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Abstract: In the proposed publication it is conducted simulation-based experiment with the bunkering process of type "C" LNG containing
tank. According to the specific features of the LNG bunkering process it is analysed the nature of the boiling off mechanism of the cryogenic
fluid during bunkering transfer. The attained data by the experiment is analysed including the specific condition of heat ingress simulation.
On the base of the results there are stated conclusions and recommendations to the ship operators related to the limiting conditions of the
pressure vessels operation as it is the type "C" tank.
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1. Introduction

The specifics in the operation of this kind of LNG tanks is
related to their ability to handle higher pressures than the other type
of LNG tanks, but with restricted volumes available due to the
specifics of the shapes of the pressure vessels as they are. On the
end of the filling process of such a tank, the restricted free volume
rapidly changes the condition of the gases on top of the liquid to
high rate of pressure rise. As during the bunkering, the liquid
flowing through the bunkering line receives heat from the
surrounding area (see Fig. 2) it is considered an intensive
evaporation rate [12] which need to be evaluated.

The new generation ships with reduced CO,emissions as part of
the IMO strategy for the reduction of the greenhouse gas emissions
from ships nowadays force the development of various technologies
[1, 2, 4, 5, 7, 14] to scope with the problem, but mostly rely on
liquified natural gas (LNG) as fuel. The specifics of the LNG
handling but are not well known by the majority of the seafarers and
this led to great concern about the safety of the growing number of
gas fueled ships which are not gas tankers as their purpose. There
are a number of issues related to the specifics of handling the LNG
as a cryogenic liquid able to evaporate, expand and burn shortly
after it is accounted loss of containment of a pipeline or tank el v [
holding the same. The hazards of the LNG are with direct effect on SUNKERING SKib ﬁ =
the human health and need to be minimized as reasonable as ] “'f_'_!j - 1—-""-!” ’f_ (o | m=C
possible to not allow uncontrolled spillage of LNG due to loss of B e e R Y e v i o
containment. - i ooC
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In this publication it will be considered the bunkering process
related with LNG extensive evaporation and the problem with - E
handling it to safe state so it could not exceed the safety margins of H:

the pressure release valves or the material strength of the system. : _ I%Z] L
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The aim in the publication is to provide proper guide to the

operators about the tank pressure changes during bunkering, related

to the flow of the LNG transferred, thus facilitating the training

x|

process on the new topics related to the gas handling [8, 10]. The " J
tasks linked to the aim accomplishment will be to perform a 7777777777777, %%, | R
planned experiment with various transfer rates on a type C holding = S i_:
tank while there are similar surrounding conditions so to evaluate T01 LNG Tank Fa
the influence of the rate of the transfer and the boil-off rate of the i = __a_
LNG which in turn would rise the pressure in the tank. — [

In the case of usage of type C tanks, the pressure rise can be  Fig. 2 Bunkering system and bunkering tank [15].
allowed to reach higher limits compared to the other types of tanks
with close to atmospheric operating pressure, but on the final stage
with limited free volume of the tank the pressure could rapidly
change its value, so to pass the higher limit. 3. The experiment with the bunkering flow

2. The type C tank and the LNG system It is considered the bunkering experiment to be carried out at a

simulated environment as it is the LNG Pac simulator of
In the publication the object under evaluation is type C double Wirtsilda[15]. The simulation allows to be carried out different
shell LNG tank with as shown on Fig.1 with total capacity of 130  scenarios with flexible parameters in an acceptable authenticity if
m?®. These types of tanks are commonly used on small scale ships the simulation model [6, 9, 11] is closely matching with the real
with average power outputs and short range of service [16], so to be ~ object. These can be performed with real systems in an expensive
able frequently to be refueled. Such kind of pressure vessels but  and complicated manner [3]. In the case of the LNG Pac simulation
with larger scales up to 1300 m® or similar volumes could be seen there are several authorities confirming the realistic and
on large ocean-going vessels as bulk carriers, car carriers, tanker comprehensive features of the model facing the requirements of the
vessels. classification societies to serve as proper model of the real LNG Pac
system.

L 2N The simulated experiment allows to be performed critical
operations with marginal parameters [13, 17, 18] while no safety

U0 (EXEUE issues and additional risks may occur in the real environment and

3 this advantage is used to reproduce the different flow of the

— bunkering transfer up to the filling limit of the tank on every

Fig. 1 LNG tank type C double shell vacuum insulated [15] attempt. The other advantage is that we have ready empty tank in

91 YEAR VII, ISSUE 3, P.P. 91-93 (2022)



INTERNATIONAL SCIENTIFIC JOURNAL "TRANS & MOTAUTO WORLD"

WEB ISSN 2534-8493; PRINT ISSN 2367-8399

every consecutive start of the simulation process from same initial
condition.

