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Vortragsubersicht:

Organisation der Metrologie: BIPM/CIPM, RMOs
- national: EUROMET
- weltweit: SIM, APMP

Mutual Recognition Agreement (MRA)
gegenseitige Anerkennung von
Prufstanden und Zertifikaten

Calibration and Measuring Capabilities [CMC]
- Ubersicht Europa (Flow)
- Rest der Welt

3D-Visualisierung der CMCs fur den Fluidbereich:
- Flissigkeiten, Wasser
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Metre Convention Diplomatic
1875 Treaty

Conférence Géené&rale
des Poids et Mesures (CGPM) Gover nments of
meets every four years and consists of Member States
delegates fromal Member States

Comité I nternational
des Poids et Mesures (CIPM) R e

consists of eighteen individuals or ganizations
elected by the CGPM.
It is charged with supervision of the BIPM
and the affairs of the Metre Convention.
The CIPM meets annually at the BIPM.

Consultative Committees (CCs)

give advice to the CIPM National
~on matters referred to them. metr ol ogy
Each is chaired by a member of the CIPM institutes
and consists of representatives
from national institutes
and other experts

Bureau | nternational
des Poids et Mesures (BIPM)

International centre for metrology.

Laboratories and offices at Sévres,
with an international staff of about 70.




Regional Metrology Organizations
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AIMS

*To develop a closer collaboration between Members in the work of
measurement standards within the present metrological structure.

*To optimise the u

and emphasise the deploy
metrological needs.
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TYPE OF COLLABORATION

*Co-operation in research

-

*Interlaboratory c
standards

pasurement

é . EUROMET N BNME .



Austria Belgium Czech Republic  Denmark

Finland France Germany Greece
Hungary Iceland Ireland Italy
Luxembourg Netherlands Norway
Poland P Portugal
Slovakia - i Slovenia
Spain Switzerland
Sweden Turkey

CEU

Chairman TC Flow: Prof. Dr. D. Dopheide

EUROMET P-I-B

&.




Number of projects

EUROMET-Flow Section: 2000/2001
Chairman TC Flow: Dietrich Dopheide PIB
PTB, Germany

Number of flow projects according to technical section

Air Natural Gas Liquids Water Density  Research
Volume Co-operation



Number of projects

12

10

EUROMET-Flow Section: 2000/2001
Chairman TC Flow: Dietrich Dopheide
PTB, Germany

PIB

Participation in and coordination of projects
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Calibration and Measuring Capabilities der NMIs

- Ubersicht tiber MeR- und Prifméglichkeiten der nationalen
Metrologie-Institute mit Angabe der Mel3unsicherheiten

- gegenseitige Prufung der Vertrauenswurdigkeit
durch
Ringvergleiche innerhalo EUROMET
sowie zwischen den RMOs SIM und APMP

- Prifung der Angaben durch BIPM
- Publikation im Internet durch BIPM

Nahere Angaben unter
www.BIPM.fr
www.Euromet.ch
www.ptb.de/english/org/1/13/hp.htm
(Fachbereich Fluidmechanik)



Number of CMC subject tables

EUROMET-Flow Section: 2001
Chairman TC Flow: Dietrich Dopheide
PTB, Germany

Submission of CMC subject tables per country
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Regional Metrology Organizations




EUROMET-Flow Section: 2001
Chairman TC Flow: Dietrich Dopheide P B

PTB, Germany

Number of participating countries and CMC flow entries per RMO

Number of countries

SIM EUROMET APMP




Mutual Recoanition Arrangement (M RA*)

...produced by CIPM under the authority of the Meter Convention for signaturein 1999
by the directors of the NM s of the Member States of the Convention.

ODbjectives.

® to establish the degree of equivalence of national measurement standards maintained by the NMIs;

* to provide for the mutual recognition of calibration and measurement certificates issued by the NM| s;

* thereby to provide gover nments and other parties with a secur e technical foundation for wider

agreementsrelated to international trade, commer ce, and regulatory affairs.

Pr ocess:

* international comparisons~ CIPM KCs,
* supplementary comparisons ~ Regional Metrology Organization (RMO) KCs, etc.

* quality systems and demonstrations of competence by NM1s.

Qutcome:

Statements of the measurement capabilities of each NM1 in a data base maintained by
the BIPM and publicly available on the Web.

"See www.bipm.fr for detailson the BIPM, CIPM, and the MRA.




