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General formulas — Volumetric flow meter

c c c c Pulses/hour
Qvstd = 9v " Ctim” Cpim * Ciesm” Cpsm qdv =
£ £ v K_factor

Qy,std = Standard volume flow rate from flow meter (Sm3/h)
a, = Actual volume flow rate from flow meter (m3/h)
Cim = Correction for the temperature effect on liquid at the meter
Coim = Correction for the pressure effect on liquid at the meter
(C e = Correction for the temperature effect on steel of the meter
Cpsm = Correction for the pressure effect on steel of the meter
K_factor = Calibration factor for flow meter (pulses/m3)




General formulas — Mass flow meter

; = . L cp _ Pulses/hour
v,std Detd D tlm Im dQm = K fac tor
Oy std = Standard volume flow rate from flow meter (Sm3/h)
Om = Mass flow rate from flow meter (kg/h)
Pstd = Density of liquid at standard conditions (1.01325 bara, 15 °C)
p = Operating density
G = Correction for the temperature effect on liquid at the meter
Coim = Correction for the pressure effect on liquid at the meter
K factor = Calibration factor for flow meter (pulses/kg)




Correction factors for liquid USM flow measurement

Pulses/hour
Qv,std = K factor *Cetm” Cptm " Cesm™ Cpsm
Cium = temperature effect on liquid at the meter
Coim = pressure effect on liquid at the meter
Ciem = temperature effect on steel of the meter
Cosm = pressure effect on steel of the meter

K tactor = Calibration factor for flow meter (p/m3)
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C. — temperature effect on liquid at the meter

APl MPMS Ch. 11.1.54:

—aAT—0.8a2AT?

Ciix = €

Ko | Ky

a=——=
pref pref
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Crude Oils 613.9723 | 0.0
Fuel Oils 186.9696 | 0.4862
Jet Fuel 594.5418 | 0.0
Gasoline 346.4228 | 0.4388
‘FMCTechnologies




C. — temperature effect on liquid at the meter

C,, for density 800 kg/Sm?

For a typical crude 1

oil, a temperature -X
increase of 1 °C 059 - N
generates an \

increased volume of 0.996
approximately 0.1%.

£ \ —— K0 and K1 for Crude Oils
= 0.994 -

t)' \ = K0 and K1 for Fuel Qils
\\ KO and K1 for Jet Fuel
0.992 - \\ —— KO0 and K1 for Gasoline

0.99 -

/
/4

0.988

0 1 2 3 4 5 6 7 8 9 10
T - Tref (degC)
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C

P

APl MPMS Ch. 11.2.1M:

1
Cplx =
b I-(p -p,) F-100
(A+B-T+ (c+D.-7 )(1(;00]2]
I3 _ C
1000000

T =temperature (°C)
p = reference density (kg/Sm?3)

FMC Kongsberg Metering

m — pressure effect on liguid at the meter

The most common used equation
for Cp,, valid for density from 638
to 1074 [kg/Sm3].

A -1.6208

B 0.00021592

C 0.87096

D 0.0042092
‘FMCTechnologies




Com — Bressure effect on liquid at the meter

Coim for density 800 kg/m3, 40 degC For a typi cal crude

oil, a pressure
increase of 10 bar
generates a
reduced volume of

10008 / approximately 0.1%.

£

o 1.0006

Q / ——Cplm
1.0004

1.0002

1.0012

1.001

0 2 4 6 8 10 12
P - Pref (bar)
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Data entry for C,,,

Setup
i General Information
Bank11.Ligk0
Description: Liquid thermal expansion coefficient KD
Source ID: 25
Signal Number: 404
Quality: Goed (192) Clear Manval
Current PV: 613,97 -
Alarm Information
Information
Ewvent Class: Event i
Alarm . O General Information
Alarm Delay: o] seconds Bank11.Ligk1
it Description: Liquid thermal expansion coefficient K1
T - wre
\ Hysteresis: 0,00 ) 5 D I5
Signal Number: 405
Alarm Constraints 9 ]
Quality: Good (152)
Instr. High Limit: 000( - Current Py: 0,00 -
High Limit: 0,00 -
Alarm Information
Low Lirmit: 000 -
Event Class: Event
Instr. Low Limit: 0,00 - Write Alarm State: oft




Parameter report for Cy,, and C,,

Physical Data
Liquid thermal expansion coefficient KO [-] 613.9723
Liquid thermal expansion coefficient K1 [-] 0.0000
Liquid vapour pressure [barg] 0.0000
Liguid shrinkage factor [-] 1.0000

Correction parameters must be available on flow computer
parameter report

‘FMCTechnologies
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Linear thermal expansion coefficient (o)

29.02.2016

C..n — temperature effect on steel at the meter

a
Material
(m/m/K)
Carbon steel 1.2 x 107
Stainless steel 5
AlSI 316 1.6x 10
Duplex 1.3 x 107

FMC Kongsberg Metering

Example:
A 100 m steel rail expands 12 mm when

temperature increases 10 degrees.

