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Abstract

Common practice methods of tank design for transportation of liquefied natural gas don’t take into account the specifics
of the gas carriers operation under the condition of partial filling of cryogenic tanks. A new method for designing of
type-C tank is proposed. Method is based on solving the problem of increasing the volume of transported liquefied
natural gas by small-scale inland carriers. The method is based on usage of a number of limiting parameters: minimal
allowable ventless operation time, allowable values of the ship’s draft, and the actual duration of voyages between
neighboring consumers. The method allows optimizing type, shape, wall thickness, and heat insulation thickness of
cryogenic tank. The proposed method is aimed at enlargement of usage of the ship’s hull dimensions. This is achieved by
changing the diameter, the distance between centers of the bi-lobe tank, the thickness of the insulation, and the maximum
allowable working pressure. An increase in the volume of the tank is achieved by coordination such parameters as the
maximum allowable draft of the vessel, the minimum time of ventless storage, and the time of ventless operation under
partial filling conditions. The calculation of the ventless operation time is determined by the operating conditions of
type-C tanks. The calculation of the heat ingress into the tank takes into account the contact area of liquefied gas and its
vapors with the metal wall of the tank. The calculations do not take into account the assumption of thermal equilibrium
between the liquid and vapor fractions, which leads to the need to take into account heat transfer from vapor to liquid.
The implementation of the method is shown on the example of the modeling of the two-way river-sea type vessel. It is
shown that optimization of tank parameters in accordance with proposed criteria can lead to an increase in the volume
of transported natural gas by more than 4 %. The method can be used in the development of new and modernization of
existing vessel projects to transportation of liquefied natural gas operating in water basins of Lena and Yenisei rivers in
the East Siberian region. The described method can also be used in the design of road and rail tanks as well as small-
scale bullet tanks for liquefied natural gas.
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AHHOTaNMS

