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The precise designation of natural gas volumetric flow by measuring
simple thermodynamic properties and using artificial intelligence
methods
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Absitract

Determining the precise amount of natural gas (NG volumetric fow rate is an important isue in trding NG, The em-
peratare, pressare, and compressthility factor of NG are pequired parameters for calculsiing (MG) wlumetric flow rte. To
cabculate the NG compressibility Bctor accamding to the scceplable standard methods, the MG composition analysis must
be knivan. Considering that measuring M0 composition analysis is a costly amd complex method, an anificial mielligence
(Al methad has been presented (o caleolate the NG compressibility factor by measuring simple thermadynamic properiies
and withoul any informastion shout NG compaosition malysis. Temperature, presure, density, and beating value have been
selected as measurable properties as well as input parameters o the neurl petwork models. A large datsbase conlaining
50,0000 distinct natural gases with thermodynamic properties has been generated nang the GERG-2008 equation of state
(Eo3) o train the proposed newrd petwork medel. The proposed nearal netwarks have been validated by nang available
experimental data. The ststishical parameters show that the 4-inpul netwark caleulses the compression factar with higher
accuracy than the 3-input netwark. Average absolule percent relstive ernor, rool mean square ermar, and coeflcient of deter-
mination heve been reported 002%, CUO2E, and 093 for d-input network compared o experimestal data. Moreover, the
twi proposed neural netwaorks have been presented for NG amples collected From different regions of Fran amd the resubis
campared b the GERG-Z008 EoS. The resulls show that the propaosed nevral network method calculated the M0 compress-
ibility factor with acceptuble precisiaon
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1 Introduction

One af the most Frequent tasks in the gas indusry is meas.
uring the quamiity of metural gas (MG) in tbe pipelines. The
fow meters (ultrasonic meters, turbine mesers, ekc.) ane
the primary component in the metering systems that are
measured the volumetric fkww rate of NG in the ine condi-
ticns (Muid conditicas). This measared ks rale shoukl be
canveried do the volumetnc Aow at a cerain temperature
aml presgure (ie., sandand comdiions] [1]. Sinee the NG s
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campressible and alse the temperature amd pressune of NG
are varbed along the pipeline, the impad of the compress-
ihility should be investigated in the metering stalions. The
carrectin clor (CF), which is a fanction of tempeniiane,
pressure, and compressbility Rctar, must comert valumet-
mic flow mbe from lkne conditioas & andard condibons for
tradimg NG [2]. The temperature and pressune of NG are
measured by special wensors, but there is not any sensor o
measure the compressibility factar of NG As o result, van-
cus all poritbams are imtreduced o caloulate the NG compres-
ihility Factor ut differem comditions. These algorithms are
developed hased an the empirical correlations and equustion
af dues (EoS) [3].

Empirical correlations are simple mathematical rela-
tions that are mesd o reduce computation fime and pre-
vent the complexity af comventional approaiches. The most
well-known empirical carmelations that are developed (o
calculate the compressibility facior of MO are the studies
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