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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.
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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

@d & http://twt.mpei.ru/MCS/Worksheets/rbtpp/RegionsAllAxes.xmcd
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IAPWS IF-97 Regions on Internet with different axes

|§, http:fftwt. mpei. iMCSAVarksheetsVWSP/RegionsAllAxes xmod
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IAPWS IF-97 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
: FpE=

! 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

s

L8 ¥,

N

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]
14
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Conductlwty of water and steam

| & http:/ftwt.mpei.ac.ru/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

16




Conduct|V|ty of water and steam

|~E;' http://twt. mpei.ac.ru/mecs/worksheets/iapws/ wspTCPT.xmecd

—Ej— Estinated uncertanity of the cotrelation equation
I ! ! :-l- ! I I ! !
1000 At yours temperature T=573.15 K |
% and pressure p =27 MPa uncertanity = 2 %
5 s
| .
. Therefore: = 580.838178243004 "
rm K
5%
Wy
500} Amax = 292.454941807864 rn_w |
m
4 Wi
’ Amin = 369.221414678144 m
2% Tk
3 %
2% 0%
gl | ﬁq’f‘.{.——*f i I i i 6-%%--------- . i
201 300 400 B0 GO0 T 1L  LLILL 1100

Ternperature, K
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What we would like to see on the IAPWS site?

\V

#All live formulations

# All live and cloud functions with all
combinations of input data (p, s, h, T,
D, x... ) for all regions of water/steam

# Examples of using IAPWS-cloud-
functions for industrial purposes

# 3D live plots, animations etc

18




Types of works with the RefBook

#1. On-line calculations

# 2. Functions download

#3. References on functions
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Property of the link

N

|15=; http:/ftwt.mpeiac.ru/rotpp/RegionAll/eng-index.html

Web-version of the reference book
Thermophysical properties of thermal power engineering working substances
Alexandrov A A | Orov KA., Ochlcov V.E.
Functions defined for all regions, described in [JAPWS-TF97

« Function wspHPT (p, T) : Specific enthalpy (H) water and steam as function of pressure (p) and temperature (T) Mathcad 14/15 | Mathcad Prime
« Function wspSPT (p, T) : Specific entropy (5) water and steam as function of pressure (p) and temperature (T) Mathcad 14/15 | Mathcad Prime
« Function wspVPT (p, T) : Specific volume (V) water and steam as function of pressure (p) and temperature (T) Mathcad 14/15 | Mathcad Prime
» Function wspDPT (p, T) : Density (1)) water and steam as function of pressure (p) and temperature (T){ Mathcad 14/15 || Mathcad Prime

. gunczan wsp:ifl :::p . E : : gemperahnie i o w opy (Sz)}:f?ﬂ;?addlﬂ 1 1’5{| lhi?ﬂ;?addP;ﬁ?ﬂe

« Function wsp P, h): Temperature = = e - = v (h) Mathcad 14/15 | Mathcad Prime

s Function wspHSWT (T) : Specific enth Ofiwme (T) Mathcad 14/15 | Mathcad Prime | SMath
s Function wspHSST (T) : Specific enth ' wspDPT xmodz (T) Mathcad 14/15 | Mathcad Prime | SMath
« Function wspSSWT (T) : Specific enfrop % (T) Mathcad 14/15 | Mathcad Prime | SMath
» Function wspSS8ST (T) : Specific entrop (T) Mathcad 14/15 | Mathcad Prime | SMath

How to work with this function Ze= Mpotokon: HyperText Transfer Protocol

Tun: Mathcad Document

Appec: http://twt mpei.ac.nu/htpp/MC-
(URL) WSP/M15/wspDPT xmecdz

Go to the back page >>>

20
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1-st work step - comments
M Mathced - Untecit .

() File Edit View Inset Format Tools Symbolics Window Help

D-E2EEGRAY| L RB|o - |T: (R =R 30O||oe -] @
| [ormai = | Arial ~lw - B I U|EE =
B A [ r= [R<F TTap @ F °C FFFC £ = o |

Water density as function of temperature and pressure

i
*
k-

=




2-d work step - Reference

N

M Vot - nitec i

ﬁ! Eile Edit View I!nsertl Format Tools Symbolics Window Help

|- | &| Geph e me = e D0 |we <@
[Norml [:2] Matrix... M [~ B £ U IEEEIES R
v fi®! Function... Ctrl+E
w [ 2= R g . cnew | %]
Water density = Bcture T jture and pressure
Area
+ Page Break Ctrl+)

Math Region  Ctrl+5Shift+A
Text Region !

i Com ponent...

