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M ost issues that can occur in LNG cryogenic pumps 
are the result of cavitation, which is primarily 
caused by an insufficient net positive suction head 
(NPSH) and fluid shocks. Experience shows that 

the second factor is due to inadequate pump cool-down 
procedures and installations.

Understanding these two problems is essential to prevent 
cryogenic pumps failure and improve their reliability for end 
users and operators.

Insufficient NPSH
The NPSH is an important topic for cryogenic fluids, especially 
LNG, which have boiling points of less than -150˚C.

The NPSH can be defined as the difference between the 
pressure of the liquid gas under normal vapour pressure and the 
actual pressure at the pump inlet. This difference is the liquid 
head, less the losses due to heat generated and of pressure 
through the piping, valves, etc. It often happens that the NPSH 

available on-site is not sufficient for the pump to operate. In 
summary:
n NPSH(a) = subcooling of the liquid which is provided for the 

pumping system (a = available).
n NPSH(r) = necessary subcooling that a pump needs to 

prevent any cavitation (r = required).

Both cavitation and fluid shocks can be direct evidence of a 
lack of NPSH at the pump inlet. Consequently, the higher the 
NPSH requested by the pump is, the higher the risk of cavitation 
problems (which affect the lifetime of the pump) and fluids 
shocks when the pump is rotating at high speeds with the 
presence of gas bubbles. These fluid shocks can cause shaft 
deformation and failure as well as impeller damage. These 
problems are particularly dangerous when the pump is used for 
LNG applications.

In short, cryogenic pumps can normally work only when the 
NPSH is sufficient. When there is a lack of NPSH at the pump 
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inlet, cavitation will become evident and a distinctive noise will 
be heard. This noise increases when cavitation gets stronger. In 
general, this noise is also accompanied by vibrations, which tend 
to unbalance the shaft and cause faster wear and tear on parts, 
including motor bearings.

Therefore, cavitation can also have other immediate 
negative consequences on pumps, such as vibration and 
instability.

How to decrease the NPSH requested by a pump
The first step is to install a standard inducer at the suction, which 
will improve the velocity distribution to the impeller. The 
conventional inducer will improve the NPSH(r) of the pump by 
about half, but for some applications, such as distribution and 
process pumps, this device is not sufficient to provide adequate 
protection against cavitation, loss of prime, and fluid shocks.

Fives Cryomec AG’s Cryomec® Supercharger helps to bring 
NPSH(r) close to 0. This has been achieved following intensive 
hydraulic research and testing with liquid nitrogen. The 
technology provides a velocity distribution that remains 
constant with practically no turbulence. The flow changes 
direction due to centrifugal forces and moves smoothly through 
the spiral channels of the Cryomec® Supercharger. This is 
different from using a conventional inducer where the pumped 
liquid suffers turbulence (which may lead to gas bubbles in front 
of the pump).

A standard inducer is shown in Figure 1. Under cavitation 
condition, the gas bubbles are accumulating at the front of the 
inducer (turbulence area in light blue) as the cross-section area of 
flow is reduced (white arrow). In front of the inducer, the volume 
(Va) is large between the pump suction flange and the inducer, 
thus reducing the NPSH(a). As cryogenic pumps cannot be 
operated under cavitation, there will be a premature wear on the 
pump parts.

Under the same condition, if the pump is equipped with the 
Cryomec® Supercharger (Figure 2), it allows a better aspiration 
towards the impeller as the flow is continuously aspirated into it 
(larger cross-section area of flow: white arrow). The conical shape 
optimises the flow direction and head losses are reduced within 
this technology compared with the inducer. Moreover, as the 
‘dead’ volume (Vb) in front of the Cryomec® Supercharger is 
significantly reduced, there is no accumulation at the front of the 
device.

Thanks to this device, which is available for single-stage 
pumps, priming is easier, and the pump lifetime will be enhanced.

Moreover, it helps to reduce installation costs as elevated 
tanks are not required.

To conclude, the NPSH(a) (available from the tank for the 
pump) must be present inside the inducer and impeller: 
[NPSH(a) > NPSH(r)] both before the pump start and during the 
pump priming. In addition, it must always be kept for a smooth 
running.

Inadequate installations and pump 
cool-down procedures
Pumps for cryogenic liquids, especially LNG pumps, are generally 
considered to be delicate to operate, and an efficient cool-
down requires detailed and critical procedures.

