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Knovel is a cloud-based application integrating technical information with analytical and
search tools to drive innovation and deliver answers engineers can trust.

Knovel is specifically focused on the engineering community, offering an unmatched depth and breadth of validated
engineering content aggregated from the most trusted sources. Knovel's comprehensive collection of content is continually
updated as new titles are available to reflect the evolving needs of users.

Knovel is the leading online technical reference resource for 3 reasons. First, Knovel locates more potentially relevant
answers in a collection. Second, Knovel is better at quickly narmowing the potential answers to those most relevant to your
search. Third, Knovel has interactive tables and graphs to help engineers use and export relevant data, making Knovel so
much more than just e-books.
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Knovel Power Engineering Worksheets (Mathcad-enabled)

By: Ochkov, Valery © 2012 Knovel
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Description: Knovel's Power Engineering Worksheets are a collection of over 370 worksheets specific to power
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
guasistatic 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 is required.]
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IAPWS Formulations in Mathcad sheets
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JAPWS Formulations in Mathcad sheets
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Mathcad ® Enabled Content Copynght @ 2012 Knovel Created by Valery Ochkov
Calculation of the Ideal Rankine Cvcle with the Steam Superheater with Water/Steam as the Working Media (US Units)
lr The temperature of steam at the turbine inlet (point 1) Ty =

T, 11022 |F v

The pressure of steam at the turbine inlet (point 1) py = I—_’
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The pressure of wet steam in the condenser (point 2)  po
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[¥] specific enthalpy of water (Region 2) as function of pressure and temperature
The specific enthalpy of steam at the turbine inlet:  hy = h|.ﬂF’WS—|FQ?—REQiGH2|::p1 ,T1} = 1474 3 Bi/lb

[¥] specific entropy of steam (Region 2) as function of pressure and temperature

The specific entropy of steam at the turbine inlet: 51 = SlﬂPWS—IFQ?—Regian(FH 1-|-1:] — 1,539 Btu/(lb °R)



WS Formulations in Reference books
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Thermophysical properties of working substances of thermal engineering: reference
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224 p.

The tables of values of specific volume, specific emthalpy, specific enopy, specific isthasic heat
capacity, sound velocity, srface fension, dynamic viscosity, heat conductivity, Pranddl mumber, static die-
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IAPWS Formulations in Reference Book and on Mathcad calculation server
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IAPWS Tables in Reference Book and on Mathcad calculation server
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IAPWS Plots in Reference Book and on Mathcad calculation server
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Nuclear Power Plant calculation with IAPWS Formulations on Mathcad server

= Moscow Power Engineering Institute: Mathcad Calculation Server - Windows Internet Explorer
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Links on live Mathcad calculation from IAPWS site
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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 onlv 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
useful in program development and verification. Note that LAPWS is not responsible for the content of these online calculation pages:

o for peneral and scientific use
o for industrial nse




Mathcad problems

« Mathcad Is a software of one company (PTC)

 The price of Mathcad is 1500 — 7000%

« Mathcad based only on Windows

Free new Mathcad — SMath (www.smath.info)



Online calculations, “clouds” functions, download
Mathcad and SMath sheets from the book
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Calculation Server of National Research university Moscow Power Engineering Institute (MPEI)
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Interactive reference books

Alexandrov A.A., Orlov K.A., Ochkov V.F.
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One reference book with «dead» formulas
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EE Browse @ 2012 ASHRAE Handbook - Heating B 44.9 Affinity Laws

boundaries for operation of the system. The net vertical difference
between the curves is the difference in friction loss developed by the
distribution mains for the two extremes of possible loads. The area
in which the system operates depends on the diverse loading or
unloading imposed by the terminal units. This area represents the
pumping energy that can be conserved with one-speed, two-speed,
or variahle-speed pumps after a review of the pump power, effi-
ciency, and affinity relationships.

