressure of water py,o in kPa
Result:

W_ptpH2O_HAP_SI - Humidity ratio from temperature and partial pressure of
water vapor in kg,,/kgg

Range of Validity:

Total pressure p: from 0.01 kPa to 10 000 kPa

Temperature t : from -143.15°C to 350°C

Partial pressure pyoq : from 0.01 kPa to 10 000 kPa
Comments:

- Iteration of humidity ratio W from py,q =f(p,t, W)

- Result for supersaturated humid air is Wy

Result for Wrong Input Values:
W_ptpH20_ HAP_SI = -1000

References:
Proo(P.t,W) Herrmann et al. [1], [2]

H.-J. Kretzschmar, S. Herrmann, I. Stoecker, M. Kunick, M. Nicke, D. P. Gatley: Property Library ASHRAE-LibHuAirProp
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Humidity Ratio from Relative Humidity W = f(p,t,¢)

Function Name:
W_ptphi_HAP_SI

Fortran Program:
REAL*8 FUNCTION W_PTPHI_HUAIRPROP(P,T,PHI), REAL*8 P,T,PHI

Input Values:
p - Total pressure p in kPa
t - Temperature tin °C
10) - Relative humidity (decimal ratio)
Result:
W_ptphi_HAP_SI - Humidity ratio from temperature and relative humidity
in kgy,/kg,
Range of Validity:
Temperature t: from -143.15°C to 350°C
Total pressure p: from 0.01 kPa to 10 000 kPa
Relative humidity ¢: 0<p<l1

Comments:

- Iteration of humidity ratio W from ¢ = f(p,t,W)
Result for Wrong Input Values:
W_ptphi_HAP_SI = -1000

References:
o(p,t,W) Herrmann et al. [1], [2]

H.-J. Kretzschmar, S. Herrmann, I. Stoecker, M. Kunick, M. Nicke, D. P. Gatley: Property Library ASHRAE-LibHuAirProp
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Humidity Ratio from Dew-Point Temperature W = f(p,ty)

Function Name:
W_ptd_HAP_SI

Fortran Program:
REAL*8 FUNCTION W_PTD_HUAIRPROP(P,TD), REAL*8 P,TD

Input Values:
p - Total pressure p in kPa
ty - Dew-pointtemperature ty in°C
Result:
W_ptd_HAP_SI - Humidity ratio from temperature and dew-point temperature

in kg,,/Kg,
Range of Validity:
Dew point temperature ty:  from -143.15°C to 350°C

Total pressure p: from 0.01 kPa to 10 000 kPa
Comments:

- Iteration of humidity ratio W from t4 = f(p, W)

Result for Wrong Input Values:

W_ptd_HAP_SI = -1000
References:

ty(p,W) Herrmann etal. [1], [2]

H.-J. Kretzschmar, S. Herrmann, I. Stoecker, M. Kunick, M. Nicke, D. P. Gatley: Property Library ASHRAE-LibHuAirProp
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Humidity Ratio from Wet-Bulb Temperature W = f(p,t,t,,,)

Function Name:

W_pttwb_HAP_SI

Fortran Program:

REAL*8 FUNCTION W_PTTWB_HUAIRPROP(P,T,TWB), REAL*8 P, T, TWB

Input Values:
p - Total pressure p in kPa
t - Temperature tin °C
two - Wet-bulb temperature in °C
Result:
W_pttwb_HAP_SI - Humidity ratio from temperature and wet-bulb temperature
in kg, /Kda
Range of Validity:
Total pressure p: from 0.01 kPa to 10 000 kPa

Temperature t:

from -143.15°C to 350°C

Wet-bulb temperature t,,;,:  from -143.15°C to 350°C

Comments:

- Iteration of humidity ratio W from t,,,, = f(p,t, W)

- Calculation for supersaturated humid air (W > W) is not possible

Result for Wrong Input Values:
W_pttwb_HAP_SI = -1000

References:
twp (Pt W)

Herrmann et al. [1], [2]

H.-J. Kretzschmar, S. Herrmann, I. Stoecker, M. Kunick, M. Nicke, D. P. Gatley: Property Library ASHRAE-LibHuAirProp
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Saturation Humidity Ratio W = f(p,t)

Function Name:
Ws_pt HAP_SI

Fortran Program:
REAL*8 FUNCTION WS_PT_HUAIRPROP(P,T), REAL*8 P,T

Input Values:
p - Total pressure p in kPa
t - Temperature tin °C
Result:

Ws_pt HAP_SI - Saturation humidity ratio (mass fraction) in kg,,/kg,

Range of Validity:

Total pressure p: from 0.01 kPa to 10 000 kPa
Temperature . from -143.15°C to 350°C
Comments:

Muoo  PH20os
M, (P - pHZO,s)

- Calculation of saturation humidity ratio Wy from Wy =

Result for Wrong Input Values:
Ws_pt_ HAP_SI = -1000

References:
PH20 s Herrmann et al. [1], [2]

H.-J. Kretzschmar, S. Herrmann, I. Stoecker, M. Kunick, M. Nicke, D. P. Gatley: Property Library ASHRAE-LibHuAirProp




SI—-3/39

Mass Fraction of Dry Air &,;, = f(W)

