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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-
son-Sauer models are very low at ambient pressures but increase with increasing pressures
and temperatures. The range of validity of the new model is in pressure from 0.01 kPa up to 10
MPa, in temperature from —143.15°C up to 350°C, and in humidity ratio from 0 kg,,/kgq up fo
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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0 Package Contents

0.1 Add-In for 32-bit version of Microsoft Office®
The following ZIP file is delivered for your computer running a 32-bit version of Microsoft Office®.

ZIP file "CD_FIuidEXL_ASHRAE_LibHuAirProp.zip" for Excel®
The ZIP file contains the following files:

FluidEXL_ASHRAE_LibHuAirProp_Setup.exe Installation program for the FluidEXLS"aPhics

Add-In for use in Excel®
FluidEXL_ASHRAE_LibHuAirProp_ Users_Guide.pdf User’'s Guide

0.2 Add-Ins for 64-bit version of Microsoft Office®
The following ZIP file is delivered for your computer running a 64-bit version of Microsoft Office®.

ZIP file "CD_FluidEXL_ASHRAE_LibHuAirProp_x64.zip" for Excel®
The ZIP file contains the following files and folders:

FluidEXL_ASHRAE_LibHuAirProp_Users_Guide.pdf User’s Guide
FluidEXL_ASHRAE_LibHuAirProp_64_Setup.msi Self-extracting and self-installing program

setup.exe Installation program for the FluidEXL"aPhics
Add-In for use in Excel®

vcredist_x64 Folder containing the "Microsoft Visual
C++ 2010 x64 Redistributable Pack"

Windowslnstaller3_1 Folder containing the "Microsoft Windows
Installer”
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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

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




[-P—1/5

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.
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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)
10" Ice

10% | IAPWS-06 p =0.08865 psi
10"
1072 1
107
10* 1
107 1
107 1
107 1 Vapor
10% 4 IAPWS-95
10°

107

107"

107" T T T T T T T T T T T
-200 -150 -100 -50 0 50 100 150 200 250 300 350 t/°C

705.103 °F

te

-225.67 °F
662 °F

t=32°F

t
t

08 Vapor
Poui () IAPWS-IF97
Region 2

p=741x10""2 psi

Figure 1: p-T diagram with used IAPWS formulations for steam, water, and ice.
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2 Add-In FIuidEXL®"™@Mes for Excel® for ASHRAE-
LibHuUAirProp-IP

Graphics

2.1 Installing FluidEXL for Excel®

The FluidEXLGraphics Add-In has been developed to calculate thermophysical properties in Excel®
more conveniently. Within Excel®, it enables the direct call of functions relating to real moist air,
steam, water, and ice from the ASHRAE-LibHuAirProp-IP property library.

2.1.1 Installing FIuidEXLGraIOhICS including LibHuAirProp

Installing FIuidEXLGraIOhICS including LibHuAirProp for 32-bit Office®

In this section, the installation of FluidEXLGraphics and both LibHuAirProp_IP and LibHuAirProp_SlI
is described.

Before you begin, it is best to close any Windows® applications, since Windows® may need to be
rebooted during the installation process.

After you have downloaded and extracted the zip-file "CD_FluidEXL_ASHRAE_LibHuAirProp.zip,*
you will see the folder

CD_FluidEXL_ASHRAE_LibHuAirProp

in your Windows Explorer®, Norton Commander®, or any other similar program you may be using.
Now, open this folder by double-clicking on it.

Within this folder you will see the following files:

FluidEXL _ASHRAE_LibHuAirProp_Users_Guide.pdf
FluidEXL_ASHRAE_LibHuAirProp_Setup.exe.

In order to run the installation of FluidEXLGraphics including the ASHRAE-LibHuAirProp-IP property
library, double-click on the file

FluidEXL_ASHRAE_LibHuAirProp_Setup.exe.

Installation may start with a window noting that all Windows® programs should be closed. When
this is the case, the installation can be continued. Click the "Next >" button.

In the following dialog box, "Choose Destination Location,” the default path offered automatically for
the installation of FluidEXLGraphics js

C:\Program Files\FluidEXL_Graphics_Eng.

By clicking the "Browse..." button, you can change the installation directory before installation (see
figure below).
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‘_‘,-i'_e Choose Destination Location il

Setup will install FluidE>L Graphics LibHu&irProp in the
following folder.

Toinstall into a different folder, click Browse, and select
anather folder.

You can choose not ta install FluidExL Graphics LibHuAiProp
by clicking Cancel to exit Setup.

Destination Folder
C:"Program Files\FluidEx=L_Graphics_Eng

| Browsze. .. I

< Back |Hext>| Cancel |

Figure 2.1.1: "Choose Destination Location"

Finally, click on "Next >" to continue installation; click "Next >" again in the "Start Installation"
window which follows in order to start the installation of FluidEXLGraphics,

After FluidEXLGraphics has been installed, you will see the sentence "FIuidEXL Graphics
LibHuAirProp has been successfully installed.” Confirm this by clicking the "Finish" button.

The installation of FluidEXLGraphics has been completed.

