ENERGY ENGINEERING AND CONTROL SYSTEMS

Volume 6, Number 1, 2020 61

Computer-Aided System for Designing the Thermal Energy M etering Devices

Fedir Matiko , Oksana Byts, Leonid Lesovoy, Halyna Matiko
Lviv Polytechnic National University, 12, S, Bandery Str., Lviv, 79013, Ukraine
Received: April 17, 2020. Revised: June 09, 2020. Accepted: June 16, 2020.
© 2020 The Authors. Published by Lviv Polytechnic National University.

Abstract

The paper presents the developed computer-aided design (CAD) system of thermal energy metering devices,
which includes flowmeters with standard primary devices. Theoretical bases for CAD developing are considered, in
particular, agorithms for determining the therma energy amount that are developed by the authors, complete
mathematica model of differentia pressure flowmeter, realized by taking into account the limitations of standards
DSTU GOST 8.586.1-5:2009, |APWS methods for determining water and steam properties, a method for calculating
the isentropic exponent of steam, a method for estimating the uncertainty of measurement result of therma energy
amount, developed by the authors, as well as new approaches to the computer-aided design of therma energy
metering systems proposed by the authors. The main characteristics of subsystem for entering and validating the input
data are presented. The CAD dialog box for entering the characteristics of measuring instruments of pressure,
differential pressure, temperature, which are the components of thermal energy metering system, as well as the dialog
box for entering the characteristics of measuring pipe. The basics of the developed technique for estimating the
uncertainty of thermal energy amount that is implemented in CAD are presented. The structure of protocol of
designing athermal energy metering system is considered.

Keywords: computer-aided design system; amount of thermal energy; uncertainty of measurement result;
differential pressure flowmeter.

1. Definition of the problem to be solved

Establishing an accurate metering of thermal energy is a necessary condition for its efficient and economical use.
Accurate metering of thermal energy amount is performed using modern systems based on microprocessor
controllers, which are able to implement complex algorithms for calculating the therma energy amount using the
measured values of the heat carrier parameters. The process of designing and cal culating such systemsis difficult and
laborious, therefore, in order to improve its efficiency it is necessary to develop a computer-aided design (CAD)
system for automating the design process.

2. Analysis of publications and research

Computer-aided design systems are software packages for creating, editing and optimizing design and
technologica documentation. Implementing the software packages for automating the design processes provides the
increase of calculations accuracy, quality of technologica documentation aswell asallows reducing the design process.

The analysis of the information technology market showed that ANSY'S, SolidWorks, FlowVision, Mathcad and
Maple are the common software packages for designing, modding and engineering calculations, as well as
AutoCAD, KOMPAS and cthers are the current applications for graphic design [1]. Using these powerful software
packages makes it possible to solve a wide range of modeling and design problems. However, such software packages
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do not take into account a number of limitations imposed by current regulations on the design and operating
conditions of thermal energy metering systems. Therefore during their application a designer must personally control
alarge number of such limitations.

CAD “Raskhod-RU”, which was developed with the authors' participation, is used for designing the variable
pressure flowmetersin Ukraine [2]. This CAD is provided with interactive facilities, so that each user step isanayzed
during the process of flowmeter calculating and designing. In case of error or any incorrect actions, CAD gives the
user the appropriate tips or recommendations. The interactivity of CAD also involves the recommendations for the
flowmeters design, the implementation of which will provide the ability to design a flowmeter according to the
requirements of DSTU GOST 8.586.1-5:2009 and, in addition, reduce the uncertainty of measurement result. The
recommendations proposed by the program should be implemented by appropriate correction of input data and their
subsequent entering. Thus, CAD alows us to automate the process of calculation and design of differential pressure
flowmeters and to perform all necessary checks of the conditions of application of differential pressure method
according to the requirements of DSTU GOST 8.586.1-5:2009.

Program “Arian 1SO-5167 Flow CAD software’ of the company “Arian Control & Instrumentation” is the other
program with characteristics similar to the CAD “Raskhod-RU” [3]. Arian How CAD software allows designing
differential pressure flow measurement system based on standard primary devices (such as orifice plates, nozzles and
Venturi tubes) according to the requirements of 1SO 5167.