Function Name:
XiAir W_HAP_SI

Fortran Program:
REAL*8 FUNCTION XIAIR_W_HUAIRPROP(W), REAL*8 W

Input Values:
W - Humidity ratio W in kg,,/kg,
Result:
XiAir_W_HAP_SI - Mass fraction of (dry) air in humid air in kg,/kg

Range of Validity:

Humidity ratio W: 0<W <10kg,,/kg,
Comments:
- Mass fraction of (dry) air &5 =1- & =1- w
ry Air = H20 =77

Result for Wrong Input Values:

XiAir W_HAP_SI = -1000
References:

Enir (W) Herrmann et al. [1], [2]

H.-J. Kretzschmar, S. Herrmann, I. Stoecker, M. Kunick, M. Nicke, D. P. Gatley: Property Library ASHRAE-LibHuAirProp
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Mass Fraction of Water Vapor &, = f(W)

Function Name:
XiH20_W_HAP_SI

Fortran Program:
REAL*8 FUNCTION XIH20_W_HUAIRPROP(W), REAL*8 W

Input Values:
W - Humidity ratio W in kg,,/kg,
Result:
XiH20_W_HAP_SI - Mass fraction of water vapor in humid air in kg, /kg

Range of Validity:
Humidity ratio W: 0<W <10kg,,/kg,
Comments:

- Mass fraction of water vapor &,q = %
_l’_

Result for Wrong Input Values:
XiH20 W _HAP_SI = -1000

References:
Epo(W)  Herrmann et al. [1], [2]

H.-J. Kretzschmar, S. Herrmann, I. Stoecker, M. Kunick, M. Nicke, D. P. Gatley: Property Library ASHRAE-LibHuAirProp
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Compression Factor Z = f(p,t,W)

Function Name:
Z ptW_HAP_SI

Fortran Program:
REAL*8 FUNCTION Z_PTW_HUAIRPROP(P,T,W), REAL*8 P,T,W

Input Values:

p - Total pressure p in kPa

t - Temperature tin °C

W - Humidity ratio W in kg,,/kg,
Result:

Z _ptW_HAP_SI - Compression factor (decimal ratio)

Range of Validity:

Total pressure p: from 0.01 kPa to 10 000 kPa
Temperature t: from -143.15°C to 350°C
Humidity ratio W. O<W <Wg
Comments:
- Compression factor Z =1+ BTm + C—“Z“
v v
with v =M _ MV
p 1+W

and M is the molar mass of humid air
- Calculation for supersaturated humid air (W > W) is not possible
Result for Wrong Input Values:
Z_ptW_HAP_SI =-1000

References:
By (t,W),C(t,W)  Herrmann etal. [1], [2]
p(p,t, W), v(p,t,W) Herrmann et al. [1], [2]

H.-J. Kretzschmar, S. Herrmann, I. Stoecker, M. Kunick, M. Nicke, D. P. Gatley: Property Library ASHRAE-LibHuAirProp
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3.2 Functions for Steam and Water for Temperatures t 2 0°C

H.-J. Kretzschmar, S. Herrmann, I. Stoecker, M. Kunick, M. Nicke, D. P. Gatley: Property Library ASHRAE-LibHuAirProp
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Specific Enthalpy of Liquid Water h;, =f(p,t)

Function Name:
hlig_pt_97_SI

Fortran Program:
REAL*8 FUNCTION HLIQ_PT_97(P,T), REAL*8 P, T

Input Values:

p - Pressure p in kPa

t - Temperature tin °C
Result:

hlig_pt_97_SI - Specific enthalpy of liquid water in kd/kg

Range of Validity:

Pressure p: from ps(0°C) =0.6112 kPa to 10000 kPa
Temperature t: from 0°C to 350°C
Comments:

- Specific enthalpy of liquid water hjq = h97(p, t) (Regionl)

Result for Wrong Input Values:
hlig_pt_97_SI =-1000

References:

¥ (p,t)  IAPWS-IF97 [7], [8]

H.-J. Kretzschmar, S. Herrmann, I. Stoecker, M. Kunick, M. Nicke, D. P. Gatley: Property Library ASHRAE-LibHuAirProp
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Specific Enthalpy of SaturatedLiquid Water hj;, = f(t)

Function Name:
hligs_t 97_SI

Fortran Program:
REAL*8 FUNCTION HLIQS_T_97(T), REAL*8 T

Input Values:
t - Temperature tin °C

Result:
hligs_t_97_SI - Specific enthalpy of saturated liquid water in kJ/kg

Range of Validity:
Temperature t: from 0°C to 350°C

Comments:

- Specific enthalpy of liquid water hiig.s = h97(ps,t) (Region1)
with pg = pd7(t)

Result for Wrong Input Values:
hligs_t_97_SI = -1000

References:

h¥(p,t), pd7(t) IAPWS-IF97 [7], [8]

H.-J. Kretzschmar, S. Herrmann, I. Stoecker, M. Kunick, M. Nicke, D. P. Gatley: Property Library ASHRAE-LibHuAirProp
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Specific Enthalpy of Saturated Water Vapor h,,, ¢ = f(t)

