F-Z . ES_StablelF97 A4 A}8-€ IAPWS-IF97 34 &
A.1 TAPWS-IF97
ES_StableIF97 Z 2182 JAPWS-IF97 &2l wa} ZHAd 55U}

[APWS-IF97 < "IJAPWS Industrial Formulation 1997 for the Thermodynamic
Properties of Water and Steam"®e] ¢Fxlo]w, JAPWS 2 A4 wv|Agz =711k
@A 2 "The International Association for the Properties of Water and Steam"9]
°FatiytE. TAPWS ¢ JAPWS-IF97 o gk ApAIgE AF2 IAPWS 9] §] AlolE
"http://www.iapws.org" & Z+Z3}A7] By}

IAPWS oA = IAPWS-IF97 3} #dHste] o8 A5 s e=d, 2 7k
IAPWS-IF97 9] &3to] &= &4+ old] IAPWS-IF97 4] &5 7led A HA

A Q1 "APWS-IF97" ol gh= ofxt®E A" EAYUY.  F EAdE Ee 73
&2 (Basic Equation)o] 2x3tx]o] glow olge 9 1 ¥ F9 2 9o 9o
2 (Backward Equation)®, 9 2 ¢ & <& (Metastable) 7] ta F2=

F250 g,

obg B4 H= sber] T owal % A A, W WA B TAPWS-IF97-01" %
"TAPWS-IF97-03", "IAPWS-IF97-04" <=2 3Al" A5 "[APWS-IF97"
BAel wg BARA, 7 1,2,3, 49 o ¥45¢ £gekn Andn

agla oA HA L oA AlR EAA "TAPWS-IF97-Vis" 2 "TAPWS-IF97-
ThCond"&= IAPWS-IF97 49 dFelr] Hus IAPWS o HEol A=A zZ+7t
A A X(Dynamic Viscosity)?} € #H X% (Thermal Conductivity)ol] T3t &2l0]

F250] Q.
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A.2 ES_StablelF97 oA A& IAPWS-IF97 &4 &F

ES_StablelF97

o] o] ArolA o5 #AE FET o AE ARt FHx

ZTEIHS

IAPWS 9

ol EAEY FAS Agse] A4

oFA} A A= 2
IAPWS-IF97 "Revised Release on the IAPWS B2E 7R F
Industrial Formulation 1997 for the 79 13 29 T(p,h)
Thermodynamic Properties of Water 2 T(p,s) 9 &2
and Steam", authorized by IAPWS at T4 29 = obF
its meeting in Lucerne, Switzerland, =7 &4
August 2007.
[APWS-1F97- "Supplementary Release on Backward 749 13 29 p(h,s)
01 Equations for Pressure as a Function o F
of Enthalpy and Entropy p(h,s) to the
IAPWS Industrial Formulation 1997 for
the Thermodynamic Properties of
Water and Steam", authorized by
[APWS at its meeting in Gaithersburg,
Maryland, USA, September 2001.
[APWS-IF97- "Revised Supplementary Release on T4 39 T(p,h) 2
03 Backward Equations for the Functions v(p,h), T(p,s), v(p,s)

T(p,h), v(p,h) and T(p,s), v(p,s) for
Region 3 of the IJAPWS Industrial
Formulation 1997 for the
Thermodynamic Properties of Water
and Steam", authorized by IAPWS at its
meeting in Kyoto, Japan, September
2004.

o 34

T9 39 x|
3t psatth) 2
psat(s)?] & &2
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OFA} A A= 2
IAPWS-IF97- "Supplementary Release on Backward 79 39 phs) %
04 = Equations p(h,s) for Region 3, T(h,s), v(h,s)¥] <

Equations as a Function of h and s for 2
the Region Boundaries, and an dey) e} JdEZ 37}
Equation Tsat(h,s) for Region 4 of the FoAR A9-9 F4
IAPWS Industrial Formulation 1997 for AARL] FAE
the Thermodynamic Properties of 2 7+ (Two-Phase)
Water and Steam", authorized by 799 Tsat(h,s) %
IAPWS at its meeting in Kyoto, Japan, psat(h,s), x(h,s)9 &
September 2004. &2
IAPWS-IF97- "Release on the IJAPWS Formulation 9 WUyt Folxl
Vis * 2008 for the Viscosity of Ordinary A5 A A=
Water Substance", authorized by &2
IAPWS at its meeting in Berlin,
Germany, September 2008.
IAPWS-IF97- "Revised Release on the IAPWS 2ol Wt Foixl
ThCond * Formulation 1985 for the Thermal A9 4 Axx T4

Conductivity of Ordinary Water
Substance", authorized by IAPWS at its
meeting in Berlin, Germany, September
2008.

« 0 Fzo AP E 9l8te] ENGSoft 7} o2 &2 Ayt
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A.3 IAPWS-IF97 ¢ +9(Region) T&

IAPWS-IF97 & %9} <tg w9 wWaz olgel o] 5 7o Fdog FHE3}9

4L ATFUL

p/MPa ?
100
1 3 2
lg(p.T)| |[fle.T)f |g(p.T)|
50 T(ph) T(p.h) !
Mps) Mps) S
Tesl —
10 - '@ﬂl
0 it - TIK
273.15 623.15 1073.15 2273.15
Fig. 1. Regions and equations of TAPWS-TF97.
79 1: 2% 623.15 K olake] A -9 (A 43 100 MPa)

-
12
S
rlo

% 1073.15 K °lste] A4 F7] 9 (Hd 4= 100 MPa)

3t 13k Y 2 Alole] 3y oAl 2 Bd 27 P @AY 4E 100

T 4 £3h 7

TY9 5 2% 1073.15 K ¢ 2273.15 K Ate]9] #E F7] +9 (Hd &+3 50 MPa)
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A.4 IAPWS-IF97 & A&
[APWS-TF97 & dut E9o] 7|FE A5 ES ofdlel 2ol Asta Adsuyh
- 7}~ A= (Specific gas constant) : R = 0.461526 kJ/kg/K

- A (Critical point parameters) : Tc = 647.096 K, Pc = 22.064 MPa, Density_c
= 322 kg/m3

- A=A (Triple point parameter) : Tt = 273.16 K, Pt = 611.657 Pa, Ht = 0.611783
J/kg, St=0,Ut=0

