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Abstract

New methodology of designing of the differentiabgsure flowmeters, which are optimal as to the racguof flowratt
measurement is developed in order to provide mimnuncertainty of flowrate measuremensuks. This methodology
implemented in “RaskhoBU” CAD system for computer aided design and cakboh of differential pressure flowmete
“Raskhod-RU” CAD meets the requirements of the n&tandards (DSTU GOST 8.586.1,2,3,28089 and GOS
8.586.1,2,3,4,5-2005) and provides accomplishménhe following tasks: verification of cortibns (constraints) for tt
application of the differential pressure methodaadimg to the requirements of the new Standardsutztion of primary
device parameters, pipe straight lengths and fla@min general according to the requments of the new Standar
calculation of uncertainty of fluid flowrate and lume measurement results; design of an optimal rfleter as tahe
accuracy of flowrate measurement.

Key Words: differential pressure, flowmeter, measurement jntpation.

Introduction Metering of fluid energy carriers by means of
differential pressure devices in Europe is carred
The world prices for the energy resources haw&ccording to the requirements of ISO 5167.1,2,3)832
been rising up till now, which was caused by thel&vo [1]. In CIS countries the new Intergovernmental
market trends and by other factors. The UkrainiaBtandard GOST 8.586.1,2,3,4,5-2005 [2] is in force.
situation is complicated due to the fact that mppmt of The first four parts of this Intergovernmental Slard
the most important energy carriers (natural gasahd were developed as modified versions of SO
need to be purchased abroad (from Russia, Kazakhsta167.1,2,3,4-2003 and the fifth part of GOST
Turkmenistan etc). Such a state of things is pyiiimth  8.586.5—-2005 covers the requirements of CIS laws on
a very important task — the task of energy cag@sting. measurement of energy carrier flowrate and volunte a
Efficient consumption and saving of energy ismormalizes the procedure for measurements.
possible only if metering is carried out with high The Intergovernmental Standard GOST
accuracy and on every step and branch of supply 8586.1,2,3,4,5-2005 was developed by the authiors o
energy carriers. The accuracy of such a metering tisis paper together with scientists and speciafists
defined by technical base, normative base, metimbg “Ukrmetrteststandard” National Standardization Body
base and professional level of personnel. (Ukraine) and with experts from “Gazmetrologia” lie
The present situation on the US gas market (whéfetrology Centre of “Gazprom” Joint-Stock Company
there is a surplus of gas and its price is low)sdoet (Russia). This Standard was implemented in Russia i
diminish the importance of accurate metering ofdflu 2007 as a National Standard. In 2010 this Standasi
energy carriers (natural gas in particular) esplgcier  implemented in  Ukraine as DSTU GOST

countries in the other parts of the world. 8.586.1,2,3,4,5-2009.
The most important thing here is that on the basis
Normative Base for Flowrate Measurement of the analysis which have been carried out it ban

said that implementation of the new Standard will
In order to control consumption of fluid energyimprove the accuracy of energy carrier metering.

carriers (natural gas, hot water, overheated stetam It should be mentioned that the new Standards in
the differential pressure method is applied. Thethnd force (ISO 5167.1,2,3,4-2003  and GOST
is used for measurement of energy carrier flowestg 8.586.1,2,3,4,5-2005) differ from the previous
volume in pipes with internal diameter of 50 mm emale.  Standards considerably. The most significant
distinctions are new limitations for differentialggsure
method application, new mathematical formulae far t
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uncertainty. The detailled comparative analysis of “Raskhod-RU” CAD Description

various normative documents on fluid flow-rate

measurement by means of the differential pressure In order to simplify the accomplishment of the

method is presented in [3]. above mentioned tasks and implementation of the new
An important distinction between GOST Standards (GOST 8.586.1,2,3,4,5-2005) it's proptused

8.586.1,2,3,4,5-2005 and ISO 5167.1,2,3,4—2003ais t accomplish the developed calculations methodolaogly a

the first one covers a wider area of the differ@nti flowmeters design by means of a specialized compute

pressure method application (Fig. 1). In partictieare program: system for computer aided calculation and

is a possibility to take into account the roughneks design of differential pressure flowmeters.

pipe internal diameter by introducing the corresjiog Such a system, called “Raskhod-RU” CAD [4] was

correction coefficient into the flowrate equationdeveloped at the Institute of Energy Audit and Bger