PUMP POWER

The theoretical power to circulate water in a hydronic system is
the water power P and is calculated as follows:

P =mApip (3)

where

m = mass Mow of Muid, kg's

Ap = pressure increase, Pa

Figure 21 shows how water power increases with flow.

The total power F, required to operate the pump is determimed by
the manufacturer’s test of an actual pump running under standard
conditions to produce the required flow and pressure as shown in
Figure 11.

PUMP EFFICIENCY

Pump efficiency is determined by comparing the output power to
the input power:

Output P
Efficiency = T“q’; = ¥ x 100% (4)
npy t

Figure 22 shows a typical efficiency versus flow curve.

The pump manufacturer usually plots the efficiencies for a given
volute and impeller size on the pump curve to help the designer
select the proper pump (Figure 23). The best efficiency point (BEP)
is the optimum efficiency for this pump; operation above and below
this point is less efficient. The locus of all the BEPs for each im-
peller size lies on a system curve that passes through the origin (Fig-
ure 24,

AFFINITY LAWS

The centrifugal pump, which imparts a velocity to a fluid and
comverts the velocity energy to pressure energy, can be categonzed
by a set of relationships called affinity laws (Table 1). The laws can
be described as similarity processes that follow these rules:

l. Flow {capacity) varies with rotating speed & (1.e., the peripheral
velocity of the impeller).
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A emetyéch gy Fluid Dynamics
Fluid Dynamics 28

Bernoulli Equation

Flow Mechanics k For inviscid and adiabatic flow, an increase in the speed of the fluid occurs simultaneously with a
decrease in pressure or a decrease in the fluid's potential energy.

Viscosity 4
: - Bingham Fluid Model
Pipe Analysis 2 9
Shear stress versus shear rate for Newtonian fluids and non-Newtonian fluids.
Thermodynamics il Power Requirement for a Water Pump
An equation for calculating the power requirement of a water pump as a function of water density.
% Mechanics & Me 77 Water density is calculated as a function of its temperature and pressure per IAPWS Formulation for
Region 1. This equation can be used for pump selection in a variety of industries, including chemical
process and power generation.

AN\ Metals & Metallu... 13
Pump Equation

Plunger pump productivity.
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Power Requirement for a

Water Pu mp Power Requireme...
An equatlcrn for ca[culalltlng the power IEQUITEH’IEHT of Power Requirement for a Water Pump A ‘
water pump as a function of water dEr‘lSTt}f. Water dens
is calculated as a function of its temperature and Knovel Worksheet l_sm} qm .[p -p. o
. . . ass out in
pressure per IAPWS Formulation for Region 1. This PDF file (.pdf) Npump= e X+
equation can be used for pump selection in a w.rarietg,r C : pump .I
industries, including chemical process and power HTML file (.htm) Mass flow rate of water q =120 L  mEm
generation. Mathcad 15 file (.xmcd) | nass ?
Inlet pressure of water pin:= 2arM <>
Contributed by: Valery Ochkov Image file (.png)
Cutlet pressure of water P =T arn
References: Excel Spreadsheet (.xls) ou f
Temperature of water T=90 °C
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Calculations on Elsevier/Knovel site

Density of water as a function of p and T
B

[p; T}= "Revised Release on the IAPWS Industrial Formulation 1997"

"for the Thermodynamic Properties of Water and Steam”

"gee http://www.liapws.org/relguide/IF97-Rev.pdf"

"Density of water (Region 1) as function of pressure and temperature"

water

v[w; t}= "Gibbs free energy"
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Download Mathcad sheet from Elsevier/Knovel site

M Mathcad - [Power Requirement for a Water Pump]
Ml File Edit View Inset Format Tools Symbolics Window Help

D-EE EGRAY|H 2B oo |™": (P =|B

Normal leriaI v|10 v_‘B I Qlt%
tonne
Mass flow rate of water Omass = 100 -
Inlet pressure of water Pin = 2 atm
Outlet pressure of water Pyt = 7 atm
Temperature of water T=90°C
Pump efficiency Npump = 85%
Density of water (Region 1 IAPWS-IF97) as function of pressure and temperature
'd
Pin * P
Density of water: p = Pwateer—um ,T) = 965.481 k_93
2 ; m
q
Flow rate of water: Qoluma ™ mass 103-5?5m—

p hr

Power requirement
for the water pump:
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OtBeT
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Ma
K