During the installation process the following files will have been copied into the chosen destination
folder, the standard being
C:\Program Files\FluidEXL_Graphics_Eng:
advapi32.dll
Dformd.dll
Dforrt.dll
FluidEXL_Graphics_Eng.xla
INSTALL_EXL.LOG
LC.dll
LCKCE.dII
LibHuAirProp_IP.dII
LibHuAirProp_IP.hlp
LibHuAirProp_Sl.dll
LibHuAirProp_Sl.hlp
msvcp60.dll
msvcrt.dll
UNWISE.EXE.
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Installing FIuidEXLGraIDhICS including LibHuAirProp for 64-bit Office®

In this section, the installation of FluidEXLGraphics and both LibHuAirProp_IP and LibHuAirProp_SI
is described.
Before you begin, it is best to close any Windows® applications, since Windows® may need to be
rebooted during the installation process.
After you have downloaded and extracted the zip-file "CD_FluidEXL_ASHRAE_LibHuAirProp.zip,*
you will see the folder

CD_FluidEXL_ASHRAE_LibHuAirProp

in your Windows Explorer®, Norton Commander®, or any other similar program you may be using.
Now, open this folder by double-clicking on it.

Within this folder you will see the following files:
FluidEXL _ASHRAE_LibHuAirProp_Users_Guide.pdf
FluidEXL_ASHRAE_LibHuUAirProp_64_Setup.msi
setup.exe

and the folders

vcredist x64
Windowslnstaller3_1.

In order to run the installation of FluidEXLGraphics including the ASHRAE-LibHuAirProp-IP and
ASHRAE-LibHuUAirProp-SI property library, double-click on the file

setup.exe.
If the "Microsoft Visual C++ 2010 x64 Redistributable Pack" is not running on your computer yet,

installation will start with a window noting that the "Visual C++ 2010 runtime library (x64)" will be
installed on your machine (see Figure 2.1.2).

_
) FluidEXL_ASH RAE_IJbHuA]erE SEI‘.I.IE ‘ ==

The following components will be installed on your machine:

Visual C++ 2010-Laufzeitbibliotheken (x64)

Do you wish to install these components?

If you choose Cancel, setup will exit.

[ nstal | | Cancel

Figure 2.1.2: Installing the "Visual C++ 2010 runtime library (x64)"

Click on "Install" to continue.
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Note.

If there is a newer version of "Microsoft Visual C++ 2010 x64 Redistributable” package installed on
your computer than the one provided in this installation setup.exe will stop and is followed by an
error message. In this case please start the installation again by double-clicking the file
"FluidEXL_LibHuAirProp_64 Setup.msi" and skip the next three steps described in the User's
Guide.

In the following window you are required to accept the Microsoft® license terms to install the
"Microsoft Visual C++ 2010 x64 Redistributable Pack" by ticking the box next to "l have read and
accept the license terms" (see Figure 2.1.3).

17" Microsoft Visual C++ 2010 x6

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

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

For more information, read the Data Collection Palicy.

Figure 2.1.3: Accepting the license terms
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 the installation of FIuidEXL_ASHRAE_LibHuAirProp starts with a window noting that the
installer will guide you through the installation. Click the "Next >" button to continue.

In the following dialog box, "Select Installation Folder," the default path offered automatically for the
installation of FluidEXLGraphics js
C:\Program Files\FluidEXL_Graphics_Eng.

By clicking the "Browse..." button, you can change the installation directory before installation (see
Figure 2.1.4).
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4 FluidEXL_ASHRAE_LibHuAirPro [ |

Select Installation Folder

The installer will install FluidExL_ASHRAE_LibHuAirProp to the following folder.

Toinstall in thiz folder, click "Nest'". To inztall to a different folder, enter it below or click "Browse".

Folder:
C:MProgram FileshFluidExL_Graphics Engh [ Browsze... l

| DiskCost. |

Install Fluid EXL_ASHRAE_LibHuAirProp for yourseff, or for anyone who uses this computer:

@ Evenone

1 Just me

[ Cancel ] [ < Back ] | et

Figure 2.1.4: Choosing the installation folder

Finally, click on "Next >" to continue installation; click "Next >" again in the "Confirm Installation"
window which follows in order to start the installation of FluidEXLGraphics,

After  FluidEXLGraphics  has  been installed, you will see the sentence
"FluidEXL_ASHRAE_LibHuAirProp has been successfully installed." Confirm this by clicking the
"Close" button.

The installation of FluidEXLGraphics has been completed.

During the installation process the following files will have been copied into the chosen destination
folder, the standard being

C:\Program Files\FluidEXL_Graphics_Eng:

capt_ico_big.ico LibHuAirProp_Sl.dll
FluidEXL_Graphics_Eng.xla LibHuAirProp_Sl.hlp
LC.dll libifcoremd.dll
LCKCE.dII libiomp5md.dll
LibHuAirProp_IP.dll libmmd.dll

LibHuAirProp_IP.hlp.

In addition, the two subdirectories \FORMULATION97 and \FLuft were created in the destination
folder.
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Graphics

2.1.2 Registering FIuidEXL as Add-In in Excel®

Registering FIuidEXLGlraphlcs as Add-In in Excel® versions 2003 or earlier

After the installation of FluidEXLGraphics the program must be registered as an Add-In in Excel®.
In order to do so, start Excel® and carry out the following steps:

- Click "Tools" in the upper menu bar of Excel.
- Here, click on "Add-Ins..." in the menu.
After a short delay the "Add-Ins" dialog box will appear.
- Click "Browse..."
- In the following dialog box, choose your chosen destination folder (the standard being
C:\Program Files\FIuidEXL_Graphics_Eng)
here select "FIUIdEXL_Graphics_Eng.xla" and afterwards click "OK".

- Now, the entry "FIuIdEXL Graphics Eng" will appear in the Add-Ins list.
Note:

As long as the check box next to the file name
"FluidEXL Graphics Eng"
is checked, this Add-In will be loaded automatically every time you start Excel until you unmark the
box by clicking on it again.
- In order to register FluidEXLGraphics a5 an Add-In, click "OK" in the "Add-Ins" dialog box.

