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Energy Storage and Hydrogen Supply
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Energy Conversion Processes with Working Fluid Mixtures
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Property Libraries
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The following thermodynamic and transport properties
can be calculated:

Thermodynamic Properties Transport Properties
- Saturation pressure ps - Dynamic viscosity 7
- Saturation temperature Tg - Kinematic viscosity v
- Density p - Thermal conductivity A
- Specific volume v - Prandtl-number Pr
- Enthalpy h
- Internal energy u Backward Functions
- Entropy s

- T, Vv, s (p,h)
- Exergy e

- T, v, h (p,s)

- Isobaric heat capacity c,

. . P, T, v (h,S)
-Isochoric heat capacity c, .p, T (v,h)
- Isentropic exponent x . p, T (V,u)

- Speed of sound w
- Surface tension o

Thermodynamic Derivatives

- All partial derivatives can be calculated.



Example

Calculation of the specific enthalpy h for given pressure p and temperature t for steam
using the Industrial Formulation IAPWS-IF97.

Given Values: p =10 bar
T =300 °C
Calculation: h=h (p,t,x)

Vapor fraction x = -1 formally for single-phase
regions liquid or superheated steam

(0 < x <1 for wet steam)

Property library: LibIF97

Function: h_ptx_97

Interfaces:
Add-In FluidEXL®"@"cs for Excel®

Add-On FluidLAB for MATLAB®

Add-On FluidMAT for Mathcad®



E Microsoft Excel - Example_h_ptx_ 97.xls

@J File Edit YWiew Insert Format  Tools Data  Window  Help  Adobe PDF
NEHdRS SGQAIVE X8RI ,-.,@%z,ﬂﬂ@@')gnrial .14-BIQ§§@
o7y - f

A B | C D E | F G | H | ol K
1 | Example:
2 Calculation of the Specific Enthalpy h=f{p,t,x) for Steam
3 {using IAPWS-IF97
4
5 p t X h S
B | bar C kg/kg kJ/kg
- 10 300 -1 7,1247 2%

Search Far a funckion:
Type a brief description of whak vwou want to do and then G0

3 click Go
10 Or select a category: |\ater IF'.F‘\JS-IFB? -
" Select a Funckion: ?illlﬁancial =
12 dV_dTJ:IJ:ItX_g? DEItE&TIITIE -

R i B
13 Eta_ptx 97 Skatistical |
14 _phx_o7 : Lookup & Refefence

- Dakab
e pin bar |47 =10 | T:x? .  ——
Ein =C ||3? =] = aon II_cu;:gln:aI . |
16 . i u:urmat!cun
x in kafkg |C?| f.;J = -il User Defined
17 :
= 3051,7031586

18 Specific enthalpy b in k3fka,
19 Help on this Funckion ITI Zancel
20 ® in ko,/beg vapor Fraction
21
42 Faormula result = 3051,7032
23 Help on this Funckion (8]'4 I Zancel
24
25




A B C | D | E | H | | 4
1 | Example:
2 Calculation of the Specific Enthalpy £ = f(p,£,x) for Steam
3 |using IAPWS-IF97
4
5 p t X h S
FluidEXL Graphics Eng v
b bar C kgﬂ(g g — - Calculate [Diagrams = |Mumber Format 2 =
- | 10 300 -1 3051,7032 7,1247 >~ T-s Diagram
/ ‘» ) h-5 Diagram
g / lg p-h Diagram
10 h-s Diagram For Water Industrial-Formulation IAPWS-IF97 o lq p-lg v Diagram
pressure p in MPa ]
) lg p-T Diagram
" — temperature tin °C — vapar fraction x
12 4500 p-T Diagram
13 T-h Diagram
14 4000 T-lg w Diagram
Ig p-5 Ci
15 g p-= Diagram
3500 h-lg « Diagram
16 ]
5-1q w Diagram
17 o =000
= h-x Diagram 0.101325 MPa
18 2 ]
= c 25m k- Diagram 0,11 MPa
L
20 _E 2000
21, £
22 S 1800
23
94 1000
25
500
2B
27 ok
4 5 6 7 10
20

entropy s in kJifkg K)




