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SUMMARY

This paper gives the results up to and including October 1985 of the joint
experimental research effort into the velocity of sound correction associated with
Solartron density meters. The whole of the experimental work has been carried out
in the laboratory at Dantest.

The aim of the project is to measure the densities of various gases as accurately as
possible, and then compare the results obtained with those measured using a
Solartron density meter with various velocity of sound corrections applied to the
results.

Gases tested were Methane, a synthetic natural gas, and Argon as a check on the
original Solartron Argon calibration. The pressure range was varied from 50 bar
abs up to 150 bar abs with the temperature at 35 DC. Results are reported on
Solartron 7811 transducers.
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1 INTROOUCTION

This paper gives the results up to October 19B5 of our joint research effort
into the Velocity of sound correction associated with Solartron density meters.
The whole of the experimental work has been carried out at Danlest. The
gases tested were Argon, Methane and a synthetic natural gas (93.7% Methanel
over a range of pressures 50 bar to 150 bara and a temperature of 35 DC.
Solartron 7Bl1 transducers were used.

The aim of the project is to measure the density of a gas as accurately as
possible using the real gas equation

• and compare the result obtained with that measured using a Solartron density
meter with various corrections applied to the results.

Section 2 describes the equipment used in the Dantest laboratory, the
procedures used for obtaining measurements of density using the Solart ron
density meter, the determination of the compressibility factor Z, and the gas
constant R.

Sections 3, 4, and 5 give details of the results obtained using Argon, the
synthetic natural gas and Methane.

Section 6 gives the conclusions and recommendations arrsmq from the study,
whilst section 7 gives the aims of the project for the next series of tests.

2 EQUIPMENT USED IN THE DANTEST LABORATORY

Dantest has 2 alternative methods for determining the "true" density of a gas,
ie

• I - By direct mass and volume determination:

= mass
volume

U - By using the real gas equation:

= P
ZxRxT

where S - gas density

p - absolute static pressure

Z - compressibility factor

R - gas constant for the gas in use

T - temperature K
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Figure 1 shows a sketch of the laboratory.

The laboratory can be divided into 5 sections:

a) Gas supply section.

b) Compressibility factor measurement.

c) Density measurement using method I.

d) Density meter calibration.

e) Deadweight tester.

•
The gas supply section comprises a gas bottle together with a pressure
regulator and associated pipework. With the aid of a quick connection system
at A, the gas supply can be directed to the three sections b, c and d as
required.

In the compressibility factor section are two meters for determining Z, and
these are items numbered 4 and 5 in Figure 1. Item 4 is a Desgranges and
Huot Z-meter, Type 60000, with which a Heto thermal bath is used to stabilise
the temperature. This Z-meter is calibrated using 99.9952% purity Nitrogen
and the NBS nitrogen tables, and has a working range of 3 to 80 bars abs,

Item 5 is a Dantest designed Z-meter using the same principle of the
Desgranges and Huot Z-meter but has a working range from 50 to 150 bars abs.
The Dantest Z-meter enables us to determine Z without reference to the NBS
tables. Results show agreement with NBS nitrogen and methane tables within
0.1%. The temperature in the Dantest Z meter is also stabilised by means of
the Heto thermal bath.

•
The section for determining the density according to method I comprises a
pressure vessel (item 2 in Figure 1) specially designed by Dantest. This vessel
can be used over the range 10 to 80 bars abs, and can be used for most types of
gases. The accuracy when determining density by this method is between
0.05% and 0.1% depending on the pressure and gas type. Pressure and
temperature can be accurately measured in the vessel, which has a nominal
volume of 12 Iitres. This method cannot be used to make a calibration curve
for a density meter. The method is used to determine a single point of density
at room temperature.

Density meters to be calibrated are enclosed in a thermal cabinet (item 3 in
Figure 1). Each density meter in the cabinet has a PTlOO thermometer
attached near the measuring cylinder. The uncertainty of the temperature
measurement is within 0.1DC. The temperature in the thermal cabinet is
adjustable over the ,range 0 to 40 DC.