Now, the new FluidEXLGraphics menu bar will appear in the upper menu area of your Excel screen,
marked with a red circle in Figure 2.1.5:

@ File  Edt “iew Insert Fommat Toolz Data  ‘Window Help  Adobe PDF
B - 5 Arial == ‘:‘E % * s 5% | EE
-

Al - f

A | B | ¢ | D | E | F | & | H | T I
1 =
22
=k
|4
5
B
A
8
=i
10
|
12
13
Lkt
15
1B
S
ﬁ d
9.
20 -
144 b eIl Sheatt  Ghests [ Cheetd [/ 14l | EIm

Figure 2.1.5: Menu bar of FluidEXLGraphics

From within Excel® you can now select the "ASHRAE-LibHuUAirProp-IP" DLL library property
functions for moist air via this menu bar (see part 2.1.5).
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Graphics

Registering FluidEXL as an Add-In in Excel® 2007 (or later versions)

After installation in Windows®, FluidEXLGraphics must be registered in Excel® versions 2007 and
later as an Add-In. To do this, start Excel® and carry out the following steps:

- Click the Windows Office® button in the upper left hand corner of Excel®

- Click on the "Excel Options" button in the menu which then appears (see figure below)

2 x

)

Bookl - Microsoft Excel =
-4

&

v View

@ -
) (| ] G, FE ¥ AutoSum ~
[®|  SwapTet General - it,‘ ﬂi 0 || = %L_( l}a
| ) 2 | a8 e = Fill~
35 &=| FMerge&center - ||| $ - % o |3 ;%| | Conditional Format Cell || Insert Delete Format Sort & Find &

B0 =0 i matting ~ as Table ~ Styles + 2 Clear~  Filter~ Select

Alignment ] Number ] Styles Cells Editing

Recent Documents

|G H I ] K L M N o P Q R s

Print
Prepare b
send b

7 Publish »

) Excel Options | [ X Exit Excel

F
t
Al

33
174 > W Sheetl “Sheetz . sheetz ~#J 0| =

Ready [EEErT e

(1]

)

Figure 2.1.6: Registering FluidEXLGraphics as Add-In in Excel® 2007
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- Click on "Add-Ins" in the next menu

Excel Options 7| [zl
Fopular . c . . c
4 _% View and manage Microsoft Office add-ins.
Formulas
Proafing Add-ins
Save Mame Location Type o
Advanced

Active Application Add-ins

At . o Ad

L \\ Inactive Application Add-ins
( add-Ins ) Analysis ToolPak
[y Analysis ToolPak - VBA
Conditional Sum Wizard
Custom XML Data
Date {Smart tag lists)
Euro Currency Taols
Financial Symbal {Smart tag lists]
Headers and Footers
Hidden Rows and Columns
Hidden Warksheets
Internet Assistant VBA
Invisible Content
Lookup Wizard
Person Mame (Cutlook e-mail recipients}
Solver Add-in

MeocehOfficel 2\ Librany\ Analysis\AMALYSS2.XLL  Excel Add-in

Officel 2'Librany Analysis\ ATPVBAEM XLAM  Excel Add-in

asoft Office"Officel2\Libran SUMIF.XLAM  Excel Add-in
es\Microsoft Office\Officel2Z\OFFRHD.DLL  Document Inspectar
iles\microsoft shared \Smart Tag\MOFLDLL ~ Smart Tag
Office'\Officel 2 Librany\EUROTOOLXLAM  Excel Add-in E
iles'\microsoft shared\Smart Tag"\MOFLDLL ~ Smart Tag 0
es\Microsoft Office\Officel2\OFFRHD.DLL  Document Inspector
es\Microsoft Office"Officel2\OFFRHD.DLL  Document Inspector
esiMicrosoft Office\Officel 2Z\OFFRHD.DLL  Document Inspectar
rasaft Office’ Officel 2'Library  HTRL XLARM Excel Add-in
es\Microsoft Office"Officel2\OFFRHD.DLL  Document Inspector
wooft Office'Officel 2\Library\ LOCKUP.XLAM  Excel Add-in
es\micrasoft shared\Smart Tag \FNAME.DLL  Smart Tag

we e Officel 2 Libran SOLVERVSOLVERXLAM  Excel Add-in

Document Related Add-ins

Analysis ToolPak
lisher Microsoft Corporation
- COProgram Files'\Microsoft Office\COfficel 2\Libran/Analysis\AMNALYS32 XLL

analysis tooMfar statistical and engineering analysis

Manage: | Excel Add-ins

OK ] ’ Cancel

Figure 2.1.7: Dialog window "Add-Ins"
- Should it not be shown in the list automatically, select "Excel Add-ins" (found next to "Manage:"
in the lower area of the menu)
- Then click the "Go..." button
- Click "Browse" in the following window and locate the destination folder, generally
C:\Program Files\FIuidEXL_Graphics_Eng;
within that folder click on the file named "FluidEXL_Graphics_Eng.xla" and then hit "OK."

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



I-P —2/9

Add-Ins available:

,

| &nalysis ToolPak - VBA

[ conditional Sum wizard

|:| Euro Currency Tools —_—

|:| Internet Assistant VEA -
Browse...,

] Lookup Wizard SIS k.

[ 5alver Add-in ==

Analysis ToolPak

Provides data analysis tools for statistical and
engineering analysis

Figure 2.1.8: Dialog window "Add-Ins available"

- Now, "FluidEXL Graphics Eng" will be shown in your list of Add-Ins.
(If a check-mark is situated in the box next to the name "FIuidEXL Graphics", this Add-In will
automatically be loaded whenever Excel starts. This will continue to occur unless the check-
mark is removed from the box by clicking on it.)