Argentina
Australia
Austria
Belgium
Brazil
Bulgaria
Canada
Chile
China
Czech Republic
Denmark
Ecuador”
Egypt
Finland
France
Germany
Hungary
India
Ireland
Italy

* Associate Member, asof Jan. ‘01

MRA Signatories (43):

Japan
Korea
Mexico
Netherlands
New Zealand
Norway
Poland
Portugal
Romania
Russa
Singapore
Slovak Republic
South Africa
Spain
Sweden
Switzerland
Thailand
Turkey

UK

Uruguay

us

Int’l Orgs:
Int’l Atomic Energy Agency (IAEA)

Ingt. for Refr. Matlsand Msmts(IRMM)



CIPM Consultative Committees (CCs).

1. CCAUV-Acoustics, Ultrasound, and Vibration
2. CCEM-Electricity and M agnetism (~ Working Groups
1. Density
3. CCL-Length
2. Mass
4. CCM-Mass and Related Quantities < 3. Force (WGF)

5. CCPR-Photometry and Radiation 4. Pressure
5. Avogadro’'s Const.

6. CCQM-Amount of Substance
6. Hardness
7. CCRI-I OniZing Radiation 7. Fluid Flow (WGFF)
8. CCT-Thermometry ~ a. Water Flow
_ b. Hydrocarb. Lig. Flow

9. CCTF-Time and Frequency c. Hi-Press Gas Flow

_ d. Lo-Press Gas Flow
10. CCU-Units e. Air Speed

f. Liquid Volume



Generic Key Comparison Tests

Key
Comparisons

@ N\ participating in BIPM/CC Key Comparisons

@ NMI participating in BIPM/CC Key Comparisons
and in RMO Key Comparisons

O NwmI participating in regional Key Comparisons

[] NMI participating in neither BIPM/CC nor regional
Key Comparisons but making bilateral
comparisons directly with BIPM or with NMIsin

