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Abstract. The results of a calibration round performed to Coriolis mass flowmeters, originally
calibrated with water at factory conditions and re-calibrated with different fluids at several flow
calibration facilities, are discussed in this paper. These calibrations were intended to prove the
transferability concept from water to other fluids, some of them relevant to the energy-transition.
The obtained results confirmed the robustness of the tested instruments performance and the
viability to use the transferability approach as a reliable alternative.

1. Introduction

Metrological authorities and regulatory bodies have often discouraged the use of alternative fluids in
flow calibrations due to concerns about the impact of fluid property variations, such as density and
viscosity, on the flowmeter’s performance. However, the use of advanced flow measurement
technologies and the needs to handle fluids with diverse properties and process conditions, some of them
associated to energy-transition era, has increased the discussion about the transferability concept. This
concept supports the possibility of using alternative fluids, different from the process fluid for both the
initial and subsequent calibrations of the flowmeters, providing a potential alternative to the
conventional approach.

Coriolis mass flowmeters (CMF) have been particularly involved in the application of the
transferability concept. This technology has been also one of the first choices to measure diverse fluids
in applications such as custody transfer, but under challenging conditions e.g., very low density, high
viscosity, dense phase, or close to critical conditions. However, the performance of the flowmeter under
these operational conditions must be also proved by experimental means.

The results of a calibration round performed to a group of CMF, originally calibrated with water, and
then re-calibrated without adjustments at several flow calibration facilities, using gas and high viscous
fluids, is discussed in this paper. These calibrations were intended to prove the transferability concept
from water to other fluids, relevant to the energy-transition global strategy.

2. Coriolis mass flowmeter principle of operation

The Coriolis mass flow measurement principle is based on the linear relationship between the mass
flowing (g.) through the measuring tubes of the device and the phase shift (Ap) or delay (At) detected
between two points (A and B in Figure 1) in the measuring tubes, equipped with electrodynamic sensors.
Each measuring tube oscillates at its resonance frequency, imposed by the excitation driver. The phase
shift (Ag) is caused by the so-called Coriolis force, which is proportional to the mass flow rate (gm).
CMFs can also measure fluid density and temperature.
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Figure 1. Coriolis sensor (simplified diagram).

Coriolis mass flowmeters can be initially calibrated using water as calibration fluid and the
gravimetric approach as calibration method, following the standard ISO 4185 [1]. Water calibration is
a preferred approach that allows a consistent evaluation of the flowmeter performance using a well-
known fluid under reference conditions. Under these conditions deviations can be identified, isolated,
and corrected, thus the obtained calibration factor (CALF) properly represents the sensitivity of the
meter.

Depending on the manufacturer and the meter characteristics, this CALF can be also valid for liquids
other than water. This transferability or extension of the CALF validity to other fluids, must be proved
through experimental tests.

3. Coriolis mass flowmeter in gas applications

Coriolis mass flowmeters exhibit good performance in gas applications such as in natural gas (CH4),
compressed natural gas (CNG), as well as in diverse H2 and CO2 applications, including custody
transfer. Gas applications are particularly stringent for Coriolis mass flowmeters due to the low density
of the fluid, and consequently its operation in the lower region of the flowmeter mass flow range, where
the zero-point stability plays a relevant role. Coriolis mass flowmeters are designed with specific
features allowing this effect to be reduced. Two examples of these features are the high homogeneity of
the materials used to build these instruments and the strict low symmetry tolerances permitted during
their construction. These features help to balance the mechanical behavior of the measuring tube
dynamic, thus reducing the impact on zero-point stability.

However, gas flow measurement with CMF, is also affected by the compressible behavior and the
low speed of sound (SoS) of the gas, responsible for introducing changes in the resonance frequency
with respect to the driving frequency imposed on the measuring tubes. This gas-related frequency effect
is mostly influenced by three elements: the SoS in the gas, the fluid velocity, and the measuring tube
geometry. These three elements are taken into consideration when implementing corrections to mitigate
their effect.