Bgenenne. PactipocTpaneHHbIe Ha MPAKTUKE METOABI TPOSKTUPOBAHUS TAHKOB ATl TPAHCIIOPTHPOBKH CHKMKEHHOTO
MIPUPOJIHOTO Ta3a HE YIUTHIBAIOT CIENU(BUKN YKCILUTyaTallulu TAHKEPOB-Ta30BO30B MPU YaCTUIHOM 3aTOTHEHUN
KPHOTEHHBIX pe3epByapoB. [IpeyioskeH HOBBIN METO/] MPOSKTHPOBAHMS CYAOBBIX TaHKOB TuMa C, OCHOBaHHBIN Ha
peIIeHN] 3aJaull yBETHICHUS 00beMa IIePEeBO3MMOT0 CIKIDKCHHOTO IIPHPOHOTO Ta3a PEYHBIMH MaJIOTOHHAKHBIMU
peYHBIMH TaHKepaMU. MeTo/1 OCHOBAH HAa MPUMEHEHHUH PsJIa OTPAHUIUTEIHEHEIX TapaMeTPOB: MHHUMAIBHOTO
JIOIyCTHMOTO BPEMEHH 0e3][PeHaKHOTO XPaHEHUsI KPHOIIPOIYKTa, TOIYCTUMBIX 3HAUYSHUH OCaJKH Cy/IHAa U PEATbHOM
MPOJOJDKUTEIBHOCTH IIEPEX0I0B MEXKY COCETHUMH MOTPeOUTENIMU. BhIMoTHEHAa ONITUMHU3AIUS THIIA, (OPMBI,
TOJIIIUHBI CTEHOK U TEIIJIOBOI'O OI'paXI€HUS KPUOTE€HHOI'O TaHKa. MeTOI[. Hpeunomeﬂﬂmﬁ METO/J HAIpaBJICH Ha
yBEINYEHHE UCTIONb30BAHHS TabapuTOB KOPITyca CyHA. DTO JOCTUTAETCS H3MEHEHHEM HaMeTpa, PACCTOSHUS
MEKTy [IEHTpaMH JIBYJOIBHOTO TaHKA, TOJIIUHBI H30IAINA U MAaKCUMAlIbHO JOMYCTUMOTO JaBICHUS. YBENnIeHHe
o0BemMa TaHKa 00ECTIeYeHO COTIIACOBAHMEM TaKHX MapaMeTpoB, Kak MaKCUMAaIbHO JOMyCTUMAas 0Cajika Cy/IHa,
MHHUMAabHOE BpeMs 0e3peHaXHOTO XPaHeHHUs U BpeMsI 0e3pEeHa)KHOT0 XPaHSHNS IIPU PA3INIHOM HAaYaTbHOM
YpOBHE 3aroHeHus. Pacuer BpeMeHn 6e3apeHakKHOTO XpaHEeHNs OTIPEIeIIeH YCIOBUSIMH SKCILTyaTalli! Pe3epByapoB
tuna C. Pacuer nmoaBoja Temia K pe3epByapy y4UThIBAaeT IUTONIA b KOHTAKTA COKVDKEHHOTO ra3a U ero 1napos co
MeTaNIMYeCKUMH CTEHKaMH pe3epByapa. B pacuerax He MpUHUMAETCs IOMYIIEHHE O TEIUIOBOM PaBHOBECHH MEXKIY
KUJIKOH ¥ MapoBoi (DPaKIMAMH, YTO MIPUBOJHUT K HEOOXOJUMOCTH yueTa TEILIONepejadyn OT Mapa K KUIKOCTH.
OcHoBHBIe pe3yJbTaThl. Peanu3aiys MeTo/1a oKazaHa Ha IpUMepe pacyeTa TAHKOB JUIS CyJIOB TUTIA PEKa—MOpe.
ITokazaHo, 4TO ONTHMHU3ALNH TAPAMETPOB PE3EPBYAPOB B COOTBETCTBHUU C MPEATOKECHHBIMU KPHTEPHAMH MOKET
MIPUBECTH K YBEINUCHNIO 00bEMa IMePEeBO3MMOT0 MIPUPOJHOTO CKIKEHHOTO ra3a Ooinee ueM Ha 4 %. O0cy:kaeHue.
Mertox MOXKeT HalTH IPUMEHEHNE P Pa3pab0TKe HOBBIX U MOJICPHU3AIMH CYIIECTBYIOMINX MPOSKTOB CYI0B IS
TIePEBO3KH CXKIDKEHHOTO IIPUPOIHOTO ra3a, padoTaomNX B BOJHBIX Oaccelinax pek Jlena n Ennceit Boctouno-
Cubupckoro peruona. OnicaHHbBIH METOJ] MOXKET OBITh HCIIOJIb30BaH IPU MPOSKTHPOBAHUN aBTOMOOMIBHBIX 1
JKEIIE3HOOPOIKHBIX IIMCTEPH, a TAKXKE CTALMOHAPHBIX MaJIOrabapUTHBIX HMIHHAPHIECKHX [IUCTEPH JUTS
TPaHCIIOPTHPOBKH U XPAHEHMS COKMIKEHHOTO MTPUPOJIHOTO rasa.

KiroueBble ciioBa
MIPOEKTHPOBAHNE KPUOTEHHOTO TaHKa, TaHKU THMa C, yaCTUYHOE 3aM0JHEHNE, ONTUMU3AIMS TaHKa, PEYHON ra30B03,
MaJIOTOHHA)KHBIN Ta30B03, CXKIKCHHBIN IPUPOIHBIN Ta3, 0e3ApeHaKHOE XPaHEHHE

Cceplaka ais uutupoBanus: Veaunos JI.B., bapanos A.1O., HoBuikas A.B. MeTtoa MoaennpoBaHus pe3epByapoB
CKM)KEHHOTO NMPUPOJHOTO ra3a tuna C Ha OCHOBE ONTUMHM3AIMK 00beMa Ui Oyaylieil SKCIuTyaTallul B PEKUME
YaCTHYHOro 3anosiHeHusi / HaydHO-TeXHHYeCKHi BECTHHK HH(OPMAIMOHHBIX TEXHOJIOTHH, MEXaHUKH M ONTHKH.
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Introduction

Liquefied Natural Gas (LNG) has become a new major
clean energy source! [1]. Distant settlements are in need
of fuel supply. Fuel supply chain in North-Eastern Siberia
has name “Northern delivery”. Due to logistic problems,
the fuel price transportation fee may be up to 70 % of
total price [2]. Since in such places usually there are no
developed railways or roads, the only reliable way of LNG
transportation is naval one: by sea or river.