For the experiment the tank was filled with minimal amount of
liquid LNG, so to be sufficiently cooled down with no additional
resistance in the bunkering system. The vapor return manifold has
been operated with same back pressure. Several bunkering transfers
were carried out with different flows through the bottom filling line
and the pressure development was registered at a specific level of
25, 50, 75 and 95 % filling of the tank. Same scenario was repeated
with simulated heat ingress to the tank as 25% of compromised
insulation efficiency, which may be considered the realistic limit of
the insulation deterioration during the entire service of the system
with normal wear rate. The approach with the heat ingress was
intended to evaluate the influence of the tank maturity and the
normal wear process to the daily routines while bunkering on the
end of service life of the ship. The results obtained are shown in
table 1.

Table 1: Results obtained by the experiment

Bunkering flow

Bunkering flow

Bunkering flow

Tank filling 50 m*h 100 m*/h 150 m%h
capacity [%] LNG Tank LNG Tank LNG Tank
Press. [bar] Press. [bar] Press. [bar]

25 1.7 1.79 1.78

50 1.81 2.01 2.09

75 2.11 2.57 2.78

95 3.46 5.09 6.77

Bunkering process with heat ingress 25%
Tank filling Bunkering flow | Bunkering flow | Bunkering flow

capacity [%] 50 m3/h 100 m3/h 150 m3/h
LNG Tank LNG Tank LNG Tank
Press. [bar] Press. [bar] Press. [bar]

25 1.72 1.76 1.86

50 1.84 2.02 2.12

75 2.15 2.59 2.89

95 3.63 5.14 6.63

4. Experiment data analysis

The data attained was processed at MS office tool as figures and
trending lines were acquired. The data for the plain experiment is
shown of Fig. 3
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Fig. 3 Pressure rise in the tank with different flow of the bunkering.

The regression models attained by the analysis show close
matching with the real process in a polynomial mathematical model
of 3" order. The three modes of the bunkering flow led to different
pressure rise on the second half of the tank filling which is related
to the reducing free volume of the half of the cylinder as it is the
shape of the tank. At the same time the boil-off rate is increasing
with the rise of the flow due to the intensified mixing of the liquid
in the tank thus increasing the internal friction in the liquid.

The pressure difference between the lowest considered flow and
the highest one is around 3 bar. It can be expressed that in case of

92

even higher flow than the performed the pressure could overcome
the opening pressure of the relieve valve.

The experiment repeated with heat ingress to the tank gave
results as per the Fig.4, where slight deviations with the normal
condition of the tank are encountered.

Pressure rise during bunkering
with heat ingress
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Fig. 4 Pressure rise in the tank with different flow of the bunkering with heat
ingress to the tank

The polynomial equations of the both experiments compared
show slight differences between the normal technical condition and
the condition with insulation impaired:

y = 0,92x%3,034x+4,04
y = 0,87x%2,842x+3,955

@
@

Equation (1) and (2) express the pressure rise on flow 150m?/h.
Both show similar mathematical type and close value of the
coefficients on the variables. Same is for the equations for the flow
on 100 m¥h, (3) for normal condition and (4) for the heat ingress
condition:

y = 0,575x>-1,829x+3,125
y = 0,5725x2-1,7915x+3,0625

®
.

The equations for the curves for 50 mh flow show similarity as
with the other flows and close behavior on both cases (5) for normal
condition and (6) for deteriorated condition:

y = 0,31x%-0,992x+2,425 (5)
y = 0,34x%-1,096x+2,525 (6).

The obtained lines for both scenarios are shown simultaneously
on Fig.5.

pressure curves of both cases

25 50 75 95

Fig. 5 Pressure rise in the tank compared on normal and deteriorated
condition

YEAR VII, ISSUE 3, P.P. 91-93 (2022)



INTERNATIONAL SCIENTIFIC JOURNAL "TRANS & MOTAUTO WORLD"

WEB ISSN 2534-8493; PRINT ISSN 2367-8399

5. Conclusions

According to the experiment results analysis they can be stated

the following conclusions:

- The bunker flow rise lead to increased pressure in the tank
of the bunkering completion due to the increased boil-off
rates.

- With bunker flow adjustment it is possible to reduce the
pressure in respect to the limiting conditions during
bunkering. Proper bunkering flow management will act as
a countermeasure on the bunker tank pressure rise.

- The influence of the heat ingress in the lower extend gives
low impact on the pressure rise. This lead to the following
conclusion that the insulation maturity of the tank will not
change the tank behavior during bunkering processes
significantly during the extend of its operating life.

6. Acknowledgements

The extend of the experiment carried out reaches a specific
single procedure of bunkering an LNG tank through bottom filling
line and may be seen some differences in other approaches.

The experiment is carried out in Nikola Vaptsarov Naval
Academy simulator of LNG bunkering system on the available
models reproducing real objects with the extend of the simulation
capabilities.

The conclusions stated may not be in force for larger tanks with
larger surfaces which can be seen on larger ocean-going vessels.
For proper evaluation of the similar processes with such tanks there
must be conducted additional experiments.

The aim in the publication is achieved, to express the pressure
dependence on the bunkering transfer flow as the influence of the
heat ingress to the tank.
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