Similarly other influencing factors can be takeroin Carrier Accounting (www.ieoe.com.iaBy means of

account. Additionally there is normalization of ilu this computer program all the above mentioned tagks

volume measurement in differential pressure floverset verifications, calculations and design of flowmetean

as well as normalization of uncertainties of fluidbe accomplished. “Raskhod-RU” CAD meets the

flowrate and volume measurement in  GOSTequirements of the new Standards and is certified

8.586.1,2,3,4,5-2005. Ukraine and in Russia.
“Raskhod-RU” CAD is intended for the design of
T flowmeters for 48 fluids including the followingatural
= T~ GOST gas, humid oil gas, overheated steam, dry saturated
/ 8586 AN steam, water, air, nitrogen, argon, oxygen etc.valid
\ . procedures for calculation of expansibility factir

( ISO 5167 - pipe roughness | natural gas (NX19 mod.; GERG-91 mod.; AGA8-92DC
/ “bluntingofedge  /  Mod.; VNIC SMV; SD 7-2005) are implemented in the

\
\ / rogram.
\ " - fluid volume / prog

e - At present “Raskhod-RU” CAD is available in
S~ _— Ukrainian, Russian, Kazakh and English.
T The following four different types of flowmeter
Figure 1 — Distinction between parameters calculation can be accomplished by means

GOST 8.586.1,2,3,4,5-2005 and I1SO 5167.1,2,3,4-2008f “Raskhod-RU” CAD:
calculation of flowmeter parameters for the given
upper limit of differential pressure measurement;
Peculiarites of the New  Standards calculation of flowmeter parameters for the given
Implementation allowable pressure loss at a primary device;
calculation of flowmeter parameters to secure
Naturally such significant distinctions between theninimum uncertainty of flowrate measurement;
new Standards and the previous ones cause cordglera  calculation of flowmeter parameters for the given
difficulties during implementation of the first. In specifications of primary device and pipe (it iscatled
particular, for every flowmeter at least the follogy inverse calculation of flowmeter).
tasks have to be accomplished: The first three types of calculation are applied at
verification of conditions (constraints) for the initial design of a differential pressure floeter.
application of the differential pressure methoHere in the second and third types of calculation a
according to the requirements of the new Standards; optimization problem is solved to minimize pressure
verification of pipe straight lengths according tdosses at aprimary device or to minimize the uradety
the requirements of the new Standards; of flowrate measurement respectively. And the fourt
calculation of parameters of primary device, pipeype of calculation is applied to define the partereof
straight lengths and flowmeter in general accordimg an existing flowmeter and the conditions of its
the requirements of the new Standards; application according to the requirements of the ne
calculation of uncertainty of results of fluid Standards (GOST 8.586.1,2,3,4,5-2005).
flowrate and volume measurement according to the In the course of flowmeter design the “Raskhod-
requirements of the new Standards. RU” CAD gives the possibility to choose one of the
For the accomplishment of these tasks it is veriree possible flowmeter configurations: with separ
important to carry out the design of a flowmeterd@f measurement of flow parameters; with the flowratd a
the whole metering system) which is optimal in terwh  volume calculator; with the measuring complex.
measuring accuracy i.e. flowmeter providing minimum  Thus, the program provides the possibility to
uncertainty of fluid flowrate and volume measuretmen specify the parameters of up to four measuring
The methodology of the mentioned aboveransducers (installed in series) in each chanfe o
verifications, calculations and design of diffei@ht flow parameter measurement (fluid pressure,
pressure flowmeters was not formalized even for thtemperature and differential pressure across tineapy
previous Standards. Such methodology is beingevice). In order to provide a wider range of flaver
developed according to the new Standards. measure-ment the parameters of additional measuring
transducers (installed in parallel) in the channefls
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differential pressure measurement and fluid pressur  high quality visualization of calculation results

measurement can be specified. which simplifies the analysis and application o th
After choosing the type of the problem to beesults, in particular there are curves of flowrate

solved (type of calculation) the following inputtda measurement uncertainty versus flowrate or other

should be entered: parameters; there are also drawings of primarycesyi
parameters and characteristics of the fluid; pipe straight lengths and fittings etc.;
parameters and characteristics of the primary reliable protection against unauthorized use of the
device; program.

parameters and characteristics of the pipe;
parameters and characteristics of the pipe straight Optimization of the Differential Pressure

lengths and fittings; Flowmeters
parameters and characteristics of the measuring
and calculating instruments; A particularly important advantage of “Raskhod-

parameters and characteristics of the flowmetdr unRU” CAD is the possibility to carry out design of a
Despite the type of calculation, chosen by the usiowmeter optimal as to the accuracy of flowrate
the calculation results are returned in the folloyway. measurement.