However, these CAD systems are not intended for designing the thermal energy metering systems. So today
there are no specialized software packages for designing the thermal energy metering systems. Therefore, the
development of such CAD systemsis avery important task.

3. The purpose of the study

The purpose of the study isto develop a computer-aided system for designing the thermal energy metering devices,
which include differential pressure flowmeters with standard primary devices for metering the heat carrier flowrate.

4, Presentation and discussion of the research results

For successful application of computer-aided design system of thermal energy metering devices, this CAD must
meet the following requirements:

o toidentify automatically the best design solutionsin all cases where optimization tasks can be formalized;

o to check automatically the correctness of the input data, taking into account their dimensionality; to generate
interactive messages if it is necessary to correct the input data;

o to check automatically the compatibility of decisions made on different parts of the designed system and to
adjust incompatible decisions (if it is possible);

o to generate automatically intermediate resultsin the form familiar to the designer;

¢ to give to the designer the opportunity to adjust the decisions made by the software package, taking into
account the limitations imposed by the physical nature of the process and the requirements of regulatory
documents;

¢ to form interactively the expert recommendations for correcting failed decisions and improving technical or
metrological characteristics of the designed devices;

¢ toform the design resultsin the documents of a certain form by designer choice;
¢ to be suitable for improvement without itsradical changing.

The authors have developed a computer-aided system for designing the therma energy metering devices, in
which the differential pressure flowmeters with standard primary devices are used for metering the heat carrier
flowrate. The theoretical basis for CAD development are the equations for calculating the thermal energy amount and
algorithms for determining the thermal energy amount devel oped by the authors [4], a complete mathematical model
of differential pressure flowmeter [5], methods for determining the properties of water and steam [6], technique for
calculating isentropic exponent of steam devel oped by the authors [7], technique for evaluating the uncertainty of the
enthalpy of water and steam [8], technique for evaluating the uncertainty of measurement result of therma energy
amount [9], new approaches to computer-aided design of thermal energy metering systems proposed by the authors.
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Therma energy metering system should take into account the parameters of all available flows of heat carrier,
the number of which depends on the structure of the heat supply system. The generalized equation, which makes it
possibl e to calculate the thermal energy amount for different structures, hasthe form [4]:
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where g, Oy are the mass flowrates of heat carrier in each supply and return pipelines respectively; g, is the mass
flowrate of heat carrier, used for feeding the system in each p-th feeding pipeline; hy;, hy are the specific enthal pies of
the hest carrier in each supply and return pipelines; hg,, is the specific enthalpy of cold water used for feeding the
system; ty, to are the limits of time interval for calculating the thermal energy amount; a is the number of supply
pipelines; b isthe number of return pipelines; misthe number of feeding pipelines.

We have considered eight thermal energy metering systems that are most common in the expl oitation practice of
heat supply networks [4] and the equations of which can be obtained from (1). Particularly, for thermal energy
metering system with two flowmetersinstalled in the supply and return pipelines equation (1) has the form:

t, t,
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The fidd “Variant of thermal energy metering system” in CAD provides choosing of the appropriate scheme of
therma energy metering system and implementing the corresponding equation for calculating the thermal energy
amount. In particular, number 2 in this field corresponds to thermal energy metering system with two flowmetersin
supply and return pipelines (see Fig. 1).

The CAD includes a subsystem for entering the input data, which automatically checks the correctness of the
input data taking into account the dimension selected by the user, generates interactive messages if it is necessary to
correct theinput data. Particularly, Fig. 1 presents a dialog box for entering the parameters of heat carrier for thermal
energy metering system with two flowmeters. The dialog box provides the ability to choose the type of fluid (heat
carrier), according to which the appropriate methods for calculating its parameters (density, viscosity and enthalpy)
are chosen. CAD realizes calculation of parameters for two fluid types. water and steam. Density and enthalpy are
calculated according to the methods of IAPWS [6], isentropic exponent is calculated according to the technique
developed by the authors[7].