(A

AL Zahde] & AU
Ak

A2 23] UFolUdA(Unet AEZY(SH ghel 0 o] H+= Auyth

ES_StableIF97 ¢ HA a&#@L &% 273,15 K dAje] x3F <=l 611.213 Pa &
ARSI O

71&€d W& 71ed adoy, 34, EE2, 9o 71€3d IAPWS-IF97 459 PDF
oA std ZFFZ BAIL ALY,

IAPWS-IF97 &4 AFd 2d & £A49 dFE 52 AAd g =% EE
=7elA s8dte E77F Slsdth '@, EE Ade] IAPWS o &S EANSE
Z33eA ok

o]} Z& AAe we), ENGSoft £ ol Adelx AHEE aPolt T4, REL 1
AZAol IAPWS o 3l&S AP
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o O—du ko1 %5

4

A5 TAPWS-IF97 BA oA AL&EE ko] 2=

B4 ool

Specific 1sobaric heat capacity
Specific 1sochoric heat capacity
Specific Helmholtz free energy
Specific Gibbs free energy
Specific enthalpy

Molar mass

Pressure

Specific gas constant

Molar gas constant

Specific entropy

Absolute temperature ?

Specific internal energy
Specific volume

Speed of sound

General quantity

Transformed pressure, Eq. (29a)
Dimensionless Gibbs free energy, ¥=g/(RT)
Reduced density, = p/g"
Difference in any quantity
Reduced enthalpy. 5= h/h"
Reduced temperature, 8=T/T"

Transformed temperature, Eq. (29b)

Reduced pressure, 7=p/p"

Mass density

Reduced entropy. o=s5/5"

Inverse reduced temperature, =71 "/T
Dimensionless Helmholtz free energv. @ =f(RT)
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9 2R
o Ideal-gas part
T Residual part
# Reducing quantity
. Saturated liquid state
o Saturated vapor state
ofel B
c Critical point
max Maximum value
RMS Root-mean-square value
5 Saturation state
t Triple point
tal Tolerance of a quantity
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A.6 "IAPWS-IF97"¢9] 7]& 4] (Basic Equation)®}
o F2l(Backward Equation)

[APWS-IF97 oA Al g ¥ &2ds= 7|8 F2aa o F2lo] 5y}

7B FAe W agg By F7] AZS yEdE 49 Y9yt 9 1, 2
5 9 71 ¥4 5§y HF5E 259 o, F9 3 9 VB FA 5§ WS
ool WUt 1d 49 VR A =9 HeE= 2wyt

T Sl sk AEe m9 WASUr V2 T2 59 g gE d9, 7]E
TALS AFgAA 7S et AlF 2o Hol 93 bkE Aato 2 ol Tt
= 5o #Hy dgy glo] FoAd AejolA 9 1 o WAl #HS 3™,
=5} o] H9 Wl 4 1 9 v|E F2jo] Fojz g ¥ Yoo &%
e R ow st ALtE AdEy gho], o dey #HI PolAlE 2=
TS e Fo, Fojzx 4FH g e 2% S R, 7Y 1 9 HA™ES
Tole 71E FAe dFHE Y5t AN @S FeloF Ut

718 FAS ARRS o]k AlY 2o Hol ok A2 A7lo] @o] ZAEw
IAPWS oA &= AlZHS &53t7] 98] 79 1 oA 483 deg9E 7HAa 258
Axe 4 Qe FAS AFstsd oy FAS o FHolga otk o
T AA A= 718 FA ] ALt Aol 435 FS e gloy, IAPWS oA
TS 44 2 WHel elA ATy

A7 "IAPWS-IF97"¢] 7]& ¥4

79 172 ¥4

T 19 71E F2ALe 22 Ao U A (Gibbs Free Energy) g 9 <ol , [APWS-
[F97 &2 &4 ofefel gyt

The basic equation for this region 15 a fundamental equation for the specific Gibbs free

energy g. This equation 1s expressed in dimensionless form, y= g/(RT). and reads

g(p.T)
RT

34

=y(r.0)=Y m(T1-m)l (r-1222)% (7)

i=1

where 7=p/p" and 7= T"/T with p* = 16.53 MPa and T* = 1386 K: R is given by Eq.(1).
The coefficients n; and exponents [; and J; of Eq. (7) are listed 1n Table 2.
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P25
el A (Me A B s Afeluxs gy 29 daegdnh. o)E
hEah 2o F oAR”l 4Rl Fol(m)e} BR-(Dell thet gh= Wk, - Akel
Aol ghae, 5 k) R Mg E Ay
st Ak 53 s dol(me] 7w ¥ 16.53 MPa oW, 29 x4
=8 S B0 71E 25 1386 oK Yyt
A (N Al #=& ofdll Table 2 ¢ ZH4h

Table 2. Numerical values of the coefficients and exponents of the dimensionless Gibbs free energy

for regron 1, Eq.(7)

S PR £ " Y PR ;

1 0 -2 0.14632971213167 18 2 3 —0.441418 453 308 46 = 107
2 0 -1 -0.84548187160114 19 2 17 —0.726 949 962 975 94 = 10717
30 0 —0.375 636036 720 40 = 10! 20 3 -4  —0316796 448 450 54 < 10~
40 1 0.33835169168385 =10} 21 3 0 —028270797985312 =10~
50 2 -08957919633878 72 2 3 6 —0.85205128120103 =107
6§ 0 3 0.157720385132128 23 4 -5 —022425281908000 =10~
70 4 —0.166 164 17199501 = 107" 24 4 -2 —065171222895601 = 1070
g 0 5 0.812 146 299 835 68 x 10> 25 4 10 —0.143 417299 379 24 x 10712
9 1 -9  (0.28319080123804 x 107 26 5 -8 —0405 160968 601 17 x 107°
10 1 -7 —060706301565874 =107 27 8 -—11 -—012734301741641 = 105
11 1 -1 —0.18990068218419 =107 28 8 —6 —0.174248712 30634 = 10~
12 1 0 —0.325297 487 705 05 = 107" 26 21 —29  —(0.68762131295531 = 107°
13 1 1 -0218417171754 14 = 1071 300 23 -31 0.144 783 078 285 21 = 10717
14 1 3 —0.528383 579 699 30 x 10~ 31 290 —38  0263357816627095 x 10722
15 2 =3 —047184321073267 % 10~ 32030 -39 —0.119476226400 71 = 107
16 2 0 —0.300017 80793026 = 10~ 33 31 —40  0.182280 945814 04 = 1072
17 2 1 0476613939060 87 = 1074 34 32 —41 -093537087292458 = 1072