100.000 m at 20 °C

100.012 m at 30 °C
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C..n — temperature effect on steel at the meter

Ultrasonic flow meters

References:

ISO 12242: Measurement of fluid

1ISO 12242: flow in closed conduits -
Ultrasonic meters for liquid
— . 3
Cism =1+ a-AT) ISO 12242 refers to 1SO 17089-1

method for pressure and
temperature correction of flow
meter body

Ciom ~ 1+ 3a- AT

o = Linear thermal expansion coefficient (/K)

AT =T —Tcal (K)

FMC ecologies
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C..n — temperature effect on steel at the meter

Cy..r, (1SO 12242/17089-1)

Ultrasonic
flow meters e

1.004 //_/
The relative volume N o
correction for thermal 1003 7 ///
eXpaﬂSIOI’] Of the ﬂOW g // = Carbon steel
meter bOdy IS 1.002 ,/// ——55316
approximately 0.1% if ys Duplex
the temperature is . ,{/
increased by 25 °C. '

0 10 20 30 40 50 60 70 8 90 100
delta T (degC)

‘FMCTechnologies

29.02.2016 FMC Kongsberg Metering




Cosm — Dressure effect on steel at the meter

Low pressure High pressure

fMCTechnologies
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Cosm — Dressure effect on steel at the meter

4 General formula;:

Ultrasonic flow meters o
1ISO 12242 = I1SO 17089-1: e (S—J ['—J -+ =1ea ST

;)iggn ‘ I ( «Barrel»i >$

R?+r? RE(L+p)+r’@-2u) ) AP
KPne:1+4‘(W+ﬂ\J‘? KPce=1+4'( Rz_rz =

1 (Poisson ratio) = 0.3
E (Modulus of elasticity or Young’s modulus) = 2 x 10° bar (typical)

‘FMCTechnologies
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C..m — pressure effect on steel at the meter

P
Cpsm (1SO 12242/17089-1) Ultrasonic
for typical 12-inch USM
flow meters
1.0012 //
. e Example:
/) The relative volume
£ 10008 //,/ correction for pressure
5 // ——Cpsm - No ends expansion of the 12-inch
7 —m s | flow meter body s
A/ approximately 0.1% if
o 7 the temperature is
/ )
4 increased by 170 bar.
1.0002
/ 4
1 "’/
0 20 40 60 80 100 120 140 160 180 200
delta P (bar)
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Summary — Cy,y Coimy Cismy Coiy fOr USM

pim: ~tsmr ~pim

e What gives 0.1% volume correction?

1°C 10 bar 25 °C 170 bar

o Example shown for typical crude oil (800 kg/m3) and 12-inch USM

¥MCTechnologies
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and C.... for turbine flow meters

psm

C

tsm

Pulses * Ctsm * Cpsm
Volume = ———FF————

K factor

e Pressure correction (C,qy,)

. Insertion tube for pressure
compensation

= Cyem =1 (typically)

e Temperature correction (C,)
=  Rotor blades will be affected

=  Temperature changes are related to
viscosity changes which will influence
on the turbine meter characteristics

Cism = 1 (typically)

fMCTechnologies
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C

tsp

and C

for pipe volume prover

Pressure Gage

Vs Sphere

Pressure/Vacuum Relief and Vent Valve Assembly
Separator Tee Assembly

AN 1

Separator Bars Sphere
Thermometer Handling
Pulse Valve
Generator

Operator

1

Sphere

ig Detectors

Fltl:w Fzaw

-

: 5%

-7 Calibrated Volume
Prover Section May Be
Laid Horizontally and/or
Buried Below Ground

A__Launching Tee
Assemb

-_.C)O §

To Operator Power Supply

API MPMS Ch

. 12.2.1:
Ciom = 1+ 3a- AT

AP -D

C

psp = 1+

29.02.2016
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E-WT

000

Electronic Meter-
Proving Counter

To Counter
Power Supply

AT bar
a m/m/K
AP bar
D m
E bar
WT m

Temperature increase from reference
Linear thermal expansion coefficient
Pressure increase from reference
Internal diameter of prover pipe
Prover steel elasticity module