[ File Edit Calculste Protocol Figure Window Help -
Parameters and characteristics
of Parameters and characteristics of fluid
Fluid
Type of fluid ]water L]
Parameters of fluid
Primary device
Pressure absolute ~| |0.83062 iMPa vI
130 I I
Pipe Temperature o -
Pipe straight lengths and fittings Variant of thermal energy metering system 2 vI
Temperature of fluid in return pipe 70 °c
Instruments for measurement and
calculation Pressure of fluid in return pipe 0.5374 WPa
Enthalpy unit kifkg -
General data of
|Ready NUM

Fig. 1. Dialog box for entering the parameters of heat carrier for thermal energy metering system with two flowmeters.
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In order to implement the equation (1) and its variants, it is necessary to calculate the value of heat carrier
flowrate in supply, return and feeding pipelines, depending on the selected configuration of thermal energy metering
system. The developed CAD provides application of differential pressure flowmeters based on standard primary
devices at all pipelines. The calculation of the flowrate based on the measuring results of heat carrier parameters, as
well as the designing the flowmeters is realized on the basis of a complete modd of differential pressure flowmeter,
which was developed in [5]. The complete flowmeter model consists of:

o system of equations for calculating the values of: volume and volume or mass flowrate of the fluid, reduced to
standard conditions; coefficients of flowrate equation; fluid parameters;

e system of equations for evaluating the uncertainty of. coefficients of flowrate equation; the result of
measurement of the fluid flowrate; the result of measurement of the fluid amount;

o system of application conditions and limitations of the flowmeter with the standard primary device:

ﬂ <0,25
p

dz dmin; (3)
Dmin <D< Dmax;

Bmin < B < Bmax;
Reqin S Re<Re
where dn is the minimum allowabl e diameter of the orifice plate opening at operating temperature; Dyin, Dimaxs Prins
Bmax, R€min, Remax @re the minimum and the maximum values of the inner diameter of measuring pipeline at operating

temperature, the relative diameter of the orifice plate and the Reynolds number, respectively.

Requirements for designing the flowmeter with standard primary device, its application conditions, particularly,
the limit values of diameter of an orifice plate opening, of pipe diameter, of Reynolds number are defined for each
type of primary device in the relevant parts of standards DSTU GOST 8.586.1-5:2009. Therefore the conditions and
limitations of these standards were taken into account during implementing the mathematical model of differential
pressure flowmeter. So, the CAD system performs designing the flowmeter as well as calculating the fluid flowrate
for all pipelines of metering system in accordance with the requirements of standards DSTU GOST 8.586.1-5:20009.

If the heat carrier parameters or the characteristics of the flowmeter components do not meet the requirements of
DSTU GOST 8.586.1-5:2009, CAD generates a message or expert recommendations for eiminating the
unconformity. Fig. 2. presents an example of CAD message about violating the requirements to the relative diameter
of the orifice plate (a) and a message with recommendations for eiminating the unconformity of the pipe straight
lengths upstream the orifice plate.

= % The combination of parameters of pipe configuration is

i | The PD diameter ratio [orifice plate with corner pressure ' ! incorrect, It is recommended to: ) "

: tappings) should be within 0.100 to 0.750 = - the distance betu_\regn the flow stralghtener_andthe orifice
— plate should be within 0.621 m to 4,373 m (with the

additional uncertainty in discharge coefficient of 0,5%)

a b
Fig. 2. Dialog messages of CAD system of thermal energy metering devices:
a— notification about viol ating the condition Brmin<P<Pmax; b — expert recommendation on adjusting
the characterigtics of the measuring pipeline.

