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LNG flowmeter technologies

Technology | Principle Long term stability Advantage
drawback
Orifice/ Pressure drop Rounding off edges Widely known,
Venturi generating BOG leading to negative drift re!lalgle operating
Hard to maintain principle
Coriolis Creates pressure Non-linear low Direct mass, accurate
@ drop temperature correction
Ultrasonic Require straight run | Drift free by nature, no No pressure drop,
= No direct mass moving parts, wide turndown
Linear low temp Thermal buffer to
correction withstand extreme T
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Building a flowmeter

Considerations:

*  No pressure drop allowed; can cause flashing (600:1 in volume)
«  Difficult and costly to shutdown, how to service?

«  Shrinkage of materials

*  Drift over time

* Inner diameter change when looking for premium accuracy

*  No high accuracy calibration facility on LNG available...yet

Starting point is Ultrasonic Flowmeter:

No pressure drop

*  No moving parts, no wear

*  No filters or strainers required

«  Fully welded construction

« Removable Transducers mounted outside of cryogenic temperatures
 No tend to drift
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LNG acoustic transducers

-162°C Piezoelement

(TS LSS LSS LSS S TS LSS TSI
Traditional-No Buffer

Why use a buffer:

Transducers are outside of cryogenic environment
Avoid thermal shock with risk of cracking of crystal
Transducer can be replaced under process conditions
No ice forming inside transducer by condensation
Active Tw measurement possible by pulse echo

Piezoelement
_\ 20°C

Buffer

-162°C

LSS S LSS SSSS SIS LSS SIS,
Traditional Buffer

Piezoelement —&
@
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LNG acoustic transducers

BWT - Signal comparison

| Solid Buffer
‘ @254 mm

Elongated Signal

Received Signals

Transmitted Signal .

BWT buffer

\Sharp Clean Signal

Fiezoelement —¥

LME at -165°C
LSS ST SIS TII SIS IS TSI
Traditional Bufter

Fiezoelement —¥

LMG at -185°C
FLLLLLLSLLLLSSLLISSLSSSSS,

Fiber acoustic Buffer
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Proven References using BWT on LNG

XMT868 + BWT BWT Xducer XMT868 + BWT XMT868 + BWT
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Sentinel LCT/LNG Key Features

Active Time Compensation in the Buffers:
Tw (‘dead time’ in buffer)

‘S Tf (time in fluid)

Buffers > ‘
BWT Transducers ——— O"

Active Compensation for Tube Expansion/Retraction and Path Length

¥

‘s
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Current Method: Tank Gauging GIIGNL

Temperature Pressure

Correction for trim

Tank strapping

Correction for temp

Correction for pressure

Adding up all uncertainties:
e Uncertainty of ~ 1%

e Significantly higher for small batches

(Source: NMi 2008)
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Alternative: Dynamic Measurement with 4 path USM

Benefits:

Use the broad experience gained on
process measurement

Provide better accuracy than tank
gauging

All welded design

4 path set up with proprietary GE
symmetry for improve performance
Independent evaluation of scaling
model using water calibration

Threats:

- No real standard describes detailed
meter set up, nor ask for accuracy
better than 1% (OIML R-81)

- Contracts based on tank gauging

Related
- 1SO/TC28
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Sentinel LCT/LCT4/LNG: Recognizing Flow Profile

"Balanced Symmetry Design”

G
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-

7%

7
Velocity Ratio or Chord Ratio

e Based on velocity difference between inner and outer cords

e Chord ratio = (1+4)/(2+3)

e Chord ratio is directly proportional to flow profile and Reynolds number
High Reynolds is Low Vr and Low Re is High Vr
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What gas producers are looking after is the balance from Energy in

and out:

Sea Water Flow
DF868 or XMT868i
eClamp-on

sWetted

*\Wide Range

E 1I"'IrLME- X DLNG X GCVLNE - Egasdis.planed
Flare Flow
GF868
BOG Flow NG Custody Transfer
PanaFlow eSuper Wide range
_ I I *Molecular Weight Measurable
*Wide Range ability : eIndependent gas composition .
*Reduce compressor's or I \ r eHigh Accuracy
blower’s burden due to no : : *No moving Parts
Pressure Drop : [ *AGA?9 approval
| *Wide Range
I .
| |
LNG Flow : Vent Stack :
Sentinel LNG : !
e 1 1
. 1 LLL mm " .
eHigh Accuracy - : - S rem " | fmm——— !
*Wide Range ability 1 1| Blower BOG Compressor : :
*No flashing due to no pressure : : : 1
drop : : BOG Pipeline.? : :
: 1 - z128degC _ _, NG Pipeline 1 : ' N : ------
4degC+
! v \ 9 A !
1 1
Fuel Flow at ! | ‘ mﬁ :
H ! —lt - - !
LNG Ship ~ [---- HE — K
Sentinel / PanaFlow ! l A * . . Sea water In-let X
|
\4 1 i :
1 _ 1 o LNG Tank | LNG Vaporizer | o : XMT868i
LNG Pipeline : I Sea water Out-let 1
-162degC " e e 4 1= =7 eProcess Control
|

LNG Ship

| *No flashing due to no

LNG Flow from tank to vaporizer

pressure drop
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For further information:

Gate terminal:
Ricardo Witteman

T +31(0)181 799 000
M +31 (0)6 5386 7080

BHGE:
Dorus Bertels
M +31 (0)6 4251 55 95
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