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Enacba stanja

m
idealni plin:  pV :WRT

p tlak, V prostornina, m masa, M molska masa, R splosna plinska konstanta, T temperatura

Van der Waalsova: (p+vaz](\/m —b)=RT - priblizek
M

V,, volumen mola snovi, a, b konstanti, znacilni za snov

natancnost

tocnost ob kriticni tocki

tocnost ob faznih prehodih
tocnost v ekstremnih pogojih (T, p)



Pomembnost H,O

energetika (HE, pogon turbin, hladilo)

industrija

topilo 1
vreme, klima — "
geologija
Ziva bitja

http://www.flickr.com/photos/vattenfall/358134067 7 /sizes/m/in/
photostream/



Preucevanje lastnosti-H,0

IAPWS - International Association for
the Properties of Water and Steam

izmerjeni podatki => enacba stanja S e

|APWS-95 (The IAPWS Formulation 1995 for the Thermodynamic Properties of Ordinary
Water Substance for General and Scientific Use)

|APWS'| F97 (The IAPWS Industrial Formulation 1997 for the Thermodynamic Properties
of Water and Steam)

racunalniski programi (npr. http://webbook.nist.gov/chemistry/fluid/)

parne tabele
od talis¢a do 1273 K, do 1000 MPa, tudi do 0,0001 % natancno


http://www.iapws.org/
http://webbook.nist.gov/chemistry/fluid/

Eksperimentalni podatki

izbrani izmed 20 000 podatkov, merjenih od |. 1928

dalje

natancnost
konsistenca z ostalimi
podatki
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e po celem obmocju

TamrE 4.4, Information on the selected ppT data

Uncertainty Number of data
Temperature Pressure -
Authors range T'K range p/MPa AT/mE? Ap* Ap Total Selected

Tammann & Jellmghans (1928) 259-273 49-147 +0.15% 257 28
Bridzman (1933) 253-268 98-490 e +0.2% 129 22
Bridgman (1942) 348-448 0B0-3585 e +0.5% 17 16
Vukalovich ef al (1961) £23-023 47-11%8 +0.2% 175 95
Vukalovich ef al (1962) 1022-1174 46-118 +0.25% 148 21
Bivkin & Akmmdov (1962} 643677 49-37 +13 +0.01% +0.05% 208 162
Bivkin & Aklmdov (1963) 647-723 4.7-39 =10 +0.01% +0.05% 190 124
Bivkin & Troyanovskaya (1964) 643-633 9-27 =10 +0.01% +0.05% 316 12

Brvkin ef al (1966) 46— 648 14.6-23 *5 +0.01% +0.04% 107 T
Grindley & Lind (1971) 298423 100-800 =20 +0.02% 560 112
Kell (1975) 136-268 0.101 325 +0.01% +0.05% 120 il
Eell & Whalley (1975) 273423 0.5-103 +1 +0.01% Ap® 506 374
Eell ef al (1978) 448623 1.3-103 * +0.01% Ap© 196 145
Hilbert ef al. {1981) 293-873 10-400 *5 +0.01% +0.2% 530 396
Hanafusa ef al. (1984) 643673 19.7-38.6 * +0.003 MPa +0.04% 123 93
4 Kell ef al (1983) 648-T73 21-103 * +0.01% Apt 587 131
" Kell er al (1989) 4753-773 0.1-36 +2 +0.01% 0006 kgm? 630 509
Morita ef al (1989) 638-632 18.5-38 * +0.02% +0.04% 93 20
Takenaka & Masw (1990) 273-358 0.101 325 *+1 ppm 19 18+
Patterson & Momis (1994) 174313 0.101325 *+i0.6-14) ppm 13f ook
Masui er al. (1995) 275-358 0.101 323 *{0.9-1.3) ppm o oooE
Tanaka ef al. (2001) 275-313 0.101323 *+(0.84-0.287) ppm 41 ook

If no uncertainty values are given, then these uncertainties are taken inte account in the uncertainty in p.
PAp=+(6+005-(TVE—273 K)+p/MPa) < 107 %

CAp==(T+01p/MPa) <10 Tp+00d4kgm ¥ T=ME K:Ap==+01kgm*.