AGA Report No. 11 API MPMS Chapter 14.9, section 7 [2] states: “Calibration with an alternative
calibration fluid (e.g., water) is valid with Coriolis sensor designs where the transferability of the
alternative calibration fluid, with an added uncertainty relative to gas measurement, has been
demonstrated by the meter manufacturer through tests conducted by an independent flow calibration
laboratory.” This statement in principle validates the calibration results obtained in gas measurement
with Coriolis mass flowmeters originally calibrated with water, whenever the new accuracies and
uncertainties values of are clearly stated. This approach gives some flexibility to the expensive initial
gas calibration/verification, which could be difficult to implement due to the absence of appropriate flow
calibration facilities.

4. Coriolis mass flowmeters and low Reynolds number applications

Reynolds number (Re), one of the most important dimensionless numbers of fluid mechanics, accounts

for the relation between the inertial and viscous forces acting in a fluid transport application. CMF
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performance is sensible to low Reynolds number condition, as reported in Miller et. al. [3] and Mills
[4]. The mechanism behind these under readings is a complex interaction between the oscillating
Coriolis forces and the shearing forces under the low Reynolds dynamic condition, dominated by the
viscous effect at that flow regime. This interaction results in a secondary induced oscillatory force which
is function of the Re, as discussed by Kumar et. al [5].

This low Reynolds dynamic condition is driven by high viscous fluids. The knowledge of the flow
stream Re in the meter is relevant to compensate this effect. Coriolis mass flowmeters used in this work
determine dynamically the Re number values, since the fluid viscosity is also estimated, thus, the low
Reynolds number effect is compensated. The algorithm employed in this compensation is patented by
EndresstHauser Flowtec AG. This compensation technique has been shown to be effective for
addressing the effects of low Reynolds on Coriolis meters by independent notified bodies, such as NMi
Certin B.V. [6], to a level to be compliant with OIML R 117 [8].

5. Calibration round of Coriolis mass flowmeters using gas and viscous fluids

The goal of this calibration round using gas and viscous fluids as calibration fluids, is to prove that the
tested flowmeters perform equal or better than the maximum permissible error (MPE) stated in the
corresponding standard document, without adjustments in the CALF obtained in the initial water
calibration. A summary of these calibration results is shown in Table 1.

A first group of calibration performed in Pigsar facilities (Germany’s national standard for high-
pressure natural gas metering) to a Promass F DN25 and a Promass Q DN25 are shown in Annex 1. The
calibration fluid was natural gas at densities between 17 kg/m® and 40 kg/m’.

The deviations throughout the complete calibration range, as well as the instrument contributions to
the measurement uncertainty (Umcer 95%)) and the total measurement uncertainty (Ui k=2)) of the
calibrations are shown in Table 1. The maximum deviation values remained within the OIML R 137
MPE for Accuracy Class 1.0. This confirms the validity of the extension of the CALF obtained in water
and applied to this gas application.

Table 1. Summary of the results of liquid and gas calibration for Coriolis mass flowmeters.

Calibration Turndown Density Pressure Temp. Max. Max. Max.

Fluid flow range ratio Deviation  Umeter 95%) Utot (k=2 Cahbr'a .tmn
[kg/h] L] [kgm’)  [bar]  ['C] %] [%] [%] facility

Promass F DN25 (Annex 1)

CH, 84 — 2800 33:1 17.0 21.2 17.0 -0.18 0.12 0.28 Pigsar
Promass Q DN25 (Annex 1)

CH,4 84 — 2800 33:1 17.0 21.2 17.0 -0.17 0.19 0.30 Pigsar
Promass F DN8O (Annex 1)

CH, 2824 — 26804 10:1 243 30.1 21.0 0.41 0.43 0.49 Pigsar
CH, 8962 — 33913 4:1 39.7 48.6 20.0 -0.67 0.15 0.29 Pigsar
Promass Q DN80 (Annex 2)

