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Sales Talks from the Early Years
”Ne Religion”

All our worries are over....
..... just install Coriolis Meters
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Measuring Principle
Coriolis Force Gasparde de Coriolis

May 21, 1792 — Sept 19, 1843
French
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Coriolis Flowmeter Geometries

 —
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Why Measure Mass?
« Temperature
* Volume,; #Volume,

« Mass, = Mass,
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Why Use a Coriolis Meter?

1. Multi-variable measurements:

9

N 2\

9

2. Can be used to measure practically anything — cement slurries to

Mass flow
Volume
Density
Rate
Temperature

crude oill.

3. No wearing parts, reduced maintenance cost.

4. Industry acceptance — APl MPMS, Chapter 5 - Metering, Section 6 —
Measurement of Liquid Hydrocarbons by Coriolis Meters, First

Edition, October 2002

5. Proves just like a PD or turbine.

RAISING PERFORMANCE. TOGETHER™
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Sensor Design

. - Electrodynamic Matched Pair
Flow manifolds Sensors of Measuring
 Flow tubes T“b67

* Drive system

* Pick-up sensors
« RTD

* Transmitter

/=

I

Exciter Secondary
Containment
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Theory of Operation: Coriolis Force in Action

)]

RAISING PERFORMANCE. TOGETHER™

m = Fluid flow units
w = Angular velocity
v = Radial velocity
Fc = Coriolis force
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“No-Flow” Mode Shape
Upstream

Downstream

No Phase Difference
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“With Flow” (Coriolis) Mode Shape

Upstream

\

Downstream
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Phase difference



@ cAMERON

Pressure Loss vs. Accuracy

AN Accuracy Pressure Loss N
>
0 Flowrate 100%
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Coriolis Basics — Mass Flow

3 D
”
c\ﬂ

|
<\lo Flow (No AT ) Phase Shift Proportional to Mass Rate \
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Coriolis Basics — Density

S

Lo@sity (High Frequency)

High Density (Low Fre@cy)
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Coriolis Meter Advantages

« Multivariable Transmitter
- One instrument provides mass flow,
volume, rate, density & temperature

* Independent of Fluid Characteristics
- Flow profile does not affect measurement.

no flow conditioning required TR

 Direct Mass Flow Measurement

- No compensation necessary for
temperature or density changes
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Coriolis Meter Advantages

« High Accuracy
- Accuracies of =0.1% of reading over
a wide measuring range on mass flow
- Density measurement within
0.0005 g/cc

 Wide Dynamic Range
-Turndown of 100:1 enables
measurements over a wide range
- 30% to 80% of operating range for
normal measurement

 Low Cost of Ownership
- Easy to install
- No wearing parts
- Long term stability
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Mechanical vs. Electronic Meters

3 Mechanical meters are

fairly easy to troubleshoot

Electronic meters

are not quite as easy to
troubleshoot for most of us
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In the Real World....

Paying attention to the installation and meter station design,
coriolis meters can be successfully used in the hydrocarbon
applications in both line balance and custody transfer
applications.

Just like any with any meter, proper design of the installation
and managing the process conditions are the keys to
successful metering installations & systems.
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General Recommendations

Flow Rates

Selecting a meter that will cover a wide range of flow rates
does not mean it will be accurate at all ranges without
proving the meters at the various flow rates.

Coriolis meters are generally quite linear, but there are
occasions when the meter may be sized for 4,000 bbls/hr
but may flow at 50 bbls/hr when the line is down and
draining up. One good thing is that the risk of inaccuracy is
much less at 50 bbls/hr than it is at 4,000 bbls/hr.
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General Recommendations

Inconsistent Flow

« If the line or system runs under the same conditions all the time,
there is not too much to worry about.

» Meters that are subjected to wide and varying flow rates, such as
truck loading or unloading can cause problems with meter factor
linearity. A meter should be proved at the varying rates to
determine each meter’s linearity.
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General Recommendations
Pressure Drop

« Meters need to be sized properly according to the flow rate,
density, vapor pressure and viscosity of the product.

« A poor understanding of these items could lead to a meter that is

under-sized due and cause excessive pressure drop across the
meter.