Pump failures due to the cool-down procedure can lead to 
major problems and cause safety concerns for end users and 
operators. There are various points associated with the piping 
design and operation of cryogenic pumps. Therefore, it is 
important to check the following parameters:

 n What is the length of the suction line to the tank?

Figure 1. Standard inducer.

Figure 2. Cryomec® Supercharger.
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 n Is the return gas line connected upwards to the tank 
without syphon?

 n Is there piping stress in hot or cold conditions?
 n Is there enough slope for the suction vent and bypass lines?
 n Is the minimum pump cool-down time followed, including 

the entire suction line cool-down?

Best practices to minimise risks of pump 
failures: configuring the lines
In any case, it is important to properly cool-down the 
cryogenic pump before start-up with the best 
configuration for the lines.

The suction line is of particular importance as it is 
the most frequent cause of priming and pumping 
difficulties. The suction line must never be horizontal. 
It must always have a continuous slope, either upward 
or downward from the storage tank to the pump, 
with the pump located as near to the supply tank as 
possible. 

The line size is also important. A line that is too 
small will create excessive friction loss, while a line that 
is too large will unnecessarily increase the heat inleak. 
The suction line must be as short as possible, well 
insulated, and sharp bends should be avoided. On the 
contrary, its diameter should be as big as the pump 
inlet, or slightly bigger. A strainer or filter should also 
always be used in the suction line to ensure an 
extended pump lifecycle and to minimise the danger 
of accidents due to contamination, particularly in LNG 
systems. Additionally, the suction line must be 
equipped with a pressure relief valve (safety valve) to 
prevent any possible damage to the pump and its 

shaft sealing system, due to excessive suction pressure. It is 
important to ensure that all piping lines are adequately 
supported, and it is essential to install compensators or flexible 
lines at the pump flanges.

The bypass and return gas lines must never be horizontal 
or have a downward slope. They should always have a 
continuous upward slope from the pump so that there can 
never be any low points in which gas can be trapped and create 
a liquid lock. 

Figure 3. Example of an LNG loading system with manual valves.

Figure 4. Example of a Cryomec VSMP with the three-way valve (PV 20).
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The ideal slope for these lines is approximately 100% (45˚) 
with 10% (approximately 5˚) recommended as minimum.

Piping stress can be avoided or reduced through the 
installation of fix points. A pipe fixed point is a very rigid 
support (without any elasticity) blocking the pipe in the three 
axes (clamping capable of sliding on the pipe is forbidden).

Case study 
As mentioned previously, experience shows that the majority 
of problems are caused by an inadequate pump cool-down 
procedure and, sometimes, by operators failing to ensure that 
the pump has been fully primed.

For this reason, systems that automate the pump 
cool-down priming have huge operational advantages, 
especially if such systems are competitive compared to an 
installation designed for manual operation.

Fives Cryomec AG has developed a system incorporating 
an optimised three-way valve, which operates automatically. 
This valve is directly mounted on a skid after the pump outlet. 

Figure 3 shows an example of an LNG loading system with 
manual valves. Prior to start-up, it is important to check that 
the discharge valve 7 on the discharge line is completely closed 
and reduce the opening of the bypass valve 10, so that during 
start-up the pump is at minimum flow and not at full flow.

When the pump has started up, it is mandatory to regulate 
the discharge pressure to the value required by adjusting the 
bypass valve 10.

Once the pump flow rate has been established, the flow 
is switched to the delivery line by opening the discharge 
valve 7, while at the same time closing the bypass valve 10.

The opening and the closing of valves on a cryogenic 
centrifugal pump installation must always be slow and 
gradual (approximately 5 sec.).

Figure 4 presents an example of an LNG loading system 
with the three-way valve (PV 20). The discharge valve 7 and 
the bypass valve 10 are replaced by one single pneumatic 
valve, PV 20, which is automatically controlled by the 
temperature sensor TE3 (PT100 used for cool-down 
supervision).

To conclude, the manual operation of discharge and 
bypass valves for pump cool-down and priming is 
eliminated, which avoids any possibility of abnormal pump 
failure due to an operator’s error.

Conclusion
The elements detailed in the article show that many 
parameters have to be taken into account to avoid 
premature wear, gas development, instability, and vibrations 
in cryogenic pumps, especially for LNG applications.

The Cryomec® Supercharger developed by 
Fives Cryomec AG, Fives a Group subsidiary specialised in 
the design, manufacture, and maintenance of cryogenic 
pumps, has proven reliable to ensure safe functioning of the 
pump for operators and end users alike. 