H, 455 - 1746 1.6:1 2.36 30.2 33.0 0.25 0.23 0.42 DNV
N, 493 - 1091 2.2:1 2.56 2.3 33.0 0.23 0.16 0.57 DNV
H, 466 — 1337 2.9:1 3.13 40.0 33.0 0.39 0.14 0.38 DNV
Promass Q DN200 (Annex 2)

CH, 2400 — 70000 29:1 16.3 20 20.0 -0.11 0.14 0.27 Pigsar
Promass Q DN80
Siptech 132 ¢St 8665 — 117816 14:1 868.72 2.5 22.0 -0.32 0.01 0.25 NEL

Another group of calibrations was performed to a Promass Q DN80 in DNV (Det Norske Veritas,
Groningen) flow facilities, this time using hydrogen at 30 bar and 40 bar and nitrogen at 2.3 bar, see
Annex 2. This flowmeter was also initially calibrated with water with = 0.05 % o.r. of maximum
permissible error. The error (deviation) during the gas calibrations, the uncertainty of the repeatability,
and the expanded measurement uncertainty are shown in Table 1 and in Annex 2.

As shown in Figure 2, the “as-found” gas calibrations were performed at low mass flow rates,
between approximately 1.3 % and 4 %, relative to the maximum calibrated flowrate in water. An
additional challenging condition was the low gas density, ranging from 2.3 kg/m® to 3.13 kg/m’, a
common scenario in hydrogen applications.
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Figure 2. Promass Q DN80 errors, measuring H,, N, (DNV) and in its initial calibration with water.

Even in this region of the flowmeter range, where the influence of the zero-point stability is relevant,
the error values obtained during the calibration were within the band of the maximum measured error
(dashed line) for gas fluids at these flow rates in the non-linear region. It is also remarkable, that most
of the error values were also within the maximum measured error value specified in the instrument’s
technical information for gas flow measurement in the linear region (+ 0.25 % o.r.).

Figure 3 shows the calibration performed to a large diameter (DN200) Coriolis mass flowmeter
Promass Q. This device was included to extent the diversity of the instruments already tested, ranging
DN25 and DNB8O to larger sizes, but using the same approach, starting by water calibration at factory
conditions where the CALF is determined, and then calibrating the instrument without adjustments with
alternative fluids in this case natural gas in Pigsar.

The error curves in Figure 3, combine natural gas (see Annex 2) and water calibration results of the
Promass Q DN200. The initial calibration in water was performed at two points, 57698 kg/h and 229184
kg/h with = 0.1 % o.r. as tolerance limit, and an expanded measurement uncertainty, U (k=2), equal to
0.054 %. The results of the second calibration show a good agreement between both calibrations and
the validity of the CALF obtained during the water calibration. The maximum error obtained in this
calibration was -0.11 % (at the lowest flow rate) with maximum Uneer (uncertainty of repeatability) of
0.14 %.

This gas calibration, as can be seen in Figure 3, was covering only the low range of the water
calibration range, however the results are consistently good. This performance is possible due to the

instrument’s high zero-point stability, repeatability, and linearity, also shown under gas measurement
conditions.

1.0

--- Maximum measured error
\ (£0.25% o.r. for gas measurements in the linear region)
05 |

=
foige ¢ ¢ ¢ ¢
>
v B e e T e e e
o 7
/
-0.5 ,//
/ + CH4 20 bar DN200 cal. Pigsar facilities
A Water calibration at Endress+Hauser facilities
1.0 QA max
0 10 20 30 40 50 60 [%]

Figure 3. Promass Q DN200 errors, measuring CH4 (Pigsar) and in its initial calibration with water.
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The last group of calibrations reported are the results obtained in NEL (National Engineering
Laboratories, Glasgow). A Promass F DN80 was calibrated with nitrogen, light mineral oils, and white
oil Siptech 132 c¢St. This last one, shown in the Table 1 and in Figure 4, was intended to evaluate the
effectivity of the Low Reynolds compensation algorithms.