* Pressure drop can cause a significant waste in pump horsepower
and throughput. This leads to inefficiencies and wasted money.
14.7 PSIG or 1 bar = +8% energy costs or higher.

« 6 inch piping does not necessarily equate to a 6 inch meter.

« The manufacturer can help with the sizing.
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General Recommendations
Backpressure

« Insufficient Backpressure - As with any metering system,
insufficient backpressure CAN cause inaccurate measurement.
When meters are not full they may cause inaccurate
measurement.

- Entrained Gas - A Coriolis meter will also indicate the wrong
density if there is entrained gas in the liquid or it is flashing.

« Density Errors - A meter showing a lighter density than the true
density will show higher flow rates due to the method the meter
uses to calculate flow. Volume = Mass / Density

« Maintaining 1-% times vapor pressure is a good rule of thumb.
But on low vapor pressure products that doesn’t necessarily work
well. It's important to maintain adequate backpressure to ensure
the meter is fluid packed all of the time.
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General Recommendations

Product Density

* Unlike mechanical meters, Coriolis meters provide density msmt.

« The meter can be setup to measure an enormous range of products

from hydrogen to peanut butter. Check the factory default setting to verify its
configuration

« The “SLUG FLOW?” or "EPD” sets the allowable density range the meter can
read and should be set tight enough to cover your products but not wide
enough to allow other problems to crop up.

* For example a propane meter with a density of .500 might have its range be
45-.55 g/cc. This will eliminate “ghost counts” under less than ideal
conditions. When a meter is at or near vapor pressure when not operating it
can sometimes have ghost counts if the slug flow is not set properly.
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General Recommendations

Poor Piping / Installation

« Coriolis meters do not have upstream or downstream pipe length
requirements. Coriolis meters require the piping to have good
flange alignment with no undue stress on the flanges.

« Poor installation practices can cause a multitude of problems such
as zero shift and poor repeatability during provings.
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General Recommendations

Meter Zero

* The zero flow condition is vital for accurate measurement. A meter that

Is showing flow, positive or negative, at zero will likely be inaccurate at all
ranges.

« Itis imperative that the operator understand what the meter’s zero
condition looks like. This doesn’t mean the meter needs to be zeroed,
but that the zero stability is known.

« If the meter is zeroed, the meter should be proved after the zeroing.
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General Recommendations

Additional Concerns

Since Coriolis meters can be installed in several different
orientations, it is important to understand the characteristics of the
products being measured.

* Is the meter measuring Gas or Liquid?

* Does the liquid have entrained gas?

» Does the gas have entrained liquid?

* How do you orient the meter in your piping?

« What is the density of the product?

* Does the line run most of the time or does it have periods of
being idle?

* Meter Zero
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Sizing Program

Sizing Flow Dimensioning of flow meters

Itenitoring/Controi v Premass F 180, 82, 84)
a5} Ol Cruas 40° &P 83

Liqud
Process data Reference values Meter oparating range

mininum nomina! maximum  Unit minimum maximum  Unit
Requesizd flow 103 880 | 1700 | usPH_petro v Operating range D 269¢27 || USBPH_petro
Pressure l 70 | | osl_g v‘ Calculated resutts ' - _ ‘ :

minimum nominal maxmum Unit

iinais E | i v/ Requasted flow | 103 (| €80 (1700 |[usBPH petro
Dansky 008 | | iz ¥ pressurz loss [ose  |[2oz  |[te2z [l
Viscosity 64288 | | st v Vs ETTR T FE
Sound velocity ILI | s ¥ Measured error Volume 0.1 |01 H 0.1 IES
Sesvte ey i [0 Jlesis Measured error Mass et ot fea |E7
Temp. (min/max) EX I Neas. error f{ass-PremumCal X [oas  foos [
Vapor pressure 0.5488 ] 0.5458 H 0.5488 “ psla v‘ Resioks i [%T‘
'm;mm [ v v )I il e || Applecation meets PED (Ar.33) |
Material {(Sensor) S5 /4539 /904L v| Meter size Rl || 4 ]
Process connection CI150 ANSI/316L/1, 2404 ASME B16.5 fiange v ] [ G ” A S ” = I
| eressure rating ] [ = ]
Warnings/ Meszages:

| —> Goto Sizing Ensrgy |

TAG { |
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Pressure Drop

Chart Sheet
Flowmeter :
Meter Size 10"
Minimum Flow 0 USBPH_petro
Maximum Flow 16 514 USBPH_petro
Measured error [%) Pressure [psi]
L ™ ® 100
09 b E %
081 : /O/O 80
4 | el
07 J : P 70
06 ! /O/D/ 60
05 J | : 50
041 i /Q/O/O 40
031 | 0 30
02| ! o 20
]
0.1¢ —E—u—u . B B B B B B B B B B ER R
> - -{--0—0—40-0-0-0-0-{-—-0-10
0 + + + -+ + + 0
% 1700 3400 5100 6800 8600 10200 11900 13600 15300 17 000
e n Flow [USBPH_petro)
0 443598 827196 133070 177430 221790 266 159 310519 354878 200238 443 598 Re
—— e —O—O—O—O—
Measured eror Vol Pressure loss

e il e
Mcmui eror Bw;nmlumcw“

***For error calculation, the specified reference conditions for the calibration of the flowmeter according to ISO/IEC 17025 apply. Further information in
technical documentation.
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Meter Station Design

* Physical Size

* Meter Turndown

* Pressure drop

* Piping Stresses

« Ease of zeroing

« Ease of electrical connections
* Means of configuring

* Access to pulses for proving

* Flow rate versus prover
capacity
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Where you can get into trouble

* Flow damping with small volume prover
Damping should be set to zero
« K-factor set too high for prover counter
10,000 pulses per barrel is normally fine
« Slug flow limits within range of flowing density
Meter will not count, for example, if air comes through and the low limit is
set to 0.5 gm/cc.
« Low Flow cutoff not set high enough to eliminate false counts

when there is no flow

With no flow, it is possible for the fluid to heat up enough to begin to expand in the
tubes causing the meter to count

 Flow direction not set to forward direction
Meter will count with reverse flow if the flow direction is set up bidirectional
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Optional Tube Orientation

Tube Orientation for
varying products
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Truck Mounted
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Proper Installation & Orientation
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Configuration & Programming

Laptop
Configuration

Display Keypad Input
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Configuration

e Net or Gross

External Process RTD Required
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PERFORMANCE
Configuration

Multi-Variable Instrument

Output Signals
* Analog 4-20+Freq Sink or S
. Digital (Modbus) N OF SOUTEE

« Ethernet (TCP/IP) . er)dneﬁ%eurrlgslr;tly

e Alarms




L camenon PERFORMANCE

Output Expansion Box

Components

* 24 Vdc Power Supply
* Pulse divider (PLC)

« 2)10amp Plug in Relays |
1) 10,000 ppb output sink
« 2) prover connections

Provides output for:
 Temperature Averager
« Sampler

« SCADA

* Proving
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Configuration

Analog Outputs
Sink or source

Output Expansion

Batch Controller

Prover Truck



Configuration

Analog Outputs

Sink or source
Output Expansion

Prover Truck

Sampler
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Configuration

Analog + Digital

Outputs
Modbus/Profibus

Ethernet

Prover Truck
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Meter Performance Issues

PN

Device/Mechanical

Process Conditions
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Device/Mechanical Concerns

Zero Shift
Erosion/Abrasion
Corrosion

Coating

Cable Failure(s)
Display

Catastrophic Device Failure
Sensor Failure

A. Temperature

B. Exciter/Driver Coil(s)
C. Pick off Coill(s)

©NOOhWNE
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Coriolis Flow Meter Concerns

Abrasion/Erosion

Most manufacturers can set threshold limits on how much erosion is
allowed
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Effects of corrosion/erosion

Resonant frequency of tubes will drift upward

Density measurement will drift downward
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Coriolis Meter Concerns
Coating

What kind of influence has coating on the
measuring tubes of a Coriolis Meter?
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Effects of coating

Resonant frequency of tubes will drift downward

Density measurement will drift upward
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Process Condition Concerns

Zero Shift

Entrained Air

Back Pressure

Vibration

Viscosity

Entrained Solids

Harmonics

Resonant frequency of the meter

©NOOhWNE
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Coriolis Meter Concerns
Velocity!

