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Introduction

This poster summarises computationawor k whi ch was performed wit!
project as asupport for some specific probleraslved within this project. The work shows how CFD
(computational fluid dynamics) can be helpful in understandiegphysical processes appearing in the
LNG flow.

The CFD simulations were performed to deal with two different physical situations. One of them is
LNG flow in the planned migcale calibration facility for LNG flowmeters whichptanned to béuilt

by VSL (schematic Fig. 1) Second one is LNG flow through ultrasonic flowmeters and possible
cavitation near the ultrasound transdud€rg. 2).

Fig. 1 Fig. 2

The hardware and software used for numerical simulations

The computations have been dongamallel at a set of five computers connected via network. The total
number of processor cores waséazfdl the total RAM memory was 1GB.

For the CFD simulations OpenFoam software was used. It is a free opensource software for 3l
numerical analysis of diid flow problems. It contains solvers for Navier Stokes equations coupled to
equations of variety of turbulence models. The flow of gas or liquid can be solwedaminar or
turbulent regime, steady or unsteady, compressible or incompressible. Tharushoose from several
algorithms the one which fits best to the physical problem. OpenFoam can be downloaded a
www.openfoam.comThe OpenFoam package also contaimaesh generator amdParaview software

for postprocessing the compdtdata.

Drawings were created in Creo Elements Direct Modeling Express 4.0. This software is free and can &
downloadedfrom http://www.ptc.com/products/creelementsdirect/modelingexpress/ This software
erables to export the geometry in STL format and to set various parameters of the STL conversion i
order to achieve a required quality of the geometry. The STL file can be used for mesh generation wit
snappyHexMesh Uity within OpenFoam sofware. Definition of boundary patches in the STL file is not
available in Creo Elements and has to be done by hdmydsorting the triangles belonging to various
boundary patches into corresponding groups.



http://www.openfoam.com/
http://www.ptc.com/products/creo-elements-direct/modeling-express/

Modelling of the calibration facility of VSL

VSL developed a gravimetric standard for LNG floveters which works in the range of fleates of

(07 25) n/h so far. A second step is to develop and design a new calibration test rig which should rais
the range at least up to 300/m(actual number can change accordinghe up to date plansyhe
method used for the wgraling is the so called bootstrap method where one master (Coriolis
meterA in Fig. 3 calibrated by the gravimetric nietd is used to calibrate other mastegters mounted

in parallel (Coriolis metersB1 1 B6 in Fig. 3) and these masteneters are subsequently used to
calibrate the first masteneter in a wider ranggPlease note that the final construction can change
accading tothe up to date plans.)
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Fig. 3Detalil of the bootstrap secti@mdits dimensions in mm.
The guestions that should be answered before the facility will be built are the following:

1 What will be the flow quality (flow profile) in the pipe sections in front of the Coriolis meter
standardslepending omeometry of the hape pipe junctiof®s

1 What will be the pressure drops near the pipe junctions? Can these pressure drops cause
regasification of the LNG?

1 What will be the temperature increase caused by an ambient heat gain?

Three modifications of the junctions of the parallel pipes to the supplying and collecting pipes are
considered in order to find an optimal velocity field in front of the Coriolis standacdsarimal local
pressure dr opshapies Aj umattii dresd,s TWO A hj sharp edge
rounded edges.

The goalsare:
1 To computelbw asymmetry in the parallel pipes
1 To compute local pressure drops at theshapes
1 To computegmperature increase in blind ends



Parameters of the setup

1 Inletvelocity = 1.5 m/s (30@n*h) around maximal flowrate
T Wall heat flux 20W/m? (vacuum insulation)

or 100W/m? (foam insulation)

or 1000W/m? (some extreme case)

Results
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Fig. 4 Velocity fields in pipe 1 irdistance 15 Drom the supplying pipe‘lowrate 300 nivh, inlet
velocity 1.5 m/sEach row is for one type of3hape pipe junctionn the second column theretise
longitudinal velocity compient(units mm/s) In thethird column there are the transversal velocity
components (unit mm/s).