The Low Reynolds compensation is a permanent feature in Promass flowmeters, but in this case, it
was deactivated, Figure 4 (a), and activated, Figure 4 (b), to show the difference between the
compensated and uncompensated measurement results. Error values shown in Figure 4 (b), confirm the
capability of this feature to reduce the effects of the low Reynolds hydrodynamic conditions. Error
values mainly remained better than £0.2 %, two points at very low flow were higher than +0.2 % (-
0.29% and -0.32).
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Figure 4 (a). Promass F DN80 measuring Figure 4 (b). Promass F DN80 measuring

Siptech 132 cSt, without Low Re compensation Siptech 132 cSt with Low Re compensation

Figure 5 shows the general agreement of all the measurement deviations vs. Reynolds number. The
error values can be also compared against the indicated MPE of £1 % and +0.5% for gases, according
to OIML R 137 [7] Classes 1 and 0.5, respectively, and against & 0.2 % for liquids according to OIML
R 117 [8] Class 0.3. The obtained values mainly remained within the acceptable error range throughout
the entire range of Reynolds number. All the gas measurements, except CHs4 @50 bar, overperformed
staying within the band of error of £0.5% (OIML R 137 Class 0.5), considering that these flowmeters
are currently approved according to Class 1.

The combination of high zero-point stability with high repeatability and linearity, also at an extended
turndown ratio (up to 33:1) exhibited by these instruments, allows to achieve good agreement throughout
the calibrated ranges, between the calibration results in water, in gas, and in liquids other than water.
Also, the compensations implemented to correct deviations associated to low Reynolds conditions
helped to maintain the error under the expected limits even under these conditions.

This favorable behavior reinforces, with experimental data, the transferability approach from water
to gas and from water to viscous fluids addressed in this paper.
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Figure 5. Deviations vs. Reynolds for five Coriolis mass flowmeters measuring different fluids.
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6. Conclusion

Coriolis mass flowmeters tested in this calibration round have consistently shown high performance in
diverse gas and viscous fluids applications, using the same CALF obtained during their initial water
calibration. Beyond the theoretical considerations, there are trustable results obtained in third-party
calibration facilities with different sensors, different nominal diameters, pressures, fluids with different
densities and viscosities, all of them initially calibrated using water and with no further adjustments.

These results are possible thanks to the consistency of the design of the tested Coriolis mass
flowmeters, which combines high zero-point stability with high repeatability and linearity at an extended
turndown ratio. In addition to that the tested flowmeters are equipped with an algorithm to compensate
the effect of low Reynolds number condition, associated to high viscous fluids, as well as other
correction relevant for gases with low speed of sound and/or at high velocities.

These results also represent a reliable set of data to support and expand the concept transferability
for Coriolis mass flowmeters, sustaining the concept that their initial or subsequent water calibration
can be valid when the meter is measuring gas or viscous fluids. This validity, which implies to fulfil the
MPE values stated in custody transfer standards, such as OIML R 137 or OIML R 117, is considered by
the notified bodies when granting the tested Coriolis mass flowmeters for custody transfer applications
measuring liquid and gas.
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Annex 1:
Promass F DN25; 84 kg/h — 2800 kg/h CH4 @20 bar Promass Q DN25; 84 kg/h — 2800 kg/h CH4 @20 bar