Kr/m°

Krfc

T 4

100

50

0027775
J09275
363,15

965,315

26,514
96,332

c

100

50

=C4/3600
=C5*101325
=Ce+273,15
=wspDPT(C10;C11)

=C9*C12
=C15*3600/1000



Protection of the IAPWS function
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Steam Velosity in the tube

[internal gecticn of the tube]

2
d
F==H'T=1?6f?1 CIm

2

[Eteam Velosity in the tube]

qV m
Ve=—=20,0185 —
F S

Regicon protection

Language

Pressure of steam p=25 MPa
Temperature of steam t=550 °C
Mass flow rate of steam q=100 -
Inner diameter of the tube d:=150 mm
Specific Volume of =team a=z a function of p (preassure) and T - see the collapsed area
I —
) Cut
[jen31t§,= of steam] ['»’Dlume flow rate of steam] - .
kg 3 opy
p=wspD2PT(p ; t|=78,522 —= q m Paste
e Ay==1273,5 5 Delete
Select all

Unlock...

—
k




First SMath wsp-files

Functicon wspDl1PH

=

One example of using:

, o EBTU
Pressure of water p=3Z psi Specific Enthalpy of water h=0,133 —
3
: kg 1
Density of water p=wspD1PH(p ; h]=999,9056—3 v==—=D,D16D1998T
m p
S OrepuiTs
l\.__-"”\_..f" | . v Kowmnewotep » My Passport (G:) » Knowel » LAPWS - | +3 | | Mouck: IAPWS
¥nopagodnTe * Hoean nanka
T WsBpanHoe o iSiRankine-Thermal-Cycle.sm S Velosity-Steam.sm iSrwspD1PH.sm
2 Dropbox iSiwspD1PS.sm iSwspD1PT.sm iSrwspD2PT.sm
4 3arpysku iShwspHIPS.sm iSrwspH1PT.5m iSrwspH2PT.5m
| HegagHue MecTa E iSiwspH3RT.sm iSiwspP3RT.sm iSrwspPS5T.sm
M PaBounii cron iSiwspS1PH.sm iSiwspS1PT.sm iSrwspS2PT.sm
iS)wspS3RT.5m iSiwspS5PT.em iSrwspS55T.sm
- BuBanoTexn iSiwspT1PH.sm SiwspT1PS.sm iSrwspT2PH.sm
B Buaco iSiwspT2PS.sm iSiwspT3PH.sm iSrwspT3PS.sm
3 JokymeHTel SiwspT5PH.sm SiwspT5PS.sm SrwspTSP.sm
| VzoBpaxennsa iSiwspULPS.sm iSwspULPT.sm iSrwspV1PH.sm
o' Myzsika iS)wspV1PS.sm iSrwspV1PT.sm SrwspV2PT.sm
SiwspViPT.sm




One real problem with wsp

S SMath Studio Desktop - [Rankine-Thermal-Cycle.sm] m

File  Edit  View

1TmES

Insert  Calculation Tools Pages Help
E 10 -A90 o ¥ @ | %

+Ca.'_cu'_at,‘_on of the thermal efficiency of the steam turbine (Rankine) cycle

Boiler

P. T Input data:
Electrical p. =13 MBa T =550 °
generatar L L
Turbine
M 1.
Condenser =<
=
cond B =% kP2
Feed water pump |
3 O 3 We must use

B—Function wspHZDT

H—Function wspSZET

11 wsp SMath function
from Knovel EquLibrary

[Specific enthalpy of fresh steam (the turbine inlet) :]

h_=wspH2ZPT[p_ , T |=3471.4 ==
0 a kg

or

[Specific entropy of fresh steam (the turbine inlet) :]

kd
kg K

30==w3p52PT[p0 , T ]=6.60€?