Flow asymmetry values

For our considerations we define the asymmetry of flow in a pipe as a relative difference of velocities ir
t wo points fAado and Abo |ying on an axis ob) a



distance from the edge (see Fig. & we demte Uy(a) the y velocity component (longitudinal
component i n case of one of Uybhte vplecityaxdmpanént apa p e
point Abo then t he UfipU (i, d).1000c asymmetry is (

junction 45° 90° 90°
geometry sharp round
y =190 mm 108 % 50 %

y =400 mm -20.8 % 59 % 45 %

Uyasymmetty  y_goomm  27%  22% 17 %
in pipe 1
y=1400mm 33%  13% 11%

y=2400mm  2.0% 73 % 6.3%

Fig. 5Figure for definiion of asymmetry values andabteof asymmetry values in increasing distance
from the supplyingipe for various Fshape pipe junction types.

Pressuredrops

Local pressure drops are a potential cause of LNG regasification which leads to disturbed flow and ca

influence the Coriolismastermeters performance. Therefore these pressure drops which occur

especially at the junctions of the parallel pipes to thpplying pipe were investigated.

The maximal pressure drop upstream the standards is always near an edge of a junctiaf tifeone

parall el pipes to the supplying pipe. I n cas
upstrem part of the edge. See FigfdF pressure distribution in the case with gh@r0 A ipns and t
also Fig. 7for a flow pattern in thi€ a s e . I n case of the 45A inclin

at the opposite side of the edgat its sharpest part.

The pressure drops listed in Fig.a@@e for the inlet flowrate of 300 i flowing through the 10 inch
supplying pipe(old design) or for flowrate 0f400 ni/h and the supplying pipe with inch diameter
(new design)

Let us denote the bulk pressure in the main pnd the local pressure drapp(we take it as a
positive number). Next we denofe the actual temperature of the LNGy(p) the bubble point
temperature at pressupdi.e. the temperature for which a gas starts to appeanypahd Ty(p) i T the
subcooling temperature. The pressure dgopeads to a change in the bubble point tenmpeeawhich
is approximately equal to

Y'Y ,Q’YV‘S
an n

The cavitation will occur if Y'Y  ¥'Y. The dependency of bubble point temperatmepressuras
depictedn Fig. 8. The bubble point temperature shifts due to pressure drops are in Fig. 9.
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Flg 7 Velocity distribution near the-§hape
junction
geometry: 45° 90° sharp 90° round
max. pressure drop 0.069 bar 0.073 bar 0.057 bar
old AT, (p;= 2 bar) 0.52 K 0.55 K 0.43 K
design
AT, (p, =12 bar) 0.14K 0.15K 0.11K
max. pressure drop 0.95 bar 1.00 bar 0.78 bar
new ATy, (py=2 bar) 7.2K 7.6 K 5.9 K
design
AT, (p, = 12 bar) 1.9K 20K 1.6 K

Fig. 9Pressurarops and aoesponding bubbleemperature shi§
Temperature increasedue to heat gain through walls

Fig. 10shows a maximal temperature increase in the blind end of the supplying pyaeiéas values

of wall heat flux and of flowrate. DT denotes the temperature increase with respect to the inlet
temperature (108.15 K). An example of temperature distribution in the blind end of the supplying pipe
for the inlet flowrate of 50n*h and wallheat flux of 2000 W/rhis shown in Fig. 10

wall heat flux inlet flow-rate AT
20 W/m? 300 m3/h 0.03 K
100 W/m? 300 m3/h 0.19K
100 W/m? 50 m3*/h 1.03K
1000 W/m? 50 m3*/h 9.98 K

Fig. 10 Temperature increase in a blind end of the supplying pipe



Modelling of cavitation in ultrasonic flowmeters

Questiongo be answered
How LNG which can be near boiling conditions belswesurroundings of the ultrasonic meter
cavities(Fig. 11y
Can flowmeasurement with ultrasonic meter be spoiled by cavitation (regasification)?
What are the conditions when cavitation can occur?