yigsar ™

page 3of 4 page 3of4
- Certificate Number: T ezseon - Certificate Number: 191892021
Date: 2021-0508 Date: 2021-04-23
Applicant Endress & Hauser Flowies AG Applicant Endress & Hauser Flowte AG
Mieter under Test b Cariolis meter Promass F Meater under Test Type Coriclis meler Promass Q
Manufacturer Endress+Hauser Manutacaurar Endress+Hauser
Serisi numter S31AEZ02000 Seral rumber REDFT202000
Nominai Size ™ Nominal Size i
Year of manutacture 2021 Year of manutacture 200
Test Conditions Test medum Natural gas co, 157 mole % Test Conditions. Tast medum Natursl gas ©0, 153 male %
Pregsure, saoiin FEN 00 mole% Fressirs, soaciuin 02 o H 90 mole%
Gas Temperature i7 C Calorifc value.s. 1035 KWhim' Gas Temperature 17 ¢ Calorific valve, 5. 10,36 kiwhm*
Gas densily 1) 170 kg Density nermal 08308 wghw Gas donsity i 1) 170 kg’  Densitysoms 08312 kgim?
Dyn. viscasity i, 7 11565 Pas Mot conditrs (213,15 K. 101328 ey Dyn. viseosity .1 1ASEE Pas Nimal coatans (Z7515 K. 101 225 4P
Rosults 0i/Qmax__Oi (kph) _Reynoldsnumber _Devistion (34) _n_Unetr (%) Ut (%) Results Oi/Omax _ Oifkgh) _ Reynoldsnumber  Deviation (%) _n_ Ursir (%) Uk (%)
s lefty 0,03 (X 01010 008 H 008 028 Ias left) 003 509 0,11°10% an a 012 0,30
0,05 12817 018 10% 017 5 004 025 0,08 132,83 018%10% 004 5 005 025
a10 28289 03510 0.0 5 005 024 010 81,18 03510 013 & 003 024
021 60077 0.74*10% 0,06 5 003 023 02z 60246 o410 0,03 5 003 023
048 120838 181100 12 8 LAH 026 046 1278.39 1.58"10° 247 5 010 025
064 178462 2z E ALY H 008 024 054 1804.60 222" 013 5 018 030
1,02 284355 348100 003 Ll 012 026 098 273550 335000 -a.01 L] o 0z
108, wtwwen 0.7 Qras ared Omas. 1% 0,08 %.
. _ | Inctcated Vaie- Raference Value) Vaiue - Reference vawe]
The geviation & dafined as: Deviation="———— L 100% The T 8 VAL 100%

[Reference Vaiue]
whare the reference volume refers tn the condifions at the meter under test. The reported values

where the reference veiurme refers fo the conditiens al the meter under test. The reported values.
of s deviation ar the arilhmetical means of 1 single fepaat MESUEMENtS 1 6ach fowTate. 1 n s e floverate,

The s defined as Uy =T, U The reported faaf uncertsinty is defined s [T ——T.
where U, e 3 where U, valua,
stated a5 the standard nceriainty of measurement mutplied by the coverage fackor knz, and statec as the standand ncertainiy of measurement mullipied by (he coverage facior k=2, and
U, is the expanded , detesmined Ui te e Mmeter unde test. base of

i rapeats sl sach flov-rate, multiplied by Studentfactor (n) 1%, with a probability of 95%.  repeats at each fiow.raie, multiplisd by Studenttfactor () § Y, with a probabity of 85%

Remarks Security marks are applied Remarks ‘Security marks are applied
At customer’s request the meter had not been adjusted. .

The meter had been calibrated at 20 bar and at 40 bar.

The results at 40 bar ara presented in certiicats no, 1922412021

The meter had been calibrated at 20 bar and &t 40 bar.
The results at 40 bar are presented n certificate no. 18222/2021

Following parameters have been used during the calibration and have an influence 1o the test results:

Following parametars have been used during the calibraion and have an influence to the test results:
Gas 14 Messuring mode: Gas Stored zerofpipa): 43,1

