LNG Industry
asked
several companies
to discuss some
issues regarding
LNG pumps.

Pumps

Enver Karakas – Senior Mechanical Engineer
Elliott Group

Enver has over 20 years of experience in the design and development of turbomachinery for oil and gas applications. He
specialises in cryogenic pump and turbine technology, and is responsible for the design, development, testing, and troubleshooting
of cryogenic equipment. Enver holds an MS and PhD in Mechanical Engineering from the University of Nevada (UNR), Reno, US,
where he has been a research associate and has lead the UNR Turbomachinery Laboratory, studying and investigating cavitation
performance of pumps and multiphase flow in cryogenic turbines.

Stefano Calandri – Project Manager
Vanzetti Engineering

Stefano has worked at Vanzetti Engineering for 10 years, holding various roles in the company, starting from the
technical department before moving to the role of sales engineer, developing an extensive knowledge of Vanzetti products.
Stefano’s experience covers both the technical aspects of product development and sales, offering the customer a human touch
characterised by an extraordinary level of understanding. Stefano currently provides technical support to his colleagues in the
sales department by helping them to formulate the best proposals to present to customers. Stefano is also involved in the
development of projects, dealing with feasibility, planning, organisation, and deadline compliance.

Zoubeir Saad – IG, LNG, and LH2 Pumps Product Manager
Hassina Rekima – Sales Manager, SEMEA IG Business
CRYOSTAR SAS

Zoubeir joined Cryostar in 2013 after a consolidated career in the oil and gas industry. Having developed prominent
expertise in cryogenic pumps through a successful experience as Export Sales Area Manager, in early 2021 Zoubeir moved to the
position of IG, LNG, and LH2 Pumps Product Manager. Zoubeir is in charge of the development of new LNG and LH2 pumping
solutions in line with market evolutions.
Hassina started her career with Cryostar as Project Manager for major accounts such as Industrial Gas companies and then
within the cryogenic pump sales team. She is now South Europe, Middle East, and Africa (SEMEA) Sales Manager for Industrial
Gas distribution products such as transfer pumps, filling systems, and trailer loading systems. In the last 17 years, she has been
in charge of developing business for industrial gas solutions working with major gas companies and end users, industries, and
natural gas companies. A significant part of this time has been invested in focusing on customers’ needs and securing a leading
position on the market for Cryostar technology.

PUMPS
How important is the choice of materials for constructing a pump?
Enver Karakas - Elliott Group
For LNG applications, pumping temperature is approximately -165˚C (-265˚F) to maintain LNG in its liquid phase. Materials
must be selected to ensure material strength is acceptable in the cold cryogenic environment. In cold conditions, most materials
exhibit a brittle behaviour due to reduction in the impact strength. Therefore, the material impact strength must be verified at
cryogenic conditions to ensure that material strength will meet and exceed the requirements at pump operating conditions. In
addition, chemical compatibility between the pumped fluid and the construction materials must be considered to prevent chemical
corrosion. Another important point is the differential expansion and shrinkage of each material. Shrinkage due to cold temperatures
impacts the final critical dimensions of the pump, which can result in excessive stress or internal pump leakage. Therefore, the
choice of materials in construction of an LNG pump is very critical to attain reliability, dependability, and efficiency.

Stefano Calandri - Vanzetti Engineering
Vanzetti Engineering designs and manufactures pumps specifically for cryogenic fluids with very special properties.
The company refers to external and submersible centrifugal pumps and reciprocating piston pumps capable of operating at
temperatures between -150˚C and -190˚C.
In the design phase, Vanzetti has to consider how the materials respond to these temperatures but especially in relation to their
fluctuation. One also has to consider how the materials that make up a pump will behave in relation to the type of cryogenic fluid it
will be used to pump.
To summarise, the expertise of Vanzetti Engineering regarding the correct choice of materials for manufacturing its products is
the result of many years of experience and commitment to R&D.

Zoubeir Saad & Hassina Rekima - CRYOSTAR SAS
The choice of materials is very important for pump construction, particularly in the cryogenic sector. In fact several
challenges have to be addressed such as thermal conductivity, resistance capabilities to embrittlement, material elasticity, pump
weight, etc. Therefore the choice of materials is key.