A p=+({7+0.1 p/MPa) = 10 p+0.04 kzm 3

“Calculated from ther p{T)/p_,, equation, see text.

“The values correspond to VSMOW.

fThese data were only available after the development of IAPWS-95 had been finished.

®In addition, a p(T) equation is given valid for temperatures from 273.13 to 358.15 K.



Pressure p/ MPa

Eks;pé“rim'entalni podatki :
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< Bridgman (1935)
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O Vukalovich et al. (1961)

4+ Rivkin & Akhundov (1962)
© Vukalovich et al. (1962)

¢ Rivkin & Akhundov (1963}

Phase boundaries

Temperature T/K

+ Rivkin & Troyanovskaya (1964)
-+ Rivkin et al. (1966)

A Grindley & Lind (1971)

4 Kell (1975)

< Kell & Whalley (1975)

v Kell et al. (1978)

> Hilbert ef al. (1981)

———Isochore p = 55 kg m™

® Hanafusa et al. (1984)

> Kell et al. (1985)

= Kell ef al. (1989)

= Morita ef al. (1989)

O Takenaka & Masui (1990}



Eksperimentalni podatki

temperaturna lestvica ITS-90
ce ni meritev/ni mogoce meriti, izracunamo
sinteticne podatke

ce imamo meritve za kolicino preko obmoc¢ja, lahko
testiramo kvaliteto ekstrapolacije



Krivulja nasicenja

: S T,=273.16K T.=647.096K
trojnatocka " ) 6ssps | p.=22.064 MPa
kriticna tocka p,=999.793kgm - = p.=322kgm "

p, =0.00485458kgm -
p’ gostota kapljevine, p”” gostota pare
poznamo enacbe
veljajo le v blizini faznega prehoda
eksperimentalno doloceni koeficienti



W\

o
e tlak pare, gostota kapljevine in pare:

Saturated liquid density equation:
Vapor—pressure equation and its derivative:

r

B 145,045,954 5,9
j T Pec
+ P_-rr' WLEE. 5 | gl.5 g3 . : .
In B 2 et b L +by 3+ b 9P+ b 107, (2.6)
, 35 s 25, with by=1.992 740 64, b,=1.099 653 42, bs
+agir-+asd +ago')

4 3 6 ) = _0.510839303. by,=—1.75493479, bs
dp » A =—45.5170352. and bg=—6.74694450%X10°; for the
I_T‘Tz_ T‘T In| == | +a,+1.5a,9"+ 3a; 9 definition of ¥ see Eq. (2.5).

( \ Pe/

Saturated vapor density equation:

2.5 3, - 65 [ p" . .
+3.5a,9" +4as9" +7.5a,0 ] (2.5a) ml P =, 06+, 9¥6+ ¢, 96
\ Pe)
with 9=(1-T/T,). T,=647.096K. p.=22.064MPa, a, te e 9o 9TV (27
=—T7.85951783. a,=1.84408259. a;=-—11.78606497. _
a,=22.6807411. as=—15.9618719, and (g with cy=—2.03150240, c,=—2.68302940, C3
=1.801 22502, -

—5.38626492, c,=—17.2991605, c5=—44.758 658 1,
and cs=—063.920 106 3: for the definition

of 9 see Eq. (2.5).
-/ -

-



Krivulja nasicenja

* razlika notranje energije pri razlicnih temperaturah (Aa),
specificne entalpija (h), notranja energija (u), entropija (s)

Specific enthalpy

Aa=h'"—Ah ——.
1

h' ¥ ; T/K / [ MPa',
= — Fo
klkg I oy 1 p'/(kgm " K |7
" o i T'K /[ MPa)|
TTe—T— o~ 107 —7— 3 | /=]
klikg g p'(kgm )| dT | / | K |
Specific internal energ)
T |' s / (MPa)  po
J a K dT |/ [ MPa
T =T =__+1'|:|'J T 3 i
klkg g p'/(kgm
_T | IILL'-' AN o P
f ] K\ dTr )/ I MPa
=T = - +10° 3 :
klkg 'y " kgm™ )