caegoriecs @ @, or O

Consultative Committee (CC)
Key Comparisons

Bl PM
and

other regional

Key
Cmparisons ®

CCM = BIPM Consultative Committee on Mass and
Related Quantities

RMOs = Regional Metrology Organizations
NMI = National Metrology Institution

SM = Systema Interamericano Metrologia
APMP = Asian-Pacific Metrology Program

EUROMET = Metrology Organization of the European
Union




gMEF

WGFFE Responsibilities PIB
Initiatin Assistin
Measurand J J

Country Country Country

Water Flow K orea UK M exico

Hydrocarbon Liquid Flow UK Japan US
Air Flow (Low P) US UK Korea
_ Germany

GasFlow (High P) Netherlands US Korea
Air Speed Japan Brazil Netherlands

Volume M exico Australia Sweden




NMI: PTB-Berlin, German
i Y " Date: 15 October 2001
(Section "Measurement of Thermal Energy")
Liquid Flow / Heat Flow
. . List of Comparisons supporting this
Calibration or Measurement Service Measurand Level or Range Measurement Con@uons/lndependem Expanded Uncertainty REEEmES S?andgrds U] ) measurement/ calibration Administration Service
Variable calibration ST
internal Minimum | Maximum Level of Source of Comments RN Service Review|  Review
. Quantity Instrument or Artifact | Instrument Type or Method Units Parameter Specifications Value | Units . Standard s P Service | Categor| NMI
numbering value value Confidence traceability pipe sizes \dentific| _y () Status | Comments
liquid flowing quantity: Any Flow Measurement |Pulsed, electrical, digital & Temperature gravimetric type, Mass, time, |internat. intercomparisons with DTI 9.7 and
1 q 94 y: Instrument or Flow  |optical outputs - various 50 2800 L water o P o 0,2 % 95% weighing system, temperat. |(DK); OFZS (A), Publ.: J.-F. March et DN 50 - 200 DE1 . PTB + ok
volume y 20°Cto 80 °C N 9.3
Device methods temperature sensor PTB al. Flomeko'98, Lund, p.523
liquid flowing quantity: Any Flow Measurement |Pulsed, electrical, digital & Temperature gravimetric type, Mass, time, |internat. intercomparisons with DTI 97 and
2 q 94 . Instrument or Flow  |optical outputs - various 50 2800| kg water o P o 0,2 % 95% weighing system, temperat. |(DK); OFZS (A), Publ.: J.-F. March et DN 50 - 200 DE2 . PTB + ok
mass ; 20°Cto80°C 8 9.4
Device methods temperature sensor PTB al. Flomeko'98, Lund, p.523
Any Flow Measurement |Pulsed, electrical, digital & Temperature %;V'E?:Uf 2(22 Mass, time, |internat. intercomparisons with DTI 97 and
3 liquid flowrate volume Instrument or Flow  |optical outputs - various 20 180| mh water o P o 0,2 % 95% ghing sy . temperat. |(DK); OFZS (A), Publ.: J.-F. March et DN 50 - 200 DE3 - PTB + ok
. 20°Cto80°C temperature sensor, S 9.2.2
Device methods alsk PTB al. Flomeko'98, Lund, p.523
Any Flow Measurement |Pulsed, electrical, digital & Temperature %;V'E?:Uf 2(22 Mass, time, |internat. intercomparisons with DTI 97 and
4 liquid flowrate mass Instrument or Flow  |optical outputs - various 20000/ 180000 kg/h water o P o 0,2 % 95% ghing sy . temperat. |(DK); OFZS (A), Publ.: J.-F. March et DN 50 - 200 DE4 - PTB + ok
. 20°Cto80°C temperature sensor, S 9.1.2
Device methods dlsk PTB al. Flomeko'98, Lund, p.523
. internat. intercomparison with NMI
Any Flow Measurement |Pulsed, electrical, digital & Temperature alei (i & ts)(zm Mass, time, |(BUL), ASMW, Publ. J.-F. March et 9.7 and
5 liquid flowrate volume Instrument or Flow  |optical outputs - various 1] 20| m¥%h water 25 "Cpto 65 °C 0,4 % 95% temg eragtur); senéor temperat. |al. Flomeko'98, Lund, p. 105; ~W. DN 15 - 50 DES '92 2 PTB + ok
Device methods cloci ! PTB Poschel et al. Jahresber. 1990 ASMW -