T9 1 9 t& e AE #gE2 32 (DY 2 A v AEY 2oz F+ F
AU FoIA= e dEH s AL e Ad gEY AN T

ol Table 3 I <54t}
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Table 3. Relations of thermodynamic properties to the dimensionless Gibbs
free energy pand its derivatives * when using Eq. (7)

Property Eelation
Specific volume (. Fj% =y
v=|dgidp)r
Specific internal energy ”L-;F}T:l —ry. —xy.
u=g—T(dg'dT) — p(de'dp)r B
Specific entropy s(m,T) o
s=—(de/dT) R ¥
i
Specific enthalpy him.Th
- =T}
h=g- I[r:i'g-"é’l']lp RT o
Specific isobaric heat capacity cplm.T) -
- - =T ¥
CF=I:,:?.|‘!.-'.[Z;II]|F ‘
Specific isochoric heat capacity e (.T) 2y (¥ — 7] .:__:12
Ly = {ﬂ?“-"ﬂilr:],l. R o Vo
2o 12
Speed of sound wom.T) _ Yz .
w=v[-@piav.]” R e T
Ty e
A Py dr lad Py
a ¢
¥e=|75 For=|—7F Yr= Yoo =|—7 Yot =
Lo= |77 Lox® Loz |, 072 | 7™ | Gaor |
1] Table 3 ol AHE" vk g9 HA vE 459 242 ot Table 4 <f

24U,
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Table 4. The dimensionless Gibbs free energy yand its derivatives ® according to Eq. (7)

14
p="y m(11-m)f(r-1222)"
i=1

14 4
Yo =% —mL(11- o)Fr-1222)" Yo = ¥ (L =171 22 (r=1222)”
=1 P
34 1
Vo= m(11-m)ig(r-1222)" Vee = milT1=m) J(J - 1)(r-1222)"
i=1 i=l
34
Ve = Z—uff,.:?_1—m‘-’-"l,i;|jr—1.222;rr-"1
i=1
S L gr= |00 lor |07 laet | 7T | dmdr
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T4 2 71E F4

T9 2 9 7R A= g ARl U A (Gibbs Free Energy) g 2 $hrol#|wt, o] A}
7174 F-¥(deal Gas Part)¥ Yx FE(Residual Part)ez Fz5o]
AdEYT. IAPWS-IF97 &9 #2]2 olgje} <5t}

The basic equation for this region 15 a fundamental equation for the specific Gibbs free
energy g. This equation 1s expressed i dimensionless form, = g/{ RT). and 1s separated nto
two parts, an ideal-gas part ¥ and a residual part ¥ so that

g(p.T)

or =YD= ma) vy me) . (15)

where 7=p/p” and 7= T /T with R given by Eq. (1).

The equation for the ideal-gas part ¥° of the dimensionless Gibbs free energy reads

a9
yo=tar+y nrt (16)
i=1

where 7=p/p” and 7= T"/T with p*= 1 MPa and T" = 540 K_ The coefficients nj and 15
were adjusted i such a way that the values for the specific internal energy and specific
entropy in the ideal-gas state relate to Eq.(8). Table 10 contains the coefficients n; and
exponents J; of Eq. (16).

The form of the residual part 7' of the dimensionless Gibbs free energy 1s as follows:

43
P =N n i (r—05)" . 17
i \

where 7 = p/p" and 7= T T with p"=1MPa and T =540 K. The coefficients »

; and
exponents [; and J; of Eq. (17) are listed 1n Table 11.

A9 T4 (158 43 wA T A4 2 AfAUA F5, S Aoky) G5 o
T R T C e
gyt el ol J1A R vk P 4 (163 gom, YA Bie

av g B4 ADW 2T

ol FAY =Y WS gol(me] 7+ 4E2 1 MPa o9, %9 FAd =9
Hae B19(T)9 715 &5 540 oK Yt}
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ol 71 FEI ywx] BE vl F2 (16) 2 (179 A #ES 47 ot
Table 10 2 Table 11 & #Z&5U )

Table 10. Numerical values of the coefficients and exponents of the ideal-gas part »°of the
dimensionless Gibbs free energy for region 2. Eq. (16)°

i I ny I JP ny

1° 0 - 0.969 276 865 002 17 = 10! & -2 0.142 408 191 714 44 = 10!
2 1 0.100 866 550 680 18 = 10° 7 -1 — 0.438 395 113 194 50 x 10!
3 -3 ~ 0.560 879 112 83020 = 107> 8 2 — 0.284 086 324 607 72

4 -4 0.714 527 380 814 55 = 107 9 3 0.212 684 637 533 07 = 107"
5 -3 —0.407 104 0582 230 28

B If Eq.(16) is incorporated into Eq.(18), instead of the values for n{ and n3 given above, the following values
for these two coefficients must be used: n] = —0.969 372 683 930 49 = 10! .3 =0.100872 738 700 06 = 10°.
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Table 11. Numerical values of the coefficients and exponents of the
residual part 3 of the dimensionless Gibbs free energy for
region 2, Eq.(17)

I I; J; ;i

1 1 0 —0.177 317424 732 13 x 1072
2 1 1 — 0.178 348 622 923 58 x 107
3 1 2 — 0.450 060 136 963 63 = 107
1 1 3 — 0.575 812 590 834 32 x 107}
5 1 6 — 0.503 252 787 279 30 x 107
6 2 1 — 0.330 326 416 702 03 x 1074
7 2 2 — 0.180 480 875 163 15 x 107
8 2 1 —0.393 927 772 433 55 x 102
9 2 7 — 0.437 972 956 505 73 x 107
10 2 36 — 0.266 745 470 140 87 x 107%
11 3 0 0.204 817 376 923 09 x 10~/
12 3 1 0.438 706 672 844 35 x 107°
13 3 3 — 0.322 776 772 385 70 x 1074
14 3 6 — 0.150 339 245 421 48 x 102
15 3 35 — 0.406 682 535 626 49 x 107}
16 4 1 — 0.788 473 003 593 67 % 10~7
17 4 2 0.127 907 178 522 85 = 10~/
18 4 3 0.482 253 727 185 07 x 1075
19 5 7 0.220 220 763 376 61 x 10—
20 6 3 — 0.167 147 664 510 61 x 10~10
21 6 16 — 0211714723 213 55 % 1072
22 6 35 — 0.238 957 419 341 04 x 10°
23 7 0 — 0.590 595 643 242 70 x 107V
24 7 11 —0.126 218 088 991 01 x 107
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25 7 25 — 0.389 468 424 357 39 x 107!