Specific enfropy

v specifiéni volumen

A¥h izparilna toplota

| d_'?-}rr' _..".I | I"E'IP:'|.|
| Foo
E:,r ! . I K |
— +10° —
kikg 'K ' kikg ‘K* p'l(kgm )
(2.14)
| d_-?-}rr' __.".I | I"r'[Fﬂ|
| oo
f,z':" lﬂjl df _.".. I K
— — — -
kKTkg 'K ' klkg 'K° p"l(kgm )
(2.15)



Pressure p / MPa

Krivulja nasicenja

41
10 \ lee VI
Ice VI
Ice V
102 Ice lll
lce | Liquid
— Critical
point
10°|-
~ ©
Is]
N
1072
B Triple point
1074}
Psubl
1 1 1 I | I | 1 | 1
200 300 400 500 600 700

Temperature T/ K

prehod led — voda ni vkljucen v IAPSW-95
voda tvori 5 razlicnih struktur leda, le ena lahko sublimira

P bl | .

..EJII /

In| —13.928169(1—019)

J:TL

+34.7078238(1—f L (2.21)

with #=T/T,. T,=273.16 K. and p,=0.000611 657 MPa.



Plinska enacba

e izhodisce, ker se jo da delno razsiriti na tekoco
fazo
e tlak, temperatura, gostota, hitrost zvoka,

specificha izobarna toplota, Joule-Kelvinov
koeficient, ... .- uposteva cez 1200 meritev

e veljamed 273 in 1273 K ter do gostot 55 kg/m3



W\

flp.T)
RT

= (8. 7)=d°(d.7)+(d.7).  (3.2)

where d=p/p. and 7=T./T with p.=322kegm >, T

C

=647.096K. and R=0.46151805kIkg ' K~!. The ideal-

~

where d=p/p_ and 7=T_/T with pc=322kgﬂ1_3

= 2 n.0% 7l | | | |
) - l : TaBLE 3.1. Coefficients and exponents of the residual part ¢ of the dimen-
=1 sionless Helmholtz free energy, Eq. (3.3)

i d, f; M,
& i

{ 1 1 0.25 04748659259
2 1 1.25 —0.112437055 3 < 10¢
3 1 35 —0.811 862 740 1
4 1 2 — 06213018501 x103
3 2 1.5 01924430093
6 2 13.5 — 08322867662 %10 "
7 4 8.75 0.139 105223 0 10}




Razvoj formulacije

iscemo: flp.Ty=7(p.T)+p.T)
brezdimenzijsko (delimo z RT):
Do, TV = (d.T)+ DD, T). (5.2)

where &=p/p. 1s the reduced density and 7=7T_./T 1s the
mverse reduced temperature with p,. and T, the critical den-
sity and the critical temperature, respectively.

prvi del za idealni plin, drugi del preostali efekti

vse ostale koliCine se dajo izraCcunati iz tega



TABLE 6.3. Relations of thermodynamic properties to the ideal-gas part ¢°, Eq. (6.5), and the residual part ¢, Eq. (6.6), of the dimensionless Helmholtz free

energy and their derivatives®

Property Relation

Pressure p(o7)

p=p*(aflop)r pRT — 1T %5

Entropy s(8,7) o -

s=—(aflaT), Sk el 4

Internal energy u(d,7) >

H=f+TS RT =T‘:[£'T+[£'£—J

Enthalpy h(é,7) .

h=u+pv RT HOH S0

Gibbs free energy gla,m)

g=h—Ts RT CLTETETE;

Isochoric heat capacity cu(6.7) .