Add-Ins N (-5 (wsal]
Add-Ins available:
; Analysis ToolPak ( QK )

Analysis ToolPak - VBA

™| Conditional Sum Wizard

|| Euro Currency Tools
Internet Assistant VBA

Lookup Wizard -

|| Salver Add-in ST

Cancel

Browse

¢

FluidEXL Graphics Eng

Libraries for the Calculation of Thermophysical
Properties
for Fluids of the Power Technology

Figure 2.1.9: Dialog window "Add-Ins"

- In order to register the Add-In, click the "OK" button in the "Add-Ins" window.
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In order to use FluidEXLGraphics jn the following example, click on the menu item "Add-Ins," shown
in the next figure.

Tn) @ - Bookl - Microsoft Bxcel T = x
uy & m X
— Home Insert Page Layout Formulas Data Review Viel @ -

& cut T=ll== = ) (| o e B ¥ AutoSum *
Calibri e[ A N [B = =] | SiwapTe General . ] : E i
(3 Copy wP = Gl O T e & Fin - Z 4
Paste _ B Z U-|[ii-|[&- A-||= = =|=s=| SEmergeacenter~ [$ - % o (%8 28| Conditional Fomat Cell || Insert Delete Format || Sort & Find &
- Format Painter == - = _ O =0 Ermatting ~ as Table = Styles+ || - - - 2 Clear™  Filter~ Select~

Clipboard = Font ] Alignment i Number & Styles Cells Editing

Figure 2.1.10: Menu item "Add-Ins"

In the upper menu region of Excel®, the FluidEXLGraphics menu bar will appear as indicated by the
red circle in the next figure.

Bookl - Microsoft Excel

Figure 2.1.11: FluidEXLGraphics menu bar

Installation of FluidEXLGraphics in Excel (versions 2007 and later) is now finished.
FluidEXLGraphics can be used analogous to the description for using with earlier Excel versions.

Graphics

2.1.3 The FIuidEXL Help System

As mentioned earlier, FluidEXLGraphics aiso provides detailed online help functions.
If you are running Windows Vista or Windows 7, please note the paragraph

"Using the FluidEXLGraphics Online-Help in Windows Vista or Windows 7."

For general information in Excel®:

- Click on "?" and then "Help" in the FluidEXLGraphics menu bar.

Information on individual property functions may be accessed via the following steps:
- Click "Calculate" in the FluidEXLGraphics menu bar.

- Select the "ASHRAE-LibHuAirProp-IP" library under "Or select a category:" in the "Insert
Function" window which will appear.

- Click the "Help on this function" button in the lower left-hand edge of the "Insert Function”
window.

- If the "Office Assistant" is active, first double-click "Help on this feature" and in the next menu
click "Help on selected function."

If the "LibHuAirProp_IP.hlp" function help cannot be found, you will be asked whether you want to
look for it yourself — answer with "Yes." Click on the "LibHuAirProp_IP.hlp" file in the installation

menu of FluidEXLGraphics in the window which is opened, the standard being

C:\Program Files\FluidEXL_Graphics_Eng
and click "Yes" in order to complete the search.
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Graphics

Using the FIuidEXL 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.

Open Microsoft Internet Explorer® and go to the following address:

http://support.microsoft.com/kb/917607/

You will see the following web page:

s that require the Window...

Support Home

Ic
program

Cn This Page

Frablermn deseription

Solution Centers

United States Change

Advanced Search Buy Products

annot t;peHHéI;: firl;ag that 7|;équ7irrer tf;;Windows Help (WinHIp32.exe)

wiew products that this article applies ta.

On computers that are running Windows Wista, Windows 7, Windows Server 2008, or Windows
Server 2008 R2, vou may be unable to open Help files (.hlp) that reguire the Windows Help
(winHIp32.exe) program. This article contains information about a download that helps you fix this
problem.

When you try open an .hlp file in Windows Vista or in Windows Server 2008, you receive the
following message in the Windows Help and Support window:

The Help for this program was crested in Windows Help farmat, which was used in previous
versions of Windows and it is not supported in Windows Vista.

When vou try open an _hlp filz in Windows 7 or in Windows Server 2008 R2, you receive the
following message in the Windows Help and Support window:

The Help for this program was created in Windows Help format, which depends on a featurs
that isn't included in this version of Windows. Howewver, you can download a program that will
allow vou to view Help created in the Windows Help format.

Micrasoft stopped including the 32-bit Help file viewer in Windows releases beginning with Windows
Vista and Windows Server 2008. To support customers who still rely on legacy .hip files, the
Microsoft Download Center prowvides WinHIp32.exe downloads for Windows Vista, Windows 7,
Windows Server 2008, and Windows Server 2008 R2.

All Microsoft Sites

Other Resources

Other Support Sites -

Solution Centers

Microsoft Fix It
Solutions

windows Help and How-
to

Office Online

Microsoft Partner
Metwork

Community -

Answers Forums
Technet Forums

Microsoft Developer
NMetwork (MSDN)

Get Help Now -

Contact a Support
Professional by
Email, Online, or

Fhone

)

Microsofts

System Center

Advisor
Release Candidate

Your PC

looks tired.

Figure 2.1.12: Microsoft® Support web page

Scroll down until you see the headline "Resolution." Here you can see the bold hint:

"Download the appropriate version of Windows Help program (WinHIp32.exe), depending on the
operating system that you are using:"

The following description relates to Windows® 7. The procedure is analogous for Windows® Vista.
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Click on the link "Windows Help program (WinHIp32.exe) for Windows 7" (see Figure 2.1.13).