26 g 8 0.112 562 113 604 50 » 10710

27 g 36 —0.823 113 408 079 98 x 10 !

28 9 13 0.198 097 128 020 88 x 10~/

29 10 4 0.104 069 652 101 74 » 10718

30 10 10 — 0.102 347 470 959 20 x 10712

31 10 14 - 0.100 181 793 795 11 x 10~%

32 16 29 — 0.808 820 086 469 85 x 107"

33 16 50 0.106 930 318 794 09

34 18 57 — 0.336 622 505 741 71

33 20 20 0.891 858 453 534 21 » 1072

36 20 35 0.306 293 168 762 32 x 10712

37 20 48 — 0.420 024 676 982 08 x 107

38 21 21 - 0.590 560 296 856 39 x 10~2°

39 22 53 0.378 260 476 134 57 % 107

40 23 39 — 0.127 686 089 346 81 x 1071

41 24 26 0.730 876 105 950 61 x 10~28

42 24 40 0.554 147 153 507 78 % 10716

43 24 58 — 0.843 697 072 412 10 x 107°
79 2 9 t& 2 Ad #gES 34 (5% (16) aga 1N 159 A
A0 3o r & F AdFYT FolAE #d 4EHY 22E A
dd ks A 3242 ofg] Table 12 ¢ 254t
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Table 12. Relations of thermodynamic properties to the 1deal-gas part ° and the residual part ' of
the dimensionless Gibbs free energy and their derivatives ® when using Eq. (15) or Eq. (18)

Property Relation
Specific volume V(T 7) P EE( o, T
. : (r.T) ==Yy +¥r)
v= 1__,55'3,-"{5'_‘3}}. RT T T |
Specific internal energy (. T)
o _ =r(v -|-.f:|— {‘V +f]
u=g-Tdg/'dT) - plda'dp)r RT
Specific entropy s(7. r] o . r
s =~(3goT), g - o))
Specific e;:th?tlp}-' hm.7) _ T{}’? 49 :I
h=g— T[ﬁg-‘é'?llp RT ' .
Specific 1sobaric heat capacity p (7.7) ( ]
PR —_ = — sl + 'Vw,.
cp= [\Ei'ﬁf."{i'r]p R :
Specific isochoric heat capacity ¢, (7. I:I 2 |: . ] (l+my, — T,?Iy';”]z
= (Ju/dT), R SR S
Speed of sound wjl[.i'r,’r) _ 1+ 21y, + }’T
RT

w=v[~(dp/av), ]

(1+ myy — oy )

11—yl - ..
(1=77e) 42 (7% +7%)

91€] Table 12 oA AR&H ol Al e gvk & 81 yex] 3o ghv}
el A v s ‘% 217} o}d Table 13 % Table 14 S} 2%tk
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Table 13. The ideal-gas part ¥° of the dimensionless Gibbs
free energy and its denvatives® according to

Eq. (106)
2 i
y' = lnx + anf‘
i=1
Y.Er = 1/m + 0
ye o = -l/mt t+ 0
9 o
ye = 0 + an.f,of’
i=1
9 _ )
ye = 0 4+ anJf(Jf—l_]rf"
j=
yo. = 0 + 0

Table 14. The residual part " of the dimensionless Gibbs free energy and its dervatives * according

to Eq.(17)
43
=N i (r-05)%
i=1
43 43 )
Yo = Z”" I i I(T—D jJ“T- ?ri_;r = Z”f Ir'[fr' _l}JTI,:—L(E_G_jJ%
= i=1
43 43 )
yi=> maJ(r-05)"" V= S m g (g - 1) -05)5 7
i=1 i=1
13
Vee =Y m LA (r-05)"
i=1
a ,I__':??r o ‘?J?"r_ a9 _'5.2},1_ I l:?:?r
Ve I_{Z]IJE.':|:_'- Yex [{i’ﬂ'j j_- ¥ |: ar :|T ¥ i_,::-n"f'éj - ¥ar l{iﬂ:ﬁ?f:|
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79 3 7]E 34

7 39 7

12 T4 d5E2 AFolv A (Helmholtz Free Energy) {9 o],
IAPWS-IF97 ¥ &4

ofesl it

The basic equation for this region 1s a fundamental equation for the specific Helmholtz free

energy /. This equation 1s expressed in dimensionless form. g@=f/(RT). and reads

flp.T)

40
é 5 sk
RT =§¢[~(},f]=}}11ﬂ£}+2;}f(} T [28}

i=2

where d=p/p*. 1=T"/T with p*=p., T"= T, and R, T.. and p, given by Eqgs. (1), (2).
and (4). The coefficients »; and exponents [; and J; of Eq. (28) are listed 1n Table 30.

g 4 (@8 Ay By FFE2 AfUAE dES 2E
FEAUT olg WEet exe a9l ek (Dol HF P
WP, A AFE=R AFAUA FF, F stel() AR W A

el Rag By WS el Q)Y 7E WrE A W= pe322 kg/m3)olH,
2o Ead =9 WE B 7 2EE IA 259 Tce(647.096 oK)
SAR=

2 (28)2] A4 FEL ofg Table 30 ¢ 54Ut
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Table 30. Numerical values of the coefficients and exponents of the dimensionless Helmholtz free
energy for region 3, Eq. (28)

i I H; i L g H;

1 - - 0.106 380 700 285 13 = 10! 21 3 4 — 0.201 899 150 235 70 = 10}
2 1] 0 — 0.157 328 452 902 39 = 107 22 3 16 — 0821476371 73963 = 1072
3 0 1 0.209 443 960 743 07 = 107 23 3 it — 0475960 357 340 23

4 0 2 — 0.768 677 078 787 16 x 10! 24 4 Q 0.430 840 744 735 00 = 107
3 0 7 0.261 850 477 870 54 = 10! 25 4 2 — 0444 764 354 287 39

