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Abstract — Czech Republic has a tradition in the
international transport of Russian type naturaligtsthe
states of West Europe. The accurate measuremehte of
transferred amount belongs to the long term prasiof
both the operator and the state, which ensuregaogss
and uniformity of the measurement in this legally
regulated sphere of metrology.
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1. INTRODUCTION

When measuring the flowrate of natural gas by
pressure difference elements (orifices, nozzles and
Venturi tubes), natural gas density is one of thestm
important parameters. In practice, the densityl@iihg
natural gas is determined by means of two basitoaist
One is applied for measuring the density usingatihg
densitometers and the second is for determining the
natural gas density using the pTZ method.

2. DIRECT DENSITY MEASUREMENT

In the gas industry, the instruments that are most
often used for direct measurement of the density of
natural gas are vibrating densitometers. They t&e t
dependence of changes in the resonant frequengy of
vibrating cylinder on circumfluent gas density. Thas
density sensor consists of a thin metal cylindeictvh
vibrates on its eigenfrequency. The gas passeg aten
inside and outside surface and is in contact witd t
vibrating surface of the cylinder. The mass of tias
which vibrates with the cylinder is dependent ors ga
density. If the mass of the gas increases, the
eigenfrequency decreases. The gas density canrivedle
from the frequency of the vibrations.

The dependence of the gas density on the transducer
time periodr is parabolic:

(4)

where C;, C; and C, are calibration constants of the
relevant instrument.

The possible range of these densitometers is for
example (I 400) kg, The accuracy of the vibrating
densitometers used for the measurement of the tgesfsi
natural gas is approximately 0.15 % of the measured

p=C,+Cr+C,r?%,
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value. The temperature range can be for example
(-20+80) °C. The temperature coefficient s
approximately 0.001 Kgn3CC™.

One advantage of vibrating densitometers is in the
direct measurement of the gas density. A typical
installation of a vibrating densitometer to a pipeshown
in Fig. 1. The vibrating densitometer is instalteehind a
primary device which measures the gas flow (orjfice
nozzle, Venturi tube). A disadvantage of vibrating
densitometers is that measured gas must be braoight
the densitometer through a pipe. This disadvantakes
effect, when the temperature of the ambient is very
different to that of the flowing gas. In this caske gas
temperature in the pipe changes and the gas delsity
too. This effect is partially compensated by a terafure
reservoir in which the vibrating densitometer istailed.

There are more possibilities of installation of
vibrating densitometers in [5]. In the case of flow
measuring by orifice plate, there are two methods.

First is pressure-recovery method, so-called sihce
utilizes the recovery of pressure drop downstredrhe
orifice plate to drive the sample through the demseter.
The sample is returned at the downstream tappirgf,po
but diametrically opposite to the tapping pointedigor
differential pressure. Care shall be taken to enghat
there is a sufficient pressure drop to set up @ flo the
sample line. With this method, a probe is usedhat t
sampling point. This method is used in our casg.(E).
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Fig. 1: Typical installation of vibrating densitotaeto the pipe.



Installation of any restriction in the sample lisaich
as filters, flow control valves etc, should be begw the
sampling point and the densitometer. The densitthat
upstream (preferred) or downstream tapping poiall fie
used in flow calculations in accordance with ISGBL.

To further reduce temperature differences, filters
upstream of the densitometers may be installedakets
into the line. Due to the pressure drop createoy fl
control valves shall not be upstream of the densiter

as this can change the process conditions of théegiag
measured by the density cell.

The second installation method of vibrating
densitometer is method with sample gas to vents Thi
method is shown in Fig. 2. In this case, speciat chall
be taken to prevent pipewall resident matter fronteeng
the densitometer sampling system and meter, e.g. by
applying an appropriate filter.

sample flow indicator

sample flow controller

thermal insulation

777 7 T 7777

sample flow
-

flange top

flow
-

filter installed in pocket density transducer in pocket

Fig. 2: Installation of vibrating densitometer wighmple gas to
vent.