Berlin, p.48
Any Flow Measurement |Pulsed, electrical, digital & Temperature %;V'E?:Uf 2(22 Mass, time, |internat. intercomparisons with DTI 9.7 and
6 liquid flowrate mass Instrument or Flow  |optical outputs - various 1000 20000| kg/h water o P o 04 % 95% ghing sy . temperat. |(DK); OFZS (A), Publ.: J.-F. March et DN 15 - 50 DE6 - PTB + ok
. 25°Cto 65°C temperature sensor, S 9.1.2
Device methods dlsk PTB al. Flomeko'98, Lund, p.523
Any Flow Measurement |Pulsed, electrical, digital & Temperature %;V'E?:Uf 2(22 Mass, time, |internat. intercomparisons with DTI 9.7 and
7 liquid flowrate volume Instrument or Flow  |optical outputs - various 0,01 1| m¥h water o P o 0,4 % 95% ghing sy . temperat. [(DK), SP (SE), BEV (A), Publ.: M. DN 10 - 32 DE7 c PTB + ok
. 20°Cto80°C temperature sensor, 4 9.2.2
Device methods alsk PTB Thrane et al., Flomeko'98, Lund, p.101
Any Flow Measurement |Pulsed, electrical, digital & Temperature %;V'E?:Uf 2(22 Mass, time, |internat. intercomparisons with DTI 97 and
8 liquid flowrate mass Instrument or Flow  |optical outputs - various 10 1000[ kg/h water o P o 04 % 95% ghing sy . temperat. [(DK), SP (SE), BEV (A), Publ.: M. DN 10 -32 DE8 c PTB + ok
. 20°Cto80°C temperature sensor, 4 9.1.2
Device methods dlsk PTB  [Thrane et al., Flomeko'98, Lund, p.101
laser doppler veloc.,
liquid flowing quantity: Any Flow Measurement |Pulsed, electrical, digital & Temperature prim. stand. calibration|Mass, time, |Publ. J.-F. March, Meas. Sci. Techn. 9.7 and
9 q 94 y: Instrument or Flow  |optical outputs - various 50 L water o P o 04 % 95% bench, turbine flow- temperat. |9, 1998, p. 128 and Flow Meas. Instr. DN 40 - 150 PN 25 DE9 . PTB + ok
volume . 80°Cto 180 °C 9.3
Device methods meter as second. PTB 7,1996, p. 211
stand.
laser doppler veloc.,
liquid flowing quantity: Any Flow Measurement |Pulsed, electrical, digital & Temperature prim. stand. calibration|Mass, time, |Publ. J.-F. March, Meas. Sci. Techn. 9.7 and
10 q 94 ty: Instrument or Flow  |optical outputs - various 50 kg water o P o 04 % 95% bench, turbine flow- temperat. |9, 1998, p. 128 and Flow Meas. Instr. DN 40 - 150 PN 25 DE10 | PTB + pk
mass : 80°Cto 180 °C 9.4
Device methods meter as second. PTB 7,1996, p. 211
stand.
laser doppler veloc.,
Any Flow Measurement |Pulsed, electrical, digital & Temperature prim. stand. calibration | Mass, time, |Publ. J.-F. March, Meas. Sci. Techn. 9.7 and
11 liquid flowrate volume Instrument or Flow  |optical outputs - various 50 120 mh water o P o 0,4 % 95% bench, turbine flow- temperat. |9, 1998, p. 128 and Flow Meas. Instr. DN 40 - 150 PN 25 DE11 |7, PTB + ok
. 80°Cto 180 °C 9.2.2
Device methods meter as second. PTB 7,1996, p.211
stand.
laser doppler veloc.,
Any Flow Measurement |Pulsed, electrical, digital & Temperature prim. stand. calibration|Mass, time, |Publ. J.-F. March, Meas. Sci. Techn. 9.7 and
12 liquid flowrate mass Instrument or Flow  |optical outputs - various 50 000 120 000| kg/h water o P o 04 % 95% bench, turbine flow- temperat. |9, 1998, p. 128 and Flow Meas. Instr. DN 40 - 150 PN 25 DE12 |7, PTB + ok
. 80°Cto 180 °C 9.1.2
Device methods meter as second. PTB 7,1996, p. 211
stand.
Publ. J.-F. March, Der Einfluss von
liquid flowing quantity: Any Flow Measurement |Pulsed, electrical, digital & Temperature gravimetric type, Mass, time, |Glykol-Wasser-Gemischen auf die 9.7 and
13 q 94 y: Instrument or Flow  |optical outputs - various 5 250 L glycol-water solutions o P o 05 % 95% weighing system, temperat. ichtigkeit von n flr DN10 - 32 DE13 ™ PTB + ok
volume . -15°Cto 80 °C 0 3 9.3