Goals:
To find pressure drops near cavities using a one phase modelling
To express the subcooling of LNG below its bubble paimth is needed to avoid regasification
due to these pressure drops
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Fig. 11Cavities of ultrasonic flownters

Physical parameters of the setup

Geometry of the meter:
Krohne Altosonic V LNG taken as a representative example
5 beam ultrasonic meter
one beam in the centre
two beams in 0.R distance
two beams in 0.8 R distance
Pipe diameter: 100 mm
Cavity diameter: 18 mm
Edgeradius of curvature0.2 mm

Inlet velocity:
Order of units of m/s
Pressure drops scale with velocity approx. according to a formula:

o o V)
Yho Ynvo 80—

LNG properties: )

Propertiesof liquid methane atl 6 5 A (5 barstallen

n=0.288mn*/s
r=430.1kg/m’



Results
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Fig. 12Typical pressure distributiomear a Fig. 13Typical veldity distribution inside a cavity
cavity with pressure minimum at the edge.

Max. pressure drops Ap (kPa)
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No. 2.5 m/s 7.5 m/s 12.5 m/s
_ 1.2 10.8 30.0
- 1.6 14.8 41.1
2.1 19 52.7
1.0 8.6 23.9
0.7 6.2 17.2
3.0 27.4 76.1 2030

Fig. 14Maximal pressure drops for various cavities and van@liscities
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No. 2.5m/s 7.5m/s 12.5m/s No. 2.5m/s 7.5m/s 12.53m/s
_ 0.15 1.4 3.9 — 0.05 0.41 113
0.21 1.9 5.3 0.06 0.56 1.55
0.27 2.5 6.8 0.08 0.72 1.99
0.12 1.1 3.1 0.04 0.32 0.90
0.09 0.8 2.2 0.03 0.23 0.65
0.39 3.5 9.8 o.n 1.03 2.87

Fig. 15Shifts in boiling temperature in variogavities and for various speeds. Bulk pressure 1 bar (left)
and 5 bar (right).



Conclusions

The CFDmoddling proved to be a hpful tool for analysng various physical processegscurring
duringLNG flow measuremenfwo situations were investigated ugihe OpenFoam software

LNG flow throughthe plannedcalibration facilityof VSL was anbysed Three types ofT-shape pipe
junctonswere investigated in order to find an optimal design with lowest flow disturbances in front of
the Coriolis masteme t er s . Namely 45A inclined djgwersc tainodn s
junctions with rounded edges were considered. The results of CFDImgd#iowed that the lowest
asymmetry in the flow is achieved for the 45A
achieved for the geometry with roundedyesl s . From this point of vieyv
inclined junctions and rounded edges would be optimal in order to avoid cavitation and error shifts o
the Coriolis standardsue to the flow disturbances.

A temperature increase due to a heat gain through the pipe wall was investigated too. The temperatt
increase was found not to be so significant if an ordinary plastic foam insulation is applied.

Second taskwasto predictpressure drops LNG flow throughultrasonic flowmeters, especialiy a
neightourhood of cavities which afgetween ultrasound transducer windows Hremain pipe of the
flowmeter.Knowledge of tlese pressure drops is important for determining conditions when cavitation
can occur and can help to avoid the cavitation in order to keep the measurenetdinigcin a
reasonable range.

The pressure drops were simulated for a geometry correspondirfiyéochannel ultrasonic flowmeter
Krohne Altosonic V LNGHowever the results providestmates for any similar geometry

The largest pressure drop predicted by the simulation for a fluid velocity of 7.5 m/s was ardRad 27
The pressure drops decrease with a decredsinggi d vel ocity so i f e do
flow velocity (which is usually the caser LNG) thepressure drop &7 kPashould not be exceeded.
Minimal subcooling (subcooling = difference betwee actual temperature and bubble point
temperature at given pressure) for which a cavitation is avoided was also determined for several flui
velocities and bulk pressures in the LNG. For example for 7.5 m/s and atmospheric pretssunaaim

LNG streamthe minimal sukcooling is 3.5 K. The larger is thressure in the main streashLNG the
smaller subcooling is needed to avoid the cavitation (e.g. for Shad 7.5 m/s it is only 1 K).
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