Due to multiple unique factors specific to North
Siberia region, existing methods of technical analysis and
optimization of LNG tanks are not effective. Such specific
factors include: long distances between each point of LNG
consumption, shallow draft on majority of waterways,

I GIIGNL. Annual Report. 2020 URL: https://giignl.org/
document/giignl-2020-annual-report/ (accessed: 08.12.2021).

and lack a single large consumers [3]. Based on analytical
papers [4-6], the conception of “milk-run” delivery is the
most rational solution. Milk Run concept means that LNG
carrier moves along the distribution route and unloads
parts of LNG. Afterwards, vessel continues movement with
partial filled tanks. The main problem with partial filling
is faster self-pressurization. When inner pressure reaches
peak number of Maximum Allowable Working Pressure
(MAWP) safety valve opens and Boil-Off Gas (BOG) is
released. Discharge of BOG is a big problem that harms
economic efficiency of LNG transportation and causes
environmental damage.

Different method of modeling of small-scale LNG tank
was developed. Paper [7] described an original method
of projecting inland small-scale LNG carrier based on
usage of standard ISO insulated LNG containers. Boundary
conditions are selected by specific of a waterway of river
Danube: ship’s length, breadth and draft. Maximum
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allowable draft defines maximum weight of cargo. Different
variants of vessel hulls were analyzed to find the best one.

Although standard ISO! containers are reliable way
of LNG storage, the coefficient of effective displacement
usage is lower than any other Cargo Containment System
(CCS). That’s why this method cannot be used to design
LNG carriers for main rivers. Also described method does
not suit for reconstruction and modernization projects.

LNG carriers on Lena and Yenisei will be exploited in
“milk-run” based logistics supply chain. By that reason
the CCS for these vessels must be designed in view of
this feature. Different models were already designed: for
small pressurized vessels and large ones. For example,
in [8] model, the case has been presented without phase-
equilibrium between LNG and its vapor. Separated heat
ingress is calculated towards vapor phase and liquid phase:
vapor overheat in large LNG reservoir reaches up to 10 K.
Heat transfer from vapor to liquid phase has been calculated
by integrating the heat flux from the vapor phase to the
vapor-liquid interface. The main mechanism of heat transfer
is conduction. LNG is presented as multicomponent liquid.
Although this method is reliable for the full-scale LNG
reservoirs — for the small-scale ones it needs to be adjusted.

In paper [9], evaporation rate under different loading
condition is calculated with ANSY'S Fluent software. With
assumption of different initial filling, the authors did not
consider the change of the liquid level due to change in
density of LNG due to the increase of temperature.

Lee et al. [10] present experimental data from nitrogen
tank self-pressurization. This paper stated that equivalent
thermal conductivity is a convenient calculation method
of heat ingress through the wall to BOG and from BOG to
LNG (if sloshing effect is neglected).

Ferrin et al. [11] calculated convective heat ingress
under different filling conditions. The modeling object
in this paper is small vertical cylinder tank. Although the
described method of heat transfer calculation is accurate,
it’s hard to apply Computational Fluid Dynamics (CFD)
calculations for the full-scale tank holding time calculation
due to the necessity of high-performance computer.

Paper [12] presents the whole algorithm of calculation
LNG evaporation from a reservoir. Heat transfer coefficient
between BOG and LNG is presented as a steady number.
Heat ingress rate is a steady number as well. REFPROP
wrapper was used to perform the modeling. With static
number of heat transfer coefficient, it is not reliable for
the calculations with constant change in thermodynamic
parameters of LNG and its vapor.

