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Table 9.3 REeaction and Deformation Formulas for Circular Arches 100 % If'm Mathcad (252)
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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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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 Russian National Commitiee 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 use
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@ http://tools.knovel.com/ie

® Knovel® Interactive Equations

A chemistyach.. 3  \Welcome to Knovel Interactive Equations

% Mechanics & Me T7 = Browse collections of practical equations and methods, use the built-in Solver to calculate, and export
your calculation for reports or sharing knowledge

= Create a worksheet from scratch by combining text, math, images, and plots. Have easy one-click
JVVV Metals & Metallu 13 access to a toolbox containing math functions, engineering units, programming structures, and math
symbols used in engineering formulas

Use the left panel to browse through the collections. To preview the equation in HTML or calculate using the

built-in Solver, you need to register with Knovel. Registration is easy via a simple form. If you have already a
Knovel account, please login.

For more information, please check out the resources located under the Help Menu .

A —— e

The first edition of Interactive Equation comes with authoritative content in the form of
& i equations paired with worked solutions from Chemistry and Chemical Engineering,
Mechanics and Mechanical Engineering, and Metals and Metallurgy.

[WATCH THE VIDEQ]

Built-in software allows you to import, calculate, and export your calculation in PDF, Mathcad,
. or HTML formats. Click this button H on the right side of the screen to go directly to Equation
Solver.

[WATCH THE VIDEQ]
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CcblNIKa Ha CNPaBOYHUK C «KMePTBbIMU GOpPMYIaMMN»

(@

O nhttp://app.knovel.com/web/view/swf/show.v/rcid:kpASHRAEAZ/ cid:ktD0AFVIV3/viewer Type:pdf/root_slug:ashrae-handbook-heating-31

rowse

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 varighle-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 Now of Muid, ke's
Ap = pressurs inerease, Pa

Figure 21 shows how water power increases with flow.

The total power P, required to operate the pump 1s determined 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.

@ 2012 ASHRAE Handbook - Heating H 44.9 Affinity Laws >

PUMP EFFICIENCY

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

Output P,
B,

Efficiency = w L0005 4

Tt

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)
i the optimum efficiency for this pump; operation above and below
this point 15 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 flud and
converts the velocity energy to pressure energy, can be categorized
by a set of relationships called affinity laws (Table 1), The laws can
be described as similarity processes that follow these rules:

|. Flowr (capacity) varies with rotating speed & (i.e., the peripheral
velocity of the impeller).
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sHare [ 1B m in HELP

A emetyéch gy Fluid Dynamics

Fluid Dynamics 28
: 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 P P gy
: - 8 Bingham Fluid Model
Pipe Analysis 2 — 9
Shear stress versus shear rate for Newtonian fluids and non-Newtonian fluids.
Thermodynamics 11

Power Requirement for a Water Pump

An equation for CaICUIating the power requirement of a water pump as a function of water denﬁity.
% Mechanics & Me 77 Water density is calculated as a function of its temperature and pressure per IAPWS Formulation for
Regiﬂ'n 1. This Equatmn can be used for pump selectionin a Vanety of industries, mcmding chemical
process and power generation.

AN\ Metals & Metallu... 13
Pump Equation

Plunger pump productivity.
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Power Requirement for a
Water Pump

An equation for calculating the power requirement of
water pump as a function of water density. Water dens
is calculated as a function of its temperature and
pressure per IAPWS Formulation for Region 1. This

~ Power Requireme...

Knovel Worksheet (.sm)

Power Requirement for a Water Pump

_ qmass-[paut_pin

N

equation can be used for pump selection in a wariety C PDF file [Pdﬂ pume © npumlﬁ
industries, including chemical process and power HTML file (.htm) Mass flow rate of water a =120 L
generation. Mathcad 15 file (.xmcd) | nass ?
Inlet pressure of water pin;z aTM
Contributed by: Valery Ochkov Image file (.png)
Cutlet pressure of water P =T arn
References: Excel Spreadsheet (.xls) ou
Temperature of water T=90 °C
hitp./fapp knovel.com/webNiew/swi'show.vircid. kpASHRAEAZ2/cid: o n =0,85
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20Equipmentd%20%28519%20Edition9%29 water 2 2 3
Citations: 1.) 2012 ASHRAE Handbook - Heating, Ventilating, and Flow rate of water: aq 3
Air-Conditioning Systems and Equipment (S Edition). Page 44.7. q -85 _124,20048 2
American Society of Heating, Refrigerating and Air-Conditioning volume o g
Engineers, Inc., 2012. 2.) International Association for the Powaer regquiremsnt for the water pump:
Properties of Water and Steam, "Revised Release on the |APWS
Industrial Formulation 1997 for the Thermodynamic Properties of
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Density of water as a function of p and T

B

water

(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"

v[w; t}= "Gibbs free energy"

I:
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CkadeHHbIn ¢ canTa Elsevier/Knovel Mathcad-pacueT
M Mathcad - [Power Requirement for a Water Pump]

ﬂ File Edit View |Insert Format Tools Symbolics Window Help
ID-BEISRY| 2B |loo|": P =|R

Density of water:

Flow rate of water:

Power requirement
for the water pump:

[»] Density of water (Region 1 IAPWS-IF97) as function of pressure and temperature

Pin * Pout kg
p = Pwater[T ,T) = 965.481 —

m
‘ Omass I rn3
Wvolume = ——— = 103.575 —

p hr

IkNﬁmlal v | Arial vin v| B 7 U||E=
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 Mpump = 85%
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Pacyer MaccoBOro pacioida BOIdbI