Eile Edit View Favorites Tools Help

7.7 Favorites 9% @] Web Slice Gallery =

{_ Icannot open Help files that require the Window... | &

Resolution

To install the correct version of WinHelp32.exe, yvou need to know if you have Windows 32-bit or
Windows 64-bit. Additionally, you need to be logged on to Windows as an administrator.

« If yvou are not sure which Windows version is installed, follow these steps:
Click here to view or hide step-by-step instructions with pictures

« If vou need help to verify that you are logaged on with an administrator account, follow these
steps:
Click here to view or hide step-by-step instructions with pictures

4+ Back to the top

Download the appropriate version of Windows Help program (WinHIp32.exe),
depending on the operating system that you are using:

» Windows Help progeam Q0N o320 1 for Windows Vista

indows Help program (WinHIp32.exe) for Windows
INJoWE

DTS for-rdows Server 2008
¢ Windows Help program (WinHIp32.exe) for Windows Server 2008 R2

Note Certain macros may be dizabled and .hlp files that are stored on the Intranet are blocked
after you install the WinHIp32.exe download.

For more information about these issues, =ee the "Known issues that may occur while you are
installing the WinHIp32.exe update" section. For more information about how to enable macros on
a zingle computer, zee the "How to enable macros on a single computer after you install the
WinHIp32.exe download" section. For information about how to enable macros in a managed
environment by using group policies, see the "Registry entries and group policies for networks
administraters” section.

Q? Was this information helpful? Fleaze send us your feedback

+ Back to the top

Figure 2.1.13: Selecting your Windows version

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 2.1.14).
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m Download details: Windows Help program (WinH...

Microsoft: Download Center

Downloads A-Z Product Families™ Download |

foad Center

Windows Help program (WinHIp32.exe) for Windows 7 -«

Brief Description On this page
WinHIp32.exe is required to display 32-bit Help files that have the ".hip™ 4 Quick Details
file name extension. To view .hlp files on Windows 7, you need to install & T
this application. ) i
i System Requirements

- Additional Information
- What Others Are Downloading

Validation Required

Far more information about the validation process dick here

File Name: Size: .

Windowss. 1-4BI17607-x64.msu ¢ 702 KB

Windowss. 1-4B317607-x86.msu ¢ 688 KB

Quick Details

Version: 1.0

Date Published: 10/14/2009
Change Language: English E|

Knowledge Base (KB) Articles: KB917607

Figure 2.1.14: Microsoft® Download Center

You will be forwarded to a web page with instructions on how to install the Genuine Windows
Validation Component.

At the top of your Windows Internet Explorer you will see a yellow information bar. Right-click this
bar and select "Install ActiveX Control" in the context menu (see Figure 2.1.15).
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Bl T 1t/ vcone.microsoft.comy/downloads/en/ GenuineValidation.sspxifamilyid=258sa5ec-£3d9-4228-8344-008eD2b3232c

File Edit Wiew Favorites Tools Help

5.7 Favorites 9m @] Web Slice Gallery =

E Genuine Validation

'@' This website wants to i T ~On: WWINdows f - ‘Microsoft Corporation’. If you trust the website and the add-on g

& Install This Add-on for All Users on This Computer... >
/

What's the Rizk?

Information Bar Help

Downloads A-Z Product Families™ Dowr

Install the Genuine Windows Validation Component

Figure 2.1.5 Installing the Genuine Windows Validation Component

A dialog window appears in which you will be asked if you want to install the software. Click the
"Install" button to continue (see Figure 2.1.16).

Do you want to install this software?

@ Mame: Windows Genuine Advantage

Publisher: Microsoft Corporation

Mare gptions Install ] [ ) Dor't Install

e

|_"?x While files from the Internet can be useful, this file type can potentially harm
k. your computer. Only install software from publishers you trust, What's the risk?

Figure 2.1.16: Internet Explorer — Security Warning

After the validation has been carried out you will be able to download the appropriate version of
Windows Help program (see Figure 2.1.17).
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Microsoft Download Center

Downloads A-Z Product Familiesv Downloa

Seardh AV Download Center

Windows Help program (WinHIp32.exe) for Windows 7 +¢

Brief Description On this page
WinHIp32.exe is required to display 32-bit Help files that have the ".hlp™ & Quick Details
file name extension. To view .hip files on Windows 7, you need to install & Trzsoer
this application. i i
4 System Requirements

& Additional Information
+ What Others Are Downloadi
Genuine Microsoft Software

For more information about the validation process dick here

M Size: Download files

Windowss. 1-KB9 17607-x54.msu 7 702 KB
Windows6. 1-KB9 17607-86.msu 77 588 KB
Wersion: 10

Date Published: 10/14/2009

Change Language: English El

Knowledge Base (KB) Artidles: KBI17607

Figure 2.1.17: Downloading the Windows Help program

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.

In order to run the installation of the Windows Help program double-click the file you have just

downloaded on your computer:

Windows6.1-KB917607-x64.msu  (for 64-bit operating system)
Windows6.1-KB917607-x86.msu.  (for 32-bit operating system).

Installation starts with a window searching for updates on your computer. After the program has
finished searching you may see the following window.
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"Windows Update Standalone Installer

Do you want to install the following Windows software update?

Update for Windows (KB917607)

Figure 2.1.18: Windows Update Standalone Installer

In this case, the installation can be continued by clicking the "Yes" button.
(If you have already installed this update, you will see the message "Update for Windows
(KB917607) is already installed on this computer.")