After all the input data were entered, “Design” lao The methodology of designing the optimal
be selected in the top menu of the program. The& madlowmeter consists of the following:
calculation results will be displayed in the sanead) correct choice of the measuring transducers of

box. After selecting “Protocol” in the top menutbe flow parameters (differential pressure, pressure an
program the calculation protocol with all the inputemperature). The accuracy class of the transducers
parameters and characteristics together with ationl should be not worth than 0.1 (a better choice 0§'%).
results and with drawings will be displayed in pagate The transducers should have the digital outputasiom
window. After selecting “Figure” the curve of rala avoid distortions during transmitting the infornoetito
expanded uncertainty of fluid flowrate measuremerthe flowrate and volume calculator. It is desirathiat
versus flowrate (or versus diameter ratio of thenpry the differential pressure transducer has an optibn
device in case of making the design of a flowmetaradjustment of the measurement ranges which grsvid
optimal as to the accuracy of flowrate measurement)e possibility to make a wider range of flowrate
will be displayed in the same dialog box. Themeasurement. At present there are differentialspres

calculation results can be printed out. transducers with the possibility to readjust theges of
measurement up to 100:1 and for the accuracy ofass
Advantages of “Raskhod-RU” CAD 0.75 up to 10:1. It is also possible to apply mitran

one differential pressure transducer in parallel to
The following advantages of “Raskhod-RU” CAD provide a wider range of flowrate measurement;
should be specified: correct choice of the flowrate and volume
user friendly interface of the program providingcalculator. The calculator should have the digitalut
quick and easy learning of possibilities of thegoean from the measuring transducers and the function of
and maximum use of these possibilities which iseadjustment of the ranges of differential pressure
achieved by logical and understandable distributbbn measurement or switching between the differential
input data among the dialogue boxes; the interfsice pressure transducers. The calculation of fluid fade in
the program is made in such a way that the diatog@$® the calculator should be carried out accordinght® t
are being changed during input data entering f#dsf model in [2]. Any other algorithms lead to methadic
for the unnecessary parameters and characteréstics error of flowrate measurement and it is a systesahti
be taken away if needed); error which should be avoided. There should be a
interactive shell for data input which is espegiall correct calculation of fluid volume in the calcudat
important for pipe straight lengths, in particullaere is according to [2];
a possibility to use flow straighteners and flow correct choice of the primary device and its
conditioners in the pipe as well as various optitmrs geometrical parameters. According to the resultsuof
thermometer mounting; study it was defined that for each differential gau@e
automatic control of dialogue boxes during inpuflowmeter with a definite pipe diameter and a maxim
data entering by the user which helps to avoiflowrate, there is only one possible value of ditane
unforeseen mistakes; ratio of the primary device for which the accurayhe
input data files can be saved while there is nbighest and the uncertainty of fluid flowrate ariivne
possibility to save the calculation protocol (irder to measurement is minimum. The results of designing an
make distortions in the protocol impossible); optimal primary device by means of “Raskhod-RU”
user cannot carry out calculation, design and get@AD are shown in Fig. 2;
calculation protocol for a flowmeter which does not correct choice of the geometrical specifications of
meet the requirements of the new Standards; the pipe which should be carried out at initialigesof
display of warnings about additional componenthe flowmeter. Types of fittings, pipe straight déms,
errors of measurement and possible ways to elimingbossibility to apply a flow straightener as well the
these errors according to the requirements of #w ninfluence of the hydrodynamic effects should beetak
Standards; into account;
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Figure 2 — Curve of relative expanded uncertainty bfluid flowrate
measurement versus diameter ratio of the primary dece

to undertake measures to avoid the possiblequirements of the new Standards can be carriedyou
distortions of the results of differential presswaed this computer program which simplifies the procets
pressure measurement at flowmeters by application immplementation and application of the new Standards
manifolds of a special design of “Techpryladsignificantly. Application of flowmeters optimal &e
Company. There are five-valve “non-valve” manifoldgshe accuracy of flowrate measurement, proposed by
for connecting the differential pressure transdsi@@rd “Raskhod-RU” CAD, will provide improvement of fluid
three-valve “non-valve” manifolds for connectingeth energy carrier metering accuracy.
pressure transducers.