The deadweight tester is used to stabilise and set the working pressure in
sections b, c and d. It is a Desgranges and Huot Type 52015 and has been
previously calibrated by the Laboratoire National d'Essais, France. This
instrument has a measurement range of 0.4 bar abe to 200 bar abs, and an
uncertaint y of 0.01%.
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Having described the general layout for the Oantest laboratory, I shall now
concentrate on the means of obtaining the results given in this paper. The
"true" value of density for Methane was obtained by using NnS t nbles on the
measured temperature and pressure. The "true" value of density for Argon
was obtained from Solartron who, with Oantest measured temperature and
pressure, computed the density values using multiple degree interpolation in
the F. Din tables. The true value of densi t y for the synthetic natural gas was
obtained using the real gas equation (method II) :

in which

1. R - the gas constant was determined by measuring 8 (p,T) using
method I (8 = m/v) then measuring Z (p,T) and hence R can be
obtained from:• R =---1L-

SZ T

2. Z - the compressibility factor was measured using the Oantest Z _
meter.

Three Solartron 7811 density meters were placed in series in the thermal
cabinet and were stabilised at J5DC. After having purged the system with the
gas under calibration the density meters were calibrated step wise with
increasing pressure (and hence increasing density).

J. RESULTS USING ARGON

•
The aim of the Argon tests was to ensure that nothing peculiar had happened
to the density meters since leaving Solartron and that both Oantest and
Solartron were measuring without any significant systematic deviations.
Figure 2 shows a comparison between the calibration obtained on Argon at
Solartron and the corresponding calibration at Oantest over the range of
pressures 40 to 150 bar abs at a nominal temperature of 20 DC. It can be seen
that the overall di fferences are acceptable, but the Oantest results are
consistently higher than Solartron's results over the range 40 to 150 bar abs.

4. RESULTS USING SYNTI-ETIC NATl.RAL GAS

Figs J, 4 and 5 show the results obtained for calibrations on synthetic natural
gas with J different corrections applied to the raw data. The details of the J
methods of correction used are given in Appendix 1.

Fig J. is Total Oil Marine's method of interpreting the velocity of sound
correction using the Solartron user gas offset formula from the original
certificate applied to Argon constants.

Fig 4. uses the Argon user gas calibration certificate at 20DC which has been
supplied by Solartron from gas composition provided by the partners in the
project. This user data at 20DC has been corrected to J5DC using the
Solartron temperature correction formula supplied by Solartron.

- 4 -
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Fig 5. uses the Argon user gas calibration certi ficate at 35DC which has been
supplied by Solartron from gas composition provided by the partners in the
project.

At offshore operating conditions with pressures approximately 120 bar abs. to
150 bar abs. it can be seen that the TOM velocity of sound correction is worse
than the user data at 20DC which in turn is worse than the user data at 35DC.

It would thus appear that from these results, with the various corrections
offered by Solartron, the Argon user data formula at the temperature
corresponding to the field density measurements gives the best accuracy
although still not within + 0.2%.

5. RESULTS USING METHAr-E

• Fig 6 shows the results obtained in Methane with Total Oil Marine's method of
interpreting the velocity of sound correction using the Solartron user gas
offset formula applied to Argon constants. The detail of the correction is
given in Appendix 1.

It can be seen tha t at no test pressure is the difference between true densi t y
and measured density better than 0.2%.

Fig 7. shows the effect of calibrating a density meter on Methane at 35DC and
then attempting to use the constants obtained to measure the density of
synthetic natural gas which contains 93.7% Methane. The deviation is within
0.2%.

6. CONCLUSIONS AND RECOMMENDATIONS

Before going into a discussion of these results it must be stressed that the
measurements concerned are the first of their kind to be published. For this
paper measurements have been made on two gases with a high methane
content: pure methane and a synthetic natural gas with approximately 94%

• methane. This material basis is not large enough to draw general conclusions.