In the next window you have to accept the Microsoft license terms before installing the update by
clicking on "l Accept" (see Figure 2.1.19)

 Download and Install Upd -

—
:lr Read these license terms (1 of 1)
You need to accept the license terms before instaling updates.

Update for Windows (KBS17607)

MICROSOFT SOFTVWARE LICENSE TERMS -
MICROSOFT WINDOWS HELP {(WINHLP32.EXE) FOR WINDOWS 7 E
These license terms are an agreement between Microsoft Corporation (or based on where you |i|
live, one of itz affiiates) and you. Please read them. They apply to the software named

above, which indudes the media on which you received it, if any. The terms also apply to any
Micrasoft

. updates,

. supplements,

. Internet-based services, and

. support services

for this software, unless other terms accompany those items, If so, those terms apply.

BY USING THE SOFTWARE, YOU ACCEPT THESE TERMS. IF YOU DO NOT ACCEPT THEM, DO

MNOT USE THE SOFTWARE,

Printable version [ I Dedine [ I Accept ’ Cancel

Figure 2.1.19: Windows License Terms

Installation starts once you have clicked the "I Accept" button (see Figure 2.1.20).
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) Download and Install Update

El! The updates are being installed

Installation status:

Initializing installation. .. done!
Installing Update for Windows (KB917607) (update 1of 1)... |

Installing:

Figure 2.1.20: Installation process

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 LibHuUAirProp Property Library

The licensing procedure must be carried out when Excel® starts up and a FluidEXLGraphics prompt
message appears. In this case, you will see the "License Information” window for LibHuAirProp
(see figure below).

I A -
_éit License Informatio

LibHudirProp

Fleaze twpe in wour licensze keyl

Figure 2.2.21: "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:

1, Kretzschmar
. | Conzulting
A7 Engineers
In order to obtain a license for thiz product
pleasze contact us.

Product; LibHudirProp

Contact: Fraof. Hans-Joachim Kretzschmar
Rathener St &
01259 Dresden, Germany

+43-172-7914607
+49-3583-61-1846
infol@kretzzchmar-conzulling-engineers. cam

Figure 2.2.22: "Help" window

If you do not enter a valid license it is still possible to start Excel® by clicking "Cancel" twice. In this
case, the LibHuAirProp property library will display the result "-11111111" for every calculation you
ask it to make.

The "License Information” window will appear every time you start Excel® unless you uninstall
FluidEXLGraphics according to the description in section 2.4 of this User’s Guide.

Should you not wish to license the LibHuAirProp property library, you have to delete the files

LibHuAirProp_IP.dll LibHuAirProp_Sl.dll
LibHuAirProp_IP.hlp LibHuAirProp_Sl.hlp

in the installation folder of FluidEXLGraphics (the standard being
C:\Program Files\FluidEXL_Graphics_EnQ)
using an appropriate program such as Explorer® or Norton Commander®.
With this procedure both the LibHuAirProp-SI and LibHuAirProp-IP property libraries have been
licensed.
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2.3 Example: Calculation of h = f(p,t,W)

We will now calculate, step by step, the air-specific enthalpy h of real moist air as a function of total
pressure p, temperature t and humidity ratio W, using FluidEXLGraphics. The following description
relates to Excel® 2003. The use of FluidEXLGraphics here is analogous to the description for using
it with earlier or later Excel® versions.

Please carry out the following steps:

Start Excel®

Enter the va

(Range of validity:

lue for p in psi into a cell
p =0.00145 ... 1450.4 psi

= e.g.: Enter the value 14.6959 into cell A2

Enter the va

(Range of validity:

lue for tin °F into a cell
t=-226.67 ... 662 °F)

= e.g.: Enter the value 68 into cell B2

Enter the va

lue for W in Ib,/Ib, (Ib water per Ib dry air) into a cell

(Range of validity: W =0 ... 10 Ib,/Ib,)
= e.g.: Enter the value 0.01 into cell C2

Click the cel

| in which the air-specific enthalpy h in Btu/lb, is to be displayed

= e.g.: Click cell D2

Click "Calcu

late" in the FluidEXLGraphics menu bar

The "Insert Function" window appears (see Figure 2.3.1)

Search For a function:

2 x|

click Ga

Type a brief description of what vou wank to do and then

G0 |

0 seleck a category:

ASHRAE-LibHUArProp-IP

: Hurmid Air Hugir_Xiw -
Select & function: Hurnid Gas LibHuGas e
Epjt"."‘? HF'-E P ammonia LibNHG =
E'\"J:ItW_HF\P_IP MNH3-HZO le.ﬁ.m'-.-'-.-'a
Etajt"."'F HF'.F'_ iz SilDXEII'IES_MDq'M
Fof HAP IP Siloxanes_Dd
Siloxanes_DS _
hicesuh £ 06 [P LaoHRAE-LibHUARProp- hd|

h_ptW_HAP IF{ p
fir-spec, enthalpy in g

SeaWwater —_
Humid Flue i3as LibHUFlueGas 51 ™

Help on khis funckion

x|

Cancel

Figure 2.3.1: Choosing the library and function name
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- Click on the "ASHRAE-LibHuUAirProp-IP" library under "Or select a category:" in

the upper part of the window
- Choose the function "h_ptW_HAP_IP" under "Select a function:" directly below that