Care shall be taken to avoid low temperature caused
by a pressure drop over the flow controller, whidn
result in icing, condensation and blocking of sampl
outlet. Care shall also be taken to avoid diffeesnin
pressure between the pipe and the density transduce

If it is not possible to obtain temperature equiliim,

a correction for the temperature difference betwten
densitometer and pipe may be calculated using Eouat

To P 2

. ®)
TL pd ZL

pL :pc

whereTy is the temperature in density transduderis the
temperature in pipgy is pressure in the densitometgr,

is the pressure at the required location in the dpis the
compression factor in the densitometer afidis the
compression factor in the pipe at the requiredtlonazy
and Z, must be calculated from the available knowledge
of the gas composition in the pipe.

This disadvantage is eliminated if the pTZ methad i
used. The values of the density of the flowing gas
calculated from the values of the pressure and eeatpre
taken directly at the point of the installationtloé primary
device. However, the other gas parameters musthaso
known, and in the process of determining these esmlu
uncertainties occur.
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3. INDIRECT DENSITY MEASUREMENT

In the case that the pTZ method is used for
determining the natural gas density, it is necegssar
know not only the temperature and pressure, buat itds
compression factor. There are several calculatiethaus
that can be used to determine this. Among the most
widely used methods are AGA NX-19-mod [1], AGA8-
92DC [2] and SGERG-88 [3]. In order to be able s& u
these methods, it is necessary to know not only the
temperature and pressure of the relevant natusal lga
also its chemical composition, relative density ahd
superior calorific value.

The AGA NX-19-mod method is described in
Guideline VDI/VDE 2040 Part 2 [1]. In order to udgs
method, it is necessary to know the temperature and
pressure of the natural gas, the carbon dioxide,Y@éd
the nitrogen () mole fractions and its relative density.

The AGA8-92DC method is described in the
ISO 12213-2 Standard [2]. In order to use this metht
is necessary to know the temperature and pres$ute o
natural gas and its exact chemical composition.

The SGERG-88 method is described in
ISO 12213-3 Standard [3]. In order to use this weht
is necessary to know the temperature and pres$ure o
natural gas, the carbon dioxide (§Qhe nitrogen (I or
the hydrogen (B mole fractions. The other parameters
that need to be known are relative density andtiperior
calorific valueHs.

The choice of method for determining compression
factor is given by the range of the applicabiliti the
methods and also by the available information atibet
given natural gas.

The uncertainty of each of the methods used for
determining the compression factor of natural géerd.

For example, the following equation is used to wiale
the compression factor using the SGERG-88 methpd [4

5,6)= (A0, 6] +[AS, 00 + ©)
Ao + A0 06 +[A,8,00F ),

where the sensitivity coefficientss, Agr, Acoa Ar, Ap
and the errors of the devices measuring the inplites
Ons: Ocr dcoz O, Jp @re given in Table 1. In the case of
non-correlated input quantities, the final uncetiaiof
this method is 0.11 %. In the case of correlatgoutin
guantities of the superior calorific value and mibéetion
of CO,, the final uncertainty is 0.16 %.

Table 1: Sensitivity coefficients and errors of su@éng devices
for the SGERG-88 method.

the

Gasi Sensitivity Device
as input parameter .
coefficient error
Quantity Unit [-] [%]
Superior calorific [MJ_m_g] 0.28 0.15
value
Relative molar [] 0.22 0.20
mass
CO, mole fraction [mol] 0.33 0.20
Temperature [K] 0.70 0.05
Pressure [MPa] 0.15 0.30




The uncertainty of the density can be expressatjusi
the pTZ method, where it is necessary to deterrtfiee
sensitivity coefficients. Gas density determined thg
pTZ method is given by the relation:

Zog P1 Taa
Zl psld Tl

@)

pl = psld

The relations hold for the sensitivity coefficients

00 _Zy P Taa, (8)
P a/[)std Z pstd
_ap — st pl _std (9)
AZ I 3 t y
v le psld 1
— apl — 1 pl st | (10)
Azsm azs Std 1 pstd
o)) Zyg 1 Ty (11)
_7_/03
“op T Z T
-9% __, dzsm&@, (12)
td st
P apstcl Zl psztd Tl
_apl Zstd pl _std , (13)
Aﬁ 0T, s Z, Pyq T2
00 _, ZupP 1 (14)
A= Pz, e B
* aTsld ¢ Zl pstd Tl

The final uncertainty of the gas density calculated
using the pTZ method is:

((Apsldupstd) + (A21u21 )2 + (Azstduzsld )2 +

(15)
+ (Aplu Pl) (APsmu Pstd ) + (ArluTl )2 + (AfsmuTsm )2 )1/2 :

4. EXPERIMENTAL MEASUREMENT

The first method is utilised as the primary one,
providing data for the calculation of natural glsv The
second method serves for the continuous check ®f th
results of the first one. Traditionally, the dirgets density
measurement was preferred as the primary methgaof
density determination for the purpose of gas ttansi
through Czech Republic.

But due to the development of the new technologies
and the measurement technique the praxis in théa ar
began to change in the last years. In the casesn Wie
top quality sensors of the working quantities (tenapure,
pressure, gas composition, ...) are installed & ftw
measurement system, the new trends emerge ingtds—f
not to use the direct density measurement methatieas
primary one, because it is relatively technicallpda
financially demanding. Because of these trendsCtech
Metrology Institute tried to execute a study basadthe
long term experimental measurements. The targettwas
determine the technical possibilities and limiting
parameters of the direct natural gas density measemt
comparing to the pTZ method in the whole year wagki
conditions of natural gas transport.
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A control station with the possibility of data sige
was used for experimental measurement of temperatur
The measurement control station was located at an
international natural gas delivery station. It wastalled
at the pipeline as close as possible to the density
measurement instrument. With the aid of the control
station, the temperature was read at the pointshef
pressure tappings, at the input of the vibrating
densitometer, inside the actual vibrating densitemand
before the primary device. Furthermore, the tentpeza
inside the case with the vibrating densitometer #rel
ambient temperature were measured (Fig. 1). Thsitgen
of the natural gas was also measured by the wilgrati
densitometer.

Based on long-term experience with measurement of
the flow and density of natural gas, it was proplote
minimize the differences in the values of the dgnsi
determined by the pTZ method (SGERG-88) and the
method of direct measurement. In extreme casesg the
variations reached 0.3 k>,

Fig. 3 shows the curves of the natural gas density
which was measured directly by the vibrating
densitometer and calculated using the pTZ methbds&
values were measured inside the pipe without any
additional insulation. The graph also shows the
temperature of the ambient. The data was recorgiegbteb
control station for a period of 24 hours at fivenote
intervals.
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Fig. 3: Density measurement with basic insulation.

As is obvious from the graph, during the
measurement of the density of the natural gas utiag
vibrating densitometer, the natural gas inside fipe is
heated as a result of increasing temperature of the
ambient. Through this pipe, natural gas is led itite
vibrating densitometer, thus introducing a systémat
error, which can be minimized with the applicatioh
additional insulation.

Fig. 4 shows the data measured inside the pipe with
the additional insulation. In this case, the défezes in
the values of the density determined by the pTZhoukt
and the method of direct measurement are smaller.



T Density measurement ECl As is obvious from the graph, the additional
i e e e h insulation influenced the accuracy of density
4 e gTZmethod . measurement by the vibrating densitometer. Aftez th
4 ===anitienhiemperaiure :g sufficient insulation, the values measured by tiheating
15 - densitometer are nearly equal to values determiyetthe
45 4t myr pTZ method. This effect is shown on table 2.

e Installation of the vibrating densitometer with
s E additional insulation is shown in Fig. 7. This figulshows
“ ] 150 level Il insulation of measuring system.
43 1] . 3
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Fig. 4: Density measurement with | level insulation

In order to minimize the differences between the ga
density using the pTZ method and the direct measein¢
method using the vibrating densitometer, severahats
of pipe insulation were proposed. In practice thealled
“three-insulations” method proved best. Here, mdy ¢the
measuring pipe is insulated but also the pipe tepath the
vibrating densitometer and the case containingattaal
vibrating densitometer too. Fig. 5 shows the data
measured inside the pipe with this type of insatati

[kg/m3] D ensity measurement rcl

47 35 . . .
—— dengimeter Fig. 7: Level Il of insulation.