The choice of flowmeter configuration is also realized in CAD, in particular, the configuration “with cal culator
of fluid flowrate and amount” or “with measuring complex” can be selected. Depending on the selected configuration,
the CAD modifies the tabs to enter the characteristics of the measuring instruments of differential pressure, pressure,
temperature, and a so implements an appropriate method for cal culating the uncertainty of measured flowrate.
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A dialog box for entering the characteristics of measuring and calculating ingruments is shown in Fig. 3,
particularly a tab of the characteristics of measuring ingrument of pressure drop on the primary device for the
flowmeter configuration “with measuring complex”. The tab shows the parameters of metering complex with two
accuracy-normalized measurement ranges of differential pressure. Standardization of the error of metering complex
for several measurement ranges of differential pressure makes it possible to expand the measurement range of the
fluid flowrate. This tab also has afield for entering the measured value of differential pressure of return flow of heat
carrier inthermal energy metering system, which implements eguation (2).

B‘Eile Edit Calculate Protocol Figure Window Help - [&]

Parameters and characteristics
of Parameters and characteristics of instruments for measurement and calculation of

Fluid Flowrate Differential pressure across PD ]Pressure 1 Temperature 1 Volume: ]
4 o Accuracy-normalized ranges of z ! 7
6300 1| 630 1163 f, 2
Frimary device differential pressure 1 1 1 kaf/m bt
Relative error of 0,35 ;10,5 2

the measuring complex
Pipe
Specdifications of the main DFT Enter

Pipe straight lengths and fittings

Instruments for measurement and
calculation

General data of

I
Differential pressure at primary device in return pipe [6041,25 kafjm~2

NUM |

Fig. 3. Dialog box for entering the characteristics of measuring and cal cul ating instruments.

An important task to be solved when designing metering systems based on differential pressure flowmetersisto
design the configuration of measuring pipeline and pipe straight lengths between the fittings. The configuration and
geometric dimensions of measuring pipeline should be designed to provide forming the undisturbed symmetrica flow
upstream the primary device. In order to do this the reguirements to measuring pipeline should be implemented
according to the relevant parts of standards DSTU GOST 8.586.1-5:2009. In particular, the requirements to
measuring pipeline with a primary device of the type “orifice plate” are defined in DSTU GOST 8.586.2:2009.

Automation of the design process of the measuring pipelineis performed on the basis of the following approaches:
o types of fittings and their location relative to the primary device are determined by the designer;

¢ the pipe straight lengths between the fittings are determined on the basis of tabular data of DSTU GOST
8.586.1-5:2009; theinterpolation method is used to cal culate the values between the “nodes’ of thetable;

¢ when choosing the values of the pipe straight lengths, the values of lengths according to option A (see Table 4
of DSTU GOST 8.586.2:2009), which provide flow measurement without additiona component of
uncertainty, have the highest priority.

While designing the measuring pipeline in accordance with the requirements of DSTU GOST 8.586.1-5:2009 it
is necessary to determine the design characteristics of the following elements and equipment of measuring pipeline:

o typesand sizes of fittings, their location, pipe straight lengths between them;

¢ |ocation of flow straightener or flow conditioner devices;

¢ sizesand location of the thermometer;

o szesof gepsand differences between the diameters of sections of measuring pipdines, their location (if available).
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The window of the developed CAD system containing tabs for entering the characteristics of all elements and
equi pment of measuring pipelinesisshown in Fig. 4.

{} File Edit Calculate Protocol Figure Window Help =[5 %
Parameters and characteristics
Parameters and characteristics of pipe straight lengths and fittings
Flow straightener or flow conditioner  Fittings | Thermometer pocket | Pipe steps upstream of PD
Fitting 1 upstream of PD |
Primary device e single 80°bend i L]
Length of pipe between fitting 1 and PD _4 m
Pipe Length of fitting 1 |0.6 m
Pipe straight lengths and Fittings Fittng 2 upstream of PD |51 yalve L]
Length of pipe between fitting 1 and fitting 2 upstream of PD 18[ o
InstrumentscfaolguTazet?;#rement and Length of fitting 2 :ﬁ.?'" m
General data of Fitting 3 upstream of PD | tyy5 90° bends in the same plane: U-configuration 1< =100) -
Length of pipe between fitting 2 and fitting 3 upstream of PD _2-4. m
Flowmeter
Single fitting of two or more 90
bends upstream of fitting 3 absent L]
Length of pipe between PD and fitting or dosest border of expander downstream of PD _3.6 m
NUM

Fig. 4. Dialog box for entering the characteristics of measuring pipe.