All the methods described above cannot be utilized
effective enough under specific conditions that require
taking into consideration partial filling of tank. Described
methods include simplifications making obtainable
data unusable in such conditions. Presented method is
based on the usage of ship’s hull parameters and drain-
free operation time under different filling conditions,
so it may be implemented in development of new ship
and modernization of the existing ones. Method allows

1 ISO VAC 40 LNG: 40 ft LNG Iso Container. URL: https://
wessingtoncryogenics.com/products/liquefied-natural-gas-
containers/iso-vac-40-Ing/ (accessed: 27.01.2023).

adjusting tank dimensions, volume, thickness of tank walls,
and thermal insulation. Proposed method allows achieving
enlargement of LNG volume and prevent LNG loss due
to BOG discharge under any specific conditions of tank
exploitation.

Model development

The enlargement of LNG tanks is achieved by
optimization parameters of tank: its shape, length, diameter,
thickness of wall, and insulation. Volume enlargement is
achieved when following parameters are matched:

— Draft of the fully loaded vessel matches with maximum
allowable draft for the unique waterway.

— Ventless operation holding time under maximum filling
condition matches 15 days.

— Ventless operation holding time under partial filling
condition is more than time set by operational
conditions.

Current draft of vessel is determined by weight of the
CCS. Weight is determined by volume of tanks and wall
thickness. Type and shape of tank are determined by the
available space in the ship’s hull. Total weight of CCS is
limited by maximum allowable draft:

Draft=fW, .- L, B, H) < Maximum allowable draft,

where W,,,,,— total weight of CCS; L — length of the
ship; B — breadth; H — vessel’s board height.
Total weight of CCS:

Wtotal =W LNG + Wtank’

where W yc— mass of LNG; W,

ank

Wing=AV, FL, n);
W gk =SV, n, Wall, Ins),

mass of tanks.

where V' — volume of tank; F/ — filling limit; n —
number of tanks; Wall — thickness of the tank walls; Ins
— thickness of the tank insulation.

Volume of tank:

V=AD l,, Wall, Ins),

max>
where D
length.

MAWP is determined by the thickness of tank walls
and volume of a tank. Ventless operation holding time is
determined by MAWP, surface area of tank, and thickness
of heat insulation. Second parameter of optimization
determines thickness of heat insulation. If holding time
is more than required 15 days, insulation thickness gets
diminished, volume of tank increases, and thickness of
tank walls gets calculated again. Holding time is limited
by minimal ventless operation time and maximal time of
voyage under partial filling conditions (MTPFC).

max — overall diameter of the tank; /, — tank’s

Holding time = f(V, Wall, Ins, MAWP, Fl) > required time.

Maximum allowable filling limit is 0.98. Maximum
filling limit is one under which maximal ventless holding
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time is reached. For maximum filling level minimal
required time is 15 days.

When second optimization parameter is matched,
thickness of heat insulation is adjusted for partial filling
conditions when minimal time is determined by the future
of exploitation conditions.

Optimization of tank volume is achieved when all the
following conditions are matched:

Holding time > 15 days whatever

Holding time under partial filling > MTPFC ;Onzes
rs
Draft = Maximum allowable draft

Overall algorithm of tank optimization is based on
maximization of volume of LNG carried by the vessel.
This algorithm is presented in Fig. 1.

A method for specifying the type-C tank shape was
chosen based on paper [13]. Accessible space is determined
by IGC and DNVGL codes regulation!. Upper-deck part of

! The International Code of the Construction and Equipment
of Ships Carrying Liquefied Gases in Bulk (IGC Code). URL:
https://www.imo.org/en/Our Work/Environment/Pages/IGCCode.

tank cannot be higher than 3 meters above the upper deck
(or tank radius, whatever number is smaller). For bi-lobe
tanks distance between cylinders centers is 0.35rt0 0.75 r
[14].

Maximum diameter of type-C LNG tanks is the sum of
below-deck space height (/) and upper (#,,) deck space
height.