Device methods temperature sensor PTB thermische Solaranlagen, PTB-Bericht
ThEx-14, Oktober 2000
Publ. J.-F. March, Der Einfluss von
liquid flowing quantity: Any Flow Measurement |Pulsed, electrical, digital & Temperature gravimetric type, Mass, time, |Glykol-Wasser-Gemischen auf die 9.7 and
14 q 94 ty: Instrument or Flow  |optical outputs - various 5 250 kg glycol-water solutions o P o 03 % 95% weighing system, temperat. (N ichtigkeit von n fir DN 10 - 32 DE14 ™ PTB + ok
mass : -15°Cto 80 °C P q 9.4
Device methods temperature sensor PTB thermische Solaranlagen, PTB-Bericht
ThEx-14, Oktober 2000
3 a Publ. J.-F. March, Der Einfluss von
Any Flow Measurement |Pulsed, electrical, digital & Temperature i & ts)(zm Mass, time, |Glykol-Wasser-Gemischen auf die 9.7 and
15 liquid flowrate volume Instrument or Flow  |optical output - various 0,005 2,5 m%nh | glycol-water solutions o P o 0,5 % 95% gning sy . temperat. ichtigkeit von n fur DN 10 - 32 DE15 |7 PTB + ok
. -15°Cto 80 °C temperature sensor, P 3 9.2.2
Device methods desi PTB thermische Solaranlagen, PTB-Bericht
ThEx-14, Oktober 2000
v G Publ. J.-F. March, Der Einfluss von
Any Flow Measurement |Pulsed, electrical, digital & Temperature alei iy ts)(zm Mass, time, | Glykol-Wasser-Gemischen auf die 9.7 and
16 liquid flowrate mass Instrument or Flow  |optical outputs - various 5 2500( kg/h | glycol-water solutions o P o 03 % 95% ghing s¥: . temperat. ichtigkeit von n flr DN 10 - 32 DE16 |~ PTB + ok
. -15°Cto 80 °C temperature sensor, P 3 9.1.2
Device methods dlesi PTB thermische Solaranlagen, PTB-Bericht
ThEx-14, Oktober 2000
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Volume of heat conveying An%givr\;gria;fsxm Pulsed, electrical, digital & water: glycol-water- ;vei Ty zz‘:r’l Mass, time, DN 10 -200, up to
17 flowing liquid (for thermal optical output - various » gy (seelines 1to 16) ps aboveg % 95% gning sy: ! temperat. |Publ. see (lines 1 to 16) by DE17 9.7 PTB + ok
Device (see lines 1 to solutions respectively temperature sensor, PN 25
energy measurements) methods i PTB
Publ. H. Fenske et al., Automatisierte
Thermal energy (as a standard resistors, Priifung von Warmezéhler-Rechenwer-
function of liquid flowrate Pulsed, electrical, digital & water; glycol-water- Power ulse-, frequency- and S, ken durch bildverarbeitungsgestitzte
18 a Any Type of Calculator |optical output - various 3] 200 » gy <02 % 95% P » freq Y current, y 959 DE18 9.7 PTB + ok
volume and temperature solutions respectively 20 W to 10 MW / or current generators, Displayerkennung, Euroheat & Power
methods time, PTB p
difference) counters 11/1998, p. 32. Bilateral Intercom-
parison PTB - DTI, Oct. 1995
resistance measuring
Temperature difference (for Any Type of . devices, standard resistance, | .
19 thermal energy Temparature Sensor Electrical, digital output - 3 200 water; glycol-water- Te@mperalureq <002 K 95%  [thermometers, temperat. Bt i i (1= D, DE19 [ 97 ([PTB| + ok
various methods solutions respectively -15°Cto 200 °C Oct. 1995
measurements) Pairs temperature controlled PTB
baths
gravimetric type,
Pulsed, electrical, digital & weighing system. Mass, time, | ., 3
: ' 1 ; glycol-water- T . o -DT °
20 Thermal energy Any Type of Heat Meter |optical output - various 20 0000 watgr, glyco wa}er e‘inperaturea <1,0 % 95% temperature sensor, temperat. (SR i (S - T, PRI = 208, 1D DE20 9.7 PTB + ok
000 solutions respectively -15°Cto 200 °C Oct. 1995 PN 25
methods clock, temperature PTB
controlled baths
29.10.2001 CMC-FLOW-GERMANY-NEW-26-October-2001.xIs