Data 3
Control r
Object...

Beference...

5 Hyperlink... Ctrl+K




3-d work step — Insert Address

N
\J

M Mathcad - [Untitied:1] e — - @

ﬁ] File Edit View Inset Format Tools Symbolics Window Help
D-FE|SRY| 2@ 0|t (o =|620|0e - @
_[Nnrmal "I.ﬁ.rial v[lﬂ ‘-'” B 5 U |. | | x,

A [ n= [R<E T1ap @ [ °F °C FFFC & &~ e |

i
=
=z

Water density as function of temperature and pressure

-
Insert Reference ﬁ

Insert reference to file:
http://twt.mpei.ac.ru/rbtpp/MC-WSP/M15/wspDP T.xmcdz | Browse... |

Enter or locate the path to the document you want to reference. This can be a document
on your hard drive, or a document on your company's network.

Use relative path for reference

[ oK ] | Cancel

23
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wspDPT (1atm 1)
wspDPT (5atm 1)

1000.2

10001

1000

99909

999.8

9997
D

E| Reference:http:fftwt.mpei.ac.ru/rbtppMC-WSP M 15/ wspDFT. xmcdz

t=0°C,01°C._9°C

Finish - calculations

Water density as function of temperature and pressure

o~

—~———

N\

AN

/

N

t/°C

10
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Rankine cycle with IAPWS-cloud-
functions

M Mathcad - [34-PE-Ideal-Rankine-Cycle-for-Supetheated-Steam-SI-Units-Web-function]

= mFile Edit View Insert Format Tools Symbolics Window Help

N-wH SRY| 4 @B oc|["; (M=o 0w )@
[Nurmal vl.ﬁ.rial vllﬂ v” B I U |§ E= |

(] = [ <E F]af ® °F °C FFFPC = & @ ||

AR

The temperature of steam
at the turbine inlet (point 1)

The pressure of steam
at the turbine inlet (point 1)

The pressure of wet steam
in the condenser (point 2)

Mathcad & Enabled Content Copyright @ 2012 Knovel | www.knovel.com )
Calculation of the ldeal Rankine cycle with the steam superheater with water/steam as the working media
Created by Valery Ochkov ( hitpid/ftwt.mpei.ac.ru/ochkoviv_ochkov.htm )
T1
Ty =
550
kaailer pq =
113
]
pump
—e 75:' 5 o
R2¢ 3 4
]
1.#
a b
S~ s.




Rankine cycle with IAPWS-cloud-

functions

\|/

The specific enthalpy of steam at the turbine inlet - Link on the the Cloud-function on the site http:/fiwww.trie.ru:

Reference:http:fftwt.mpei.ac.ru/frbtppfwspH2PT. xmcdz

The specific entropy of steam at the turbine inlet
E| Reference:http:/ftwt.mpei.ac.ru/rbtpp fwspS 2PT. xmcdz

The specific entropy of wet steam at the turbine outlet:

The temperature of wet steam at the turbine outlet

Reference:http:fftwt.mpei. ac.ru/rbtppfwspTSP. xmcdz

The specific entropy of saturated steam at temperature T,
E| Reference:http:fftwt.mpei.ac.ru/rbtppfwspSS55T. xmodz
The specific entropy of saturated water at temperature To

E| Reference:http: /ftwt.mpei.ac.ru/rbtpp fwspSSWT. xmcdz

The dryness fraction of wet steam at the turbine outlet:

hq = wspH2PT(py,Tq) = 3471.39 ki/kg

5q = wspEEF’T[m ,T1'_:| = b.609 kJ/(kg K)

s = 51 = 6.609 kJ/(kg K)

Ty = wspTSP(py) = 28.96°C

So5q = WSPSSST(Ty) = 8.473kl/(kg K)

Spsw = WSPSSWT (T5) = 0.422kJi(kg K)

59~ 52
Xp= — "0 _ 76.384%

S2s5 ~ S2sw

26




Rankine cycle with IAPWS-cloud-

functions

N

L/

The specific enthalpy of saturated steam at temperature To

E| Reference:http: fftwt. mpei.ac.rufrbtpp fwspHSST . xmcdz
The specific enthalpy of saturated water at temperature To
E| Reference:http: fftwt. mpei.ac.rufrbtpp fwspHSWT . xmcdz