46 1 —&— gTZ method & X )
o armbient ternperature| g The gas pressure during the experimental

measurement was approx. 60 bar. The gas temperature
varied around 20 °C. Typical values of parameters
necessary for the pTZ SGERG-88 method were as
follows: the molar ratio of carbon dioxide 0.03Met
molar ratio of nitrogen 0.790, the superior calorifalue

of natural gas 37 Mth® and the relative natural gas

45

44

43

42

41 3

40 0 density 0.565. These quantities are measured using

@@ @ @ @ @ @ @ &@ @m“ @ @@ & @@ t chromatograph and a gas specific gravity transducer
Table 2: Ambient temperature effect on vibrating

Fig. 5: Density measurement with 1l level insulatio densitometer measurement of gas density.

Fig. 6 shows the ambient temperature effect on ) ) | level | level
differences of the density measured by the vibgatin Insulation level without | basic| ™, I
densitometer and the density determined by the pTZ [Typical measured
method for all presented methods of insulation. e?lch))r [kg.m ™ 1.00 0.15| 0.10{ 0.03

[ko/m’] D ensity measurement error rel Typlcal relative 2.50 0.40 0.25 0.10
04 pe— 45 error [%]
0.35 e ety e 40 Maximal measured
- T —s— density difference 2
0.3 —— density difference 3 35 error [kg/m3] 0.50 0.08 0.04 0.02
025 1 N |- e e 1 %0 Maximal relative 150 | 020l o010l o005

o ammiel ermperature
02 . . armbient ternperature 3 b N error [%] ' ' ' )

For a pipe 500 mm in diameter and 300 mm orifice
with flange tappings, it is possible to calculate tgas

flow through orifice with a difference pressure2i kPa.
Table 3 shows the ambient temperature effect orflgas
measurement for three levels of insulation.
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Fig. 6: Ambient temperature effect on vibrating siemmeter
measurement of gas density.
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Table 3: Ambient temperature effect on gas flow

measurement.

Quantity Basic | levell | level ll
Calculated 4
Gensity (kg | 44-9093| 44.9093  44.9098
Measured 4
doncty [kq.if] | 45:0593| 45.0043 44.939p
Absolute density| 154 | 095 | 0.030
error [kg.m’]
Relative density | 53, | 9212 | 0.067
error [%)]
[Ckgl‘;]‘_{']ate‘j flow | -46118| 246118 24611%
Measured flow |, eco9| 246378  24620]
[kg.h™]
Absolute flow | 41 sasl 260179  82.19]
error [kg.h’]
Relative flow
error [%)] 0.167 0.106 0.033

5. CONCLUSION

The experimental results show minimal requirements
for temperature insulation of the natural gas dgnsi
measurement systems based on the Vvibrating
densitometers in dependence on the required raesulta
measurement accuracy.

The contemporary trends in natural gas density
measurement at border stations, i.e. step by s&fprpng
of the pTZ method as the primary one, seems to be
adequate to the contemporary standards of thesedili
measurement technique. However, the direct gasitgens
measurement still remains the only one independent
checking method.

The future problem of the international transpadit o
natural gas seems to be the creation of unambifyuous
defined technical requirements (flow calculatiom&tipn,
the uniformity of the reference conditions, proper
algorithm of compressibility calculation in agreerhe
with valid European standards — e.g. the last studhow
the need of shifting from the very frequently useethod
- AGA Nx 19 to the more precise one - SGERG 88) for
the flow measuring systems based on the differentia
pressure principle.
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