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1. ABTOMaTH3alisl TPOEKTYBAaHHS CUCTEM BUMIPIOBAHHS KiJIbKOCTI TEIJIOBOI €HEPrii Ha OCHOBI BUTPATOMIpiB

3MiHHOTO rnepermnany TUCKy

2. Computer-Aided Designing of Thermal Energy Metering Systems based on Differential Pressure Flowmeters
Pedepar:

1. O6’eKT mOCimKeHHs — MTPOLeC aBTOMATU30BaHOI'0 IIPOEKTYBAaHHS CHCTEM BUMIPIOBaHHS KiJIbKOCTI TEILJI0BO]

€Heprii Ha OCHOBI BUTPAaTOMIpiB 3MiHHOTO Nepenany TUCKY. MeTonu TOCiIKeHHs. 3aCTOCOBaHO METOIU



MaTeMaTUYHOI'O MOJEJIIOBAaHHS HAa OCHOBI 3aKOHIB rifpoiHaMiKu, TEpPMOIUHAMIKY, TEOPii MOi6HOCTI.
Po3po6sieHHS PiBHSIHD 7151 OI[iHIOBAHHSI HEBU3HAYEHOCTi MTOKA3HUKIB (Di3MYHUX BIACTUBOCTEN Ta HEBU3HAYEHOCTI
KiJIbKOCTi TEIJIOBOI eHeprii BUKOHAHO i3 3aCTOCYBaHHSM Teopii MOXMOOK Ta Teopii HeBu3HaueHocTi. [Tix yac
[IPOEKTYBAaHHS BUTPATOMIpPiB 3aCTOCOBAHO €JIEMEHTH TEOPii onrrmisanii. [y19 aBToMaTu3alii IpOEKTYBaHHA CUCTEM
BUMIPIOBaHHS 3aCTOCOBAHO METO/IY JIiHITHOrO IIPOrpaMyBaHHs1, 06'€KTHO-OPi€HTOBAHOTO IIPOrPaMyBaHHS IS
pO3po6JIeHH iHTepdelicy IPOrpaMHOrO MAKeTy Ta MiICMCTEMU BUBEIEHHS Pe3yJIbTaTiB IPOEKTyBaHHs. HaykoBa
HOBHM3HA pe3yJIbTaTiB. Ha OCHOBI MOBHOI MaTeéMaTUYHOI MOJEJI BUTPATOMIpa 3MiIHHOTO Iepenany TUCKY, PiBHSIHb
BM3HAYEHHS KiJIbKOCTI TEIJIOBOI €Heprii Ta piBHSIHb BU3HAYEHHS BJIACTUBOCTEN TEIJIOHOCISI pO3P0O0JIEHO
MaTEMaTU4HY MOJEJb CUCTEMU BUMIPIOBaHHS KiJIbKOCTI TEIJIOBOI €HEPTii, 110 Ja€ MOXKJIMBICTb JOCIIAUTY BILJIUB
KOHCTPYKTUBHUX XapaKT€PUCTHUK BUTPATOMIpPa, IapaMeTpPiB TEIJIOHOCIS Ha Pe3yJIbTaT BUMiPIOBAaHHS KiJIbKOCTI
TeIJI0BOi eHeprii. Ha ocHOBI Teopii OLiHIOBaHHSI HEBU3HAYEHOCTI Ta PiBHSIHb PO3PAXyHKY €HTaJIbIIii BOAU (BOISHOI
napy) po3po6JIeHO PiBHSIHHS [1J1 PO3PAXyHKY HEBU3HAUYEHOCTI eHTasblii Bogu (BogsHoi napu). Po3po6yieHo HoBe
PIBHSIHHSI 117151 OOYMCJIEHHSI HEBU3HAUYEHOCTi BUMiPIOBAHOTO 3HAYEHHS KiJIbKOCTi TeroBoi eHeprii. Ha ocHOBI
TEPMOJMHAMIYHUX 3ajIe’KHOCTeN Ta piBHAHb IAPWS IF-97 po3po6sieHO HOBe PiBHSIHHS 17151 004K CJIEHHS TOKa3HUKA
aniabaTy neperpitoi BOASHOI Napy, O B CYKYIMHOCTI 3 BiJlOMUMU PiBHSIHHSIMU I'YCTUHY A€ MOKJIMBICTb OOYNCIINTU
rapameTpy CTaHy BOJASHOI IapH IIif Yac BUMipIOBaHHS ii BUTpaTh METOAOM 3MiHHOTO M€PENaay TUCKY. 3a
pe3yJibTaTaMy ONPALIOBAHHS L[bOTO PiBHSHHS PO3PO0JIEHO CIPOILEHE PiBHAHHS Ta AJITOPUTM [JIs1 PO3PaXyHKY
NIOKa3HMKa afiiabaTu NeperpiToi napu [jisl TUCKy Napu Bif jinii HacnyeHHs 1o 100MIla ta Temneparypu Big 97°C o
800°C. YIoCKOHANIEHO METO[, TIPOEKTYBAHHS CUCTEMU BUMIPIOBAHHS KiJILKOCTI TEIJIOBOi €HEPTii, K1l [10JIArae y
IIOIIYKY NTapaMeTpiB BUTPATOMipa, 1110 3a6e31edyioTh MiHiMasibHy HEBU3HAUYEHICTh BUMipIOBAHOTI'O 3HAYEHHS
BUTPATH i3 OJHOUYACHUM BPaxXyBaHHSIM IPAaHMYHOrO 3HaYEHHS BTPAT TUCKY, 110 A€ MOKJIMBICTb 3MEHILIUTU BTPATU
THCKY Y CUCTEMAX [IOCTA4YaHHSI TEIJIOBOI €Heprii. 3alIPONIOHOBAHO HOBI MiIXOIU IOA0 aBTOMATHU30BaHOTO
IIPOEKTYBaHHS CUCTEM BUMIPIOBAHHS KiJIbKOCTi TEIIJIOBOI €HEPTii, 0 AAI0Th MOXKJIUBICTD Peasli3yBaTh PO3PaXyHOK
KOHCTPYKTUBHUX Ta METPOJIOTIYHUX XapaKTEPUCTUK CUCTEMU BUMIPIOBaHHS KiJIbKOCTI TEIJIOBOI €HEePrii i3
BpaxyBaHHSIM TEXHOJIOTIYHUX Ta HOPMATUBHUX OOMesKeHb. [IpakTU4He 3HaYeHHS Pe3yJbTaTiB AUCEPTALiHO]
po6OTH MOJISITae B TOMY, 110 HA OCHOBI 3pa3KOBUX 3HAU€Hb I0KA3HMKA aJliabaTh, OTPMMAHUX 32 HOBUM PiBHSHHSM,
PO3p006JIEHO CIIPOLIEHI 3aJI€KHOCTI Ta aIFTOPUTM PO3PaxyHKY ITOKa3HUKa afiadbaty JJis iX 3aCTOCYBaHHS y