A window with the main cal culation results was implemented in CAD in order to acquaint the designer with the
main calculation results of parameters and characteristics of thermal energy metering system. A view of this window
during designing the thermal energy metering system that implements equation (2) is shown in Fig. 5. The window
presents the parameters of heat carrier in supply and return pipelines, the main characteristics of the flowmeter placed
at the supply pipdine and the flowmeter placed at the return pipeline, aswell as the amount of thermal energy in heat
supply systems.

The results of thermal energy amount metering are the subject of commercial relations between its supplier and
consumer. Accordingly, it isimportant to obtain not only the measured value of thermal energy amount, but also the
characteristic of the uncertainty (error) of this value. Therefore, it is also necessary to obtain the uncertainty of the
result of thermal energy metering according to the results of designing the thermal energy metering system.

The authors devel oped a technique for estimating the uncertainty of the measured value of the thermal energy
amount using the principles described in [10]. Particularly, for the therma energy metering system based on
differential pressure flowmeters, which realizes equation (2), the technique isimplemented in the following sequence;

1) to calculate the uncertainty of measurement result of heat carrier flowrate in supply ug and return ug,
pipelines, respectively, according to the equations (10.35), (10.36) of DSTU GOST 8.586.5:2009;

2) to calculate the uncertainty of enthalpy of heat carrier, respectively, in the supply uy, and return up,
pipeines by the formula[8]

up, = [u'hﬁh + (ChTu'T )2 + (Chpu'p)z]o’s, (4

where uy,, is the methodological uncertainty of dependence h=F(p, T), uy,= 0.15 % [8]; Cyr is the relative

influence coefficient of the uncertainty of measured value of water (steam) temperature on enthal py uncertainty; Cp,p
is the reative influence coefficient of the uncertainty of measured value of water (steam) pressure on enthalpy

uncertainty; u; istherelative standard uncertainty of measured value of water (steam) temperature; u'p isthereative

standard uncertainty of measured value of water (steam) pressure.
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Name of parameter | Value I Unit |
Type of fluid water
given pa (TR Y T
Minimum flowrate of fiuid at given parameters of the fluid 16.276 th
Upper imit of differential pressure measurement at PD 6300 kgffm~2
Absolute pressure of the fiuid 0.83062 MPa
Thermodynamic temperature of the fluid 403.15 K
Density of the fluid at operating conditions 935.12 kgfm~3
Dynamic viscosity of the fiuid at operating conditions 0.00021304 Pa®sec
Enthaloy of fluid in feeding pipe at operational conditions 546,767 kikg
Pipe internal diameter at operating temperature of the fluid 207.17 mm
Diameter ratio of primary device opening 0.44877 -
Reynolds number at maximum flowrate of fluid 1299662
Entrance speed coeffident 1.0209
Discharge coefficient at Reynolds number corresponding to the maximum flowrate 0.60231
Correction coefficient for taking into account the blunting of orifice plate inlet edge 1.004
Correction coefficent for taking into account the roughness of pipe internal surface 1 =
Pressure loss at PD at maximum flowrate of fiuid 4916.2 kgffm~2
Orifice plate opening diameter at operating temperature of the fiuid 92,974 mm
Crifice plate opening diameter at temperature of 20°C 92.8 mm
Thermal energy flow in feeding pipe 319244740 klh
FLUID IN RETURN PIPE ~—————
| [Maximum flowrate of fiuid at given parameters of the fluid 162.19 ===t
Minimum flowrate of fiuid at given parameters of the fiuid 16,2712 th
Upper limit of differential pressure measurement at PD 6041.25 kaffm~2
Absolute pressure of the fiuid 0.5374 MPa
Thermodynamic temperature of the fiuid 343.15 K
Density of the fiuid at operating conditions 977.971 kg/m~3
Dynamic viscosity of the fiuid at operating conditions 0.00040367 Pa®sec
Enthalpy of fluid in return pipe at operational condiions 293.432 kdikg
Pipe internal diameter at operating temperature of the fluid 207.02 mm
Diameter ratio of primary device opening 0,448639 -
Reynolds number at maximum flowrate of fluid 686371
Entrance speed coeffident 1.02089
Discharge coefficient at Reynolds number corresponding to the maximum flowrate 0.602671
Correction coefficient for taking into account the blunting of orifice plate inlet edge 1.00396
Correction coefficient for taking into account the roughness of pipe internal surface 1 =
Pressure loss at PD at maximum flowrate of fiuid 4714.3 kgffm~2
Orifice plate opening diameter at operating temperature of the fiuid 92.8773 mm
Crifice plate opening diameter at temperature of 20°C 92.8 mm
Thermal energy flow in return pipe 171316907 klh
Amount of thermal energy in heat supply systems 147927834 (371
Ready |NUM
Fig. 5. Window of calculation results of parameters and characteristics of therma energy metering system.
The simplified dependences Ciir = F1(T) and Cy, =F»(p, T), developed by the authors, have the form:
Cr =1.34710% —19.875402 + 96.85850 —158.4162, 5)
C,, =0.06p(-0.02650° + 0.36950° —1.71630 — 2.6647), 6 =T /100, (6)
where p, T arethe absolute pressure and temperature of fluid (heat carrier).
3) to calculate the combined standard uncertainty of thermal energy amount by the equation
S 2 2112 211’2 21'2 2112
Uy —\/uT +Cfug +C3u3 +C2uZ +C2u, 2 @)