Function Name:
hvaps_t 97_SI

Fortran Program:
REAL*8 FUNCTION HVAPS_T_97(T), REAL*8 T

Input Values:
t - Temperature tin °C

Result:
hvaps_t_97_SI - Specific enthalpy of saturated water vapor in kJ/kg

Range of Validity:

Temperature t: from 0°C to 350°C

Comments:

- Specific enthalpy of saturated water vapor hvap,s = h97(ps,t) (Region 2)

with pg = pd’(t)

Result for Wrong Input Values:
hvaps_t 97 Sl =-1000

References:

h¥(p.t), pJ7(t)  IAPWS-IF97 [7], [8]

H.-J. Kretzschmar, S. Herrmann, I. Stoecker, M. Kunick, M. Nicke, D. P. Gatley: Property Library ASHRAE-LibHuAirProp
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Saturation Pressure of Water pg = f(t)

Function Name:
ps_t 97 _SI

Fortran Program:
REAL*8 FUNCTION PS_T_97(T), REAL*8 T

Input Values:
t - Temperature tin °C

Result:

ps_t 97 Sl - Saturation pressure of water in kPa

Range of Validity:
Temperature . from 0°C to 350°C

Comments:

- Saturation pressure of water pg = p§7(t) (Region 4)

Result for Wrong Input Values:
ps_t 97 _SI-1000

References:

pd(t) IAPWS-IF97 [7], [8]

H.-J. Kretzschmar, S. Herrmann, I. Stoecker, M. Kunick, M. Nicke, D. P. Gatley: Property Library ASHRAE-LibHuAirProp
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Specific Entropy of Liquid Water s;;, = f(p,t)

Function Name:
slig_pt_97_SI

Fortran Program:
REAL*8 FUNCTION SLIQ_PT_97(P,T), REAL*8 P,T

Input Values:

p - Pressure p in kPa

t - Temperature tin °C
Result:

slig_pt_97_SI - Specific entropy of liquid water in kJ/(kg K)

Range of Validity:

Pressure p: from pg(0°C) =0.6112 kPa to 10000 kPa
Temperature t: from 0°C to 350°C
Comments:

- Specific entropy of liquid water Siiq = 397(p, t) (Region 1)

Result for Wrong Input Values:
slig_pt_97_SI =-1000

References:

s (p,t)  IAPWS-IF97 [7], [8]

H.-J. Kretzschmar, S. Herrmann, I. Stoecker, M. Kunick, M. Nicke, D. P. Gatley: Property Library ASHRAE-LibHuAirProp



SI—3/48

Specific Entropy of Saturated Liquid Water s, ¢ = f(t)

Function Name:
sligs_t 97_SI

Fortran Program:
REAL*8 FUNCTION SLIQS_T_97(T), REAL*8 T

Input Values:
t - Temperature tin °C

Result:
sligs_t_97_SI - Specific entropy of saturated liquid water in kJ/(kg K)

Range of Validity:
Temperature t: from 0°C to 350°C

Comments:

- Specific entropy of liquid water Siig,s = 397(p3,t) (Region 1)

with pg = pd’(t)

Result for Wrong Input Values:
sligs_t_97_SI =-1000

References:

s (p,t), p2'(t)  IAPWS-IF97 [7], [8]

H.-J. Kretzschmar, S. Herrmann, I. Stoecker, M. Kunick, M. Nicke, D. P. Gatley: Property Library ASHRAE-LibHuAirProp
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Specific Entropy of Saturated Water Vapor s, ; = f(t)

Function Name:
svaps_t 97_SI

Fortran Program:
REAL*8 FUNCTION SVAPS T _97(T), REAL*8 T

Input Values:
t - Temperature tin °C

Result:
svaps_t_97_SI - Specific entropy of saturated water vapor in kJ/(kg K)

Range of Validity:

Temperature t: from 0°C to 350°C

Comments:

- Specific entropy of saturated water vapor Svap,s = 397(p3,t) (Region 2)

with pg = pd’(t)

Result for Wrong Input Values:
svaps_t 97_SI =-1000

References:

s (p,t), p2'(t)  IAPWS-IF97 [7], [8]

H.-J. Kretzschmar, S. Herrmann, I. Stoecker, M. Kunick, M. Nicke, D. P. Gatley: Property Library ASHRAE-LibHuAirProp
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Saturation Temperature of Water t, =f(p)

Function Name:
ts_p_97_SI

Fortran Program:
REAL*8 FUNCTION TS_P_97(P), REAL*8 P

Input Values:

p - Pressure p in kPa

Result:

ts_p_97_SI - Saturation temperature of water in °C

Range of Validity:
Pressure p: from 0.6112 kPa to 10000 kPa

Comments:

- Saturation temperature of water tg = t§7(p) (Region 4)

Result for Wrong Input Values:
ts_p_97_SI=-1000

References:

t2" (p) IAPWS-IF97 [7], [8]

H.-J. Kretzschmar, S. Herrmann, I. Stoecker, M. Kunick, M. Nicke, D. P. Gatley: Property Library ASHRAE-LibHuAirProp
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Specific Volume of Liquid Water v ;, = f(p,t)

Function Name:
vlig_pt_97_SI

Fortran Program:
REAL*8 FUNCTION VLIQ_PT_97(P,T), REAL*8 P,T

Input Values:

p - Pressure p in kPa

t - Temperature tin °C
Result:

vlig_pt_97_SI - Specific volume of liquid water in m 3 /kg

Range of Validity:

Pressure p: from pg(0°C) =0.6112 kPa to 10000 kPa
Temperature t: from 0°C to 350°C
Comments:

- Specific volume of liquid water Viig =v97(p,t) (Region 1)

Result for Wrong Input Values:
vlig_pt_97_SI = -1000

References:

v¥(p,t)  IAPWS-IF97 [7], [8]

H.-J. Kretzschmar, S. Herrmann, I. Stoecker, M. Kunick, M. Nicke, D. P. Gatley: Property Library ASHRAE-LibHuAirProp
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Specific Volume of Saturated Liquid Water v ;, o = f(t)

Function Name:
vligs_t 97_SI

Fortran Program:
REAL*8 FUNCTION VLIQS_T_97(T), REAL*8 T

Input Values:
t - Temperature tin °C

Result:
vligs_t 97 Sl - Specific volume of saturated liquid water in m 3 /kg
Range of Validity:

Temperature t: from 0°C to 350°C

Comments:

- Specific volume of liquid water vjjq ¢ =v97(ps,t) (Region 1)

with pg = p3’ (t)

Result for Wrong Input Values:
vligs_t 97 _SI =-1000

References:

vi(p.t), pd'(t)  IAPWS-IF97 [7], [8]

H.-J. Kretzschmar, S. Herrmann, I. Stoecker, M. Kunick, M. Nicke, D. P. Gatley: Property Library ASHRAE-LibHuAirProp
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Specific Volume of Saturated Water Vapor v, o = f(t)

Function Name:
vvaps_t 97_SI

Fortran Program:
REAL*8 FUNCTION VVAPS T _97(T), REAL*8 T

Input Values:
t - Temperature tin °C

Result:
vvaps_t_97_SI - Specific volume of saturated water vapor in m 3 kg
Range of Validity:

Temperature t: from 0°C to 350°C

Comments:

- Specific volume of saturated water vapor Vyap,s =v97(ps,t) (Region 2)

with pg = pd’(t)

Result for Wrong Input Values:
vvaps_t_97_SI =-1000

References:

v(pt), pd (t)  IAPWS-IFO7 [7], [8]

H.-J. Kretzschmar, S. Herrmann, I. Stoecker, M. Kunick, M. Nicke, D. P. Gatley: Property Library ASHRAE-LibHuAirProp
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3.3 Functions for Steam and Water for Temperatures t < 0°C

H.-J. Kretzschmar, S. Herrmann, I. Stoecker, M. Kunick, M. Nicke, D. P. Gatley: Property Library ASHRAE-LibHuAirProp
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Specific Enthalpy of Saturatedice h;., ¢, = f(t)

Function Name:
hicesub_t 06_SI

Fortran Program:
REAL*8 FUNCTION HICESUB_T_06(T), REAL*8 T

Input Values:
t - Temperature tin °C

Result:
hicesub_t 06_SI - Specific enthalpy of saturated ice in kJ/kg

Range of Validity:
Temperature t: from -143.15°C to 0°C

Comments:

- Specific enthalpy of saturated ice hice yp = h06(psub,t)

with pyp = PSS (1)

Result for Wrong Input Values:
hicesub_t 06_SI =-1000

References:
h%pt)  IAPWS-06 [10]

p28 (t) IAPWS-08 [11]

H.-J. Kretzschmar, S. Herrmann, I. Stoecker, M. Kunick, M. Nicke, D. P. Gatley: Property Library ASHRAE-LibHuAirProp
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Specific Enthalpy of Saturated Water Vapor h,,, ¢, = f(t)

Function Name:
hvapsub_t 95 SI

Fortran Program:
REAL*8 FUNCTION HVAPSUB_T_95(T), REAL*8 T

Input Values:
t - Temperature tin °C

Result:
hvapsub_t_95_SI - Specific enthalpy of saturated water vapor in kJ/kg

Range of Validity:

Temperature t: from -143.15°C to 0°C

Comments:

- Specific enthalpy of saturated water vapor h,,, sp = h95(psub,t)

with psyp = Pog (t)

Result for Wrong Input Values:
hvapsub_t_95 Sl =-1000

References:
h®pt)  IAPWS-95 [5], [6]

p8 (1) IAPWS-08 [11]

H.-J. Kretzschmar, S. Herrmann, I. Stoecker, M. Kunick, M. Nicke, D. P. Gatley: Property Library ASHRAE-LibHuAirProp
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Melting Pressure p,,e = f(t)

Function Name:
pmel_t 08 Sl

Fortran Program:
REAL*8 FUNCTION PMEL_T_08 (T), REAL*8 T

Input Values:

t - Temperature tin °C

Result:

pmel_t 08 Sl - Melting pressure of ice in kPa
Range of Validity:

Temperature t: from -21.985°C to 0°C
Result for Wrong Input Values:

pmel_t 08_SI =-1000
References:

P28, (t) IAPWS-08 [11]

H.-J. Kretzschmar, S. Herrmann, I. Stoecker, M. Kunick, M. Nicke, D. P. Gatley: Property Library ASHRAE-LibHuAirProp
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Sublimation Pressure pg,, = f(t)