co=(ouldT), AT

Isobaric heat capacity pldr) A&+ )+ (1+58¢5—57¢45,)°

¢, =(3h13T),, R T 142845+ 8¢,
o . e (7) ) 1+ 68 ¢%— 6" 75,

Saturated liquid heat capacity R =— TZ( d__+ i.ﬁf”]l + 1220 [ﬁg_'_ 5.1[;6;3

co(T)=(h/dT)p+ T(dp/dT),
) {dpa' fdnf(_pl(apf&p]fj|p=p’

b
p. dp,

r AT o |
(1+8"¢5— 6" 7dh;,) Ro dT




Speed of sound
w=(aplap);”

Joule—Thomson coefficient
p=(aT/dp)y

Isothermal throttling coefficient
or=(0h/dp)r

Isentropic temperature-pressure

Wi (8.7) (14 8¢%— 1%, )*

=1+26¢5+ 6%,

RT U

. —(8f+ 8 s+ TS,
A U+ 65— 675 )— (¢, + b.)(1+ 2885+ 5°65;)

1+ 8¢f— drd’;,
142845+0°%,

Spp=1

1+ 85— 87,

coefficient B.pR=

I __ Y a I I 2T
B.=(aT/dp), (14 8¢5— 67¢%,)° — (o + 5 ) (1 + 28¢5+ 6 dh5)

Second virial coefficient
B(T)=lmi(d(p/(pRT))/ dp)T

p—0

B(7)p.=lm ¢y 5,7)
&—0

Third virial ciﬁeﬂicient C(7)p2=tim¢*,(5,7)

. —0
C(T]=1m; E(EWI(pRTJJIﬂﬂz]r] 3

p
o _[ed] [P [ed] o [P . _[@] . [ag°] . [#¢°
%ZH; ‘”:[FL’ 7 a] [ﬁ”:[ETL’ el 4| ﬂ] %:[?L.
bdpa__p"'ﬂr (o

P I . I " T I '
E_WR[‘[]I[.?)-'—QS{T,S)_Q&{T,EJ T (7.8") tﬁT(Tﬁ)}]-



Razvoj formulacije

e del za idealni plin: fo(p.T)=h°(T)—RT—Ts°(p.T)

SEbli— h(T), S = S(T, ,0) => j”-:,rr-I"|=|: .|* :;,df—h},:—ﬂf

T ¢c.—R [p|
7| Car—rm L+
| Jry T \Po)

* ¢, nam pove Planck-Einsteinova funkcija z eksperimentalno

ST

. -’ — ¥ . r
Ly;7T) e “7i

dolocCenimi koeficienti: § g
tp o AN o
—=1+tn;+ 2, n -
R =4 [1—e %i7]"




Razvoj formulacije

 residualni del: minimiziramo funkcijo
J

Ly

M

= =2 2 =

W r .
: , ~exp ~ Zcalcl ¥ex exp ™ ”J] ] o Utotm
j=1 i=1 m=1

J razli¢nih koli¢in zj(npr. pritisk, hitrost zvoka, ...); M, Stevilo eksperimentalnih vrednosti, uporabljenih za j-
to koli¢ino.; x in y neodvisni spremenljivki, ki opredeljujeta vsako meritev — po navadi temperatura in tlak

ali gostota
Ve . ') 2 7 _r.'hll: . 2 _r.Jl- . ')
obtezitev: o=o5/fa 5 o :[ ot 1] o —]

tot™ exp < Wit ) €xp
Xy

r'.r'_\l:

Ax

¥.Z - X,z -



TABLE 5.1. Contribution of the several linear, nonlinear, and linearized data to the weighted sum of squares for the fitting and optinization