Wall thickness of prover pipe
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Cisp @and C g, for compact provers

tsp

* Separate C, for
area (squared)

Piston

and for rod
(linear) as piston

and rod may
have different
thermal
expansion
coefficients

* C, as for pipe
volume prover

FMC Kongsberg Metering
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Data entry for C,, and C ., parameters

psm
__ General Information Required parameters
| FT-27-5031-VC .
Description: Volume flow rate in the flow computer.
Source ID: 11
Signal Number: 1287
Quality: Good (192)
Current PV: 3009,593 m*/h
_ /ﬁTCorracﬂon Parame
'élibrah’m pressure bara
Calibration temperature 700 °C
Static calib. press. 1,01325 bara
Static calib. temp. 20,00 °C
Poisson ratio 3,00000e-01

EMM - meter module of elasticity  1,90000e+06  bar

Thermal expansion coefficient 1,37000e-05 /°C
WT - meter wall thickness 45,35 mm
Diameter @ calibration temperature 366,10 mm

w Average

29.02.2016 FMC Kongsberg Metering

;MCTechnologies



Data entry for C,y,, and C,, parameters

e For some flow
meters the
corrections may
be done in the
flow meter itself.

= e Butthen flow
5. liES w | meter needs to
= FEES W8 know the
N operating
G O U ||| 5 e [ ]
o = E— —) pressure and
temperature!

fMCTechnologies
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Cism @nd C g, during flow calibration

New method:

e Three-stage calculation for
corrections in accordance
with ISO 17089-1, Annex E Static to dynamic

calibration

* Pressure and temperature
correction for body ) Static to field
expansion must be conditions
turned off in the USM ———
during flow calibration 3 VCF, | Dynamic calibration to

~ VCF, field conditions

o Keep pressure and
temperature correction
turned off in the USM
during operation in the field

‘FMCTechnologies
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C

tsm

and C,q,, - 1SO 17089 vs. MPU1200

Deviation between VCF (Ctsm*Cpsm)
ISO 17089 vs. MPU1200
at operating conditions (%)

0.25

0.2

0.15

Percent

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

-0.05

FMC Kongsberg Metering

M Deviation between VCF for 1SO
17089 (average) and MPU 1200
0.1
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Parameter report for C, and C .,

-AMFMNWW%”“MMWWWMW“N*
ISO17089 Meter Correction Parameters - Stream 01 A

Meter calibration pressure [bara] 62.00000

Meter calibration temperature [°C] 7.00

Meter poisson ratio [-] 3.00000E-01

EMM - meter module of elasticity [bar] 1.90000E+06
Thermal expansion coefficient [/°C] 1.37000E-05

= WT - meter wall thickness [mm] 45.35
: Inner pipe diameter @ calibration temperature [mm] 366.10
%) Pressure correction mode Average

'

Correction parameters must be available for inspections and audits on flow

meter parameter report or on flow meter configuration print-out.

FMC Kongsberg Metering
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Temperature correction
Radial pressure correction —

e Yes Yes
no ends condition
Radial pressure correction —

Y Yes Yes

capped ends conditions
Axial pressure correction Yes No
Body style effect, Ks (proximity to flanges) Yes No
Transducer port temperature correction Yes No
Transducer port pressure correction Yes No

fMCTechnologies
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K-factor

Pulses/hour

Qv std = w

*Ceim’ Cplm *Cism' Cpsm

29.02.2016
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pulses
K factor — — _—3
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K-factor Calibration Curve - Example

Linearity %

379.8

379.6

379.4
: I == Avg.

= im.+0.08%

\ / Lim.-0.08%
379

\No—— ——Lim.+0.15%

= Lim.-0.15%

K-factor (-)
w
3
N

378.8
378.6
378.4
0 200 400 600 800 1000 1200
Flow Rate (m3/h)




Calibration — Flow meter correction factors

K-factor
— Determined for each flow rate

— Number of pulses per volume or
mass unit (pulses/kg or
pulses/m3)

Meter factor (MF)
— Determined for each flow rate

—  Correction factor (-) for
multiplication with flow meter
output

—  Must know nominal K-factor!

