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Introduction  
 

This poster summarises a computational work which was performed within the ñMetrology for LNGò 

project as a support for some specific problems solved within this project. The work shows how CFD 

(computational fluid dynamics) can be helpful in understanding the physical 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 mid-scale calibration facility for LNG flowmeters which is planned to be built 

by VSL (schematic Fig. 1). Second one is LNG flow through ultrasonic flowmeters and possible 

cavitation near the ultrasound transducers (Fig. 2). 

 

 
Fig. 1 

 
 

Fig. 2 

 

 

 

The hardware and software used for numerical simulations 
 

The computations have been done in parallel at a set of five computers connected via network. The total 

number of processor cores was 20 and the total RAM memory was 176 GB. 

 

For the CFD simulations OpenFoam software was used. It is a free opensource software for 3D 

numerical analysis of fluid 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 solved ï in laminar or 

turbulent regime, steady or unsteady, compressible or incompressible. The user can choose from several 

algorithms the one which fits best to the physical problem. OpenFoam can be downloaded at 

www.openfoam.com. The OpenFoam package also contains a mesh generator and a Paraview software 

for postprocessing the computed data. 

 

Drawings were created in Creo Elements Direct Modeling Express 4.0. This software is free and can be 

downloaded from http://www.ptc.com/products/creo-elements-direct/modeling-express/. This software 

enables to export the geometry in STL format and to set various parameters of the STL conversion in 

order to achieve a required quality of the geometry. The STL file can be used for mesh generation with 

snappyHexMesh utility within OpenFoam sofware. Definition of boundary patches in the STL file is not 

available in Creo Elements and has to be done by hand ï by sorting 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 flow-meters which works in the range of flow-rates of 

(0 ï 25) m
3
/h so far. A second step is to develop and design a new calibration test rig which should raise 

the range at least up to 300 m
3
/h (actual number can change according to the up to date plans). The 

method used for the up-scaling is the so called bootstrap method where one master-meter (Coriolis 

meter A in Fig. 3) calibrated by the gravimetric method is used to calibrate other master-meters mounted 

in parallel (Coriolis meters B1 ï B6 in Fig. 3) and these master-meters are subsequently used to 

calibrate the first master-meter in a wider range. (Please note that the final construction can change 

according to the up to date plans.) 

 

 

 

Fig. 3 Detail of the bootstrap section and its dimensions in mm. 

 

The questions that should be answered before the facility will be built are the following: 

 

¶ What will be the flow quality (flow profile) in the pipe sections in front of the Coriolis meter 

standards depending on geometry of the T-shape pipe junctions?  

¶ What will be the pressure drops near the pipe junctions? Can these pressure drops cause a 

regasification of the LNG? 

¶ 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 standards and minimal local 

pressure drops: 45Á inclined T-shape junctions, 90Á junctions with sharp edges and 90Á junctions with 

rounded edges. 

 

The goals are:  

¶ To compute flow asymmetry in the parallel pipes 

¶ To compute local pressure drops at the T-shapes 

¶ To compute temperature increase in blind ends 

 

 

 

 



Parameters of the setup 

 

¶ Inlet velocity = 1.5 m/s (300 m
3
/h) around maximal flowrate 

¶ Wall heat flux 20 W/m
2
 (vacuum insulation) 

                          or 100 W/m
2 
 (foam insulation) 

                          or 1000 W/m
2 
 (some extreme case) 

 

Results 
 

 

  

 

  

 

  
Fig. 4 Velocity fields in pipe 1 in distance 15 D from the supplying pipe, flowrate 300 m

3
/h, inlet 

velocity 1.5 m/s. Each row is for one type of T-shape pipe junction. In the second column there is the 

longitudinal velocity component (units mm/s). In the third 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 in 

two points ñaò and ñbò lying on an axis of a cut through the pipe in 25 % (point a) and 75 % (point b) 



distance from the edge (see Fig. 5). If we denote Uy(a) the y velocity component (longitudinal 

component in case of one of the parallel pipes) in a point ñaò and Uy(b) the velocity component at a 

point ñbò then the formula for asymmetry is (Uy(b)-Uy(a))/ Uy(b).100 %. 
 
 

  

 
Fig. 5 Figure for definition of asymmetry values and a table of asymmetry values in increasing distance 

from the supplying pipe for various T-shape pipe junction types. 
 

Pressure drops 
 

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

influence the Coriolis master-meters performance. Therefore these pressure drops which occur 

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

 

The maximal pressure drop upstream the standards is always near an edge of a junction of one of the 

parallel pipes to the supplying pipe. In case of the 90Á junctions the lowest pressure occurs at the 

upstream part of the edge. See Fig. 6 for pressure distribution in the case with sharp 90Á junctions and 

also Fig. 7 for a flow pattern in this case. In case of the 45Á inclined junction the lowest pressure occurs 

at the opposite side of the edge ï at its sharpest part.  