Type of data Weighted sum of squares
Linear data
M 3
7 P—pPRT -1 -1
p(p.7) Jn=mE=1 “RT P d5| -om
m
M
f"l-' 7 o : -
«(p.1) B=2, |2+ 48| 0y
m= m
M 2
B(D) B=. |Bp—limd}| -0’
m=1 p— -
Nonlinear data
M 3 I r 272
) W (1+dd;— d7d;,) )
W{p,T) - __1_2&151'_52 I 4 — o -2
Xi mgl RT & ad TL(¢'77+ [ﬁ:E'TJ . m
M 112
c (14 8d5— d1d5.)"
cp(p.T) :Z R adll !
g 6 AR e e, o
M
> (g4 5]
Xs ”; RT, RT T Tr #41

ha(p2.T2)—hi(p1.T1) ,
.ﬂ';z
m

+[r(d,— ¢7)+5¢5h



(84 82 L+ 57" s
.Iu‘(p:-T) X%zz ’ILR_;J+ T T Zi ¥ .}.&& T ’ T T T
m=1 (1+§¢3 "51’[353-]') r(chT+ ¢TTJ(1+2§¢E+§ [3533} m
M
. 1+ 64— 51" |°
3r(p.T) Xe= - o ﬁi] 0y
= 12605+ 8 0ol
M 2
Pom Po| _3
pa’(n j=2|: l 'ﬂ—m_
X m=1l RIp. m
M -p,_p,-z
p'(D) Xio=2, |7 o’
m=11 Pec Im
M o,
p"(D) =2, | oy
m=11 Pc Im
M U4 u 2
' r 9 2 1
uy(T7)—ui(Ty) 12=21 RT _E—[T{cﬁ + ¢ h+ [P+ ] }]1] oy
M u"—u' ’ 2
u"(T—u'(7) 2 _ _ - AT o =2
13 “!2:1 RT r]n5,+tj5£{3",r] d(8'.7) mr:rm
Linearized data
Mo 3
w(pP.T) Xae= —T—q}’-{1+23:15f5+32:j5§3]] o
= m
M B
c ¥ o - . |
(oD R T A
m=1 i1
M 2
hy(p8, Ty~ hy(p} , Tp) M r : |
2(P8 . Ty —hy(p} . Ty Xou= ,,,ZR:& RTI (M6~ + 0831+ [ 8= $)+ 5831, | -0,

(5]



M , : 2
v e u u
12* us(ps® . T) —ui(pi®. 1) Y=, | 5o [ 7( &+ tﬂ)]zﬂL[T{fﬂJﬂﬁﬁ]l] oy
= m=1 RTI RTI -
M L r ¥ 2
13% IJ"( np T)_u:( o TJ 3 2 H —u & ; roer B
m=1 m
M - 'RT 1
' 3 a P _ -
14 (p'®.T) 2 _ P 1 grg e -2
p Xl-q- :mz:l | {pr}LRT pl: [ﬁﬂ{& }T}- Jm
[ "RT '
L ¥ _p
15 (p".T) _ Po™ P22 s -2
P 15 mz=1 i UJH}LR.T P [353{6;?7}- T
M ¥
Maxwell 1 1 o' 2
16 ) ) 2 — [& . |:__ _]_m[_l_ [151' 5! ) — [35]' 51‘: T- .J_Z
criterion X16 MZI RT |77 o p [¢(6",7)— (5", 7)] _m
Explanations

For the relations between the several properties and ¢° and ¢' and their derivatives see Table 6.3.
For the weighted sum of squares the following abbreviations and defimitions are used:

w o]

j[ﬁl' . (j2¢r .
55| %00~ | 367 | 7

T

PTAT aSaT

I_[ﬂztﬁrl . l(ﬁ'tﬁ“

aT

]
&

(2) The weight o, corresponds to the quantity o, according to Eq. (5.9).
(3) The subscript p means precorrelated. The precorrelation factors yP and € are defined by the relations:

P
szcp{p .T)
cy(pP,T)

f=cp—c,=

(1+8¢5— o7¢%,)’

1+28¢%+ 8¢,

All precorrelated quantities are calculated from a preliminary equation of state.