Function Name:
psub_t 08 Sl

Fortran Program:
REAL*8 FUNCTION PSUB_T_08 (T), REAL*8 T

Input Values:

t - Temperature tin °C

Result:

psub_t 08 Sl - Sublimation pressure of ice in kPa
Range of Validity:

Temperature t: from -143.15°C to 0°C
Result for Wrong Input Values:

psub_t 08 SI=-1000
References:

p8 (1) IAPWS-08 [11]

H.-J. Kretzschmar, S. Herrmann, I. Stoecker, M. Kunick, M. Nicke, D. P. Gatley: Property Library ASHRAE-LibHuAirProp
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Specific Entropy of Saturated Ice s;¢, ¢, = f(t)

Function Name:
sicesub_t 06_SI

Fortran Program:
REAL*8 FUNCTION SICESUB_T_06(T), REAL*8 T

Input Values:
t - Temperature tin °C

Result:
sicesub_t 06_SI - Specific entropy of saturated ice in kJ/(kg K)

Range of Validity:
Temperature t: from -143.15°C to 0°C

Comments:

- Specific entropy of saturated ice Sice gyp = SOG(psub,t)

with psyp = PoS (1)

Result for Wrong Input Values:
sicesub_t 06_SI=-1000

References:
s%(p,t)  IAPWS-06 [10]

p28 (t) IAPWS-08 [11]

H.-J. Kretzschmar, S. Herrmann, I. Stoecker, M. Kunick, M. Nicke, D. P. Gatley: Property Library ASHRAE-LibHuAirProp
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Specific Entropy of Saturated Water Vapor s, ¢ = f(t)

Function Name:
svapsub_t 95 SI

Fortran Program:
REAL*8 FUNCTION SVAPSUB_T_95(T), REAL*8 T

Input Values:
t - Temperature tin °C

Result:
svapsub_t_95_SI - Specific entropy of saturated water vapor in kJ/(kg K)

Range of Validity:

Temperature t: from -143.15°C to 0°C

Comments:

- Specific entropy of saturated water vapor s, 5, syp = sgs(psub,t)

With psyp = Pogp (t)

Result for Wrong Input Values:
svapsub_t 95 SI=-1000

References:
s®Et)  IAPWS-95(7], [8]

p8 (1) IAPWS-08 [11]

H.-J. Kretzschmar, S. Herrmann, I. Stoecker, M. Kunick, M. Nicke, D. P. Gatley: Property Library ASHRAE-LibHuAirProp
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Melting Temperature t., = f(p)

Function Name:
tmel_p_08_SI

Fortran Program:
REAL*8 FUNCTION TMEL_P_08(P), REAL*8 P

Input Values:

p - Pressure p in kPa

Result:

tmel_p_08_SI - Melting temperature of ice in °C

Range of Validity:
Pressure p: from pg(0°C)=0.6112 kPa to 10000 kPa

Result for Wrong Input Values:
tmel_p_08_SI = -1000

References:

t%8,(p)  IAPWS-08[11]

H.-J. Kretzschmar, S. Herrmann, I. Stoecker, M. Kunick, M. Nicke, D. P. Gatley: Property Library ASHRAE-LibHuAirProp
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Sublimation Temperaturetg,, = f(p)

Function Name:
tsub_p 08_SI

Fortran Program:
REAL*8 FUNCTION TSUB_P_08(P), REAL*8 P

Input Values:

p - Pressure p in kPa

Result:

tsub_p 08_SI - Sublimation temperature of ice in °C

Range of Validity:
Pressure p: from pgp(-143.15°C) =1.2002 x 101! kPa to pg,p,(0°C) = 0.6112 kPa

Result for Wrong Input Values:
tsub_p 08_SI=-1000

References:

t% () I1APWS-08 [11]

H.-J. Kretzschmar, S. Herrmann, I. Stoecker, M. Kunick, M. Nicke, D. P. Gatley: Property Library ASHRAE-LibHuAirProp
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Specific Volume of Saturatedice v, ¢, = f(t)

Function Name:
vicesub_t 06_SI

Fortran Program:
REAL*8 FUNCTION VICESUB_T_06(T), REAL*8 T

Input Values:

t - Temperature tin °C
Result:

vicesub_t 06_SI - Specific volume of saturated ice in m?3 kg
Range of Validity:

Temperature t: from -143.15°C to 0°C

Comments:

- Specific volume of saturated ice Vice gyp =v06(psub,t)

with pg, = pggb(t)

Result for Wrong Input Values:
vicesub_t_06_SI = -1000

References:
vO(p,t)  IAPWS-06 [10]

p8 () IAPWS-08 [11]

H.-J. Kretzschmar, S. Herrmann, I. Stoecker, M. Kunick, M. Nicke, D. P. Gatley: Property Library ASHRAE-LibHuAirProp
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Specific Volume of Saturated Water Vaporv,, ., = f(t)

Function Name:
vvapsub_t 95 Sl

Fortran Program:
REAL*8 FUNCTION VVAPSUB_T_95(T), REAL*8 T

Input Values:
t - Temperature tin °C

Result:
vvapsub_t 95 SI - Specific volume of saturated water vapor in m?3 /kg
Range of Validity:

Temperature t: from -143.15°C to 0°C

Comments:

- Specific volume of saturated water vapor vy, sy =v95(psub,t)

With pgup = PSib (1)
Result for Wrong Input Values:
vvapsub_t 95 SI=-1000

References:
v®(p,t) IAPWS-95 [7], [8]

p28 (t) IAPWS-08 [11]

H.-J. Kretzschmar, S. Herrmann, I. Stoecker, M. Kunick, M. Nicke, D. P. Gatley: Property Library ASHRAE-LibHuAirProp
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4. Property Libraries for Calculating Heat Cycles, Boilers, Turbines and Refrigerators

Water and Steam

Library LibIF97

* Industrial Formulation IAPWS-IF97
(Revision 2007)

» Supplementary Standards
- IAPWS-IF97-S01
- IAPWS-IF97-S03rev
- IAPWS-IF97-S04
- IAPWS-IF97-S05

* IAPWS Revised Advisory Note No. 3
on Thermodynamic Derivatives (2008)

Carbon Dioxide
Including Dry Ice

Library LibCO2
Formulation of Span and Wagner (1996)

Seawater

Library LibSeaWa
IAPWS Industrial Formulation 2013

Ice

Library LibICE

Ice from IAPWS-06, Melting and
sublimation pressures from IAPWS-08,
Water from IAPWS-IF97, Steam from
IAPWS-95 and -IF97

Refrigerants

Ammonia
Library LibNH3
Formulation of Tillner-Roth et al. (1993)
R134a
Library LibR134a

Formulation of
Tillner-Roth and Baehr (1994)

Iso-Butane

Library LibButane_Iso

Formulation of
Bicker and Wagner (2006)

n-Butane

Library LibButane_n

Formulation of
Bucker and Wagner (2006)

Humid Combustion Gas Mixtures

Library LibHuGas

Model: Ideal mixture of the real fluids:

CO, - Span and Wagner
H,O - IAPWS-95
N, -Spanetal.

Ar - Tegele

and of the ideal gases:

SO,, CO, Ne (Scientific Formulation of Blicker et al.)

Consideration of:

Dissociation from VDI 4670 and Poynting effect

O, - Schmidt and Wagner

retal.

Ideal Gas Mixtures

Library LibldGasMix
Model: Ideal mixture of the ideal gases:

Ar NO He Propylene
Ne H,O F, Propane
N, SO, NH, Iso-Butane
0, H, Methane n-Butane
CO H,S Ethane Benzene
CO, OH Ethylene Methanol
Air

Consideration of:
« Dissociation from the VDI Guideline 4670

Library LibIDGAS

Model: Ideal gas mixture
from VDI Guideline 4670

Consideration of:
« Dissociation from the VDI Guideline 4670

Mixtures for Absorption Processes

Ammonia/Water Mixtures

Library LibAmWa

IAPWS Guideline 2001
of Tillner-Roth and Friend (1998)

Helmholtz energy equation for the mixing term

(also useable for calculating Kalina Cycle)

Water/Lithium Bromide Mixtures
Library LibWalLi

Formulation of Kim and Infante Ferreira (2004)

Gibbs energy equation for the mixing term

Humid Air

Library LibHuAir

Model: Ideal mixture of the real fluids:

¢ Dry air from Lemmon et al.
« Steam, water and ice from
IAPWS-IF97 and IAPWS-06

Consideration of:

» Condensation and freezing of steam
« Dissociation from the VDI 4670
* Poynting effect from

ASHRAE RP-1485

Humid Air

Library
ASHRAE LibHuAirProp
Model: Virial Equation from ASHRAE
Report RP-1485 for real mixture of
the real fluids:
- Dry air
- Steam
Consideration of:

* Enhancement of the partial saturation
pressure of water vapor at elevated
total pressures

www.ashrae.org/bookstore

Dry Air
Including Liquid Air
Library LibRealAir

Formulation of Lemmon et al. (2000)

Liguid Coolants

Liguid Secondary Refrigerants
Library LibSecRef

Liquid solutions of water with
C,HsO,  Ethylene glycol
C3HgO, Propylene glycol
C,HsOH  Ethyl alcohol
CH;OH  Methyl alcohol
C;HgO;  Glycerol
K,CO, Potassium carbonate

CaCl, Calcium chloride
MgCl, Magnesium chloride
NaCl Sodium chloride

C,H;KO, Potassium acetate

Formulation of the International Institute of
Refrigeration (1997)
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Ethanol Siloxanes as ORC Working Fluids Nitrogen

Library LibC2H50H
Formulation of Schroeder (2012)

Octamethylcyclotetrasiloxane CgH,,0,Si, Library LibD4

Library LibN2

Formulation of
Span et al. (2000)

Decamethylcyclopentasiloxane C,,H3,05Sis Library LibD5

Tetradecamethylhexasiloxane C;,H,,05Sig Library LibMD4M

Methanol Hexamethyldisiloxane CgH,4OSi, Library LibMM Hydrogen

Library LibCH30OH

Formulation of
de Reuck and Craven (1993)

Formulation of Colonna et al. (2006)

Dodecamethylcyclohexasiloxane C,,H350¢Sig Library LibD6

Library LibH2

Formulation of
Leachman et al. (2009)

