
Carolina Stopkoski, FLEXIM AMERICAS 
Corporation, USA, and Jörg Sacher, FLEXIM 
GmbH, Germany, detail the challenges 
and advantages of non-invasive LNG flow 
measurement with clamp-on ultrasonic 
technology. 

Safe and efficient operation of any kind of 
plant relies on process control. Process control 
relies on effective and accurate measurements. 

Beside temperature and pressure, flow is one of the 
most important process parameters which must be 
monitored. Among the various flow measurement 
techniques, clamp-on ultrasonic measurement has 
been an outsider technology for quite some time. 
But times have changed. Due to its practical benefits, 
external flow measurement with clamp-on ultrasonic 
transducers has now become a widely used standard 
measuring method across all industries.

Clamp-on ultrasonic flow 
measurement
Nowadays, clamp-on ultrasonic flow measurement 
is an ‘outsider technology’ – only in the literal 
sense – meaning the transducers are simply mounted 
onto the outside of the pipe. Although non-invasive 
ultrasonic technology is today extensively applied to 
simple measuring tasks such as flow measurement 
in drinking water networks or in HVAC applications, 

it is particularly the method of choice when it comes 
to measuring precious and hazardous media under 
the most challenging process conditions and in the 
harshest environments. Therefore, FLEXIM’s clamp-on 
ultrasonic flowmeter systems, FLUXUS, can be found 
all over the entire value chain of the oil and gas 
industry, from the well to consumers, both in liquid 
and gas flow applications.
Measuring from the outside of the pipe means 
measuring from the safe side. Installation and 
commissioning of an ultrasonic flowmeter does 
not require opening of the pipe and therefore the 
availability of the plant is unaffected. Since the 
transducers do not come in direct contact with the 
medium, they are not subject to wear and tear. The 
external measurement works independently of 
pressure changes in the pipe and does not cause 
any pressure loss or risk of leakage. An additional 
advantage of the acoustic measurement lies in 
its extreme dynamic range, independent of the flow 
direction: ultrasonic flow measurement is inherently 
bidirectional.
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It is no wonder that operators of LNG plants are looking at 
non-invasive clamp-on ultrasonic flow measurement solutions.

Overcoming the challenges of LNG
Typically, LNG flow is measured by invasive technologies 
like Coriolis, ∆P and turbine meters, as well as wetted 
ultrasonic inline meters. However, conventional wetted 
measuring instrumentation face well-known shortcomings: 
differential pressure devices such as orifices or Venturi 
meters have a very restricted turndown and can measure 
only in one flow direction. Their pressure taps can freeze, 
which results in frequent maintenance. Moreover, the 
restriction of the pipe cross section causes a pressure loss 
which is particularly undesirable in LNG applications, as 
it can lead to inline gasification. This is also the case for 
Coriolis meters. Even inline ultrasonic meters influence 
the LNG flow in the pipe, as the pockets for the inserted 
transducers disturb the flow profile. Therefore, non-
invasive ultrasonic measurement from the outside is the 
superior solution.

Unfortunately, things are not this easy. Simply 
mounting clamp-on trandsducers onto the pipe would not 
work. The challenge for the non-invasive technology lies 
in the extremely low temperatures used throughout the 
LNG process. At temperatures below -40˚C, sound 
propagating layers in the transducers begin to freeze – 
and consequently cease to propagate sound signals.

FLEXIM’s ambition has always been to continuously 
expand the boundaries of the applicability of clamp-on 
ultrasonic flow measurement. When operators of an 
LNG-fired peak shaving power plant asked for a non-
invasive flow measurement solution almost 15 years ago, 
FLEXIM’s R&D engineers started looking at applying a 
solution that had already been developed for extremely 
high temperatures. For non-invasive measurement of high 
temperature flows, e.g. in refineries, FLEXIM had invented 
its WaveInjector.

Patented technology
The WaveInjector is a specifically designed transducer 
mounting device which extends the possible application 
range of non-invasive ultrasonic measurements to 
temperatures up to 400˚C and beyond. Its functional 
principle is of convincing simplicity. The patented 
system is an arrangement of two stainless steel coupling 
plates, each connecting a transducer to the pipe wall, 
yet keeping both plates a certain distance apart. The 
surfaces of these plates dissipate enough heat to keep 
the temperature at the mounting point of the transducers 
within their operating range. Simultaneously, the coupling 
plates ensure the acoustical contact between pipe and 
transducer. The mechanically robust mounting fixture 
maintains high contact pressure. Metal foils ensure 
optimal acoustic contact and long-term stability. As the 
WaveInjector is a purely mechanical arrangement, it can 
also be used in explosive atmospheres.

Would this principle also work in cryogenic 
environments? A particularly favourable feature of 
non-invasive flow measurement for users is that they do 
not end up buying ‘a pig in a poke.’ Users can thoroughly 
test the measuring technology for its suitability before 

Figure 1. Typical arrangement of the FLUXUS Cryo.

Figure 2. FLEXIM’s service engineer Peter Liptrot installing 
a FLUXUS Cryo system at an LNG terminal.

