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1 Introduction

» Thermodynamic differential quotients such as

&), &) &) &, &), G, &)
op), \ap), \op), \op ), \ap)s \oh)," \os )y ™
are required for:

- Calculating non-stationary processes
- Solving equation systems of stationary heat cycle calculations.

» All thermodynamic differential quotients can be determined from
IAPWS-95 and IAPWS-IF97.

IAPWS should show the way how to calculate any differential quotient
from IAPWS-95 and IAPWS-IF97.
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2 Determination of any Differential Quotient from IAPWS-95

» Fundamental equation of IAPWS-95:

Helmholtz equation f(p,T)

s

p=1/v and T are the input variables.

» All thermodynamic properties and derivatives can be formed
as a function of v and T from f(»,T) and from its derivatives
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Differential quotients derived with respect other properties have to be formed.
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» Common expression for forming any differential quotient (22)
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from derivatives with respect tov and T
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where X, y, z can represent one of the properties: p, T, v, h, u, s, g, or f

» Derivatives of these properties with respectto vand T

Required quantities:

o | (G Gk G | (7)) (7)
ook oo ) \av ) \ao ko |\aT ), T ), \aT ),
p -PBp pap
T 0 1
v 1 0
h p(Tap—vﬁp) Cy +Pvap
c
s pa Co
P T
g —pVv Bp pvap—Ss
f —-p -S

Pressure p

Specific entropy s

Specific isochoric heat capacity C,
Relative pressure coefficient

ap =p~ ' (opleT ),

Isothermal stress coefficient
B =—p~(dplov),

IAPWS Annual Meeting, Santorini, 2005




» Determination of these 5 quantities from the Helmhotz equation of IAPWS-95

Dimensionless form of the Helmholtz equation
HoD)_46,0) =900+ 617) |
where S=plpc 1©=TcIT

Determination from the Helmholtz equation

p=pRT (1+545) s=R (¢ (s +4)-¢°-¥)
Cy =-R 72 (¢zc')r+¢zl:r) 2s] :%[1_%J

The procedure allows to determine any differential quotient
from IAPWS-95
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3 Determination of any Differential Quotient from IAPWS-IF97

PA
» Fundamental equations A
of IAPWS-IF97: MPa @ @ @
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Regions 1, 2 and 5 Region 3
Gibbs Equations |g(p,T Helmholtz Equation| f(v,T)
All thermodynamic properties and derivatives can be formed

with respecttopand T with respect to v and T




3.1 Differential Quotients for Regions 1, 2, and 5

» Common expression for forming any differential quotient [85() from derivatives with respecttopand T
2)(2)2),) |
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where
X, ¥, Z can represent one of the properties: p, T, v, h, u, s, g, or f

» Derivatives of these properties with respecttop and T

oX oy 0z oX oy 0z
X, Y, z (j : () , [j (J , [j : [] Required quantities:
an 6Tp an op)r \op)1 \op)+
D 0 1 Specific volume v
T 1 0 Specific entropy s
v vay —VKT Specifjc isobaric heat
capacity cp
u Cp —Pra -T
Bl v(p U av) Isobaric cubic expansion
h Cp U(1 -T Otv) coefficient 1
; o vay oy =v ' (ov/0T )p
T P Isothermal compressibility
g =S 1
kT =0 (Ov/op),
f —-pvay —S pviT

» Determination of these 5 quantities from the Gibbs equations

Region 1
Dimensionless form of the Gibbs equation
YD) -y r,r)

where nzp/p* =TT

Calculation from the Gibbs equation

RT
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1 T 1 7 Yan
C :—Rz‘zj/ %z_(’]_lJ KT =——
P TT T Ve P 7
Regions 2, 2meta, and 5
Dimensionless form of the Gibbs equation
9OD) _(z,0) =m0+ ()
where T=pI/p =TT
Calculation from the Gibbs equation
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3.2 Differential Quotients for Region 3

0z
» Common expression for forming any differential quotient(axj from derivatives with respectto vand T
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X, Y, Z can represent one of the properties: p, T, v, h, u, s, g, or f

where

» Derivatives of these properties with respectto pand T
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Required quantities:

Pressure p

Specific entropy s

Specific isochoric heat capacity Cy

Relative pressure coefficient
ap =p(0plaT ),

Isothermal stress coefficient

B =-p " (oplov),

» Determination of these 5 quantities from the Helmholtz equation

Region 3

Dimensionless form of the Helmholtz equation
f(pT) _

RT
where 8=p/pc

#(6,7) ,

T:Tc /T

Calculation from the Helmholtz equation

p=pRT S¢s s=R(z¢:—9)
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4 Example: Calculation of the differential quotient [ggj
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for IAPWS-IF97 Region 2
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Calculation from the Gibbs equation of region 2

2
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The procedure can be applied easily by the user
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5 Summary

» Common procedure for calculating any differential quotient (2)2() ,
y
where X,y, z canrepresent p, T, v, u, h, s, g, orf,

using the fundamental equations of
— the Scientific Formulation IAPWS-95
— the new Industrial Formulation IAPWS-IF97

» Procedure can be used without knowledge of the thermodynamic differential equations

4

Proposal: Preparation of an IAPWS Guideline
by the IAPWS meeting, 2006
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