MoxogHble faHHbIE

OfbeMHbIi packod Bogbl MU

HdasneHne soabl
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MpomeHyTOUHBIE JaHHBIE

aTm
C

ObbemHBIM pacxon soabl mgj-"c

daeneHWe soabl
TemnepaTypa s04bl

MNnoTHOCTE BOODBI

OtBeT
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NMaccoBp pacxon soabl
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K

Kr/m°

Krfc

T 4
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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
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MBTAHTEPMO Ha pacyeTHOM caunte
M2WUN-OUNBT-Tpunepy

l:"=:>\| & http://twt.mpei.ac.ru/TTHB/2/OIVT/IVTANThermo/Rus/index.htm#open

P e
(2 TepMogMHEMWUYECKWE CEOI. . | |

Npoexkt HUY "M3K" v OUBT PAH

JNEeKTPOHHDLIN CNPaBOYHKMK "TEepMOgUHAMMYECKME CBOMCTEE MHOMBMAYANbHDbIX BellecTs”
e 6 Tomax WspgaTenscreo "Hayka", Mockea, 1978-2004 rr. O cnpasouHmMke ===
Tabnvua KNAcCOB TOUHOCTK >

1 Tom:

Awvokcug gentepua DO; (ras): tabnuua w3 cnpasodyduka | online-pacyer | Mathcad-dyHKUMA ANA cKaYMBaHWA WK CCbLIKM

| Mathcad Prime | Mathcad Express | SMath | Excel

Oson O; (raz): tabnuua ws cnpasoyHuka | online-pacuer | Mathcad-dwHEUKWA ANA CKAYMBAHWMA MK CCBLIKM

| Mathcad Prime | Mathcad Express | SMath | Excel
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& http://twt.mpei.ac.ru/MCS/ Worksheets/Thermal /OIVT/IVTANThermo/Bookl /Chlorine-g/Cl-g-onlinexmed

Wz cnpaeouyHuka "TepMoaoMHaMuyeckne CEONCTEA HHOMEMAYaNbHLIX BEWECTE

M. Hayka, 1978, Tom 1, Knura 2, 327 ¢, Tabnwua 52, c. 93-94, knacc tounoctw |, Tabnuua

From the reference book "Thermodynamic properties of individual substances”
Moscow, Mauka Publishing House, 1978, Volume 1, Book 2, 327 pages, Table 52, p. 93-94, accuracy class |, table

Xnop Cl (raz)
Chlorine Cl (gas)

I = 35,4535

2
mole

WuTepean temnepatyp 500 K- 10 000 K
Temperature range 500 K - 10,000 K

T= o000 ¢
°F
Recalculate |°R

Termmoémrocte mpH mocToAHHoM JaBneHrni /| Molar specific heat capacity at constant pressure

24

':pl:I': IV

23 A

con(T) = 22,205

I

mole-E

31 :

20

Temperature, K
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[eHepauuna ¢yHKUMKM ansa Java, VBA, Matlab...

aﬁi" 1& http://ilthermo.irboc.com/index.phpitype=18&back=0%7C%7 C&method=11&action=1&workspace=2&lang=enftid=30 L~2 ;; K "’
IRBOC v2 - Properties of Ionic Liquids A
Datasearch :: Help :: Suteinfo :: Backfeed

<< Search results :: Datareview :: Online Calculation :: Code Generator :: File Generator

Code generator Java
Select programming language [Matlsb V| 2> [VBA TEST

Select method of interpolation/approximation | nearest V| (::}—
Code of function:

Copy into one big Matlab project

2\

__Generate | v5cubic

function S_C6H11BrN2 = S_C6H11BrN2(T)
$Compound: l-ethyl-3-methylimidazolium bromide;
$Formula: CEH1l1BxrN2;
$Property: Entropy as function of Temperature;
$Year Pub.: 2007;
$Authors: Paulechka, Y. U.; Kabo, G. J.; Blokhin, A. V.; Shaplov, A. S.; Lozinskaya, E. I.; Vygodskii, Y.
Se: 2
§Source: J. Chem. Thermodyn. 39 , 158-166;
%#Phase: Crystal;
variablel = [0 5 10 15 20 25 30 35 40 45 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210
220 230 240 250 260 270 280 250 298.15 300 310 320 330 340 349.92];
prpvalue = [0 0.109 0.998 3.6 7.26 11.89 17.17 22.85 28.73 34.7 40.67 52.43
114.1 123.1 131.7 140 148.2 156.1 164 171.6 179.1 186.4 193.7 201 208 215.1 222.
257 264 270.9 277.9 284.8];
if T >= min(variablel) && T <= max(variablel)
S_C6H11BrN2Z = interpl(variablel, prpvalue, T, 'nearest');
else
S_C6H11BrNZ = 'Error: value of argument is out of range.';
end

€3.81 74.72 8S5.
2 229.1 236.1 2




HoBas apa paboTbl ¢ 6azamu AaHHbIX
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[InoTHOCTE BOAAHOMD Napa wspDPT(30MPa_ 700 °C) = 73.238 —!;
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BbiBOADbI:

* PAH, B yactHocTu, OUBT nmeet boratenwne 6a3bl
AAHHbIX

* Elsevier/Knovel, M3U n Tpuepy «coBmecTHO-
napannenbHo» pa3pabotanm addeKTUBHbLIN
MHCTPYMEHT ana nybankaumm n anctpnbyumnmn 6a3
NAHHbIX U NTPUMEPOB UX MCMNOIb30BAHMSA

* Hy)XHO HanTM cnocobbl peannsaumm 3Toro
COBMECTHOro NPOeKTa, B YaCTHOCTH, Yyepes
KoMmmep4yecKoe NapTHEePCTBO U UCMO1Ib30BaHMeE
doHpoB PocobpHayku, PAHO mn gp. MHCTUTYTOB