Figure 3. WaveInjector and Cryo boxes can be totally 
integrated into the insulation.
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making the final purchase decision, without any impact on 
normal operation.

Customer-driven innovation
Since the test measurements performed impressively, work 
could properly commence for FLEXIM’s R&D engineers. 
FLEXIM accepted and embraced the LNG challenge 
and started to develop a suitable solution dedicated 
specifically for cryogenic applications. The result is the 
FLUXUS Cryo ultrasonic flow measuring system. It consists 
of an ultrasonic dual channel measuring transmitter, two 
WaveInjector transducer mountings, two pairs of clamp-on 
ultrasonic transducers, and four appropriately insulated 
Cryo boxes, which serve to maintain a sufficiently high 
temperature for proper operation of the acoustic flow 
measurement (see Figure 1 for a typical arrangement). 

For measurements on LNG pipes which are in 
continuous operation, or that require longer than 12 hour 
periods below -40˚C, the Cryo boxes can be heated with 
an optional self-regulating heating system. All electrical 
components – transmitter, transducers, optional heating 
system – are certified for use in hazardous areas (ATEX, 
IECEx, FM, GOST). Also, SIL approved versions for safety-
related applications are available. 

Since initial engagement in this market, FLEXIM’s 
FLUXUS Cryo solution has successfully proven its 
suitability and demonstrated its advantages in numerous 
LNG applications worldwide. Some examples are detailed 
here.

Check metering at an LNG 
terminal
Operators of an LNG terminal in the US had issues with 
their Venturi inline meters which were installed on 32 in. 
(DN800) pipes for custody transfer measurement. Due to 
frozen pressure taps, the inline meters were often down 
or showed erratic readings. Therefore, the operators 
reached out to FLEXIM looking for a reliable non-invasive 
metering solution. Their main interest was to install a 
meter that could withstand the extreme temperatures 
below the boiling point of LNG, i.e. -161˚C, and that could 
be retrofitted without any interruption to the process. 
Likewise, it was important to have a metering solution 
that required low to minimum maintenance. 

With its FLUXUS Cryo, FLEXIM was able to respond to 
this demand. The terminal operators can now rely on 
precise measurements that are not subject to wear and 
tear and require minimal to no maintenance.

In the same manner, operators of an LNG terminal in 
Turkey were experiencing metering discrepancies with 
their inline turbine meters during unloading operations. 
They needed reliable measurements of LNG flow at a 
30 in. import and on a 6 in. recirculation line, equally at 
temperatures of approximately -165˚C. Also at this 
terminal, FLUXUS Cryo proved to be the superior 
measuring solution, both in terms of reliability and costs.

Similar cases have been found at shipping and gate 
terminals where LNG is transported and where available 
instrumentation starts to wear out over time and cannot 
cope with the challenging process conditions. 

Extending flexibility in loading 
and unloading processes
Operators of an LNG plant in Western Europe had a 
different motivation to install non-invasive ultrasonic 
flowmeters FLUXUS Cryo on their DN800 transfer lines 

Figure 4. The measuring transmitter FLUXUS F809 is 
certified for use in hazardous areas (ATEX zone 1).

Figure 5. Efficient increase of the operational flexibility of 
an LNG terminal through bidirectional flow measurement 
with FLUXUS Cryo.
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from the jetty to the tanks. Here, the installed Pitot tube 
meters proved to be insufficient to cope with current 
market demands. Changing markets lead to changing 
trade routes, which results in varying flow directions. 
Differential pressure measurement devices, such as the 
Pitot meter, are not only very restricted in their dynamic 
range, but also strictly unidirectional. Thanks to the easy 
retrofitted design of the non-invasive FLUXUS Cryo flow 
measurement, the operators were able to significantly 
improve the performance of their LNG terminal. In an 

ever-changing world, flexibility is a decisive competitive 
factor.

As LNG demand continues to grow, LNG operators are 
looking to improve process management and ensure 
operations run efficiently and in a cost-effective manner. 
Retrofitting non-invasive ultrasonic flow measurements proves 
to be a highly efficient way of debottlenecking.

Conclusions/Key takeaways
Besides the ease of installation and ability to cope with extreme 
low temperatures, Flexim’s ultrasonic clamp-on meters are 
designed to add additional benefits to the LNG market in three 
key areas: cost reduction, reliability, and plant availability.

Overall cost reduction
 z Reduced plant energy consumption – due to zero pressure 

drop when compared with insertion type devices.

 z No need for wetted alloys.

 z Zero maintenance.

Reliability
 z No direct contact with the medium means no wear and tear.

 z Capability of measuring accurately in a wide range of pipe 
sizes and process conditions.

 z Ability to measure bidirectional flow (loading and 
unloading operations).

Plant availability
 z No process interruption during installation and 

commissioning.

 z Easily retrofittable to existing plant layout, no need for 
piping modifications. 

Figure 6. LNG flow measurement with FLUXUS Cryo on a 
floating storage and regasification unit (FSRU).


