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About this reference book =>>

Last update : 16 August 2012

Some calculations are located on two or three servers: MAS11 - Mathcad Application
Server 11, MCS14 - Mathcad Calculation Server 14 and sometimes WebMath. You can
use anyone.

Show structure of reference book as its contents
"Live' formulations from book
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Thermodynamic properties of gases and seawater
Diagrams and graphical dependences

+,.100%

Contacts Russian version

m




Types of works with the RefBook

# 1. On-line calculations

# 2. Functions download

# 3, References on functions
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Table VI from the e -RefBook

[;e - http:/itwt.mpei.ac.ru/MCS\Worksheets/rbtpp/tabé. xmcd

Table VI. Specific isobaric heat capacity of water/steam

Range of pressure and temperature >>>

T =
1110 °C v
3
digits =
14 ~| |F
R

“p

= 4. 227 kJ/(kg K)

p =
1.5 MPa
Recalculate [ ﬁ;; cm?
atm
Cp max = 4-236 kJ/(kg K) [psi
ksl

+ ACp/Cp=02%

Cn min = 4-219 kJ/(kg K)
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Table from the e-RefBook

(22 http://twt.mpei.ac.ru/MCS/ Worksheets/ WSP/ TH.xmcd

(= http://twt.mpei.ac.ru/MCS/ Worksheets/WSP/ TH.xmcd

t-h possible Region ===

R
a0 | Double Phase?
h [kJ/kg] = Guess p [MPa] = &Q
[kdikal = o
digits =
igits -
| Recalculate |
}{ = II_II
p=081.829MPa

t-h possible Region ===

2] =
L= 40 [¥] Double Phase?
b Tkdfkal = Guess p [MPa] = 0.1
[kdfkal = 400
digits = 3 =
| Recalculate |
¥ = [0.0282
p=0.0474 MPa




T-h diagram: not one but two points
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IAPWS IF97 Regions on Internet with different axes

|§, http:fftwt. mpei. iMCSAVarksheetsVWSP/RegionsAllAxes xmod
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IAPWS IF97 Regions on Internet

|g, http:/ftwt. mpei M CS AN arksheets AW SP/RegionsAllAxes xmed
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http://twt.mpei.ac.ru/MCS/Worksheets/WSP/Region1.xmcd

Conductivity of water and steam
( FE

! i "'_ _:' H http:/fwww.iapws.org/relguide/ ThCond.htrm PBcdxX @ ﬂ?

Release on the IAPWS Formulation 2011 for the Thermal Conductivity of Ordinary Water Substance (September
2011)

PDF of document

Description

This formulation is recommended for the calculation of the thermal conductivity of ordinary water in its fluid phases.

The formulation consists of a dilute-gas term that is only a function of temperature, a finite-density term as a function of temperature and density,
and a near-critical term as a function of temperature and density.

The region of validity the entire stable fluid region from the melting curve to 1173 K at pressures to 100 MPa, with lower maximum temperatures
at higher pressures up to 1000 MPa; see the release document for details. It extrapolates in a physically reasonable way outside this region.

Online calculation
The Bussian National Committee of [APWS (through Moscow Power Engineering Institute) has provided online calculation pages, which may be
I useful in program development and verification. Note that IAPWS is not responsible for the content of these online calculation pages:

e for general and scientific use
i » for industrial use

12



N

Conductivity of water and steam

( 3 | mlli-——"';, http://twt. mpeiac.ru/mes/worksheets/iapws/wspTCPT.xmcd

W ¥

This page is provided by Moscow Fower Engineering Institute and Russian Mational Committee (RMC) of JAPWS.

IAPWWS is not responsible for this content.
For any questions or suggestions please contact ENC of [APWS.

Thermal Conductivity of Ordinary Water Substance Calculation
based on equations for industrial use

Developed bv REussian National Committee (RINC) of
International Association for the Properties of Water and Steam (ITAPWS).

This calculation page is based on the
"Release on the IAPWS Formulation 2011 for the Thermal Conductivity of Ordinary Water Substance” [1]

provided by ITAPWS._

Detailed information about used equations, constants, range of validity etc is presented in PDF version of JAPWS
Release which can be downloaded from ITAPWS web site vww.iapws.org

Authors:

» Konstantin Orlov (orlov(@twt mpei.ac.m)
s Valerv Ochkov (ochkov(@twt mpei ac.m)

Moscow Power Engineering Institute (MPET). Last update: 2012/03/02
MNote that displayed last digits depends on numeric implementation of underlying formulations.

Input parameters

Fressure = Temperature =
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Conductivity of water and steam

@ http://twt.mpei.ac.ru/mes/worksheets/iapws/wspTCPT.xmed
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n=27x%10 Pa T=573.15K

Density for given pressure and temperature

Density value and other thermodynamic properties and derivatives are calculated using RNC implementation of [2].

k
p = wspDPT{p,T) = 746.138076766645 —93
Im

Formulation reference values

K W
Bratar = 322.0 —93 Tooger = 647.096K B = 22.0640P8  Aure, = 1 % Hoager = 1k Pasec

I

R = 046151805 )
kg b

Dimensionless input parameters

Trel = = 088572638372

refer

P
Prefer

= 2. 31719899617

Prel =

Main equation

The thermal conductivity is represented by the equation

hrel = M:Irel Al rel T }‘zrel Eq (15) ]Il [1]
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Conduct|V|ty of water and steam

fg http://twt.mpei.ac.oru/mes/worksheets/iapws/wspTCPT.xmed

e & ———

First factur
This factor represents the thermal conductivity in the dilute-gas limit.

Coefficients from Table 1 [1] (can be downloaded here in text format):

.
[ —
!

3

2.443221 % 10°
1323095 x 107 * Tl |
A, = - 13.359733160195 Eq_ (16)in [1]
L= 6.770357 x 10 ° o«
-3 L k
~3.454586 = 10 k=0 lel
1.096266 % 10~}

Second factor
The second factor represents the contribution to thermal conductivity due to finite density.

Coefficients from Table 2 [1] (can be downloaded here in text format):

1.60397357
2.33771842
L= 2.19650529
-1.21051378
-2.7203370

4
A ie) = BXP| pre) ?
i

i=0|

-0.646013523  0.111443906  0.102997357

-0.0504123634 0.00609859258

-2.78843778 1593616167 0463045512 0.083282701%  -0.007 19201245
454580785 355777244 140944978 0275418278 -0.0205938816
1.60812989 0621178141 00716373224 0 0
457586331 -3.18369245 1.1168348 -0. 19268305 0.012913842
1 i 2 .
— -1 N [Li,jup,e,--nﬂ = 13.287255087768 Eq. (1) in[1]
Trel —

=0
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Conductivity of water and steam

=" x”@ hitp://twt.mpel.ac.ru/mes/worksheets/iapws/wspTCPT.xmcd

Critical enhancement
The addittve contribution represents the critical enhancement of the thermal conductivity.
Additional constants from Table 3 [1]:

1
A = 177.8514 -
0= 9 30nm

vi=0630 4=1239 £,=0.13nm Ty=006 Tg=15

Additional thermophysical properties for given pressure and temperature
Viscosity is calculated using ENC mmplementation of [3] for industrial use:

i o= wspDYNVISRT(p, T) = 92.346297069543 mk Pa sec

Relative viscosity: Mo = = 92.346297069543

Hrefer

: : : k.
[sobaric specific heat capacity: c, = wspCPPT(p, T) = 5.143276209527 Py
q
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Conductivity of water and steam

17