So the conclusions that follow should be treated with this in mind.

6.1 The argon calibration at Dantest shows that the density meters do not
show a major drift from the Solartron calibration.

The results also prove that the two laboratories reproduce each others
results within 0.15% (the British Calibration Service accuracy limits in
Solartrons authorisation).

6.2 When regarding the results for the synthetic natural gas and methane they
show poor agreement with the velocity of sound correction. The
maximum deviations being about 0.4% to 0.5%. An explanation for part
of this could be the tables used for the argon calibration. The FDlN
tables show systematic differences from both NBS and IUPAC tables of
approximately 0.2%. Using NBS or IUPAC and the same constants for the
velocity of sound correction the deviation from 'true' density would fall to
0.2% - 0.3%. Further documentation is needed for further analysis of
contributions to the deviation.
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6.3· Comparison of the methane and the synthetic gas calibration, Fig. 7,
shows that methane used as a calibration gas would bring deviations down
to under 0.2% in the pressure range 50 to 150 bar.

Recommendations based on our limited results is that at offshore
metering conditions the uncertainty in density measurement can be
lessened if one of the following calibrations procedures is used:

1.Calibration with methane at the operating temperature providing the
natural gas has. a high methane content.

2. Calibration with argon using IUPAC tables and using the user gas
calibration certificate derived at the operating temperature. This
second recommendation requires more work doing to substantiate it.

•
A final conclusion is that more data is necessary in this high pressure
range .

7. FUTURE WORK

The one obvious shortcoming of the foregoing tests is that the gas measured in
the density meters is locked in, ie the measurement is "static". However, in
the field it is, without exception, the case that density is measured
"dynamically" with a small flow of gas always taking place through the density
meter. It is our intention to investigate whether or not the difference
between "static" or "dynamic" measurement is negligible. Our inclination
from limited tests is to say that there is no difference, but it needs to be
investigated thoroughly once and for all.

A second area to be explored is to compare the performance of density meters
on various "dry" natural gases which are at conditions above their dewpoint •

•
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FIGURE 1 - SKETCH OF THE DANTEST LABORATORY
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.. , -, ~.'·I"pr.'J:'ir.J..'.ntUWNaftP -

"

~I:
'.
,;.

•I I( 'P. T.O.M. V.O.S. -¥'. TRt,JE ) •x 100%

t \

0~----5~0----~----7~0----~----9~0----~--~1~10~--~--~1~30~--~----15~0

...- --i"~PRESSURE (BAR ABS.) .,.-0.2

-0.4 ~--~=:::::~---~M.:::=:~362
341

- --u 288-0.6

FIGURE 3 - COMPARISON BETWEEN SYNTHETIC NATURAL GAS WITH
T.O.M. VELOCITY OF SOUND CORRECTION (USER GAS OFFSET DATA)

AND' TRUE' DENSITY OF THE SYNTHETIC NATURAL GAS

Ii
t.

•'.
't
'.

",
""v

'~.

" , ' ,-- ,~-..- ..



. .. . - '._- -_. ..__ ..- -.. .'•( 'P USER 20 - ...-P 'TRUE') X 100%
'P, 'TRUE'

•
t

0
5'0 ,70 90 110 130 150

• PRESSURE (BAR ABS.)
-0.2

~

D-- : : ~
~362-0.4 . 341

288

-0.6

FIGURE 4 - COMPARISON BETWEEN SYNTHETIC NATURAL GAS USER DATA AT 200C
TEMPERATURE CORRECTED TO 3SoC AND 'TRUE I DENSITY OF THE

SYNTHETIC NATURAL GAS .



O~----r---~----~----~--~----~--~~--~~ __~ -r-
50 70 90 110 130 150

• •
100%1

t SO 'TRUE'

-0.2 6::
Q... : ~ ~ :=

362
~341

-0.4 -a2BB

--l ..~PRESSURE (BAR ABS.)