where u. isthe uncertainty of measured value of timeinterval during which the thermal energy amount is cal cul ated;
Uy, Ug, are the uncertainties of measurement results of heat carrier flowrate in supply and return pipelines,

respectively; uy;, U, are the uncertainties of measurement results of heat carrier enthalpy in supply and return

pipdines, respectively; C,, C,, C;, C, are the influence coefficients of uncertainty components on the combined
standard uncertainty of thermal energy amount, which should be calculated by the formulas presented in [9].

4) the relative expanded uncertainty of measured value of thermal energy amount at the confidence level 95 %
should be calculated by the formula[10]

Uy = 2u)y - )

Based on the results of calculating and designing the thermal energy metering system CAD generates a protocol
in the form of an html-page, which displays information on the following sections:

o parameters and characteristics of the fluid;
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o parameters and characteristics of the primary device;

o parameters and characteristics of the measuring pipe;

o parameters and characteristics of the pipe straight lengths and fittings;

o parameters and characteristics of measuring instruments of pressure drop on the primary device;

o parameters and characteristics of pressure measuring instruments;

o parameters and characteristics of temperature measuring instruments;

o complex parameters of flowmeters at the specified values of fluid parameters;

o relative uncertainty of measurement results of flowrate and amount at specified values of fluid parameters;

¢ relative uncertainty of measurement result of thermal energy amount.

The information presented in protocol of calculating and designing the thermal energy metering system is
sufficient to:

o check compliance with the requirements of current regulations of the exigting therma energy metering system;

e check the correctness of algorithms for calculating the thermal energy amount, implemented in micro-

processor controllers of metering systems;

o develop design documentation and produce the basic components of the designed thermal energy metering
system.

5. Conclusion

The devel oped computer-aided design system makes it possible to simplify the process of designing the thermal
energy metering devices. In addition, during the designing CAD controls the compliance of design solutions with the
requirements of regulations on thermal energy metering and on differential pressure flowmeters as well as provides
expert recommendation on the adjusting the relevant solutions. Thus, the devel oped CAD provides an opportunity to
design amodern thermal energy metering system, which meets the requirements of current regulations.

In addition, after appropriate certification the developed CAD can become the basis of metrological support of
thermal energy metering systems based on differential pressure flowmeters. CAD makes it possible to calculate the
therma energy amount for the specified characteristics of measuring instruments and the flow parameters of heat
carrier and to use these values as reference while testing the existing metering systems.