] 0 10 — 0.280 807 811 486 20 x 10! 26 4 4 08057200707 197 33

7 0 12 0.120 533 696 965 17 % 10! 27 4 26 0.705 224 500 879 67

2 0 23 — 0.845 668 128 125 02 x 1072 28 3 1 0107 703 126 263 32

9 1 2 — 0126 543 154 777 14 = 10! 29 3 3 — 0329136232 580 34

10 1 G — 0.115 244 078 066 81 x 10! 30 3 24 — 0508 710620 411 58

11 1 15 0.885 210 439 843 18 31 i 0 — 0.221 754 008 730 96 = 107
2 1 17 — 0642 077 651 816 07 2 (3] 2 0,042 607 516 630 92 = 107
13 2 0 0.384 934 601 866 71 33 i 26 0.164 362 784 479 61

14 2 2 — (0832 147 088 242 06 34 7 2 — 0135033722 413 48 = 107!
13 2 il 0.489 722 815 418 77 % 10! 35 8 26 — 0.148 343 453 524 72 % 107}
le 2 7 — 0.305 026 172 569 65 x 10! 30 9 2 0.570 220 536 280 84 = 10—
17 2 22 0.304 205 368 791 54 x 1071 37 g 26 0.323 080 047 037 11 % 102
18 2 26 0.125 584 084 243 08 g 10 Q 0.800 648 020 962 15 = 1074
19 3 0 — 0279993 206 987 10 39 10 1 — 0.165 576 797 950 37 = 10—
20 3 2 0.138 997 995 694 60 = 10! 40 11 28 — 0.440 238 990 618 15 = 10~*

T 3 9 vE RE A ES T4 28)y 1 A w1
&Ytk FolAE el Wkl L E AYd = A ks AL 34
o}z Table 31 ¥ &Yt}

Mo
1>
lly
{0,
BN
st
o
fru
-
]

flo 4»
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Table 31. Relations of thermodvnamic properties to the dimensionless Helmholtz
free energy ¢@ and its denvatives® when using Eq. (28)

Property Relation
Pressure pld. ) 5o
S =0f;
p=p(dfldp); pRT  °¢
Specific internal energy H(J__ T )
u= f— TI:{J-'"?’.-'.-:;'T:];. BT ~=T0,
Specific entropy (4, 7)
Specific enthalpy h(8.7)
h=f-T(3fIT),+ plofidp); Rr - [9-t00;
Specific isochoric heat capacity c, (J: T -
£y = [Ei'u-"c?r}ﬁ R —=—T"0x
Specj:f;i %;D;anc heat capacity Cp (¢.7) _ [:J{?J — g, :I2
cp = \oh -J; R b Wer ]Jli",;"'J:'i"g,;
Speed of sound ijﬁ-f]' ) (8g —Jﬂj,_':l:
w=(dpidp),” RT 000 0k P:E.m,_; -
Phase-equilibrivm condition P; _ o oo P: _ s (g
(Maxwell criterion) RTp' 6'0;(0'.7) RTp” 9705(0%1)
123 |I 1 1 I- LR L
3 Iz 3 Fe 70 ]
a !
g, =|—| . ¢ =| —| . = ) = — . = —
¢ [.:?5 1_ “ -_a&-l' P ¢ r’L' 9s 251 |

99 Table 31 4 AL§H o] Fe] | vl HE FHL ol

24U,

Table 32 9}
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Table 32. The dimensionless Helmholtz free energy equation and its derivatives®
according to Eq. (28)

40
o=mn ]11§+Z.=}r- sk ¢l

i=2
40 40 | i
Oz =1y lé+ Z L Iz éjf B E-J'I @J& =M [o° +Z 7 _ﬂr]-'::fr-—l_] 51': o E'J-'
=2 i=2
40 40 )
@r:D-l_Z”f élf “Ifrfj_l @rr:ﬂ-l_Z”f 51': '-"TI{Jr'—”E'}"_';
i=2 =2

40
Gsr =0+ 1 ] gttt
=2

a 5 _[do ] . _[de] . _[d] . _[Fe] . _[Fe
9 L?EL Oas [,_-,-;'al_':’ o L ar |’ Goer | art L@” '_.:?Jc?r}

o
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T 4 9 AR IS T3} 4 w3}
W Alolm | JAPWS-1F97 e &

The equation for describing the saturation line 1s an mmplicit quadratic equation which can
be directly solved with regard to both saturation pressure p, and saturation temperature 7.

This equation reads

[P+ w0+ mf +ny 07 +ny i+ nsf+ gt +n+ng =0, (29)

ol
where 7= (pg 'p) (29a)
and gk, " (29b)

r (T T")=nyg

with p” =1 MPa and T~ =1 K: for the coefficients n; to 1y see Table 34.

g9 B (20E sk Y} T exe ¥ A9
I A~ =
nn T=

el wWekPret AEHB)

skEduych 919 ¥3t n9 A U U a8l EAE =7)A|
A EFG Y T}

xsl e FAY 5¥ ds HﬂE}(BM 715 WX+ 1 Mpa °o|H, 2%=9 A4
=g W5 Ael0)e] 713 L5 910K gyt

T9 4 9 23} AH FA2 3t oy 23 2k tiste AH F S ernw
718 FA g o FAe] Ftio] HQ x| o) JAPWS-IF97 ol & 3} &8 =g
WMeR slo] 23} ESs Fele FAS 7R FAolgta Hekdlew, x3t oEs
5Y AR sl X3l L5 Fole FAS 9 FAolgta A s Ut

X3l 2285 59 ®HeR sl x3 EHS SIe 718 FAF T AFES
olgf &2 (30)3 Table 34 ¢} Z5ut}.
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The solution of Eq. (29) with regard to saturation pressure 15 as follows:
- 4

| 2
P _| 2C | (30)

S 177
P | -B+(B -44C)

where p* =1 MPa and
A=’ + mt? +my

BE= ?‘.‘3{92 +ngl? + 5
7
C=ngl? +n;0 + g

with ¢ according to Eq. (29b). The coefficients n; of Eq. (30) are listed 1 Table 34.