Gas type: Methane Sensor pressure corr. (bar): 20 Gas type: Methane Sensor pressure corr. (bar): 20
Meter factor: 2,0496 Zero offset before calibration (/3 min): 6,121 Meter factor: 0,83113 Zexo offset befors calibration (g/3 min): -6,281
Zero offset after calibration (/3 miny: 4,338 Zero offset aher calitration (g3 min): -0,151
Tested in Dorsten at pigsar. on 20210508 Gabbeler Tested in Dorsten at pigsar, on 2021-04-23 Gorguln
This caibrstion reoraducad olhar then in ull sxcapt wih tha pemission of ihe issung baratory. This calibrabion cer¥icaia may not be repradkiced other than i ull excep wil ihe permission of he s |aboratoe.
jracars and seal on tha st paga ara ot vk Calbration cerliicates wihou signature and seal on e firsl page are nal v

Promass F DN80; 2824 kg/h — 26804 kg/h CH4 @30 bar Promass F DN80; 8962 kg/h — 33913 kg/h CH4 @30 bar

igsar ™

page 3of 4 page 3of4
203802022 Certificate Number: 203922022
2022-09-09 Date: 20220822
Applicant INMETRO Brazi Applicant INMETRO Brazil
Meter under Test Type Coriokis meter Promass 300 Meter under Test Type Carioks meter Promass 300
Manufacturer Endrass+Hauser
Serial number SA111F02000 Serial number SA111F02000
Nominal Size & Nominal Size 3
Year of manufacture 2021 Year of manufacture 2021
Test Conditions. Test medium Natural gas co, 1,01 mole % Test Conditions Test medium Matural gas €O, 131 mole%
Pressure, absoude 301 bpar  H 00 mole % Pressure, absolute 488 bar M, 00 mola%
Gas Temperature. 21 T Calodficvaluess 1032 KWhimt Gas Temperature 20 °C Calorific value,s 1012 Khim®
Gas density (5.7 243 kgm?  Density,seemst 08346 kg/m Gas density (5.T) 307 kgm'  Density,nomai 08166  kgimt
Dyn. viscosity 6.7 12065 Pas Norml condnons 273,15 K; 101323 kPa) Dyn. viscasity (1) 12965 Pas Mo carebions (273,15 K. 101,328 kPa)
Results Qi/Qmax Qi (kg/) Deviation n_ Uneter Ut Results QiiOmax_ Qi(kgh) Reynoldsnumber Deviation (%) n Umetsr (%)  Ust (%)
(as foft) 010 282410 1.04°10° 023 4 005 024 (as loht) 027 636243 3.06H0° 067 3 om 029
022 607258 223100 014 3 oo 023 040 1315240 449m0 057 3 om 028
042 1132288 416410 019 3 om 025 0gs 2299110 788104 0,53 3 o 027
o2 1961322 722100 021 3 om 025 087 2884228 8.91*10° 230 4 ot 028
093 2526773 8324100 041 6 013 027 102 3391340 1170100 024 5 oar 028
095 2561585 9,44410¢ 041 5 043 049
10t X
099 2680430 988 027 6 03 038 R ——— -
Weighted mean error, 028 %. The deviation is defined as: mmn-“’m'r‘; :WM"";'W 100%
The deviation s defined as: Devistion={/dicated Vaiue— Refersnce Value) 1) o refers 1o th the meter under test.
(Referance Value) of this deviation are the arithmetical means of n single repeat measurements at each flow-rate.
where the reference volume refors to the conditions at the meter under test. The reported values
of of at each flow-rate. P’ By ——T—
The reported fofaf uncertainty is dafined as: U =\UE, UL
The reported total uncertainty s defined as: U, =JUz U7 Where U, ..., is the expanded uncertainty of the harmonized reference value,
= . ‘stated as the standard uncetainty of measurement multipkied by the coverage facior k=2, and
R L N— value, U, 5 the expandod standard uncertainty of the meter under tos!, delermined on the baso of
sisied uncertalnty of Pl repeats at aach flow-rate, multiplied by Studentt-facior (n) / n**, with & probabilty of 95%.
Up 18 the of the meter under test, the base of - ! e =
n repeats at each flow-rate, muliplied by Student-t-facior (n) /1%, with a probabilty of 95%. Remarks Security marks are applied
Remarks Security marks are applied At customer’s request the meter had not been adjusted.
At customer’s request the meter had not been adjusted.
Tested in Dorsten at pigsar, on 2022-08-09 Gobbeler Tested in Dorsten at pigsar, on 2022-08-22 Gobbsler
Thie cailortion centSicito vy ok binigvockiced O an tn Al eicest Wil Sie. penriesion of the ssdhg leboralkry. This callbration cenificate may not be reproduced ather than in full except wilh the permission of the issuing laboratory.
Calibration cartificates vithout signature and seal on the first page are not valid Caliration certficates without signakure and seal on e first page sre nol vaiid
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Annex 2:
Promass Q DN80; 455 kg/h — 746 kg/h H2 @30 bar