- Click the "OK” button
The "Function Arguments" menu for the function "h_ptW_HAP_IP" in the next figure will now

appear.
Eluetooth ~  Calculate 7+
Menu Commands| Custom Toolbars
SUM » (» % « || =h_ptw_HAP_IP(A2,B2,02)
A B L D E F G H
1 pinpsi tin°F Win Ibilk b in Btu/lb
2 14 5959 GB;_____U_U_1' B2 C2) -I
: 2
5 _pti_HAP_IP
6 pinpsi sz & = 146959
=
z tin°F |6z 8] = es
g win lbwba [cel B = oo
:IIEI = 27.24138183
12 Air-spec, enthalpy in Boy/lba .
13 W in Ibw/lba Humidity ratio
14
15
16
17 Formula result = 2724138183
18 Help on this function K I Cancel
19
20

Figure 2.3.2: Input menu for the function

- The cursor is now situated on the line next to "p in psi.” You can now enter the value for the
mixture pressure p either by clicking the cell with the value for p, by entering the name of the
cell, or by entering the value for p directly into the line next to "p in psi."

= e. g.: Click on cell A2

- Situate the cursor on the line next to "t in °F" and enter the value for t either by clicking the
cell with the value for t, by entering the name of the cell, or by entering the value for t directly
into the line next to "t in °F."

= e. g.: Type B2 into the line next to "t in °F"

- Situate the cursor on the line next to "W in Ib,/Ib," and enter the value for the humidity ratio
W either by clicking the cell with the value for W, by entering the name of the cell, or by
entering the value for W directly into the line next to "W in Ib,/Ibs.

= e. g.: Click on cell C2

- Itis possible to get detailed information on the "h_ptW_HAP_IP" property function.
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- Click the blue "Help on this function” link in the lower left-hand edge of the "Function Arguments"
window.

You may be informed that the "LibHuAirProp_IP.hlp" function help cannot be found. In this case,
confirm the question whether you want to look for it yourself with "Yes." Select the

"LibHuAirProp_IP.hlp" file in the installation menu of FluildEXLGraphics in the window which is
opened, the standard being

C:\Program Files\FIuidEXL_Graphics_Eng
and click "Yes" in order to complete the search.

- Now you should see the help page of the "h_ptwW_HAP_IP" property function (see Figure 2.3.3).
=TEY

File Edit Bookmark Options Help
Qontentsl Index | Back | Frrint I £ I 3 |

‘Air-speciﬁc Enthalpy # = f{p,t, W) ‘ iI

Function Name:
h_ptwy_HAP_IP

Fortran Program:
REAL™8 FUMCTION H_PTW HUAIRPROP(P T W), REAL™S P T W

Input VYalues:

fel - Total pressure pin psi

f - Temperature fin °F

W - Humidity ratio W in lby,/lh,
Result:

h_pt HAP_IP - Ajr-specific enthalpy in Btuflb,

Range of Validity:

Temperature § from -225 67°F to GB2°F

Total pressure o from 0.00145 psito 14504 psi

Hurmidity ratio W 0= =10lb,J/h,
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_ptvy HAP_IP =-1000

References:

Figure 2.3.3: Help page for the "h_ptW_HAP_IP" function

- Click the "OK" button
The result for h in Btu/lb, appears in the cell selected above.
= The cell D2 now contains the value 27.24138183.

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 cells. The specific

enthalpy h is recalculated and updated every time you change the data. This shows that the Excel®
data flow and the DLL calculations are working together successfully
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Note:

If the calculation result is -1000, this indicates that the values entered are located outside the range
of validity of real moist air. More detailed information on each function and its range of validity is
available in Chapter 3.

For further property functions calculable in FluidEXLGraphics see the function table in Chapter 1.
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2.4 Removing FluidEXL®"" including LibHuAirProp

Should you wish to remove only the LibHuAirProp-IP library, delete the files
LibHuAirProp_IP.dIl and LibHuAirProp_IP.hip

in the directory selected for the installation of FluidEXLGraphics (the standard being
C:\Program Files\FIuidEXL_Graphics_Eng)

by using an appropriate program such as Windows Explorer®, or Norton Commander®.

Should you wish to remove only the LibHuAirProp-Sl library, delete the files
LibHuAirProp_Sl.dll and LibHuAirProp_Sl.hlp

in the directory selected for the installation of FluidEXLGraphics (the standard being
C:\Program Files\FIuidEXL_Graphics_Eng)

by using an appropriate program such as Windows Explorer®, or Norton Commander®.

Graphics

Unregistering FluidEXL as Add-In in Excel® versions 2003 or earlier

To remove FluidEXLGraphics and both LibHuAirProp_IP and LibHuAirProp_SI completely, proceed
as follows: First cancel the registration of "FluidEXL Graphics_Eng.xla" has to be deleted in
Excel®.

In order to do that, click "Tools" in the upper menu bar of Excel® and here "Add-Ins..." Unmark the
box on the left-hand side of

"FluidEXL Graphics Eng"
in the window that appears and click the "OK" button. The additional FluidEXLGraphics menu bar

will disappear from the upper menu of the Excel® window. Afterwards, we recommend closing
Excel®.

As the next step, delete the files

LibHuAirProp_IP.dll, LibHuAirProp_IP.hlp

LibHuAirProp_Sl.dll, LibHuAirProp_Sl.hlp
in the directory selected for the installation of FluidEXLGraphics the standard being

C:\Program Files\FluidEXL_Graphics_Eng,

using an appropriate program such as Explorer® or Norton Commander®.
In order to remove FluidEXLGraphics from Windows® and the hard drive, click "Start" in the
Windows® task bar, select "Settings" and click "Control Panel."
Now double-click on "Add or Remove Programs."