Table 34. Numercal values of the coefficients of the dimensionless saturation
equations, Eqs. (29) to (31)

I 1 I n;

1 0.116 705 214 527 67 = 10° 6 0.149 151 086 135 30 = 107
2 —0.724 213 167 032 06 = 105 7 — 0.482 326 573 615 91 = 10%
3 — 0.170 738 469 400 92 = 107 2 0.405 113 405 420 57 = 10°
4 0.120 208 247 024 70 x 10° 9 — 0238535575678 40

5 — 0.323 255 503 223 33 = 10’ 10 0.650 175 348 447 98 = 10°

da w9

r e 59y WFE dle] =3 ew
CHEIERNEEE R 3 g

[e}
|= 7B

AEJm

The saturation-temperature solution of Eq. (29) reads

I; Mo +D- [[:F.i'lD + DJ‘- - 4[:.?}9 + J‘TIDDJ]-I

T 2
where T*=1K and

(D

2G

D= 3 77
~F—(F° - 4EG)

with
E=[f"+mf+n;s
F= nlﬁi’z + g+ 5
G= n:ﬁj + s +ng

and /7 according to Eq. (29a). The coefficients n; of Eq. (31) are listed in Table 34.
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T4 5 71E F4

5 9 718 FAE 2 Aol YA (Gibbs Free Energy) g 9 $hFolx|wt -4
A3 A ol 714 H-E(deal Gas Part)¥ v x#] FE(Residual Part)oi
gl=o] &Ytk IAPWS-IF97 99 FA2 ofge} 25T},

The basic equation for this high-temperature region i1s a fundamental equation for the
specific Gibbs free energy g This equation 1s expressed in dimensionless form, y=g/(RT).

and is separated into two parts, an ideal-gas part ¥° and a residual part ¥, so that

glp.T)
RT

where 7=p/p” and 7= T /T with R given by Eq. (1).

=ylr.r)=y(m.7)+¥ (n.7) . (32)

The equation for the ideal-gas part ° of the dimensionless Gibbs free energy reads

&
=g+ e (33)

where 7= p/p” and r=T"/T with p* = 1 MPa and T"= 1000 K. The coefficients r.'f' and ”E
were adjusted i such a way that the values for the specific internal energy and specific
entropy in the ideal-gas state relate to Eq.(8). Table 37 contains the coefficients nf and
exponents Jf’ of Eq. (33).

The form of the residual part 7" of the dimensionless Gibbs free energy 1s as follows:
6
= At e (34)
i=1

where 7 = p/p” and 7=T"/T with p"=1MPa and T"=1000 K. The coefficients »; and
exponents [; and J; of Eq. (34) are listed 1n Table 38.

A9 T4 (32F A¥ WA T AY Px ARAUA FE, S Ay G o)
Nl R TR A RS (R
Qguth e ol 1A el wvh St G gov], Urx R
vk g w4 6o 2aUh

i)
a
1o
N,
MN
9,
J%
rlo
—
=
J
e8]
9
s
rlo
=
1o,
-
_);1_11
o,
At
ot
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ol 71 FEI ywx] BE 7l F2 (33) % (349 AF #$ES 47 ot
Table 37 2 Table 38 7} &Yt}

Table 37. Numerical values of the coefficients and exponents of the ideal-gas part " of the
dimensionless Gibbs free energy for region 5, Eq. (33)

i J7 ny i J7 ny

1 0 — 0.131 799 836 742 01 = 107 4 -2 0.369 013 349 803 33

2 1 0.685 408 416 344 34 = 10! 5 -1 —0.311613 18213925 = 10!
3 -3 — 0.248 051 489 334 66 = 107} &g 2 — 0329616 265 380 17

Table 38. Numerical values of the coefficients and exponents of the
residual part " of the dimensionless Gibbs free energy for
region 5, Eq. (34)

i I; J; #;

1 1 1 0.157 364 048 552 59 = 1072
2 1 2 0.901 537 616 739 44 = 1073
3 1 3 — 0.502 700 776 776 48 = 107*
4 2 3 0.224 400 374 094 85 = 10~
3 2 o —0.411 632754 534 71 = 107"
] 3 7 0.370 104 548 220 55 = 10~/

ol 5 9o O BRE AF g5 T4 G99 33) a8x 349 a5 @ 1
qEe zFow 38 5 diUth  FolA: @ W 2xE AAR o
&

b o
r He
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Table 39. Relations of thermodynamic properties to the ideal-gas part " and the residual part »* of
the dimensionless Gibbs free energy and their derivatives® when using Eq. (32)

Property Relation

Specific volume (T 7) P _ ﬁ_(}’n P ]
V= 1&35&}}}_ LY
Specific internal energy I, T)

' =tlys +yz)-mlys+
u=g—TI(dgldT),~ p(de/dpr)r RT ( )-x(r2+7z)

Specific entropy s(7.7) o 1) o )

S=—|::0-‘lg."ﬁrjp T—‘{;”rﬁ'ff_]_{}" b :I

Specific enthalpy hrr) "'{'VG iy I-:I

h=g-T [nﬁ'go-' TJp 7T Ut Yz
Specific 1sobaric heat capacity cp(m.7) . :

o LT 2y gy

cp = [‘ﬂ‘-lﬂ."{.';lr]F R
Specific isochoric heat capacity ¢, (7.7) _ _Eglrvﬂ A (1+mys — ’",i'ry},,}ﬁ

I:"‘f = [:c?if.'llﬂ?r]ﬁ: R ; i ' Tr- 1 - ‘IFE‘-?.}:'T

Speed of sound H‘J(J’.'r, T) 1+ 2ayL + i ,VT

W= 1.'[—[’&4{:' _-" {}-l '||'] ]12 RI - y l(]. + .'?_}{,_ T'" ]

' g {1 — Ty |+
S VA2 J
a =_ﬂ;.VI ) E}fl - E_ o &1?1 . _JJVI_ o a° o G}JKG
| 7 S Jr 1. ; ars |_ ; |¢5‘.-'r,_-5'r_ ar | dr= |

?19] Table 39 oA AREH ol 714 o) vk o R ueA] 559 gt
@0l # Ol A59] $4E 217 obd) Table 40 2 Table 413 2o,
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Table 40. The ideal-gas part ° of the dimensionless Gibbs free
energy and its derivatives * according to Eq. (33)

5 0
o = lr o+ Sufrli
=1
o —
¥ = 1/ + 0
Yax = “lm £ 0
° JP
¥ = 0+ Yt
i=1
6 J'rll'ﬁ =5
yo = 0 + ZF?PJ}”(J?—I_]E— o)
i=1
o _
VYor = 0 + 0

a??'=:£ Y= —-,—f;?:?l:l e = E?-vn-' T *5'1]?0-' _VS_-='--‘53.V°
I N T A T R P R P T

Table 41. The residual part y' of the dimensionless Gibbs free energy and its
derrvatives * according to Eq. (34)