The velocity distribution leads to centrifugal forces
and increased abrasion along the wall

\) “ ) 4 Q “
¥ i 2 ¥ ¥ X: | ¢
— — . 7
Velocity [m/s] 3
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Coriolis Meter Concerns
Cavitation

Process pressure inside the measuring tube of a Coriolis Meter

‘7"» ‘09 %'6 Q?, ’VQ ’5?\
B ) 05 ) S Qo
N > N N N N <
1 1
e —— —— 7

pressure profile [mbar]
0 0.100 0.200 (m)
I )

0.050 0.150
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Coriolis Meter Concerns

Solids Content

The medium must be homogeneous.
If sedimentation occurs within 1 minute,
the medium might cause measurement problems.
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Coriolis Meter Concerns

Metering Liquids with solid content

Flow distributor:

90° bend

=> Heavy (slow acting)
particles move to the outside,
light particles will be pushed
to the inside
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Coriolis Meter Concerns

Viscous Fluids

The pressure loss must be considered

 Higher viscous mediums often have air trapped
 The possibility of a Non-Newtonian fluid must be
considered
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Coriolis Meter Concerns

Liquids with Gas content

Oscillating measuring tube
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Coriolis Meter Concerns
Liquids with Gas content

Effects of an uneven distribution of gas in a dual tube system

Symmetry

Different Gas Content = Different Oscillating Amplitude
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Coriolis Meter Concerns

Alir traps
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Reasons for zero-point error

Imperfections In Measuring System

Tubes are matched and balanced during manufacturing

process in order to minimize zero offset of each flowmeter, but a
perfectly balanced tube system doesn’t exist, there is always
some imperfection in the zero-point of a Coriolis meter, especially
as temperature changes, fluid changes, meter undergoes wear
due to normal operation.

input IR

) {0
Perfect Zero:

[+]
output




% Flow Calibration 2700A, Rev 5.00

— Flowe Calibration
Fetform Auto Zero

Zero Time |zn

Bestare Prior Zeto

tanual Zera IIII_IIIIIIIIIEI Stop Calibration

Std. Dew. |n_nnnn

—FProcess Variable
hiass Flow |-n_n?3?n s/ rrin
Dirive Gain |2_?5238 \

\

Festore Factory Zero

— Status

@ Calibration in Progress (A104)

@  Calibration Failure (410)

@ cAMERON D L D = ORMANCE

Once the meter is blocked in and
your mass flow cutoff is set to zero,
this value should vary positive to
negative if the zero is valid.
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| L \ | ;\d)j h \ \VA | fr_\\ l \ 1‘"'»-» | -
Zero Validation
{2 Zero Verification and Calibration 2700C, Rev 6.00
£er Data Collection
Yernfy Zero
Sern venfication can help a user determing whether to
perform a zemo calibration.
1. Run process fluid through the sensor until temperature Calibrate Zera
ztahbilizez at normal operating conditions.
2. Enzure the sensor iz completely full of processz fluid.
3. Cloge shutaff walve(z] ta block in the sensor.
4. Click "erify £ero’ to perform the test. Cloze
L] 3 i El i 3 31 & i * * H B ‘ *
Zern Data Collechion
IRENRRERREENREREEER Veiify Zero
Calibrate Lero

j There iz no need ta calibrate zera under theze
operating conditions.
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Reasons for zero-point error

Change in mechanical stress on meter (installation effects)
Entrained air or solids

High fluid viscosity

Flow tubes mechanically unbalanced by corrosion or erosion

Flow tubes mechanically unbalanced by buildup/coating
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Zero-point problems caused by solids

Uneven coating of tubes causes mechanical zero shift

Settling solids can be seen by meter as flow, even when valves
are closed and there is no flow through meter

Solids that don’t stay in solution, such as frac sand, can’t be
successfully measured once concentration becomes too high
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Entrained air issues
Small Air Bubbles Throughout Fluid

Meter stays in balance when small air bubbles are throughout
the fluid because the fluid is the same in both tubes, or from one
end of the meter to the other

Driving flowmeter tubes requires more energy / higher current
excitation because air bubbles are compressed during tube
vibration — this absorbs energy and increases excitation current
because the meter is designed to maintain a constant amplitude
for tube vibration

When excitation current is unstable or drive circuit saturates at
100 mA, the meter’s accuracy will be compromised
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Proving
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Proving Checklist for Meter

* Is the product composition stable? Drive gain? Noise?