Dy = Hy+ H,.

max

Hence, tank shape is chosen by the following
conditions:

B
— < 1.35 — cylinder shape of the tank;

max

B
1.35 <——<1.8 — bi-lobe shape;

max

— > 1.8 — multi-lobe shape.

max

Maximum tank length:

aspx (accessed: 27.01.2023). linax < 0.2L.
Initial Parameters: L, L;, B, H, maximum
allowable draft,
wall thickness, insulation thickness
Calculation of the overall dimensions
(volume and surface area) B
> Calculation of wall thickness, MAWP
and weight of CCS
Enlarge wall
thickness by 1 mm
Enlarge
Draft < Maximum allowable draft thickness
Yes of insulation

Holding time calculation

Holding time < 15 days .
Yes

No

Holding time < MTPFC

Yes
No
End

Fig. 1. Modeling algorithm
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Hence, number of tanks:
Ly
n=—.
lmax
where L, — length of the vessel’s hull.
The number of tanks is obtained by rounding this
number up.
Tank length:

Lh — ZZcojf'
t n
where /,,,— length of cofferdam.
Type-C tanks work under high pressure. MAWP is
a function of tanks walls thickness. Therefore, maximum
thickness of tanks walls is limited by maximum allowable
weight of CCS. Weight of CCS is a sum of metal parts
weight, insulation layer weight, and LNG stored in the
tanks with maximum allowable filling. Tanks wall thickness
is calculated by GNVGL guideline'. Sloshing effect is
neglected due to the high thickness of the walls that cannot
be damaged by LNG sloshing. Sloshing is taken under
consideration only when dealing with membrane tanks.
Vessel lightweight (LWT) is calculated by the following
formula [7]:

Myyr=—-4.44-10-(LBH)? + 0.195LBH.
Deadweight (DWT) of vessel:
mpyr=1.2(m; + myye),

where m; y; — mass of LNG stored in tanks; m, — total

mass of the tank; 1.2 is a coefficient that includes weight of

the fuel, water supply, weight of the ship’s crew, etc.
Therefore, total displacement of the vessel:

A=myyr+ mpyr.

Loaded draft of the vessel:

Draft=A(LBCgp,,),

where Cz — is cubic coefficient of vessels hull; p,, —
relative density of water.

Second limiting parameter is minimum allowable
holding time. This parameter is set by IGC code and equal
to 15 days.

Assumption is made that LNG is pure methane.
Heat ingress into the tank calculated as conduction only.
Insulation is made from sprayed polyurethane foam (PUF).
Density of PUF is 40 kg/m3. Thermal conductivity is a
function of temperature:

Appr = —0.0003Tpy 2 + 0.1908 Ty — 4.2758.

This equation is based on experimental parameters
[15], in range from 95 to 220 K. Mean deviation of

I DNVGL-CG-0135 Liquified gas carriers with independent
cylindrical tank of type C. 2016. URL: https://rules.dnvgl.com/
docs/pdf/DNVGL/CG/2016-02/DNVGL-CG-0135.pdf (accessed:
08.12.2021).

presented polynomial equation from experimental results
is R?2=0.9983. PUF temperature is average temperature
between cold LNG side and warm outer side.

Type-C tank is made from 304L stainless steel.
Since thermal conductivity does not change much,
Ay =24.21 W/(m'K) is a constant.

Insulation layer is covered by a thin layer of coating that
prevents water contact with PUF. Thickness of this layer
is 5 mm and thermal conductivity is A, = 0.5 W/(m-K).

Metal in contact with LNG assumed to have
temperature of LNG. Metal in contact with BOG assumed
to have temperature of BOG.

Fourier’s law calculates heat ingress Q through
insulation.

Q _ T, out Tins

- )
dm + dins dcoat
)\'mFm.av }"PUFFPUF_av )\'coathoat

where d,, d,,,, d.,,; — thickness of metal layer, PUF
insulation and primer coating; F,, ,, — mean contact
surface between liquid and outer side of walls; Fpy/p,, —
mean contact surface between outer surface of metal and
outer surface of the heat insulation; F,,,,— mean contact
surface between outer surface of the heat insulation and
outer surface of coating; T,,,,— temperature outside of the
tank; 7;,,— temperature inside the tank.

Heat ingress is calculated separately towards vapor
phase and liquid phase. To calculate mean surface for
cylinder tank body and hemisphere tank head following

formulas were used:

F,+F,
Favcil: 2 ’
Fav.hs: ‘FtFmﬂ

where F',— surface area of contact inside the tank; F,, —
surface area of wall outside the tank.