29.02.2016 FMC Kongsberg Metering

Number of pulses
Actual K _factor

Volume =

Number of pulses
Volume = MF X

Nominal K_factor

+MCrec hnologies




Meter Factor Calibration Curve - Example

Linearity %

1.002
K-factor
1.0015 (nominal):
379.11 p/m?3
1.001
__1.0005
=
..g 1 —Avg.
< e Lim.+0.08%
$ 0.9995 —
15 ¢ — Lim.-0.08%
2 0.999 Lim.+0.15%
e Lim.-0.15%
0.9985
0.998
0.9975
0 200 400 600 800 1000 1200
Flow Rate (m3/h)




Flow Calibration Certificate — Example Turbine

Deviation (%) = H L . Nominal
nction du deébit (m3/h) i
4 Indicated flow — Reference flow
/ Reference flow Repére K fa"i{“’ (Kf)
33FE9600 Q379110 imp f litre
FAURE HE Réf. de I'¢talon : 91.8021 . Produit : Fuel-Qil (FOD)
Volume étalon ité @ 20°C 4,00 mms
N° commande FH /© N” Test | Repére du banc Meter factor = fol. @ 16°C : 834,2 kerm®
11000864 Client: 1 B nde client ; X
deviation(%
Z 1 geviation 7o)
i 1+ 00
Débit moy 993,0 06,1 601,9 3495 159,1 103,5 <— [Flow Ratg (m3/h)
Viscosity 27 2,63 s a-aa it 68
F moM—lz; 1046 84,9 K-factor = 0,9
MF foy. 0,9994 0,9994 0 povo <— Meter Facgtor
Erf.moy. ‘}'_o_ 0,061 __|___0.05+— Nominal K factor D01 <— | Error
Kf Moy, 0,37¢3 03793 0 Meter factor 5791 < K-factor
Rép.% 0,028 0,017 0 D24
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Calibration — Linearizing Table entered into

flow computer:

Flow meter calibration curve
Avg. Flow rate (m3/h)| Meter factor (-)
. (Gas USM example) o 21.40 0.998861

' 252.40 1.000180
040 / 498.80 0.999021

’ 751.00 1.000500
0,30 / 1001.20 1.000881

0,20

\ /\ —o—Av. Error (%)
0,00 - " T i T i

1200 == Corrected (%)
-0,10

-0,20

Measurement error (%)
N
o
o*
B
o
o
D
o
o
f
o
o
o

-0,30
-0,40
-0,50
Flow Rate (m3/h)




K-factor offset Linearity %

380
i i1 Proving No. 1
* Llnear_lzlng curve 3708 L K-factor changed from
established at ' 379.20 to 379.43
accredited flow (offset +0.23)
laboratory 3796 1

379.4 ‘§\\\
e The curve (shape) N
is kept unchanged . — ——Avg
for the flow meter \ / K-fa.ctor offset 0.23
379
V"

K-factor (-)
w
3
N

\ K-factor offset -0.15

e Single point onsite
proving generates a 3788 v Proving No. 2
K-factor offset K-factor changed from
which shifts the 3786 37(13:;;’_371%)17
curve up or down
378.4
0 200 400 600 800 1000 1200

Flow Rate (m3/h)

FMC ecologies
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Calibration — Linearizing options

Flow computer data entry options:

1. K-factor (p/m3) against indicated flow rate (m3/h)
Meter factor (-) against indicated flow rate (m3/h)
3. Deviation (%) against indicated flow rate (m3/h) NEW!

N

4. K-factor (p/m3) against Reynolds number (-)
Meter factor (-) against Reynolds number (-)
6. Deviation (%) against Reynolds number (-) NEW!

o1

FMC ecologies
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Calibration — Linearizing w.r.t. Reynolds number

R _PY d
Test Data with Correction Applied ¢ u
==p==Extra Heavy (220 cSt)  =SwwHeavy (35 cSt)  ==mke=BradPenn (12 c¢St)  ese=Tight (2 cSt) p = density (kg/m?)
1595 v = velocity (m/s)
1590 d = diameter of pipe (m),
1L = viscosity (Pa.s)
1585 Re < 2000 flow is Laminar.
1580 W!#.\lh._.,---m Re > 4000 flow is Turbulent.
E 1575
2
170 Overall Linearity £0.139%
Linearity over a 672:1 Dynamic Turndown
1565 190 - 3000 m3h [1200 - 19000 bph]
1560
1555
1000 10000 100000
Re Number
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Coriolis meters

Pressure and temperature
correction for Coriolis flow
meters?

— No standardized method

— Built-in temperature
sensor and correction

— Sensitive to pressure

— Fixed pressure input?

— Online pressure
correction?

FMC Kongsberg Metering

MicroMotion -0.016
CMF400 (6-inch)
E+H Promass 84F -0.009

DN150 (6-inch)




Questions or comments
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