Therefore, the application of the developed CAD will make it possible to improve the quality of designing the
therma energy metering systems, to form their metrological support and to increase the accuracy of thermal energy
metering.
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Cucrema aBTOMAaTH30BAHOI0 IPOCKTYBAHHA 32C00iB BUMIPIOBAHHS
KLIBKOCTI TEIJ10BOI eHepril

®enip Mariko, Oxcana buip, Jleonin JlecoBoit, 'anuna Matiko

Hayionanvnuii ynieepcumem “ Jlvgiecorxa nonimexuixa” , ¢yi. C. banoepu, 12, Jlveis, 79013, Vkpaina

AHoTalisa

VY cratrTi mpeacTaBieHo po3podieHy cucTeMy apromatu3oBanoro npoekryBanHs (CAIIP) 3acobiB BUMiprOBaHHs
KIJIBKOCTI TEIUIOBOI eHeprii, y CKiajl SKUX 3aCTOCOBYIOTh BUTPATOMIPH 31 CTaHIAPTHUMH 3BY)KYBaJIIbHUMHU
MIPUCTPOSIMHA TIOTOKY. Po3ristHyro TeopermuHi 3acaau it po3poonenHss CAIIP, 30kpema aBTOPCBKI alrOpUTMHU
BH3HAYEHHS KUTBKOCTI TEIUIOBOI €HEprii, NMOBHa MaTeMaTHYHa MOJENb BUTPAaTOMipa 3MIHHOTO Ieperany THCKY,
peainizoBaHa i3 BpaxyBaHHsAM oOMexeHb ctaHmaptiB JJCTY I'OCT 8.586.1-5:2009, meroqu |IAPWS BusHaueHHs
BJIACTHBOCTEH BOIM Ta BOJASHOI Mapu, aBTOPChbKa METOJUKAa OOYMCICHHS IOKa3HMKa ajiadaTH BOASHOI IapH,
METOJIMKa OI[iHIOBaHHS HEBU3HAYEHOCTI PE3YNIbTaTy BHMIPIOBAHHsS KIIBKOCTI TEIUIOBOI €Heprii, 3amporioHOBaHi
aBTOpaMH HOBI MIXOAU II0/I0 aBTOMAaTHU30BaHOTO IIPOEKTYBAaHHS CUCTEM BHUMIpIOBAaHHS KUTBKOCTI TEIUIOBOI €HEprii.
[IpencraBneHo OCHOBHI XapaKTEPUCTHKU IiJICHCTEMH BBEICHHS Ta IEPEBIpKH KOPEKTHOCTI BXIIHHUX JaHUX.
PosrmsinyTto peamizanito Bikon CAIIP 11 BBeeHHsI XapaKTEpUCTUK 3aCO0iB BUMIPIOBaHb THCKY, TEpeNany THUCKY,
TEMIIEpaTypH, IO BXOAATH JI0 CKJIaay CUCTEMH BUMIPIOBAHHS KUTBKOCTI TEIUIOBOI €HEprii, a TAKOXK BiKHA BBEIEHHS
XapaKTepPUCTUK BUMIipIOBAJILHOIO TPYOOIPOBOLY BUTpaToMipa. IIpencraBieHO OCHOBH aBTOPCHKOI METOIHMKH OLli-
HIOBaHHSI HEBU3HAYEHOCTI KiJIbKOCTI TEMIoBOi eHeprii, mo peanizoBana B CAIIP. Po3ristHyTO CTPYKTYpY IIPOTOKOITY
MIPOEKTYBAHHS CHCTEMHU BUMIiPIOBaHHS KiJIbKOCTI TEIIOBOI €HEprii.

Karwu4oBi cioBa: cucreMa aBTOMaTH30BAaHOTO IIPOEKTYBAaHHS; KUIBKICTh TEIUIOBOI €Heprii; HEeBU3HAUEHICTh
pe3yNbTaTy BUMIPIOBAaHHS; BUTPATOMIp 3MIHHOT'O Iepenay TUCKY.