MATLAE 7.3.0 {R2006b} &3] x|
File Edit Debug Desktop ‘Window Help
0O = | 3 B o o | [~ ﬁ B | @ |Current Directorz:IF:'l,ExampIe_hJ:tx_g?_FIuidLAB j _I
Shorteuts [#7] How to Add  [2] What's Mew
Current Directory - F:Example_h_ptx_97_FluidLAB x Editur—F:\EHampIe_h _ptx_97_FluidLABExample_h_ptx_97.m A
ﬂ@|av Dg”'.|é§ﬁ,nﬂ|§|ﬁﬁ‘fv|@@|@@@@@|5tack:|&asevI ID'l?'
all Files 2 File Type | Description = | E e i | - II'D + | = |1.1 x | 9 oft | o'
Example_h_ptx_97.m I-file: Example_h_ptx_97 o
— == - == 1 % Example h ptx 97
o] h_ptx 97 mexw32 MEX-file | IR PiE A PEX_
(%] LiklFg7 dn DLL File z . x e
[#] libifcoremdd. i DLL File 5 hHempie:
Iibmmd A DLL File 4 % Calculation of the Specific Enthalpy h=f(p,t,x] for Stesam
2] libmmdd.di DLL File E 5 Using TAPWS-TF37
) rmsverm1d.di DLL File ® ks
T — p= 10 : % bar given pressure
g - t= 300 ; % °C given temperature
9 - x= -1 ;: % kg/kyg wapor fraction in kg/kg (-1 for single phase region)
10
1 h= h ptx 97(p,t,x) % kJ/ function call in FluidLABE
12 %
Kl | i
Current Directory | Workspace |
Command History X

== 05.11.07 11:33

I

Command Wi~ inw

Result

3.0517e+003

i

E N E_.tart|



iip] Mathcad - [Example_h_pbi 97.mcd]

ﬁ’ File Edit View Insert Format Tools Symbolics Window Help

D-SWH SR Y | o o | mEe = | [0z ~]| @

Variablen Azl 12 | | | |
A A ] x= [£<F T af | My Site - | @Go
Example:

Calculation of the Specific Enthalpy h = f(p,t,x) for Steam
Using IAPWS-IF97

Insert Function ﬁ
p=10 bar given pressure
_ Function Category Function Name
t = 300 °C given temperature Hyperbalic A e pixty 97
Image Processing eta_ptx_97
¥ = -1 E vapor fraction InterEnlatinn and Prediction h gs 97
kg (-1 for single phase regioss Lookup | kappa_ptx_37
Number Theory/Combinatorj lambda_ptx_57
h= 4 call a function of FluidMAT Piecewise Continuous nue_ptx_37
Probability Dens il E-"'S:‘;:’;T
kJ ] MNrak=hilds o o
I-:_g result for specific enthalpy h e E 70, £, %)
Spezifische Enthalpie b in kJ/kg aus Druck p in bar, Temperatur tin °C *
und Dampfanteil x in kgfka
Result
oK ] ’ Insert l ’ Cancel
h = h ptx_97(p.t,x) )call a function of FluidMAT
h = 3051703 — result for specific enthalpy

kg




Property Software for Pocket Calculators
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Summary

} Property Libraries for working fluids used in energy conversion processes were
developed.

} Thermodynamic properties, transport properties, thermodynamic derivatives, and
backward functions can be calculated.

> The property libraries are available for
Excel®
MATLAB®
Mathcad®

Applications in Windows®, Unix® or Linux®
Pocket Calculators.

} Student versions of all property libraries are available.

} The libraries can be used by engineers, who routinely calculate heat cycles,
turbines, boilers, heat pumps or other thermal or refrigeration processes.

Paper available at: www.thermodynamics-zittau.de.