In the list box of the "Add or Remove Programs" window that appears, select "FIuIdEXL Graphics
LibHuAirProp" by clicking on it and click the "Add/Remove..." button.

In the following dialog box click "Automatic" and then "Next >."
Click "Finish" in the "Perform Uninstall" window.

Answer the question whether all shared components shall be removed with "Yes to All." Finally,
close the "Add or Remove Programs" and "Control Panel" windows®.

Now FluidEXLGraphics has been removed.
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Graphics

Unregistering FIuidEXL as Add-In in Excel® 2007 (or later versions)

In order to unregister the FluidEXLGraphics Add-In in Excel® 2007, start Excel® and carry out the
following commands:

- Click the Windows Office® button in the upper left hand corner of Excel®

- Click on the "Excel Options" button in the menu which appears (see Figure 2.4.1)

= x

Bookl - Microsoft Excel

17 Wiew | X

@ -
A 31|55 e FEH | X AutoSum -
| | SiwrapText General - jt" i‘j’ |~ cmm %7 Ea
]| | |5 &) o B S
(&2 52| | S Merge e Center - [ § - % 9 |[% %8| Condiional Format Cell | Insert Delete Format Sort & Find &
] & - 2 *8] | Formatting - as Table - Styles~ - - || 2ClearT  Fiter~ Select~
| Alignment 5 Humber 5 Styles Cells Editing

LS H 1 J K L M N o P Q R 5

3 sencrion] R

4« ¥ | Sheeti Sheetz ~Sheets ~©J 0 | -
o [EEEFTTE

L) &)

Figure 2.4.1: Unregistering FluidEXLGraphics gs Add-In in Excel® 2007
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Click on "Add-Ins" in the next menu (see Figure 2.4.2)
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Excel Options 7|3l
Popular B . . . .
P \_G% View and manage Microsoft Office add-ins.
Farmulas
Proafing Add-ins
save Mame Location Type o
Advanced .C\In:tPivij.'le p.llif.zftion .F\I:Icll-ins )
L ~ Inactive Application Add-ins
Add-ns ) Analysis ToolPak e\ Officel 2\ LibrantAnalysis\ AMALYS32 XLL  Excel Add-in
[y Analysis ToolPak - YBA LW Officel 2\Libran Analysis\ ATPVBAEM. XLAM  Excel Add-in
Conditional Sum Wizard e osoft Office\Officel 2\ Libran SUMIF XLAM - Excel Add-in
Custom XML Data Chees\Microsoft Office’\Officel 220FFRHD.DLL  Document Inspector
Date (Smart tag lists} Chundlesymicrasoft shared\Smart Tag"MOFL.DLL ~ Smart Tag
Euro Currency Toals 0 Officetofficel 2\Libran EURCTOOL XLAM Excel Add-in =
Financial Symbaol [{Smart tag lists] Chilesimicrosoft shared'\Smart Tag'MOFLDLL  Smart Tag 1
Headers and Footers Chaees\Microsoft Office\Officel 220FFRHDLDLL  Document Inspector
Hidden Rows and Calumns e \Microsoft Office\Officel 22OFFRHDLDLL  Document Inspector
Hidden Waorksheets Chees\Microsoft Office’\Officel 2Z0FFRHDLDLL  Document Inspector
Internet Assistant WVBA Chuerosoft Office’\Officel 2\ Libran HTMLXLAM - Excel Add-in
Invisible Content Chees\Microsoft Office\Officel 2ZOFFRHDL.DLL  Document Inspector
Loaokup Wizard O oft Office\Officel 2 Libran LOOKUP. XLAM Excel Add-in
Person Mame (Qutlook e-mail recipients) Chaees\microsoft shared\Smart Tag\FMNAMEDLL  Smart Tag
Solver Add-in oL\ Officel 2\ Libran SOLVERVSOLVER.XLAM - Excel Add-in
Document Related Add-ins [
dd-in: Analysis ToolPak
PiXolisher: Microsaft Corporation
LocAtion ChProgram Files'\Microsoft Office\Officel2\Libran/ Analysis\ ANALYSS 2 XLL
Manage: | Excel Add-ins
QK l [ Cancel

Figure 2.4.2: Dialog window "Add-Ins"

the lower area of the menu
- Then click the "Go..." button

Click the "OK" button to confirm your entry (see Figure 2.4.5).

If it is not shown in the list automatically, chose and select "Excel Add-ins" next to "Manage:" in

Remove the checkmark in front of "FIuidEXL Graphics Eng" in the window which now appears.
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Add-Ins -2 |

Add-Ins available:

Analysis ToolPak
Analysis ToolPak - VBA
Conditional S
erzUrrency Tools
| FidEXL Graphics Eng

I Browse, ..
Internet Assistant VBA
[ Lookup Wizard .

[ solver Add-in

FluidEXL Graphics Eng

Libraries for the Calculation of Thermophysical
Properties
for Fluids of the Power Technology

Figure 2.4.5: Dialog window "Add-Ins"

In order to remove FluidEXLEraphics from Windows and the hard drive, click "Start" in the Windows
task bar, select "Settings" and click "Control Panel.”

Now, double click on "Add or Remove Programs."

In the list box of the "Add or Remove Programs" window that appears, select "FIuidEXL Graphics
Eng" by clicking on it and then clicking the "Add/Remove..." button.

Click "Automatic” in the following dialog box and then the "Next >" button.
Click "Finish" in the "Perform Uninstall* window.

Answer the question of whether all shared components should be removed with "Yes to All."
Finally, close the "Add or Remove Programs" and "Control Panel" windows.

Now FluidEXLGraphics has been completely removed from your computer.
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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]
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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 super