* Is the product temperature and pressure and flow rate
stable?

* Is the frequency output to the pulse counter or flow
computer within limits?

« If sending pulses to multiple devices, are both devices
receiving the correct amount?

* Is the transmitter configured properly?
* Isthe DC frequency/pulse signal in conduit with AC power?
* |s the meter properly grounded?

* For contract proving, is the connection to the transmitter’s
pulse output solid?

« 10,000 PPB for 1-4” meters

« 5,000 PPB might be recommended for 6” and larger
meters.
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Effects of Entrained Air In Liquid Cheese
Excitation current unstable--non-repeatable

measurement vs. scale

When excitation current maxes out (100 mA), meter
isn’t capable of providing good measurement

Zero-point isn’t stable/repeatable during static zero
adjustment

ACTUAL CURRERMT (1)
MASS FLOWY
DEMSITY
EXCITER CURE.




Same fluid — With Backpressure On Meter

Current excitation remains low and stable (air
bubbles are compressed)

Mass flow rate (internal to meter) and current output
are stable

— ACTUAL CURREMT (17
— MASS FLOWY
EXCITER CURR.

-W

I ' | ' I ' I ' I ' I
00: 000 00:01:00 00000 a0:03:00 00:04:00 0003500
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Troubleshooting

1. Wiring — is the wiring properly connected?
They ARE polarity sensitive.

Configuration — Is the meter configured
properly?

Good Installation? - Piping stresses?
Orientation?

Process Conditions?

Other Devices - What other devices are on
the metering system?

Meter Diagnostics?

N

o 01 bW

~
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Varying Flow Rates
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Diagnostic Program

PFL FieldCare - Device Setup - - [PROMASS 83 (Online Parameterize)]
|Z4 Fle Device Operation Wew DTMCatalog Took Window Extras Help

Dl & O
x
Network Tag C |
38 Host PC ] DBEE 8% e
= +" Flow Commurec qp
E ®» | DEVICE NAME FMC Technologies MASS FLOW 18132684 b/min COR VOLUME FLOW 607212 Nm/h REF. DENSITY 08124 kgl A = y
‘»ﬁ.CYLlﬁL SYS.COND SYSTEM OK VOLUME FLOW 3898135 bbh  DENSITY 08088 kg  TEMPERATURE 837 °F na i |
! TT 7T XX T PINT Ta
g || Lobel Value L el L — Rt ' E
& FMC Technologies;
= [& MEASURING VALUES
P MASS FLOW 1694.3350 b
F - TP VOLUME FLOW 350.4265 bl
. 53y COR. VOLUME FLOW 571122 N
P DENSITY 0.8092 ks
EPHAEF. DENSITY 08128 ke
I3 TEMPERATURE 836 °F
P SUM 0.0000 bl
YSUM 0.0000 ki
PSUM -486.8452 ks
3 OVERFLOW 0E
I3 OVERFLOW 0E
I3 OVERFLOW 0E
T3 SUM INVENTORY 17004490000 ks 0200
) OVERFL INVENT 1E
I INVENTORY 11700460.0000 ks
EPACTUAL FREQ 0.0000 H
TPACTUAL CURRENT 730 m . s oz
) OPERATION HOURS 098325 : i e
i HRS. SINCE RESET
PHOSOLL FREQ H
EPEXCITER CURR m
33 TUBE DAMPING | st | Actual values
I CARR. TUBE TEMP | | P Name Value M Mak Mean Urd
B TESTPOINT ‘ MASSFLOW | 1779825 1581.978 1852 467 1681.232 b/min
 |E: || ‘ DENSITY 0603 0809 0,809 0.803 koA
I r :) | FYXOITER MIRR 17879 1183 1477° 130 mé ¥
< > == i< >
Network J‘;/’ -g- ﬂ

li! PROMASS 83 (Onfne Patametenze)
Admerastiator  Adewustiator / -
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Effect of flow damping