Detail the main features behind one of your most popular pumps.
Enver Karakas - Elliott Group
In cryogenic applications, in-tank centrifugal pumps are installed inside an LNG storage tank in a vertical pump column
to transfer the fluid and often empty the tank to its lowest liquid level possible. In order to achieve the minimum liquid
height during draining of the tank, each pump is
fitted with an inducer which is fundamentally an
axial flow impeller with high specific speed. Typical
configuration of an in-tank pump is shown in the
image on the following page. A helical inducer is
installed at the pump suction side in the lowest
possible position, to reduce the required suction
pressure.
The inducer design is crucial for in-tank pumps, as
it ultimately determines the minimum liquid level in
the tank required for stable operation. This liquid level
is known as the Net Positive Suction Head required
(NPSHr) for each in-tank pump. The goal is to
minimise the NPSHr as much as possible, to maximise
the height of usable liquid inside the tank.
Considering the overall footprint of an LNG tank,
reducing the NPSHr by as little as a few centimetres
can result in substantial improvements in the usable
Vanzetti Engineering: Pump shaft balancing operation.
amount of fluid volume. For example, each recently
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constructed LNG storage tank at a south Texas, US, liquefaction terminal has a capacity of 1.6 million m3 with a base diameter of
approximately 200 m.
In-tank LNG pumps utilise a variable pitch and variable hub inducer to reduce the requirement of suction pressure, which
further reduces NPSHr and increases the usable liquid height. A picture of a typical variable pitch inducer is shown on the page.
The main characteristic of the variable pitch inducer is its ability to increase head via change in blade angle from suction to
discharge. With the increase in blade angle at discharge, more head can be produced by the inducer with an increase in absolute
velocity. More importantly, with the variation in blade angle from suction to discharge, shockless entry at the design flow can be
obtained.
Due to severe running conditions in terms of temperature, reliability of dynamic seals is always concerning to manufacturers
and end users. For this reason, mechanical seals between the driver (motor) and hydraulic components, such as the impeller and
diffuser vane, are eliminated for most LNG cryogenic pumps. Eliminating mechanical seals eliminates the possibility of a leak at the
mechanical seal between the pump shaft and/or the motor shaft. Cryogenic pumps often use a submerged motor design so that
there is no need for a mechanical seal. Additionally, submerging the motor in the pumped fluid eliminates the need of hazardous
area certification for the motor and other related electrical components. This design feature not only eliminates the seal, but also
removes the electrical motor from the hazardous area by
submerging the motor into the pumped fluid where there is
no oxygen to ignite or start a fire/explosion.

Stefano Calandri - Vanzetti
Engineering
Vanzetti’s cryogenic pumps have unique characteristics that
make them suitable for use at very low temperatures and
on a large scale for LNG and other cryogenic liquids such as
oxygen, nitrogen, and argon.
Vanzetti is committed to designing reliable pumps that
are built in a rational and intelligent manner based on the
experience the company has gained over the years. Some of
the main characteristics include:
Elliott Group: Typical in-tank pump application.

zz

Available in one stage or multistage configurations
(two, three, four, or six).

zz

Helical inducer to minimise NPSH requested.

zz

Integrated motor to be used with inverter/VFD.

zz

Low maintenance due to the absence of elements
subject to wear and the continuous LNG lubrication.

zz

Reduced noise (<80 dB).

zz

Designed according to: European Directive Machinery
- European Directive ATEX, EIGA/IGC/CGA guidelines
- Marine Class Certifications: BV, DNV-GL, ABS, RINA, LR,
CCS, NK, KR, RS.

Zoubeir Saad & Hassina Rekima CRYOSTAR SAS

Elliott Group: Variable pitch inducer.