6
¥ = Z-”f ali i
i=1

)] i
- _ I: —‘. .JT: add f ' I;—2 ..,ir
,r'}rr—zﬁf Lymi— fmr—znr' L=zt
i=1 i=1
S I Ji—1 : I J
N A A awl N i T T 1) =
=Y maigit yee= > matti(Ji-1) T
i=1 i=1
° L1 T
.":'rrr =zﬂf I]' xt -uirr T
i=1
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T 29} 79 3 AAM Bz 34

T 2 o 79 3 9o AAAMNM &= 623.15 oK olstelld= 7+ 4 o gHow

AAE = 38 kg oz Fod AAES LRI 5 YgAT L% 623.15 oK o] olA =

2 AAME Aoste FAe]l MWrE daduyth  JAPWS-IF97 oA E o]
Cis =

x FAer Awsta glem, & AR T4
Als=(Table 1 olzlel #Huyrt). Hu=z, o] AHAAMY ¢ EHL 623.15
oK el A2 16.5292 MPa ¥} 863.15 oK lA1¢] 100 MPa €Ut}

The boundary between regions 2 and 3 (see Fig. 1) 15 defined by the following simple

quadratic pressure-temperature relation, the B23-equation
7
T=m+mb+mb .

where 7=p/p" and 6=T/T” with p' =1 MPa and T*=1K_ The coefficients 1, to n; of

Eq.(3) are listed in Table 1. Equation (5) roughly describes an i1sentropic line; the entropy
values along this boundary line are between s = 5.047 kI kg_" Klands=5261KJ kg_l K

Alternatively Eq. (3) can be expressed explicitly in temperature as

O =ny+[(m—ns)/ ?"-3]1"': .

with & and & defined for Eq. (3) and the coefficients n13 to 15 listed 1n Table 1. Equations (2)
and (6) cover the range from 623.15 K at a pressure of 16.5292 MPa to 863.15 K at 100 MPa.

Table 1. Numerical values of the coefficients of the B23-equation, Eqs. (5) and (6). for
defining the boundary between regions 2 and 3

i 7 i 1

1 0.348 051 856 289 69 = 107 4 0.572 544 598 627 46 = 10°

2 —0.116 718 598 799 75 = 10 5 0.139 188 397 788 70 x 10°

3 0.101 929 700 393 26 = 1072
T4 (B)e SRS AL AAN e Fehe T, A ) ¢HS AHn
AAN exE e AU
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79 2 & FH(Metastable) F7] 71 & 34

23 7] TN BFE AT F7] e AFY wmSlAE 1 BF Lo}
WS WA, BFeE H571(Wet Steam)7t BW AElel H57) AR R
RHT oA A9 29 A9 AYIIG | TY EAIY, AZ §271 2

<71 7ol HET7] FHE BFEA HW, 7] EHule] o &%
dgy] Yy ZolgAl Hol F71 BHHl a&e AsE xdsh=d,

o] = 7]__9_
AN - [e) R
olgldt &£A8 =7] HYl AAoAM+= #xE3I £ (Supersaturation Loss)o]EFal

olgidt dejol AL syl Yste] = <eFH(Metastable) AEje] F7] AAS
¢rolof shi=d], IAPWS-IF97 oA &= oldst &= A e & 2 F7]9 dds 7
T 7|E F2owrE o4t (Extrapolation) o ® & 4 Jqutal 7| &Sskal
AFYTH

SHAITE 3 2 9] 10 MPa ©|3ste] tEdA= 718 FAo] & ok dEH 5719
AAES Fohe o= fFaskA gor, ot B HIEel FAE AFsta
AFYTH

As for the basic equation, Eq. (13). the supplementary equation for a part of the metastable-

vapor region bounding region 2 15 given in the dimensionless form of the specific Gibbs free

energy., ¥=g/( RT). consisting of an ideal-gas part »° and a residual part »'. so that

g(p.T)
RT

where 7=p/p” and 7= T"/Twith R given by Eq.(1).

=ylr.r)=y"(m.0)+y (m.7) .
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The equation for the ideal-gas part ¥° is identical with Eq. (16) except for the values of the
two coefficients n and »n5. see Table 10. For the use of Eq (16) as part of Eq. (18) the
coefficients n] and n3 were slightly readjusted to meet the high consistency requirement
between Eqs. (18) and (13) regarding the properties /i and s along the saturated vapor line; see

below.

The equation for the residual part ' reads

—_
Lad

T mo (=057 (19)
i=l

=
Il

where 7=p/p” and 7=T7"/T with p°=1MPa and T =3540K The coefficients »; and
exponents [; and J; of Eq. (19) are listed 1n Table 16.

4 E"iﬁjr ﬂ%@“’ AEEH, & M dH FAe] 9 2 9o VE FAI FUSHA,
1% 7134 H-+(Ideal Gas Part)¥} YA F-E(Residual Part) .2 4 & o] ==
1A 714 FEe 718 FA sdeta dF AgesEw =23, gz FEe

A3k A5 2E gEU

o
o ol

o
M

o’ 71A FiA 718 FAY gE AT e &2 o]
Table 10 °f 7l&¥o Qlow, ymwzx HFo 74 #HEL oFd Table 16 I
25y

Table 16. Numerical values of the coefficients and exponents of the
residual part 3" of the dimensionless Gibbs free energy for
the metastable-vapor region, Eq. (19)

i I; Ji R

1 1 0 — 0.733 622 601 863 06 x 10~
2 1 2 — 0.882 238310 431 46 x 107
3 1 5 —0.723 345552132 45 % 107}
4 1 11 — 0.408 131 785 344 55 x 1072
5 2 1 0.200 978 033 802 07 x 107
6 2 7 — 0.530 459 218 986 42 x 107
7 2 16 — 0.761 904 090 8§69 70 x 1072
g 3 4 — 0.634 980376 573 13 % 1072
9 3 16 — 0.860 430 930 285 88 % 107
10 4 7 0.753 215 815 227 70 x 1072
11 4 10 — 0.792 383 754 461 39 x 107
12 5 9 — 0.228 881 607 784 47 x 1073
13 5 10 — 0.264 565 014 828 10 x 1072
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FolAE ghel el LEs AN thE AR g5 AN FAR ol A p
A W R e 9 2 9 VR A BAs, A R w4 A
ui F2 ol Table 17 3 &5t

Table 17. The residual part ' of the dimensionless Gibbs free energy and its derivatives® according

to Eq.(19)