Mass Flow (Internal to meter) and Current Output

Flow Damping = 0 sec
Current Output Time Constant = 0.01 sec

= ACTUSL CURREMT (1]

— MASS FLOWY

[| EI.:. I:I 0:04 00:a0:05 00; 0005 00;00; 05
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Effect of flow damping

Mass Flow (Internal to meter) and Current Output

Flow Damping = 1.0 sec
Current Output Time Constant = 0.01 sec

— ACTUAL CURREMT (1]

— M S FLOWY
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Diagnostic Program

FieldCare - Plant Asset Management (PAM) - DB
File Edit Yew Device Operation DTM Catalog Tools ‘Window Extras  Help

= = = = - BRI £ X EF - W
Plant JL (|| PROMASS B3 (Online Parameterize) £

Flant Tag Caonne... O

B Meues Untermehmen

=[] Unknown DBEE 8% A e

] 1
- * . DEVICE MAME FMC Technologies MA5S FLOW 4470.8267  |b/min  COR. YOLUME FLOW 1433782 Nrésh  REF. DEMSITY 08043 ka/MI
ACTUAL 5Y'S.COND STYSTEM OK WOLUME FLOW 1193.3826 bblfh DEMSITY 0.8064 gfcc TEMPERATURE 586 °F
Label Walug Unit _
I8 FMC Technologies: - > I @g Q& }|‘
E& MEASURING WALUES 0
@MASS FLOW 421... Ib/min
EPWOLUME FLOW 113... bblh
3P COR. VOLUME FL... 140.... Nrsh
i__;}DENSITY 0.80.. gfco 7000 O I rrir s rr
EFREF. DENSITY 0.80... ka/Ml
3 TEMPERATURE 58.5 °F
Y 170... kbl
P 5UM FA7. bbl
P 5UM 186... bbl
3__25 OWERFLOW 0 E7bbl
3 OVERFLOW 0 E7bbl
g OVERFLOW 0 E7bbl
ZF UM INVENTORY 190 kg 400
3 OVERFL. INVENT. 2E7ka
P INVENTORY 219.. kg 4000
EFACTUAL FREQ. 0.00.. Hz
P ACTUAL CURRENT 1380 ma
z__;}DPEF!ATIDN HOU.. 3.
EFHRAS. SIMCE RES...
3P 05CLL. FREQ. 249 Hz
i__g}EKC\TEH CURR. 1.7 ma
23 TUBE DAMPING
IPCARR. TUBE TE.. 589 °F
5 TESTPOINT Stap ‘ Actual values:
Name Walue Min. Man. Mean Urit
MASS FLOW 4353 466 3875.891 BOSE.817 4351.341 | Ib/min
DEMSITY 0.806 0.806 0.806 0.806| g/
OSCILL. FREG. 249.424 243.424 249.427 243.425 Hz
EXCITER CURR. 1.737 1.207 1.482 1.583) ma
Cloze
v
< >
< >

|Adm|n|strat0r |Adm|n|strat0r I-
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“DP” Noise from Run #2 Valve
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06/19/2007
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Poor flange alignment
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Good Installation
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Paraffin Buildup
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Ghost Counts

Meter Is
actually empty

Should be
reading Zero

Slug Flow Not
Setup
Properly

0
1/30/2012 10:52:30.175 PM ¥ = 24.00 hours 4> 1/3172012 10:52:30.175 PM
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Summary of Coriolis Meters

* Is the wiring connected correctly?

* Is the meter configured correctly?

®* Concerns of external vibration and installation effects (alignment?)
® Zero point stability — Does the meter have good zero stability

®* Tube vibration frequency — What vibration frequency does the
meter have? Are there competing resonant frequencies?

* Flow rate stability?

* Are the process conditions stable?

® Pressure Drop?

* “Ghost” Counting of barrels??

®* What diagnostics are available on the meter?

* Laptop Computer Diagnostics - a Configuration & Diagnostic tool
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Questions?



