A new reference book for power engineers

The article concerns a nawaferencebook for power engineers and supporting Internet site

The publishing house of MPEttp://mpei -publishers.ry has issued a neveference book

(Thermophysical properties of workisgibstance®f heat power engineering[1]. The word, newn

means here both that the book has been issued recently, it contains new data on properties of working
substance®f heat power engineering (water antkam, gases, etc.) and also that it is a new type of
reference booka set{book-Internet site). By now some of the reference books, particularly on heat
power engineering, primarily published on paper [3] have been supplemented later with the Internet
sites [411] animating formulae, tables, and plots of the books. fidference booldescribed has been
created in reverse order: at first, the Internet site has been created ael sdhguidebook based on the

site has been written.

Thereference boolkcontainstables on specific volume, enthalpy, entropy, isobaric heat capacity,

sound velocity, surface tension, dynamic viscosity, thermal conductivity, Prandtl number, static
permittivity, refractionindex, ionic product of water and steam calculated by formatasiapproved by

the International Association for the Properties of Water and Steawav(.iapws.org) for industrial
calculations. The tables of thermodynamic properties commispertiesl & G S Y LIS NI (i dzNB a
80cc/ YR G LINB&aada2NBa dzLJ 642 wmnann atl oFd GSYLISNI
including saturation state and metastable supereuatdteam.

Nowadays gaturbine power plants and combined cycle gas turbines are introduced into power

industry inRussia and CIS countries to increase flexibility and efficanmywer stations. In this respect

the reference bookncludes tables on internal energy, enthalpy, entropy, and isobaric heat capacity for
the components ofvorking mediums of combined cydas turbines and combustion gases of boilers:
oxygen, nitrogen, atmospheric nitrogen, air (as well as moist air),carbon dioxide, carbonic oxide, sulphur
dioxide, sulphur oxide, nitrogen dioxide, nitrogen oxide, steam and hydrogenium. Thedébles
propertiesof these gases at ideal gas state are given at temperaturesdpom ¢/ dzLJ G2 HHNJ
In thereference boolare representedall the equations that were used tmalculatethe tables. The

heading of each table shows the addresses of the Internet sitablimg interactive work with these
eguations.

Thus, Figure 1 shows transparent interactive network calculation of the properties of superheated
steam (region 2 of formulation IAPWI7 [2]).
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Figure 1. Network transparent interactive calculation of watand steam properties

Auserof the similar site (the site addresses are also given in the reference book) can change initial data
(in this case pressure and temperature) choosinginegl dimensions, click butto@Recalculatg, and

obtain results (thermdynamic properties of steam) as well as all intermediate data and constants used

in the calculation. The formulations have been published for programmers in order to write
corresponding programs by them. As experience shows, a program can be writtengaitidy but
sometimes it is hard to find and an error in it (errors are inevitable in more or less large programs). But if
a programmer puts hand on a check calculation containing all intermediate data (see Fig. 1) the program
debugging and verificationilvbe more effective due to clear error localization. Particularly, for this

reason the results and the intermediate data shown on Fig. 1 are presented having superfluous numbers
in mantissas. The reference book expresses the tabular values with an@cofidg; 5 significant

figures. Primarily, this limitation is coming from the fact that the data on the substance properties are
always known to have certaimcertainties The magnitudes of thencertaintiesfor the tabular values

are given in the refemece book and on the corresponding sites.
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Figure 2{Papen and ontline calculation of specific isobaric heat capacity of watard steam

Figure 2 shows a part of the table and the site supplementing this table. There are some peculiarities
that make the site stasing out from the{papem analogue:

e Initial data (pessure and temperature) in th@apem table are given with significant increment
(20 degrees for the temperature) that demands interpolations in the intermediate points. The
site is free of this limitabn that is fixed by calculation in the intermediate point of the table (t =
mmnc/ LI T mMdp atl oo

¢ Initial data can be entered using various temperature scales and pressure units customary in
engineering practiceniRussia and all over the word.

e The mispmts and errors on the sitean be corrected immediatelgWord is but wind, the
written letter remaing): corrections in th&papem reference book can be only done during re
edition.

Ausercan change number of significaiguresin results (the variabldigit is described below).
But the main distinctive feature of the site is that it represents not only required value (specific isobaric

heat capacity of water and steam depending on temperature and pressure) but alsoa¢heaintyof



the given value wigh is depends on temperature and pressure, too. The value afrtkertaintyin the

region of water differs from the value in the region of superheated steam and from that in the near
critical region which is shown on the separate diagram of p and T tditevalues. The site shown on

Fig. 2 has a link to this diagram. Beside the uncertainty value this site represents the range of possible
values for the separate water property determined by the given uncertainty.