As an example the curve of relative expanded References
uncertainty of fluid flowrate measurement versus
diameter ratio of primary device is shown in Fig. 2 [1] International Standard 2008Jeasurement of fluid
There is a table under the curve with these valu@#gw by means of pressure differential devices rtesein
together with upper limits of differential pressureCir_CUlar cross-sectio.n conduits running fgl] — Pdrt general
measurement and with diameter of the primary devk%lnmples and requirements. Part 2: Orifice platézart 3:

. ozzles and Venturi nozzles. Part 4: Venturi tulg® 5167-
opening. The presented curve and table demongirate 1:2003, International Organization for Standardorat

possibility of obtaining of maximum accuracy O_fAvaiIabIefrom: http://www.iso.org. [16 May 2013].
flowrate measurement when designing a differential 2] International Standard 2005Measurement of
pressure flowmeter. In the given example the highesiowrate and Volume of Liquid and Gas by Means of
accuracy is obtained for the flowmeter number three Standard Pressure Differential Devices — Part linBiple of
method of measurement and general requirements. Par
Conclusions Orifice plates. Technical requirements. Part 3. Neg and
Venturi nozzles. Technical requirements. Part 4ntife

: ; bes. Technical requirements. Part 5. Techniquerfaking
The methodology for calculation and design of th )
differential pressure flowmeters optimal as to th e measurement$OST 8.586.1-2005 (ISO 5167-1:2003),

fof t t is devel ternational Organization for Standardization. Wakle
accuracy o owrate measurement IS evelop m: www.gost-svarka.ru. [16 May 2013].

according to the requirements of the new Standards (3] pistun, Ye & Lesovoy, L 2006Standartization of
(DSTU GOST 8.586.1,2,3,4,5-2009 and GOSifferential pressure flowmeters Institute of Energy Audit
8.586.1,2,3,4,5-2005). This methodology isand Energy Carrier Accounting, Lviv.

implemented in “Raskhod-RU” CAD which enables [4] Pistun, Ye, Lesovoy, L, Matiko, D, Markovsky®,
computer aided calculation and design of diffemdnti & Lesovoy, R 2007Computer program “Raskhod-RU” CAD.
pressure flowmeters. At the same time verificatagn User mgnual Ir)stltute of Energy Audit and Energy Carrier
conditions  (constraints) for application of the/\ccounting, Lviv.

differential pressure method according to the
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VJIK 681.121.84
OnTumizauia BuTpaToMipiB nepenagy TMCKY 3a gonomoroto «Raskhod-RU» CAD
€. Hicmyn', JI. Jlecosoii, P. ®edopuiuun

Hayionanvnuii ynieepcumem «/Ivgiecoka nonimexuika»,
syn. C. Banoepu, 12,m. Jlvgie, 79013, Vkpaina

Po3pobeHo HOBY METOMOJOTII0 MPOEKTYBAHHS BHTPATOMIpIB 3MIHHOTO IIE€penagy THCKY, ONTHMAIbHUX 33 TOYHICTIO
BHMIPIOBAHHS BHTpATH, sIKa 3a0e3redye MiHIMaIbHy HEBU3HAUYCHICTH PE3ydbTaTiB BHMIpIOBaHHS BHUTpatu. Lls Metomonoris
peari3oBaHa y CHUCTEMi aBTOMAaTH30BAaHOIO INPOSKTYBAHHS Ta PO3PaxyHKy BHTPAaTOMIpiB 3MiHHOro mepemamy tucky CAIIP
“Pacxon-PV”, ska Bignoigae Bumoram Houx crangapris (JICTY I'OCT 8.586.1,2,3,4,5-2009°0CT 8.586.1,2,3,4,532005)1a
3abe3nedye BUKOHAHHS TaKWX 3aBIaHb. MepeBipka yMoB (0OMeXeHB) ULl 3aCTOCYBaHHS METOAY 3MIHHOTO Hepenany THUCKY
BIiJITIOBITHO 10 BUMOT HOBUX CTaHAAPTIB; PO3PaxyHOK NapaMETPiB 3BYKYBAJILHOIO IIPUCTPOIO, TOBXKHH MPSIMOJIIHIMHUX JTUISTHOK i
BUTpaToMipa B I[JIOMY BiJIOBIIHO NO BHMOT HOBHX CTaHAAPTIB, PO3PAaXyHOK HEBU3HAYEHOCTI PE3YyNIBTATIB BHMIipPIOBAHHS
BUTPATH 1 KUIBKOCTI PiZWH 1 Ta3iB; MPOEKTYBAHHS ONTHMAJbHUX 3a TOYHICTIO BIMIpPIOBAaHHS BHUTPATOMIpiB 3MiHHOTO Iepenagy
THCKY.

KirouoBi cioBa: umipiosanis, gumpamomip, ougepenyianbHuti muck, Onmumizayis.
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