-0.6

FIGURE S - COMPARISON BETWEEN SYNTHETIC NATURAL GAS USER DATA AT 3SoC
..AND' TRUE' DENSITY OF THE SYNTHETIC NATURAL GAS



• .' •
(SOTCM V.C.S. -SOTRUE) x 100%

SOTRUE
. .

O+-----r----.----.-----r----.-- __.- r-__-. ~----~--~

-0.2

:"0.4

-0.6

50 70 90 150110 130

--- PRESSURE (BAR ABS.)

FIGURE 6 - COMPARISON BETWEEN METHANE WITH TOM VELOCITY OF SOUND
CORRECTION (USING GAS OFFSET DATA) AND TRUE DENSITY OF METHANE



...-.. - .-.-..---.~~. • ,-.~-- .. - ••- .. -~.. '1' "', .•. "'W' ._..... _ ••• _._ .... ,. • •

• •
( cP METH 35 - tp 'TRUE') X 100%

cp 'TRUE'

X 362

0341

0288

0.1

0.2

o~--~----~----~__-. ~ __~ ~ ~ __~ ~ ~
50 70 90 110 130 150

--~PRESSURE (BARABS)

FIGURE 7 - COMPARISON BETWEEN DENSITYMETERS CALIBRATED ON METHANE AT
3SoC AND THEN USED IN THE SYNTHETIC NATURAL GAS



- 7 -

APPENDIX 1

AI. TOM CONSTANTS FOR USER GAS OFFSET DATA ON THE SYNTHETIC
NATURAL GAS

S.G. = 0.591, K = 1.3, hence G = 0.4546

DA = DT (1 + K3 0.00282 - 0.4546
( (DT+K4) (T + 273)

A2. TOM CONSTANTS FOR USER GAS OFFSET DATA ON METHANE

S.G. = 0.555, K = 1.3, hence G = 0.555/1.3 = 0.4269

DA = DT (1 + K3 0.00282 - 0.4269
( (DT+K4) (T + 273)

•

•
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CALI BRATJ011 CERTI F I CATE

781111 GAS IIEHSIT'r' NETER SERIAL NO: 200288

At-lPLI F IER NO: 130(1621

lItHT PRESSlIRE TESTED TO 375 BAF:S ( 5440 PSI. )

[lEt-ISIT'.,' CALIBRATION FOR RRGOH AT 20 [lEGF:EES C

!IEt-ISIT't' PEF:IOD!C Tn1::
[I(G/1'13] [uS]

o 453.475
514.825
569.027
663.7(1:3
746.016
819.805

25
50
10(1
150
200
250
see
:;:50
4(11)

E:87.304
949.856
100:3.411
1063.682

DEHSIT'r'=KO + 1(1. T + 1(2.H*2 ltlhere 1(0=-8~:::1.9998
J{l=-. 025139
K2= 4.4876E-e4

TEt'lPEF:RTURE COEFF I CI EHT IIATR

DT=DI(1+K18(T-20»+K19(T-20)

where DT=RCTlIRL IIENSIT'r' 0(G/1'13)
T=TENPERATURE (!IEG.C) III=INDICATED IIEH:::1T.'r' (I(G/N3)

Klf:=-2E-05
K19= 1.14E-04

--

( 1(3 (
DR = IIT (1 + ---(0.(10282 _

( (DT+J(4)(

G »
»

T+273»
where I'A=ACTlIAL IIEHSI rv 0(011-13)

I'1'=TENPFJ;::ATUF:E-COF:F:ECTEI'
rIEt/SIT't' (KO/N3)

J(3= 741
K4= 63.5

WA11

T=TEI1PEF:ATlIRE ([lEG. C)