The SUBTRAN pump is designed with rotating parts balanced
individually in order to reduce the axial thrust load for an
enhanced service lifetime.
On the other hand, the motor is submerged inside the
pumped LNG, and as a consequence the bearings are
permanently lubricated by the cryogenic liquid for a
dramatically increased lifetime. Also the design of the pump
hydraulic parts allows the lowest possible Net Positive
Suction Head (NPSH) requirement, optimising the pumped
volume.
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Specialised pumps play a range of critical roles in the LNG industry. Provide
an overview of one type of pump and how it suits a specific application.
Stefano Calandri - Vanzetti Engineering
One of Vanzetti Engineering’s most popular products is undoubtedly the ARTIKA series. The models from this series of
submersible pumps can deliver various flowrates and pressures according to needs. The wide range of flowrates starts from low
volumes such as the ARTIKA 120 up to the latest ARTIKA 400-1S that can reach flowrates of up to approximately 500 m3/h at a
differential pressure of 8 bar. The ARTIKA series is an answer for various LNG applications such as the refuelling of heavy duty trucks/
buses/trains, LNG bunkering, LNG power plants, LNG peak shaving facilities, and LNG scale terminal plants. In particular, the ARTIKA
series is used in low pressure (10/20 bar) applications such as marine engine fuel gas systems, stripping and spray applications,
booster, ship-to-ship bunkering, cargo, FSRUs, and FSUs. The reliability and low maintenance frequency of the ARTIKA series mean that
they strive to ensure excellent performance and a long service life.

Zoubeir Saad & Hassina Rekima - CRYOSTAR SAS
The SUBTRAN submerged motor pump is a robust and efficient equipment suitable for several applications such as LNG
fuelling stations, bunkering, and peak shaving.
More specifically, the SUBTRAN pump particularly suits the requirements of fuelling stations owners in that it can start and stop
without cooling down process time and it requires almost no maintenance at all. The design is sealess and eliminates the risk of
leakage.

How are the pumps designed to ensure zero leakage but remain highly
efficient?
Enver Karakas - Elliott Group
Minimising and/or eliminating the leakage is critically important to achieve high efficiency. In LNG pumps, special seals
and seal configurations are utilised due to the temperature
rating. Most elastomers and materials cannot be used at cold
temperatures. Most of the applications use a minimum number
of seals, if possible. Back leakages and internal recirculation
are often limited via specifically designed metal, composite and
special material O-rings, gaskets, and seals in order to attain the
highest efficiency.

Zoubeir Saad & Hassina Rekima CRYOSTAR SAS
The unique design of the SUBTRAN pump eliminates shaft seal,
in which wearing is the main source of leakage on a centrifugal
pump. So the issue is solved at the roots.

How are personnel protected from
the potential hazards associated
with pumps and machinery?
Enver Karakas - Elliott Group

CRYOSTAR SAS: SUBTRAN 130 submerged pump
for bunkering.

LNG is a hazardous, flammable, and explosive fluid that
requires additional protection and safety features and systems
for protection of equipment and more importantly, personnel. As
mentioned earlier, the motor is submerged in the process fluid to
eliminate any possibility of ignition or electrical arc from the high
power motor. Various instrumentation is provided with pumps to

PUMPS
prevent any catastrophic machinery failure and the possibility of any hazard. Accelerometers are installed at shaft support locations to
continuously monitor the pump vibration. Input power to the motor is also recorded and monitored along with trip and alarm settings
to ensure there is no issue with the pump motor or the pump itself. All the instrumentation used in pump condition monitoring is
required to be intrinsically safe (IS), which is defined as instrumentation and wiring that is incapable of releasing sufficient electrical
or thermal energy to cause ignition. Electrical cabling and electrical connections to the pump motor are monitored continuously
according to IECEX and NEC code regulations to ensure there is no possibility of flammable gas leakage to the electrical junction box
or at cable connections such as feed throughs. In addition, all pump and pump system components are designed and manufactured
according to applicable industrial codes and regulations that do not only focus on the pump’s performance, but also on safe operation
and protection of personnel.

Zoubeir Saad & Hassina Rekima - CRYOSTAR SAS
Safety and security of personnel are constantly paramount on the CRYOSTAR agenda. The company always supplies its pumps
with all the necessary safety options. All CRYOSTAR LNG pumps are ATEX certified and the company constantly raises its customers’
and partners’ awareness of safety issues.