The specific enthalpy of wet steam at the turbine outlet:

The enthalpy of water at the pumpr inlet:

The entropy of water at the pumpr inlet:
The specific entropy of water at the boiler inlet:
The temperature of water at the boiler inlet

E| Reference:http: fftwt. mpei.ac.ru/rbtpp fwspT 1PS. xmecdz

The specific enthalpy of water at the boiler inlet
E| Reference:http: fftwt. mpei.ac.rufrbtppfwspH 1PT. xmcdz

hogs = WSPHSST(Ty) = 2553.71 kl/kg

Mgy = WSPHSWT (T = 121 4 kl/kg

hg = Xo(N9gs = Nogyy) + gy, = 1990.35 ki/kg
hg = hogy, = 121.404 kl/kg

53 = Sogy, = 0.422kl/(kg K)

s¢ = 5q= 0.422kJi(kg K)

Tg = wspT1PS(py.55) = 29.24°C

hg = wspH‘IF’T[p1 _.T5-_:| = 134404 kl/kg

The heat added in the boiler:  gq = hq — hg = 3336 99 kJ/kg The turbine mechanical work: liyrp = N1 — ho = 1481.04 kJ/kg

The heat rejected in the condenser:  gg = hy — hq = 1868 94 kl/kg  The pump mechanical work: |

The thermal efficiency of the cycle: ;=

oump = N5 — h3 = 13.001 kJ/kg

J1- 92
9

=43.99%

27




Animations

T~ Coolng water fiam he ceoling tome! condenses the
_— steam coming aut of the tubing
1 =

N
\J

R inkine Thermal Cycle

Crlcel pore
P 22068 W
T« 08C

Sressure p = 0 0OM00 MP&
Temgerstue T X95C

Seertpy ' =0 E0kMPpg )

2 =0 - watar x= 1. steam
¥ B304k %107

Cledted by V. [ T
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This topic on the PTC-site
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This movie on the PTC-site

ya|

~ W Mathcad - [Untitled:1]
pm File Edit View Inset Format Tools Symbolics Window Help

D-2d RV 8 » : M= B w% <@ |[FocrFrc t x> o @AHEH=EECNs e
ariables Times New Roman 10 I - My Site v PG

tl = 550°C = 823.15K

pl = 20MPa

E] Reference:htip: //twt.mpei.ac.rufrbtpp fwspH2PT. xmedz

hl = wspH2PT(pl 1) = 3396 x 10° 2 §
2

N

<

Press F1 for help.




This topic on the Knovel-site

a@ D http://www.knovel.com

®
0 KﬂOVﬁl Q) search knovel... Options v » Recent Searches
?@ﬂ Knovel Power Engineering Worksheets (Mathcad-enabled)

By: Ochkov, Valery © 2012 Knovel

Knovel Power

Engineering Description: Knovel's Power Engineering Worksheets are a collection of over 370 worksheets specific to power
:':ﬂh"i‘:‘"f';}’, generation and engineering and enabled by Mathcad. Areas of coverage include mathematics and motion; steam

: : generation; water treatment; thermodynamics of ethanol, gases, water, and steam; and thermal conductivity and
Title Details quasistatic Young's Modulus of metals and alloys. Mathcad is a computer-aided design platform with calculation and

graphic capabilities which can be used to transcribe engineering content into solutions.
Mathcad 14 or 15 s required.]

H Table of Contents
Pressure of Water and Steam near Critical Point (Region 3 1APWS-IFO7) as a Function of 50 % Mathcad IETEH
Density and Temperature {51 Units)
Pressure of Water and Steam near Critical Point (Region 3 1APWS-IF97) as a Function of 50 % Mathcad @Text
Density and Temperature (US Units)
Pressure of Water and/or Steam as a Function of Density and Temperature {S1 Units) 50 % Mathcad IETEH
Pressure of Water and/or Steam as a Function of Density and Temperature (LS Units) 50 % Mathcad ﬂText
Properties of Water and Steam - IAPWS-IF27 Region 1 (Water) (31 Units) 50 % Mathcad ﬂText
Properties of Water and Steam - IAPWS-IF97 Region 1 (Water) (US Units) 30 % Mathead ﬂText
Droanarios nf Watar and Staam  1ADWS IC0T Dasine 3 (Staam (21 1 Initel 50 0 iy ="
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Thank you
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