4]

H—Function wspISP

[Temperature in the con:lenser:]

=28.96 °C

Tcond==wspTSP [p

cond]

Specific entropy of steam in the cutlet of the turbine
an ideal process of the steam extensicon)

LS
a

=5 _=6.609
3173 kg K

functions
-

—Function wspSSWT

H—Function wspSSST

—Function wspXIS

[Dryness of steam in cutlet of turbine:]

=0.7684

xl:=w3pXTS [Tcond ) 31

H—Function wspHSST

H—Function wspHSWT

H—Function wspHSTX

[Specific enthalpy of wet steam in cutlet of turbine:] [Specific work of steam in turbine:]

h :=w3pHSTX[T x ]=1990.3‘(—"
1 1 kg

—nh. =148 XF
Ryh =1481.0¢ =

t

cond

[Specific enthalpy of water at saturated line at temperature in the condenser]

k
h_:=wspHSWT [T =121.4 —
2 i [ ccmd] = P

[Specific entropy of water at saturated line at temperature in the condenser]

— wEpSSWT [r ]=o.4224 ud il
cond kg K
[Pressure of feed water:] [Specific entropy of feed water (an ideal process in the pump) :]

=p_=13MP
p3 po 13 'a

H—Temperature of water (Region 1) as function of pressure and entropy.

[Texrperature of feed water:]

= =2 2 °c
T, wspTlPS[pS,sa] 29.24 °C

FH—Specific enthalpy of water (Region 1} as function of pressure and temperature

[Specific enthalpy of feed water:] [Specific useful work of the turbine:]

xJ kT
h_=wspHLET T.|=134.4043 -2 1 =h_-h_=13.0007 ==
3= vaE [pa' 3] PE; 3 Xg

B

[Spesific heat of the bouler] [I‘hermal efficiency of the cycle:]

kd 1 -1
—_ = e —_—
o h3 3336.9854 Py 2]

=0.438%




International Association for the Properties of Water and Steam (IAPWS) is an international non-profit
association of national organizations concerned with the properties of water and steam, particularly
thermophysical properties, cycle chemistry guidelines, and other aspects of high-temperature steam,
water and aqueous mixtures relevant to thermal power cycles and other industrial and scientific
applications. IAPWS objectives are:

To provide internationally accepted formulations for the properties of light and heavy steam, water and
selected aqueous solutions for scientific and industrial applications.

To provide technical guidance, obtained by international consensus of experts, on cycle chemistry and
technology for steam power cycles in fossil and combined cycle plants and other industrial applications.
*To define research needs and promote and coordinate research on steam, water and selected aqueous
systems important in thermal power cycles To collect and evaluate the resulting data, and to
communicate and promulgate the findings

To provide an international forum for exchange of experiences, ideas and results of research on high-
temperature agueous media

To further these objectives, broaden the use of IAPWS formulations and to make power engineers
around the world more productive by performing IAPWS calculations interactively online, we would like
to include about 40 IAPWS formulations and several relevant calculation examples in the Knovel
Interactive Equations.

The formulations will be converted into appropriate format and the calculation examples will be created
by Prof. Valery Ochkov of the Moscow Power Engineering Institute (MPEI). Prof. Ochkov is a member of
IAPWS and a world-renown expert who pioneered interactive engineering calculations online and has
collaborated on a number of related projects with Knovel in the past. We plan to reference Knovel-based
IAPWS formulations on our site (http://www.iapws.org/).

Prof. Ochkov has agreed, during a recent visit to Moscow by your associate, Mr. Sasha Gurke, to
provide all the work gratis; and IAPWS would not require royalties or any other payments for its content.
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Joint initiative research projects aM_a» 31.12.2014 00:00 no data
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German Research Foundation (DFG)
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Russian Foundation for Basic
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Valery Ochkov
MPEI
ochkov@twt.mpei.ac.ru