004K CII0BaYax KiJIbKOCTi TEIJIOBOI €HEPTii; pO3p06sIEHO aJITOPUTMHU PO3PaxXyHKY KiJIbKOCTI TEIJIOBOI €Heprii, 10
peasi3yloTh MaTEMAaTUYHY MOJEJb CUCTEMU BUMIPIOBaHHA KiJIbKOCTI TEIJIOBOI €HEPrii Ta JaloTh MOKJIIMBICTD
00YMCIIUTH KiJIbKiCTb TEIJIOBOI eHeprii s pi3Hux KOHQIrypariil cuctem BUMipIOBaHHS; yJOCKOHAJIEHO aJITOPUTM
IIPOEKTYBaHHS CUCTEMU BUMIipIOBaHHS KiJIbKOCTI TEIJIOBOi eHeprii, sKuil 3abe3neyye MiHiMasbHy HEBU3HAYEHICTh
BMMipPIOBAaHOTO 3HaY€HHS BUTPATH i3 OJHOYACHUM BPaxXyBaHHSIM I'PaHUYHOTO 3HAYEHHSI BTPAT TUCKY Ta A€
MO>KJIMBICTb 3MEHIIUTU BTPATU TUCKY, a OT>Ke 1 MiIBUIIUTU €(PEeKTUBHICTb CUCTEM NIOCTAYaHHS TEIJIOBOI €HePrii;
HIJIIXOM peasidalii CyKyITHOCTi aJITOPUTMIB, 10 peasi3yloTh MAaTEMAaTUYHY MOZEJIb CUCTEMU BUMIPIOBAHHS
KiJIbKOCTi TEIJIOBOI €HEePrii, PiIBHSIHHS 004MCII€HHS (Pi3MYHUX BIACTUBOCTEN TEIJIOHOCIS, PIBHSIHHS PO3PaxyHKy
HEBU3HAYEHOCTI KiJIbKOCTi TEIJI0BOI €Heprii po3pobsieno nporpamunii komisieke CAIIP "Tensosa eHeprig” nis