Decamethyltetrasiloxane C;yH3,04Si, Library LibMD2M

Propane Dodecamethylpentasiloxane C,,H350,Sis Library LibMD3M

Library LibPropane

Formulation of
Lemmon et al. (2009)

Hydrocarbons
Decane C,oH,, Library LibC10H22
Isopentane CgH,, Library LibC5H12_ISO
Neopentane CgH,, Library LibC5H12_NEO
Isohexane CgH,, Library LibC6H14
Toluene C,Hg Library LibC7H8

Formulation of Lemmon and Span (2006)

Further Fluids
Carbon monoxide CO Library LibCO
Carbonyl sulfidle COS Library LibCOS
Hydrogen sulfide H,S Library LibH2S
Dinitrogen monooxide N,O Library LibN20O
Sulfur dioxide SO, Library LibSO2
Acetone C;HgO Library LibC3H60

Formulation of Lemmon and Span (2006)

Octamethyltrisiloxane  CgH,,0,Si; Library LibMDM

Formulation of Colonna et al. (2008)

Helium
Library LibHe
Formulation of Arp et al. (1998)

For more information please contact:

Zittau/Goerlitz University of Applied Sciences
Department of Technical Thermodynamics
Professor Hans-Joachim Kretzschmar

Dr. Ines Stoecker

Theodor-Koerner-Allee 16
02763 Zittau, Germany

Internet: www.thermodynamics-zittau.de
E-mail: hj.kretzschmar@hszg.de
Phone: +49-3583-61-1846

Fax.: +49-3583-61-1846

The following thermodynamic and transport properties can be calculated?:

Thermodynamic Properties

Vapor pressure pg
Saturation temperature Tg

» Dynamic viscosity 7

Specific volume v  Prandtl number Pr
Enthalpy h

Internal energy u

Entropy s

Exergy e

Isobaric heat capacity c,

Isochoric heat capacity c,

Isentropic exponent «

Speed of sound w

Surface tension o

Backward Functions

e T,v,s(ph)
« T,v, h(p,s) calculated.
*p, T,v(h,s)

* p, T(v,h)

*p, T(v,u)

Transport Properties

 Kinematic viscosity v
Density p » Thermal conductivity A

Thermodynamic Derivatives

 Partial derivatives can be

a Not all of these property functions are available in all property libraries.

www.thermodynamic-property-libraries.com
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Property Software for Calculating Heat Cycles, Boilers, Turbines and Refrigerators

Add-In FluidEXLGraphics for Excel®

| — pressure pin MPa — apecific volume v in m%kg

Choosing a property

SUM «© X o fu sh_ptx_9T[AS:BS;C5) i daf : —— enthalpy h in kkg — vapar fraction x

S A 1 8 T C T [ | E T F ibrary and a function

1 Calculating an isentropic expansion 3 " / »(77%[ ///// / / }'
! et Forcs Displaying the calculated 7
i p t x s h V|| search for a funceon: values in diagrams A /]
4| bar c kglkg kJ/kgK kJikg m3kg Type 8 brief fwhat youwanttodoand thenchk | | Ga | f AT
s| 20 -1 ‘A5:B5.C5) Go \ HE /

& 10 Or select & gategory: | Water LAPWS-IF97 3 o

7 5 || select a functon:

B ) h_pte 57 e_ptx_tu 57 -

s 05 pnbe (as =] - = EEIB.FI‘-'._” |

001 tin'c les ] - w0 _ |

5 TR xnkghg ed B - i"m-p:&’;, o

= - 28,707 {Pase_ptx 57 =

= Speaic enthalpy b in kg, Th_ptoe_97( p im bar; tin *C; x in ko/kg)

L imbgfhy Vapor faction Spefic enthalpy b in k).

1

15 Formuls result = 1348,23 /

= =t (] (o= ] Z ST TR R S =y
7 HEm =] : 7 v ‘s

Menu for the input of given property values

Add-In FluidMAT for Mathcad®
The property libraries can be used in Mathcad®.

s o
specific entropy s in kJilkg K)

Add-In FluidLAB for MATLAB®
Using the Add-In FluidLAB the

Wl File Eot View lwent Format Tooh  Symbobcs  Window  Help
D-FW &Y

i,

= 4‘@:- g <=

bar = 1-105-h

p = 10bar

property functions can be called in MATLAB®.

A MATLAB 7.3.0

Db B |8 8| P | [Crommmrmasbme e

@

Shortouts (] Howta Add (2] What's New.

ibsHuAir, L 4

tditor - C2\Programme’ FluidLAR\LibHuAir_Example)\Example_hl.. # X
D E|inmoc|& Al =] 0=

Add-On FluidVIEW for LabVIEW®
The property functions can be calculated in LabVIEW®.