. (qubc-
2]

T, R



Razvoj formulacije

nimamo podatkov o strukturi residualnega dela

banka clenov

s statisticho-stohastichimi metodami izberemo
ustrezno kombinacijo

optimizacija je rekurzivna — potrebujemo enacbo
stanja (oz. ustrezen priblizek)



Razvoj formulacije

banka cClenov, odvisnih od reducirane gostote in
inverzne reducirane temperature

cleni 4 tipov:

polinomi  &i=n6%"

polinomi in eksponenti  #i=n 6% 7e "

podobni Gaussu ¢ =n,&irie W& BT v)”

neanaliticni bi=n,AbiSy,

A=0*+B][(6—1)"]%,
B=(1—7)+A[(6—1)"]"2F),

Y=g Cils—1 12 —Di(7—1)"



Razvoj formulacije

o -3
~ p=3220kgm " =p,.
X
= »
2
2 o
S
-
'3
4 ]
646 648 650 652 654

Temperature T/K

- [|APWG-85

— -~ — |APWS-95-like equation
without nonanalytical terms

- = —  Saul and Wagner (1989)

FiG. 6.5. Isochoric heat capacity in the critical region as a function of tem-
perature (on the critical 1sochore of the single-phase region) calculated from
IAPWS-95. Eq. (6.4). an IAPWS-95-like equation but without nonanalytical

terms, and the equation of Saul and Wagner (1989).



Razvoj formulacije

izbranih 745 clenov => splosna oblika za kapljevinski
del enacbe stanja:

15 16
{15‘—2 E J}Uc‘f 78+ e E E n;;o'r
i=1j=1

i=1 j=—4
12 10 5 23
‘|—e:-_fszz E n}-jc‘i-'jr"-—ke_‘siz 2 3.?1.-‘;.-{?!.?"?.
i=1 j=1 i=1 j=10
725
e ° E Z u”c‘? P e ? Ej. 21 n:-i,-c‘i‘ir‘jj
1= = H J £
45
_|_z n. lr~5-L':"_;. fio il d— tj. 33;[*——11
i=1

1 4 3 1 3
22 2 2 2 Ao
i=1j=1F=1i=1m=1 -



Data on the
vapor-liquid phase boundary
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o
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{1°d)e >3 » {1 4@V |—> s w W. g
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(1'd)d » > (1)g [
- (1°d)d |—»
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Equation of state

Nonlinear fitting
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Razvoj formulacije

* enacba stanja vode in vodne pare:

f(p.T)
——=d(o.7)=d°(o.7)+ D D.7).

where d=p/p. and 7=T_./T 8
d°=Ind+n;+n,7v+nyIns+ E n:In[1—e YiT]
i—4
TABLE 6.1. Coefficients of Eq. (6.5)®

i n; Y: i n; ¥:

1 —8.320 446 48201 5 097315  3.53734222
2 6.6832105268 6 127950  7.740 73708
3 3.00632 7 0.96056  9.24437796
4 0012436 1.28728067 8 0.24873 27.5075105

*The values of the coefficients n3 to ng and 7y; are also valid for Eq. (5.6).
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17 1 7 3 0.562 509 793 518 88= 107} 34 2 7 10 0.141 806 344 006 17 107 *
1% 1 g 4 —(0.156086 522 571 35=10°* 35 2 g 1 0833265048 80T 131072
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20 1 11 4 0365821 651 442 04 10°% 37 2 9 3 0.386 150 835 742 06 1071
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28 2 4 3 0.499 691 469 908 06 10~ * 45 3 4 23 —0.767 881 978 446 21 10™
- AT T 46 3 5 3 0.224 462 773 320 06 10~
»Y e L 47 4 14 10 — 0626807 104 146 85 10°#
48 6 3 50 —0.557111 185 636 45 10~
B 19 6 6 44 —0.199 057 183 544 08
B 6 6 46 0317774973 307 38
N 51 6 6 50 —0.118 411 824 259 81
i Cy d, L] mn; ¥, B, ¥i £
32 . 3 ] —0.313 062 603 234 33 » 107 0 150 121 1
53 . 3 1 0315 461 402 377 81 = 10¢ 20 150 121 1
54 . 3 4 —0.252 131 543 416 95 = 10 20 250 125 1
i a, b‘! B! H; CI D, .4, ﬂ!
33 33 083 02 —0.148 746 408 567 24 28 700 032 03