aBTOMATM30BAHOTO ITPOEKTYBAaHHS CUCTEM BUMIPIOBAHHS KiJIbKOCTI TEIJIOBOi €HEPTil.

2. The object of research is the process of computer-aided designing the thermal energy metering systems based
on differential pressure flowmeters Research methods. Methods for mathematical modeling were used based on
the laws of hydrodynamics, thermodynamics and similarity theory. Developing the equations for evaluating the
uncertainty of indicators of physical properties and uncertainty of thermal energy amount was carried out using
theory of errors and theory of uncertainties. Elements of optimization theory were used for the flowmeters
designing. Methods of linear programming were used to automate the metering systems designing and methods of
object-oriented programming were used to develop the interface of a software package and a subsystem for
outputting design results. Scientific novelty of the obtained results. The mathematical model of the thermal energy
metering system was developed on the basis of a complete mathematical model of differential pressure
flowmeters, equations for determining the thermal energy volume and equations for determining the properties of
a heat carrier. This model provides the possibility to study the influence of the design characteristics of the



flowmeter and the parameters of the heat carrier on the result of thermal energy volume measurement. New
equation for calculating the uncertainty of the enthalpy of water (water steam) was developed on the basis of the
uncertainty evaluation theory and equations for calculating the enthalpy of water (water steam). The equation of
uncertainty of the measured value of thermal energy volume was developed. New equations for calculating the
isentropic exponent of superheated steam based on dependences and equations from IAPWS-IF97 (International
Association for the Properties of Water and Steam) were developed. These equations in combination with known
equations for calculating the density makes it possible to calculate the state parameters of the water steam during
measurement of its flow rate by means of the differential pressure method. Based on processing of this equation, a
simplified equation and algorithm for calculating the isentropic exponent of superheated steam for pressure from
the saturation line to 100 MPa and temperature from 97 °C to 800 °C was developed. The method of designing a
thermal energy metering system was improved. The improvement consists in finding the parameters of the
flowmeter that provide the minimum uncertainty in the measured value of the flow rate taking into account the
pressure losses limit, which makes it possible to reduce pressure losses in thermal energy supply systems. New
approaches to computer-aided designing of a thermal energy metering system were proposed. These approaches
make it possible to calculate the constructional and metrological characteristics of a thermal energy metering
system taking into account the technological and normative constraints. The practical significance of the thesis is
that on the basis of reference isentropic exponent values, obtained by new equation, a simplified relation and
algorithm for calculating the isentropic exponent was developed for its application in the calculators of thermal
energy volume; the algorithms for calculation of thermal energy volume were developed with implementation of
the mathematical model of the thermal energy metering system. These algorithms make it possible to calculate the
thermal energy volume for different configurations of metering systems; the algorithm for designing the thermal
energy metering system was improved, which provides minimal uncertainty of the measured value of the flow rate
taking into account the pressure losses limit. Thanks to this algorithm the pressure losses can be reduced and,
consequently, the efficiency of a thermal energy supplying system can be increased. "Thermal Energy" CAD
software was developed for computer-aided design of thermal energy metering systems. The algorithms that
implement a mathematical model of the thermal energy metering system, an equation for calculating the physical
properties of the heat carrier, an equation for calculating the uncertainty of the thermal energy volume were
applied in this software.
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