DNV

Meter Serial No 6040202000 Cenificate No: ~ H003
Meter type 1D Promass Q 300, N8O Page 2012
Manufacturer Endress+Hauser Flowtec AG
Type: Coriolis
Adpustment [%]  no
FWME As LRt %) 0,18
Results v
[P
i
250 3
pi7) T
fEX] 55 1
[ Tocation | [ Wedum | Toar] abs ] T e Tigrr] |
Groningen | 2022:07-20 Fydrogen 302 330 23%
Deviation:  Formula = ( (IndicatedFlow / ReferenceFlow) - 1) * 100%
cMe: Test and Measurement Capabilty is the (35%) uncertainty that is normally available for Tests.
U-tot U-tot s the total (95%) measurement uncertainty
Ambient onditions: 342°C
Disclaimer.  Please note that this report reflacts the performance of the calibrated device anly at the time of

DNV Notharands 8V
jeweg 17. 4743 AN, Gronmgen

Tra Nemariands
Phome +31 £0 70087 00

test and in the circumstances prevaiing during the Test

Fleprotucton of tne comglete coctfcale s sowed
Parn of e crfcate may oy b prodvoed w
T 6proeal of the calleaton 13soraiary

Aoaonngengan com

© DNV Nethertands 8.V. | The Nethertands. | A rights reserved.

T+31507009700 | Trace register 0006404

Meter: Serial No: 6040202000 Certificate No:  HOD1
Meter type ID Promass Q 300, DNED Page: 20f2
Manufacturer - Endress+Hauser Flowtec AG
Type: Goriolis

Adjustment [%]: o
FWME As Lft (%] 0,33
Results Rev_flow | MUT flow | Deviation | CMC (95%] | Sid Dev (95%) | U-tol (95%] Reynolds
[m*h] [kg/h] %] ] %) 2]
4% 1337 36 536563
207 562 35 387566
255 798 36 321464
o %63 3 267650
78 7 36 27547
149 466 36 TBB67T
[ Tocation | _Date Wiedum | P [oar] abs ] TTCL o [kg/r] |
Groningen | 2022-0: Fiydrogen 400 330 313

Deviation:  Formula = (_ (IndicatedFlow / ReferenceFlow) - 1) * 100%

cMe: Test and Measurement Capabiliy is the (95%) unceriainty thatis normally available for Tests

U-tot: U-tot is the total (95%) measurement uncertainty.

Ambient conditions: 32°C

Disclaimer:  Please note that this report reflects the performance of the calibrated device only at the fime of

DNV Netheriands 8.1,
Energieweg 17. 6743 AN, Groringen Pars of the certficate may only be procs

test and in the circumstances prevailing during the Test

Reprosuction of the compiete certfizste i alowed.
Jo2d with
written approval of the calbraton laboratory.

Fogroningen@dnv.com

DnNVNameHandsBV | The Netheriands. | nl\ngm;m;erved

2 17, 9743 AN Groningen | P.0.