NMI: PTB Braunschweig, Germany Date: 15 October 2001
Section Liquid Flows
i i List of Comparisons supporting this
Calibration or Measurement Service Measurand Level or Range Measurement Conqltlonsllndependem Expanded Uncertainty RECETED Stand_ard T measurement/ calibration Administration Service
Variable calibration q
service
. NMI [ Service . 3
Quantity Instrument or Artifact | Instrument Type or Method Minimum| Maximum Units Parameter Specifications Value | Units Le\{e\ of Standard Sourcel ‘.Jf IS Service | Categor| NMI G| (RS
value value Confidence traceability Pipe sizes (mm) \dentific] y (9 Status | Comments
21 Volume flowrate Flow sensors e g. electromagnetic, 03 100 | m¥h Water Ambient conditions | 01 | % 95% BRI PTB RIS TR ERTEER DN 20 - 150 DE21 | 922 |pTB| + ok
ultrasonic meters clock + density Project 1997:
22 Mass flowrate Flow sensors e g. Coriolis-type 03 100 th Water Ambient conditions | 0,1 | % 95% EemeellEi PTB See above DN 20 - 150 DE22 | 9.1.2 |PTB| + ok
flowmeters clock
e g- mechanical, Balance/diverter +
23 Volume Flowmeters electromagnetic, ultrasonic 5 1500 L Water Ambient conditions | +0,05 | % 95% i PTB See above DN 20 - 150 DE23 9.3 |PTB + ok
meters dEiHy
e. g. Coriolis-type . - .
24 Mass Flowmeters flowmeters 5 1500 kg Water Ambient conditions | £0,05 [ % 95% Balance/diverter PTB See above DN 20 - 150 DE24 9.4 |PTB + ok
e. q. mechanical Publications:
s ! i i “LOMEKO 1998
25 Volume flowrate ~low sensors 2lectromaanetic, ultrasonic )3 2100 T h Watel T timneralure +0,0¢ % 5% " GG - ATE DN 20 - 40 DE2E 9.2.2 STE ( ok
neters THEEXETE slock + density mete 4th ISF M 1999
= FLOMEKO 2000
26 Viass flowrate Flow sensore .9 Cotolipe 23 2100 | Watei pmbicaucmesiatrel Food | R )5% Ealanceliieriery STE See above DN 20 - 40( DE2¢ | 9.1z |°TE| « *
lowmeters ymax = 6 bars slock
e. g. mechanical, . .
27 Volume Flowmeters electromagnetic, ultrasonic | 30 | 30000 | L Water Ambient temperature. | , g5 | o, 95% FEEREREREIETS | gy See above DN 20 - 400 DE27 | 93 |PTB| O ok
meters pmax = 6 bars density meter
ass owmeters B ] ater - | £0, b Q alance/diverter ee above - I o
28 M Fi e g. Coriolis-type 30 | 30000 | k W Ambient temperature, | o o, | o 95% Balance/d PTB See abi DN 20 - 400 DE28 | 9.4 |PTB| 0 K
flowmeters pmax = 6 bars
. Ambient temperature,
e. g. mechanical, flowrate = 1
29 Volume Flowmeters electromagnetic, ultrasonic 250 L Water 600 mh, +0,02 % 95% Pipe prover PTB See above DN 20 - 400 DE29 9.3 PTB 0 ok
meters i
pmax = 6 bars
e. g. turbine, ultrasonic, White spirit: . " Intercomparisons 1995/1997(BCR-
s Vm?ar?/:rfa‘ovev)'ate Flow sensors positive-displacement 06 250 | mah | [density = 770 kg/m®; Amb;:x‘ mperael £01 | % 95% ng"('fr"a“:faf']tfo PTB Project 1997: DN 25 - 150 DE30 | 9.22 |PTB| + ok
9 meters viscosity = 0,77 mPass]| P i g 5 EU Ref: MATI-CT 940018)
Mass flowrate e. g. turbine, ultrasonic, White spirit: Arr}::ji:,r:;::n:poerzature, Balance.
e o 3 =02 ... o . b :