E Using FluidVIEW LibRealAi

Specific capacity
[C: i P VIEW LibRealAir B cp_pho_airovi] (48

Path LibRealir.dil [4]
Pressure pinbar (0] =00 (g 4
Temperature tin *C (1] Cp (8] 2

Vapor fraction xn b/ (2]

Fressura p in bar

Temperature t in °C

Vapor fraction x in ,ﬁ

Al

o
Humber Theory/Combiatoncs |Fio Tywe | Description | BEIB| -0+ | +im = |% % O
IEI h_ptx_97(p, t. x) ;'LELXIF[J.II: 1 % hi_ptxw_HuAir.m a
- 2 T
w:nw;"mm DN £330 300 vios g&:::: 3 = p=1; % pressure in bar
R, DLL File 4= t=20: % temperature in °C
_m_| DLL File S = xw=10; % sbsolute humidity in g/kg aic
Mile hi_ptiew_HuAir.m € e
’ 7 = hi=hl_ptxw_Hukir (p,t,xw)
@ A [E)x= 1§ <2 3 ap ® | |[mysee ] #co iy oL
| .
bar = 110°Pa  Com1 XJ = 10003 Function call
p = 10-bar = 300°C  xom -1 e of FluidLAB
2 %-- 20.06.07 10:50 —-%
t X
h=hpx 9| — ,— ,—0|—
1 _pt_ tw *C r’kg]:| r i
\he \ Function call 45,5084
>>
A of FluidMAT

4m|mmmwmwm,..
T

{O7RE

Add-In FluidDYM for DYMOLA® (Modelica) and SimulationX®

The property functions can be called in DYMOLA® and SimulationX®

3 Examplet - nulmvu‘kaw-.Tmundnlh.:un.pln
Fle Edt Smulson i Commands Window Help
EHaA8 W ,-v'r:noo*AI.a-.g e E- W+ ')-'ﬂﬂ' 1008~
Package Biowser : .

#iok  Anmatio

Model
Path
Comment

I -FdDM_LbSeawa_ Ingut

1 . . Paaester:
J Examplel - FluidDYM_SeaWa. TestModelle. Example1

Fie Edt i [ ds Window Help

-EIQQ\? 4-8 0 Gl & wO N

& 52X

* AuidDYM_LibSeawa_Input.z = 67.9239
67

slope =0
* time = 1

Disgram 2 (luidDYM_LibSeaWa_Input in FluidDYM_SeaWa. TestMo..
= WMok s Releerce
¥ (S Modaica Companent
=u5;:,m_w4 Home [ BudlrM_LibSeawa_ingut
# [ Jirterisces Danmart

FhstM_Seaw'a FludD'vM_LibSeswa_lnput

[
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Add-In FIUidEES for
Engineering Equation Solver®

App International Steam Tables
for iPhone, iPad, iPod touch,
Android smart phones and tablets

Online Property Calculator at
www.thermodynamics-zittau.de

2y e
A Zittau's Fluid Property Calculator
" Math functions " EES library routines d L Lieg 5
= - — hsd Water F5. 7 =
e
 Solid/liquid properties ¢ [Boiling and Condenzation =] Internatl'inPiIVSSt[(;}:gg’l Tables Function i =]
¥ Function Info I F
SGEN_EDS.DLL Enter given values: Range of validity
Pressure p ]—:&--‘.-__‘_--““_Fl_ S --B
Tempesature | faca It =]
CILIBR.DLL
CURVEFIT1D
A MA Vapor fraction x 5] T =l
Details on the vapor fraction x
soife Tables Flots Windows Help Examples C: !
2 (V] (R e 1A ] 51 5] Result:
Specific enthalpy h 3007 38 kg -

*Calculating the Enthalpy - h_ptWHuAirProp®

p=11

Man |
=20 ) )

Unit Settings: [kJY[C)/[KFal/[kgl/[degrees]
WeL - 45.4866 [kikg) p=101.3 [kPa] t =20 [C] W =0.01 [kakg)
CAL

Mo unit problems were detected

Calculation time = .1 sec

Property Software for Pocket Calculators

FluidCasio

fx 9750 G Il CFX 9850 CFX 9860 G ALGEBRA
x-GG20 Graph 85 FX 2.0

For more information please contact:

Zittau/Goerlitz University of Applied Sciences
Department of Technical Thermodynamics
Professor Hans-Joachim Kretzschmar

Dr. Ines Stoecker

Theodor-Koerner-Allee 16

02763 Zittau, Germany

FluidHP

FluidTI

TI Nspire CX CAS
TI Nspire CAS

E-mail: hj.kretzschmar@hs-zigr.de
Internet: www.thermodynamics-zittau.de
Phone: +49-3583-61-1846

Fax.: +49-3583-61-1846

The following thermodynamic and transport properties2 can be calculated in Excel®, MATLAB®,
Mathcad®, Engineering Equation Solver® EES, DYMOLA® (Modelica), SimulationX®, and LabVIEW®:

Thermodynamic Properties Transport Properties

Backward Functions Thermodynamic Derivatives

« Vapor pressure p » Dynamic viscosity 7 e T,v, s (ph) « Partial derivatives can be
« Saturation temperature T « Kinematic viscosity v « T,v, h(p,s) calculated.

 Density p » Thermal conductivity A e p, T, v(h,s)

« Specific volume v * Prandtl-number Pr e p, T(v,h)

 Enthalpy h e p, T(v,u)

* Internal energy u

e Entropy s

* Exergy e

Isobaric heat capacity c,
Isochoric heat capacity c,
Isentropic exponent «

e Speed of sound w

* Surface tension o

a Not all of these property functions are available in all property libraries.

www.thermodynamic-property-libraries.com
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