Are there are any limitations to current pump technologies?
Stefano Calandri - Vanzetti Engineering
Cryogenic pump technology is constantly evolving, as is the market in which the company operates. Over the last few years,
attention in the LNG market has progressed from automotive applications in fuelling stations to naval applications in which highpressure and low-pressure fuel supply systems (fuel gas systems) are used for large marine engines.
The evolution in this market means that Vanzetti Engineering has to continuously update its product portfolio in terms of
flowrates and pressures.

Enver Karakas - Elliott Group
There is and always will be higher demand from end users that requires pump manufacturers to push the limits. This is
often in terms of pump overall performance, reliability, availability, and overall reduction of its footprint. As pump designers and
manufacturers, Elliott Group continues to develop pumps to meet and exceed these requirements.
There are definitely limitations in attainable efficiency, and in how long a pump can be operated without any maintenance
(reliability). No pump or other machinery or their
components can achieve efficiency of 100%.
Therefore, there will be always a limitation in
efficiency and reliability of a unit. Elliott Group’s
main goal is to work with the end users to provide
them the best unit that meets their performance and
process requirements.

Zoubeir Saad & Hassina
Rekima - CRYOSTAR SAS
It is common knowledge that no one will reinvent
the wheel, nevertheless plenty of possibilities are
here to make existing pump technologies evolve,
especially when it comes to new applications.
On the other hand, there is a large potential in
implementing smart pumps technologies:
maintenance is one of the most challenging topics a
pump operator is confronted with. Predictive
maintenance through digitalisation – instead of
curative – will be a big step forward in pump
Vanzetti Engineering: Pump impellers detail.
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downtime optimisation, energy, OPEX savings, as well as increased efficiency. CRYOSTAR strives to be at the forefront on this
topic.

Outline a challenging project where pumping conditions were severe and
the ingenuity of engineers was needed.
Enver Karakas - Elliott Group

One of the challenging points of LNG applications is the low viscosity of the liquid with respect to oil or any other lubrication used
for ball bearings. Since submerged motor pump applications have ball bearings that are lubricated and cooled by LNG, it is often very
challenging to maintain enough lubrication for bearings for reliable operation. For some of the applications at which the viscosity
of the pumped fluid is lower than preferred levels, specially made bearings are utilised. For reflux pump applications, viscosity levels
can be too low for any ball bearing to work properly. Therefore, hydrostatic bearings have been designed and developed to replace
the traditional ball bearings. With hydrostatic bearings, there is no contact between the rotating and stationary components that
can result in premature failure. Hydrostatic bearings are proven to improve the reliability of the pumps and increase the mean time
between maintenance.

Describe some recent developments in guaranteeing durability of pump
technologies.
Stefano Calandri - Vanzetti Engineering
Vanzetti Engineering’s R&D department tests and experiments with new solutions in order to offer improved products that provide
even higher performance. The technology, however, not only refers to the materials and mechanical engineering, but also to the
electronics used for its operation. Today, it is extremely important to collect and transmit data, for example regarding the health of
the pump or its operating parameters. Innovative technologies mean that predictive maintenance techniques can also be applied
to all Vanzetti products.

Enver Karakas - Elliott Group
As is mentioned in the previous answer,
implementation of hydrostatic bearings improves
the durability of pumps considerably. Availability
of a pump is quite important for end users, so
that there is no interruption to the processing
and production of LNG. With that in mind, end
users often request durability and reliability to
be higher than what most industrial standards
specify. Each pump requires maintenance which
is often determined by the life of the ball
bearings and shaft supports. In order to extend
the meantime between maintenance, special ball
bearings, such as hydrostatic bearings or hybrid
ball bearings with ceramic balls, are used.
Ceramic balls have a relatively better surface
finish and higher quality with respect to
regular steel ball bearings. This allows
the ball bearing to last longer than
normal if there are any concerns with lubrication.

Zoubeir Saad & Hassina
Rekima - CRYOSTAR SAS

CRYOSTAR SAS: Virtual reality tools at the service of Cryostar
customers.

Shortly, CRYOSTAR will launch a new product for
the LNG sector that is surely going to be a
market changer.
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