31 (average) Flow sensors posmven:i:ts::cemem 0.08 46 th [dens{(y:g;(; kg{,m" 60 malh, +0,1 % 95% Standing start / stop PTB See above DN 25 - 80 DE31 | 9.1.2 | PTB + ok
viscosity = 0,77 mPass] pmax = 3,5 bars
. . . - Ambient temperature,
e. g. turbine, ultrasonic, White spirit: flowrate = 0,6 i
32 Volume Flc positive-di 5 5000 | L | [density = 770 kg/m’; L 2005 % 95% G il PTB See above DN 25 - 150 DE32 | 93 |PTB| + ok
meters viscosity = 0,77 mPass] 250 m°/h, Standing start / stop
! pmax = 3,5 bars
White spirit: Ambient temperature,
e. g. Coriolis-type Lo " a flowrate = 0,2 ... o , Balance, _
33 Mass Flowmeters flowmeters 50 900 kg V‘[S:g:ty__o???(; l:g;rg.,s] 60 m¥h, +005| % 95% Standing start / stop PTB See above DN 25 - 80 DE33 9.4 |PTB & ok
ty=0 pmax = 3.5 bars
34 Volume (liquid) Glassware Pipettes 1 100 L Water contents Room temperature |+0,002| % 0,95 Balance + density PTB (EXCIRHF s TRl DE34 9.3 PTB + ok
MAT1-CT 92-0015
NMI: PTB-Braunschweig, Germany Date: 15 October 2001
Section Gas Flow
Calibration or Measurement Expan List of Comparisons supporting this Adminis
Measurement Service Measurand Level or o ded Reference Standard P Dr._' ,g p
Conditions/Independe . " . measurement/ calibration tration
PTB Germany Range . Uncert used in calibration . 4
h nt Variable service Service
Braunschweig ainty.
oLl Service
Quantity Instrument or Artifact | Instrument Type or Method Minimum| Maximum Units Parameter Specifications Value | Units Le\{e\ of Standard Source] ‘.Jf (eSS SIS Categor | NMI RenEr)  REUE
value value Confidence traceability pipe sizes Identific ® Status | Comments
ation Y
LFE, MFC, nozzles, . .
35 2;:’;&19 or volume "g";’;rr’r‘]:z:z orrifice meter, soap film 02 200 Lh Inert gas oS < d?“';irsl 025 | % 95% piston systems Fim | W Es PUEEREENNA, € 48 <DN25 DE35 | 921 |PTB| + ok
devices
LFE, MFC, nozzles, . .
36 mzzz f(s:é;ate or flgoavgﬂ(:z: orrifice meter, soap film 0,24 240 g/h Inert gas an‘:rbe\::?rcz:d:iitil;?\rst 0,25 % 95% piston systems PTB Wit @z [PIEHERIEE RN, € 46 <DN 25 DE36 | 9.1.1 |PTB + ok
devices
Aschenbrenner, A.: DVGW-
37 Flowrate or volume flowmeters, LFE, wet gas meters 15 3500 | Lh air ambient 005 | % 95% | forced piston devices | PTB  |Schriftenreihe Nr. 12 (1987)  S. 113- <DN 50 DE37 | 921 |PTB| + ok
(gas) gasmeters conditions p,t
! 134
Aschenbrenner, A.: DVGW-
38 Mass flowrate or "°;’;$:EZ:§ LFE, wet gas meters 18 4200 | gh air CO:;’?;’(‘;Z‘ . 005 | % 95% | forced piston devices | PTB | Schriftenreihe Nr. 12 (1987)  S. 113- <DN 50 DE38 | 9.1.1 |PTB| + ok
mass (gas) 9 itions p, 134
39 Flowrate (gas) flowmeters critical nozzles 0,015 15 m¥h air ar’??"e”‘ 0,10 % 95% wet gas meter PTB < DN 50 DE39 | 9.2.1 |PTB 0 ok
conditions p,t
40 Mass flowrate (gas) flowmeters critical nozzles 0,018 18 kg/h air co:gi]tli’t‘)lewr;‘p( 0,10 % 95% wet gas meter PTB <DN 50 DE40 | 9.1.1 |PTB 0 ok
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Dopheide