GAS SPECIFIC ORAVIT'r'
G= ---------- _

RATIO OF SPECIFIC HEATS

~-
~ .(,. -
.,. I·.TEST ... 1 ~t'P tn"4

TESTER ••••. f36.~ •••••••IIFlTE.~ •• :!- J: G'lC •••••••

SOLARTRON TRANSDUCER~
•••••••2 1 SEP HI'!.

f'i'!.X1C126

,"
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USER GAS CALI BRATI ON CERT IF ICATE

7811H GAS DEHSITY METER SERIAL HOl200288
Cy\ NOl2(1€1691

ARGON CALIBRATION DATA AT 2eoC
K(I .. -8e.9998

1<1 .. - •..,25139 KIEl ..-2E-(l5
K2.. 4.4876E-04 K19.. 1.14E-04

USER GAS DATA AT 350C
COMPOSITION BY ~ VOLUME 1_

• H',.'OROGEN
HELIU~l
NITF~OGEtl
CARBON MOt~OXIOE
CARBON DIOXIDE
OXYC;EN
ARGON
METHAt·IE
ETHAt~E
ETH'T'LENE
PROPANE
PROPYLENE
BUTANE
PEtHANE
HEXANE +
.'1.(;1. . .

•£t0e13
•Hll3a
•56ee
.0(11313
.3100
•(1(1130
•£t(1013

93.6$<1313
4.3200

• 1 €1I::u3
.48130
.0(11313
.219(1
.22113
•eeeC1

100. eeee
MAXIMUM TOTAL SENSOR ERRORS USING NEW COEFFICIENTS 1_• .DEHSIT'T' v.o.s. PERIODIC TIME MAX. ERRCIR[kg/m:Jl [m/sl [JJsJ [~densityJ

413 4313 547.218 0.19960 432 586.292 0.185se 441 626.556 13.175lee 456 662.517 0.171120 476 696.548 0.166141:1 502 728.931:1 0.167

FOR DENS I TI ES 413 TO 140 kg/m:J:-
ESTED BYI--FINAL

T£5T
87.-1

.(0 = -81.338

K2 = 4.5e79E-04
E., /85 N.B. SINGLE PHASE GAS IS ASSLlt1ED



jFINAL
; TEST
I 87

Kl .. -.029219
- 8 .'\UG nBS

b\W

------ ------- ---. .

USER GAS CALIBRATION CERTIFICATE

7811N"GAS DENSITV METER SERIAL NOI2~~362

ARGON CALIBRATION DATA AT 200C
Cy I No:2~(181(1

K0 .. -83.8641
Kl .. -.1:326795 K18 .. -6.SE-€t6
K2 = 4.8134E-94

K19 a 1.634E-03
USER GAS DATA AT 290C

• COMPOS ITI ON BY % VOLUME 1_

H'T'[rF:OGEt~
HELIUM
NITF:OGEN
CARBON ~10NI)XIDE
CARB(I/~[IIOX IDE
OX'T'GEI~
ARGON
METHANE
ETHANE
ETH'r'LENE
PROF'AHE
PROP'r'LE/"IE
BUTANE
PENTA/"IE
HEXANE +

.1.'10'2113
•1eel)
•56et€t
.013013
.311313
. eeee
•e~1313

93.651(11)
4.3213'21
.113(113
.4ee~
.131)(113
.21913
•22H!
.e(fete

lee.eeee.,O';J_ .
MAXIMUN TOTAL SENSOR ERRORS USING NEW COEFFICIENTS r-• [lENSlTV v, e, s. PERIODIC TIME MA>~. ERROR[kg ....m3J [m/5J [.usJ [ %dens: it>,J41.'1 414 535.127 0.19760 415 574.366 13.184ee 422 610.961 13.173lee 435 645.383 0.171121) 454 677.978 13.1661413 478 799. €II 1 0.169

TESTECI B'r':-
FOR DENS I TI ES 4e TO 1413 kg ....m 1< :_

Ka .. -83.4582

K2.. 4.8573E-a4
6/8,~85

N. B. SINGLE PHASE C;AS IS ASSUt1ED
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