13
yE = Z”f Lz —0s))
=

13
yi= Y matJz—05)"
i=1

i=1

13
}"-" = Z L *rr[jz - 1]-’?{'_3(? - G-EJ'}':
i=1

13

Y= m r (- 1)(r-05)7
i=1

13
Yar = Z'”r' Ii Elf_l”rr'(r _Djr{'_l

PN

a x_|or . _[dr] L _[ar
?,T—l_drzl_. ,f,-r_rr—lE'_ri_- Kr—[ .:?r} - 7

51},1_ },r _ I:?._},]'
| ar? | T | drar

o

T
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A.8 "IAPWS-IF97-Vis"¢] AW A X(Dynamic Viscosity) 7]& &2

IAPWS-IF97-Vis el A= 71 &5 #k5S obdleh 2ol 43t Adsyrh
reference temperature: T*=647 006 K (1)
reference density: g®=3220 kg-m_3 (2)
reference pressure: p*=22064 MPa (3
reference viscosity: pF=100 = 107 Pa-s (4
7l ek ', 4 IAPWS-IF97 o K s, 7l dd A= 2>
Su@ o7k gle Aol 7FE g

=0, T) = &(T.p) = &(T.p). (10)

o] AolA] AEHE AL BY WE GRS et 2edd

temperature: T =TT (3)

density: 0 =plp® (6)

pressure: D =plp* 7

VISCOsity: I = ulu® (®)
T4 A0l A WA g2 814 7t @AI(Dilute Gas Limit)ol A2l H =g YehdH,
T A 3 63 WE(Finite Density)ol] 7913 A% BAS Jebdyt., 18
Al AA 2 dAA AL AR RS YEbE YT

Al A 3ol dAHNA Y] HE B A ZAHAA w9 2 HjeARE 1
B AU BEe] debd dAFHNA Y] HEs 7 o geolAR, Al HA
o] Jae oty &% W UL HE uoAvk FAast IS uFH ol 1 99
A A= ld 229 o YRy A2 &S v H Y

64591 K=T= 650.77K, 2458kem <p< 4053 kegm . (13)

IAPWS-IF-Vis oA+ AAke] 7FHE A 3}

o
=
>
>,

=
AgleE A WA ZgE 1 2 Fn AT A& A
AFHT ES_StablelF97 ol A= Al WA s 12 F1 A J=s Ayt

21 (10)9] A AA g2 ol T4 (1DE Fotar, &4 AlF #ES Table 1
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1?05 1 an

=0
with coefficients H; given m Table 1.

.H:UT):

Table 1. Coefficients H; for f,(T)

j H;

0 1.67752

1 220462

2 0.6366564
3 —0.241605

T2 (1009 F WA &&& ofg &2 (12)% 3k, &29 A 5 Table 2 9
Z

The second factor i represents the contribution to viscosity due to finite density:
“i g ]
- _ J i )
ZH,P-V (12)

g

= |1
M{T-m=expi p‘_ﬁ.f—l

with coefficients Hj; given in Table 2. The third factor [, represents the critical enhancement

of the viscosity.
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Table 2. Coefficients Hyfor 7 (T.P)
5.20094x10™
8.50895x10™

-1.08374

~2.89555x107
2.22531x107
9.99115x10™
1.88797
1.26613
1.20573x%107"

-2.81378x10™

-9.06851x107

~7.72479x107"

-4.89837x107

~2.57040x10™
1.61913x10™
2.57399x10™

~3.25372x10™
6.98452x10™
8.72102x107

-435673x107°

~5.93264x107°

ote: Coefficients Hy omitted from Table 2 are identically equal to zero.

[FURN SR = I

Ll s =

L]

Ll s =

w o o= o da
Lo R B e I S T T e B i e =T o T e T T L

'-h"-l;'i-

L)}
h

b
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A.9 "IAPWS-IF97-ThCond"¢® € A X%(Thermal Conductivity) 7]& 32

IAPWS-IF97-ThCond 9|4+ A+ & (Industrial Use)® 4wt 2 33+8 (General and
Scientific Use) 2 7FA9] FA1S AF3dta 9o, ES_StablelF97 oA = A&
TAS AREEIASUY. AE T 7]% e BES ofdle} ol FAHEta

9175 Y.
Reference temperature™: T = 64726 K (1)
reference density: £ =317Tkgm" (2)
reference thermal conductivity: A=1Wm'K! i3)

The two reference constants I aud p' are vlose (o but pot identical with the critical constamis.

o W= JAPWS-IF97 o] A 243te greclArt sdsiA=

> AN

==
g,

d AEEE Tat 7B F4e e at

§o N

A9 AoA AHgEE FAD BY WE gES Gen gEU

Temperarure: I =TT {4)
density: o =po (5
thermal conductivity: A =i (6)

el T4 (R4 3 WAl F& 54 7k ADilute Gas LimiodlAe] 9 AREe
Jeple] ol B4 (@)= Fa o,

The function A4, (T) represents the thermal conductivity of steam in the ideal-gas limit and has the form
A(T) = TZa,T (9)
k=D

e T4 (99 AF HES ofgf Table BI 3} 54
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Table B.I. Coefficients g, for A, ( T )

a, = 0.010281] ]
a, = (L0229 9a2 1
a, = 00156146
a, = -0.004224 64

A (8] 7 WA &2 ofel 4 (10082 ey
Al = b, + hI,E + hoexp { El{_;_'; + R, f]»

9o F4 (1009 A% ®EL obel Table BII 3 2&Uth

Table B.Il Coefficients &, and B, for 2, (2 )

b, = -0.397070 B, = -0.171587
by = 0.400 302 B 2.392 190
by, — 1060000

A (8] Al WA 2 ot w4 ADE T
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1

=
—
- - ( d -
4(T.p) = Lﬁ v dy| p 7 explC,(1 - p')]
(1)
%) o —1ep ) = 12 C,y
+d S pTexp (1 -pY) . dexp| C, T + —
1 + @ E,‘
Here (? and 5 are functions of
AT = 1T -1l +c,, (12)
where:
Cs
@ =2 NI (13)
r T
1 -
— for T =z 1
AT
5 =4 (14)
C, -
for T =1
AT *°

el &2 (1D Al g5 oFef Table B ¥ ZFUth

Table B.III Coefficients 4, and C, for 1. (T, o)

d, = 00701309 C, = 0.642 857

d = 0.0118520 Co= -411717

d; = 0.001 69937 C, = -6.17937

d, = -1.0200 C, = 0.003 089 76
C, = 00822004
Cp = 10.0932
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