 

The pressure drops listed in Fig. 9 are for the inlet flowrate of 300 m
3
/h flowing through the 10 inch 

supplying pipe (old design) or for flow-rate of 400 m
3
/h and the supplying pipe with 6 inch diameter 

(new design).  

 

Let us denote the bulk pressure in the main pipe p and the local pressure drop ȹp (we take it as a 

positive number). Next we denote T the actual temperature of the LNG, Tb(p) the bubble point 

temperature at pressure p (i.e. the temperature for which a gas starts to appear) and ȹTS = Tb(p) ï T the 

sub-cooling temperature. The pressure drop ȹp leads to a change in the bubble point temperature which 

is approximately equal to  
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The cavitation will occur if  ЎὝ ЎὝ. The dependency of bubble point temperature on pressure is 

depicted in Fig. 8. The bubble point temperature shifts due to pressure drops are in Fig. 9.  
 
 
 



 
Fig. 6 Pressure distribution near the T-shape 

junction.  

 
Fig. 8 LNG bubble curve  

Fig. 7 Velocity distribution near the T-shape 

junction 

 

 
 

Fig. 9 Pressure drops and corresponding bubble temperature shifts 
 

Temperature increase due to heat gain through walls 
 

Fig. 10 shows a maximal temperature increase in the blind end of the supplying pipe for various values 

of wall heat flux and of flow-rate. 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 50 m
3
/h and wall heat flux of 1000 W/m

2
 is shown in Fig. 10. 

 

 
 

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



Modelling of cavitation in ultrasonic flowmeters 

 
Questions to be answered: 

· How LNG which can be near boiling conditions behaves in surroundings of the ultrasonic meter 

cavities (Fig. 11)? 

· Can flow measurement 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 point which is needed to avoid regasification 

due to these pressure drops 

 

 
 

 

Fig. 11 Cavities of ultrasonic flowmeters 

 

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 0.5 R distance 

· two beams in 0.8 R distance  

· Pipe diameter: 100 mm 

· Cavity diameter: 18 mm 

· Edge radius of curvature: 0.2 mm 

 

Inlet velocity:  
· Order of units of m/s 

· Pressure drops scale with velocity approx. according to a formula: 

Ўὴὺ Ўὴὺ Ȣ
ὺ

ὺ
 

LNG properties:  
· Properties of liquid methane at -165ÁC and 5 bars taken 

· n=0.288 mm
2
/s  

· r=430.1 kg/m
3
  



 

Results 
 

 
Fig. 12 Typical pressure distribution near a 

cavity with pressure minimum at the edge. 

 
Fig. 13 Typical velocity distribution inside a cavity. 

 

  

Fig. 14 Maximal pressure drops for various cavities and various velocities 

 

 

  
 

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

and 5 bar (right). 



 

Conclusions 

 
The CFD modelling proved to be a helpful tool for analysing various physical processes occurring 

during LNG flow measurement. Two situations were investigated using the OpenFoam software.     

 

LNG flow through the planned calibration facility of VSL was analysed. Three types of T-shape pipe 

junctions were investigated in order to find an optimal design with lowest flow disturbances in front of 

the Coriolis master-meters. Namely 45Á inclined junctions, 90Á junctions with sharp edges and 90Á 

junctions with rounded edges were considered. The results of CFD modelling showed that the lowest 

asymmetry in the flow is achieved for the 45Á inclined junctions and the lowest local pressure drops are 

achieved for the geometry with rounded edges. From this point of view probably a geometry with 45Á 

inclined junctions and rounded edges would be optimal in order to avoid cavitation and error shifts of 

the Coriolis standards due to the flow disturbances.  

A temperature increase due to a heat gain through the pipe wall was investigated too. The temperature 

increase was found not to be so significant if an ordinary plastic foam insulation is applied.  

 

Second task was to predict pressure drops in LNG flow through ultrasonic flowmeters, especially in a 

neighbourhood of cavities which are between ultrasound transducer windows and the main pipe of the 

flowmeter. Knowledge of these pressure drops is important for determining conditions when cavitation 

can occur and can help to avoid the cavitation in order to keep the measurement uncertainty in a 

reasonable range. 

The pressure drops were simulated for a geometry corresponding to a five channel ultrasonic flowmeter 

Krohne Altosonic V LNG. However, the results provide estimates for any similar geometry.  

The largest pressure drop predicted by the simulation for a fluid velocity of 7.5 m/s was around 27 kPa. 

The pressure drops decrease with a decreasing fluid velocity so if we donôt go above 7.5 m/s with the 

flow velocity (which is usually the case for LNG) the pressure drop of 27 kPa should not be exceeded. 

Minimal sub-cooling (sub-cooling = difference between actual temperature and bubble point 

temperature at given pressure) for which a cavitation is avoided was also determined for several fluid 

velocities and bulk pressures in the LNG. For example for 7.5 m/s and atmospheric pressure in the main 

LNG stream the minimal sub-cooling is 3.5 K. The larger is the pressure in the main stream of LNG the 

smaller sub-cooling is needed to avoid the cavitation (e.g. for 5 bars and 7.5 m/s it is only 1 K). 
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