The Netheriands,

9704 CA Gronin

T 43150700 5700 | Trade register 09006404

Promass Q DN80; 493 kg/h — 1091 kg/h N2 @2.3 bar

DNV

Meter: Serial No- 76040202000 Certificate No: ~ H002
Meter type ID. Promass Q 300, DN80 Page 20f2
Manufacturer Endress+Hauser Flotec AG
Type Conolis

Adjustment [%]  no

FWME As Lt %] 0.08

Resurs:  [TRey Tiow ] [T ToER) T 5hd Do (o2 | Urior %) ]
[m*ih) Ikoh] &3] %] [% 5]
iz 1001 o01 L3 T
705 i 55 202612
I T 3 119 Te8a01 |
% a1 111 770 |
[ e 158 55 001 55388 |
pE]] 7} 3 007 11817
el | P[] TR
[ Gronngen 2022-07-19 Niroger 23 330
Deviation Formula = ( (IndicatedFlow / ReferenceFlow) - 1) * 100%
cme Test and Measurement Capabilty is the (95%) uncertainty that is normally avaitable for Tests
U-tot U-tot is the total (95%) measurement uncertainty.
Ambient eonditions Be2°C

Disclaimer:  Please note that this report reflects the performance of the calibrated device only at the time of
test and in the circumstances prevaiing during the Test
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bbb o o ey

W Netherands 8.
rerewes | 75743 Ax, Gronngen

Frone 131 537

o

Hienraungens con

=8V, | |

431507009700 | Trade register 09006404

9

page 3 of 4
icate Number: 19756/2021
2021-12-15
Applicant Endress+Hauser Flowtec AG
Meter under Test Type Coriolis meter Promass Q
Manufacturer Endress+Hauser
Serial number TEST0002145
Nominal Size "
Year of manufacture 2021
Test Conditions Test medium Natural gas co, 141 mole %
Pressure, absolute 206 bar H, 00 mole %
Gas Temperature 20 °C Calorific value,s 10,36  kWh/m®
Gas density (5, ) 163 kgm?  Density,scmai 08299 kgim®
Dyn. viscosity . 1156-5 Pas Normal condlons (273,15 K: 101,325 kPa)
Results Qi/Qmax__ Qi (k Reynoldsnumber _Deviation (%) _n__Umeter (%) _Utot (%)
(as left) 0,03 2426,27 037 °10° 0,11 7 003 023
010 708982 1,0010° 0,05 6 004 023
0,22 15157,84 2,33*10° 0,00 6 0,02 023
046 3230327 496*10° 001 6 004 024
0,57 40249,26 6,18*10° -0,02 6 0,08 025
080  55909,73 859°10° 0,03 7 014 027
102 71591,80 11,0810° 0,02 8 o2 026
Weighted mean error, 7 0%.
(Indicated Ve

lue~Reference Value)
100%
(Reference Value)

where the reference volume refers to the conditions at the meter under test. The reported values
of this deviation are the arithmetical means of n single repeat measurements at each flow-rate.

Uit =V amanzoa™ Upeter
where U,.._...., s the expanded uncertainty of the harmonized reference value,
stated as the standard uncertainty of measurement multiplied by the coverage factor k=2, and
U, 5 the expanded standard uncertainty of the meter under test, determined on the base of
n repeats at each flow-rate, multiplied by Student-tfactor () / n*, with a probability of 95%.

The deviation s defined as: Deviation="

‘The reported total uncertainty is defined as:

Remarks Security marks are applied

The meter had been calibrated at 20 bar and at 40 bar.
The results at 20 bar are presented in certificate no. 19756/2021.

Tested in Dorsten at pigsar, on 2021-12-15 Gorgula

This calibration certificate may not be reproduced other than in full except with the permission of the issuing laboratory.
Calibration certficates without signature and seal on the first page are not vali

—70000 kg/h CH4 @20 bar
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