Dopheide

Dopheide

Dopheide


NRLM Japan: 1992, 1998; NMi
NL:1995, 1997; IPT Brasilien: 1996;
Flowrate or volume LFE, wet it bient e
il flowmeters, gasmeters |- = Wt 9as meters, 1 60 m¥h air amoien 006 | % 95% bell prover PTB EUROMET 425: 1998; DN 10 - 100 DE41 | 921 |PTB ok
(gas) critical nozzles conditions p,t
9 Publ.: Takamoto, M.; Ishibashi, M.;
Watanabe, N.; Aschenbrenner, A.;
Caldwell, S.: FLOMEKO'93, pp. 75-82;
NRLM Japan: 1992, 1998; NMi
NL:1995, 1997; IPT Brasilien: 1996;
Mass flowrate or LFE, wet it bient e
42 flowmeters, gasmeters |- = Wt 9as meters, 12 72 kgth air amoien 006 | % 95% bell prover PTB EUROMET 425: 1998; DN 10 - 100 DE42 | 9.1.1 |PTB ok
mass (gas) critical nozzles conditions p,t
g Publ.: Takamoto, M.; Ishibashi, M.;
Watanabe, N.; Aschenbrenner, A.;
Caldwell, S.: FLOMEKO'93, pp. 75-82;
NMi NL: 1989, 1997; NRLM Japan:
1992, 1994; EAM CH: 1995;
rotary piston meters, turbine EUROMET 277: 1994; EUROMET 307:
P Flowrate or volume flowmeters, gasmeters meters, ultrasonic meters, 200 5600 mh air ambient conditions p.{| 0,08 % 95% test rig with critical PTB 1996; EUROMET 419: 1999; Publ.: DN 50 - 400 DE43 | 921 |PTB alk
(gas) vortex meters, LFE, orifice nozzels Wendt, G.; Hartlep, A.: PTB-
meters Mitteilungen 102 (1992), S. 371-3375;
Wendt, G.: PTB-Bericht MM-7, S. 41-
51
NMi NL: 1989, 1997; NRLM Japan:
1992, 1994; EAM CH: 1995;
rotary piston meters, turbine EUROMET 277: 1994; EUROMET 307:
Mass flowrate or meters, ultrasonic meters, . . - test rig with critical 1996; EUROMET 419: 1999;
g g 9 o -
44 mass (gas) flowmeters, gasmeters Vortex meters, LFE, orifice 240 6720 kg/h air ambient conditions p,t| 0,08 % 95% e PTB Publ.: Wendt, G.; Hartlep, A: PTB- DN 50 - 400 DE44 | 9.1.1 | PTB ok
meters Mitteilungen 102 (1992), S. 371-3375;
Wendt, G.: PTB-Bericht MM-7, S. 41-
51
. . - dou-rotary piston
3 0 9 -
45 Flowrate (gas) flowmeters critical nozzles 15 2000 m°/h air ambient conditions p,t| 0,12 % 95% (S I I ET PTB DN 50 - 200 DE45 | 9.21 |PTB ok
L . . dou-rotary piston
9 o -
46 Mass flowrate (gas) flowmeters critical nozzles 18 2400 kg/h air ambient conditions p,t| 0,12 % 95% (S I ey PTB DN 50 - 250 DE46 | 9.1.1 |PTB ok
47 |Volume (gas) gasmeters turbine meters, rotary piston| 05 | 24000 | men air ambient conditions pt| 012 | % YR SIS [y || e G PSEEE Y, € 4 DN100 - 600 | DE47 | 921 |PTB ok
meters ! ! meters 51 -
48 Mass (gas) gasmeters ‘m”:z('e”; meters, rotary piston| 545 | 28800 | kgih air ambient conditions pt| 012 | 9% 95% L2 ”gm"g'!‘ehr;”’b'"e pr | WendtG: PTB'BS"’l”Ch‘ MEH Eh i DN 100 - 600 DE4g | 9.1.1 |PTB ok
49 |Volume (gas) gasmeters turbine meters 100 | 6000 | mih air co:m‘;?p . |00 | % | o LRSI e pre | NMINL 1990, P‘ig's-: e DN10 - 300 DE49 | 921 |PTB ok
i 3 . -
50 Mass (gas) gasmeters turbine meters 120 | 7200 | kgh air Co:ﬂ?{‘;‘z‘p . 010 | % 95% "D‘;l;svsr'a't'g e PTB b NL:ISS:L P‘ig;': 4"2:"°'°9'a DN 100 - 300 DESO | 9.1 |PTB ok
GERG 1998-‘2000; EUROMET 474:
Vol turbine meters, ultrasonic . ambient temperature o . common 1999/2000; NMi NL: 1997, 1999;
51 q ume, gasmeters meters, vortex meters, 8 6500 mh high pressure 15°Cto 20° C; 015 % 95% test rig with turbine | reference Publ.: Kurschat, T.; Brandt, O.; DN 80 - 400, ANSI 600 DESL | 921 | PTB %
(high pressure gas) Coriolis meters natural gas pressure meters value Bremser, W.; Hasselbarth, W.: 4th Pressure 15 - 50 bar
15 bar to 50 bar PTB/NMi | |SFFM, Denver 1999, paper 14.4, 12
pages
GERG 1998-2000; EUROMET 474:
M f turbine meters. ultrasonic v ambient temperature o : common 1999/2000; NMi NL: 1997, 1999;
52 .aSS ow-rate flowmeters Meters, vortex meters, 100 300000 | kgh high pressure 15°Cto 20° C; 015 % 95% test rig with turbine | reference Publ.: Kurschat, T.; Brandt, O.; DN 80 - 400, ANSIG00 DE52 | 911 |PTB @
(high pressure gas) Coriolis meters natural gas pressure meters value ) Bremser, W.; Hasselbarth, W.: 4th Pressure 15 - 50 bar
15 bar to 50 bar PTB/NMi | |SFFM, Denver 1999, paper 14.4, 12
pages
particel speed on .
53 flow speed Ve&zii?rrl::eof?llgv) LDV 01 15 m/s surface fringe calibration 01 % 95% rotating glas wheel PTB Inza (Spagrgp];:‘giggg RRL back scatt. mode DE53 | 951 |PTB ok
(rotating gals wheel) :
. prandtl tubes, fan type flow in open wind ambient 0,01~ A .
54 flow speed air speed anemometers anem., hot film anem. 0,2 60 m/s tunnel conditions pit 0,05 m/s 95% LDV+windtunnel PTB EUROMET 388: 1998 @< 60mm DE54 | 9.5.1 | PTB ok
. prandtl tubes, fan type . ambient o , .
55 flow speed air speed anemometers anem. <25mm 05 60 m/s pipe flow conditions p.t 0,5 % 95% LDV PTB EUROMET 388: 1998 g< 40mm DES5 | 951 |PTB ok
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Vielen Dank fur Ihre Aufmerksamkelt