Using a value from the tables or from th@ernet sites in heat engineering calculation it is always
necessary to keep in mind that these data have certain errors and the errors influence anyhow to the
result, for example, to obtained efficiency of a power plant. Moreover, ideally the resait in
engineering calculation (the value of power plant efficiency) should be represented with the error
defined by the errors of initial data and the calculation technique.

The site shown on Fig. 2 enablesserto choose a number of decimal places of teguired value.

Although, it is theuncertaintythat defines the number of decimal places if it is specified and in

principle, the values from table 2 must contain otilyee decimal placegn > Ho Wk 1 31 YP ¢ K
allows auserto increase the decimal places for example, for checking variation in a calculated value

with minor change of initial data, i. e. to determine a behavior of derivate of current function with

respect to the given parameter (estimation of partial derivate). usnsumen property of the

reference books discussed in description of Figure 3.

Each scientific and technia&ference books a collection of formulae, tables, plots, and texts

commening them. The plots (diagrams) are presented in the reference book and on the sites
supporting it.

If an engineer needs any value he (she) can find it in a table. If it is required to obtain how this value is
changed with varying of initial data, the engér addresses to a plot (diagram). Chawoger from the
{papem book to the Internet site allows us to combine useful properties of a table and a plot. As an
example, Figure 3 shows such a site supporting the reference book.
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Figure 3. Interactive networkliagram of water and steam properties

Entering temperature and pressureuaerof this site obtains not only required value of sound velocity

in water and steam but also corresponding point on the set of isobars on the plot of sound velocity
against temprature. At that, the plot (diagram) automatically shows wanting isobar (in this case, p=35
MPa). Some pages of the site represent the points not on the set of isobars (isotherms, or isochors) but
on the surface, thermodynamic surface, connecting threeapeeters of water and steam, two of which

are initial data and the third is a determined vall&gure 4 shows such a surface.
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Figure 4. Interactive network thermodynamic surface of water and steam

Choosing pages of the sitaigercan simply calculateequired property of water and steam (Fig. 2),
additionally find out its behavior on the set of curves (Fig. 3) or on the surfaces (Fig.4).

(Papen reference book containgropertiesof water and steam depending only on temperature and
pressure, while theite enables us to use the other pairs of parameters as initial data: pressure and
enthalpy, pressure and entropy, enthalpy and entropy, etc. that makes calculations more convenient.
Figure 5 shows a table of tmeference bookand two calculation casesidhe supporting site

connecting with state of water and steam.
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Figure 5{Papen table and network calculatia of water and steam properties

Direct initial data of the table are pressure (heading of the table) and temperature (the first column),
initial data of the site shown on Fig. 5 are pressure and enthalpy. Certainly, working with the table one
can solve a reverse problegestimate parameters of water and steam by pressure and specific
enthalpy (or entropy), but it is rather difficult to do. Bes#] it is impossible to work in twjphase region
(region of moist steam), which is compressed to the horizontal lines on the table separating water
(upper part of the table) from the steam (bottom part). The Internet site shown on Fig. 5 shows that
state d water and steam is noted by corresponding messagjeéaio-phase region or {Singlephase
regiom depending on initial data. In the singbhase region at given p and husergets thermodynamic
properties of water and steam (temperature T, specific ergiad, and specific volume v) and also some
other thermophysical properties: dynamic viscositykinematic viscosity, the Prandtl number Pr,
thermal conductivitys, and sound velocity w. In the twghase region only quality of wet vapor X is
additionallyrepresented.

All the tables of th€ papem reference boolconcerning properties of the gases are integrated with

pages of the Internet site, too. Figure 6 shows such a tandem. The paper table contains thermodynamic
properties of wetair at specific humidy 10 g of water per 1 kg of dry air whereas the Internet site

enables us to make calculations at other values of specific humidity. Obviously, we have in mind that all
the source data of the page supporting treference bookhave limitation on the tolerace range. If a
usersets the initial data outside the limits cégion of validityintentionally or by chance the error

message is appeared together with instructions how it is corrected.



Figure 6. Interactive network calculation of thermodynamic praies of the gases

Thereference boolsite is supplied with the pages for calculation of processes connecting with use of
water and steam. Usually simil@papem reference books are supplied with paper sheets-sfand ks
diagrams of water and steamagerties representing isotherms, isobars, curves of the same humidity,
etc. The site of theeference books integrated with such diagrams in a digital form.