56 35 0.95 02 0318061 108 734 44 32 800 032 03




Veljavnost

e velja za celotno obmocje od talisca ledu (najnizja
temperatura 251,156 K pri 209,9 MPa) do 1273 K in
pritiska do 1000 MPa

e v obmocju stabilne kapljevine se da ekstrapolirati do
100 GPa in do 5000 K (vsaj za gostoto in entalpijo)

e ustrezno se ekstrapolira tudi v obmocje podhlajene
in.pregrete tekocCine, ne pa podhlajene pare



e odvishe od koliCine
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Fiz. 6.1. Percentage uncertainties in density estimated for TAPWS-95, Eq.
(6.4). In the enlarged critical region (triangle), the wmcertainty is given as
percentage uncertainty in pressure. This region is bordered by the two 1so0-
chores 527 and 144 kg m—* and by the 30 MPa isobar. The positions of the
lines separating the imcertainty regions are approximate.
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Fiz. 62. Percentage of wmcertamnties in speed of sound estimated for
IAPWS-93, Eq. (6.4). For the uncertainty in the triangle around the critical
point, see the text; for the definition of this region, see Fig. 6.1. The posi-
tions of the lines separating the uncertainty regions are approximate.



A\

10°
- 2 6% no definifive uncertainty
estimales possible
9 - 40.3%
10 -
\ + 2%
1(}1 =+ 2%
.nr.ﬂ +0.1%
=
o
e @
&
2 [/
—1 F
S 107'¢ o g
o fS &
= -f‘.' £0.2%
=
0| [
1073
}, Sublimation curve
[ L i [ [ I L L

235 300 400 500 600 800 1000 1273
Temperature T/K

Fiz. 63 Percentage uncertainfies in spectfic isobaric heat capacity esti-
mated for IAPWS-95, Eq. (6.4). For the uncertamty in the immediate vicin-
ity of the critical point, see the text; for the definition of the tiangle around
the critical peint, see Fig. 6.1. The positions of the lines separating the
uncertainty regions are approximate.
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Figure 3 Percentage uncertamties A(AR)/Ah i adiabatic enthalpy differences Al estimated
for TAPWS-95. The uncertainty values given relate to enthalpy differences along adiabatic
reversible (isentropic) and adiabatic irreversible paths (steam turbines. boiler feed pumps. and
hydroturbines). In the gas region, the uncertainty values correspond to enthalpy differences of
10 < AR/(KT kg_lj < 1000, whereas n the liquid region, the uncertainty values correspond to
enthalpy differences of 1< Al/(k] kg_l) < 10. The positions of the lines separatmg the
uncertainty regions. marked by the given values of temperature and pressure, are approximate.
For the definition of the enlarged critical region. see Fig. 1.

http://www.iapws.org/relguide/Advisel.pdf
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Fic. 7.4. The vapor-liquid phase boundary in the entical region of the p—p
diagram calculated from IAPWS-93, Eq. (6.4), IAPS-84, the equation of
Hill (1990), and the crossover equation of Kostrowicka Wyczalkowska
et al. (2000).
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— -~ — Hill (1990)

Fic. 7.8. The caloric difference quantity A related to AT (with AT=1K)
as a function of temperature calculated from IAPWS-95, Eq. (6.4), IAPS-84,
and the equation of Hill (1990). The experimental data Aa/AT of Osbomne
et al. (1939) are plotted for comparison.
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FIG. 7.50. Percentage deviations 100Aw/w=100(W gy —Weape) ' Weyp between
experimental data of the speed of sound w in the subeooled liquid along the
tsobar p=0.101 325 MPa and values calculated from IAPWS-95, Eq. (6.4).
Values calculated from IAPS-84 and the equation of Hill (1990) are plotted
for comparison.
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