Heat ingress to vapor and liquid phase are calculated
separately since there is no equilibrium state and vapor
phase is overheated.

Surface area is a variable parameter. Heat ingress
towards liquid and vapor are different and based on the
area of contact between fluid and tank wall. Since shape of
a tank is not an ordinary vertical cylinder, contact surface
calculation is a complicated task. Height of the interface
between liquid and vapor allow calculating area of contact
between liquid and tank wall. LNG and BOG liquid (p;)
and vapor (pj) densities are functions of temperature and
pressure:

pL =P, Tp);
py=AP,T).

Height of the interface is a function of liquid density:
hiwe=Rpr) — AP, Tp).
Hence, area of contact between wall and liquid:

FL :f(hint) _)f(pL) _)f(P’ TL):
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FV:FI()tal_FL'

Evaporation heat is also a function of pressure and
temperature:

Hvap :f(P, TL)~

Saturation temperature of liquid methane is a function
of pressure:

Tsat :f(P)

Heat transfer from overheated BOG to liquid LNG is
assumed by mechanism of conduction since convection
part in negligible [9].

oT,

Oy =Fyhy—
Oz 12=0

>

where or, _ temperature gradient in the stratified vapor
zone. 0z

Vapor-liquid interface area is function of height of
interface if sloshing effect is neglected. For the cases of
vertical cylinder reservoirs, £, is constant.

Fyp =) — Apr) — AP, Ty).

Evaporation condition calculation algorithm follows.
If at the beginning of a time step 7; < T,,, evaporation
on this time step does not occur. Change of the masses of
liquid and vapor are 0.

Temperature and density of liquid on the next time step:

+ At
rog, s QO
CmeL
p,' =AT;, P).

Volume of liquid on the next time step:
m
VL, = _1;
PL
Volume of vapor on the next time step:
VV’ = Vtotal - VL,-

Temperature and density of vapor on next time step:

TieT +(QV* QVL)AZL.
S Coymy
s
Py v,
Enthalpy of vapor:
, hymy+(Qy— Op)At
hV - .
my

New pressure at the end of a time step:
Pr=flpy, hy)).

If at the beginning of time step 7, > T,,, evaporation

— sat>
occurs. Changes of masses on the next step:

_ (O + Op)At
Hy

Am

Enthalpy of liquid and vapor:

Bt = (hLmL + (QL + QVL)At - AmHvap)
=

>

m; — Am

Bt = (thV+ (QVf QVL)At + AmHvap)
V - .

my+ Am

If enthalpy of liquid on the next step is more than
enthalpy of saturated liquid /;' > A,
(he' = heaym;,

m=
Hvap

And enthalpy and temperature of liquid on the next
step is:

Density of liquid on the next time step:
m; — Am
Vi

’

PL

Therefore, volume of liquid and vapor:
Vi = (my—Am)pr';
VV, = Vtotal - VL"

Hence, density of vapor:
my+ Am

Py v,

Pressure on the next time step:
P'=flpy, hy).

Calculation algorithm is based on one used in paper
[12]. The main difference is calculation of changed surface
area of tank contact with LNG and BOG and interface area
between vapor and liquid phase.

Maximal holding time is obtained from calculated data
under different initial filling level. The graph of changes
in holding time dependent of filling limit is presented in
Fig. 2.

Graph from the Fig. 2 repeats the pattern for self-
pressurized cryogenic reservoirs from the book [16].

However, “milk-run” transportation requires partial
filling conditions. Since holding time of partially filled
tank is much lower than fully filled, it is necessary to
calculate drainless time under partial filling conditions.
Such conditions depend on logistics: future area of work of
the vessel. To prevent LNG loss by BOG discharge, such
modes of operation must be taken into account.

Results and discussion

As an example of this method usage, vessel RSD62
was set as a case. RSD62 is small-scale inland oil carrier
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Fig. 3. Pressure build-up under different filling conditions

Table. Parameters of CCS

Step Tank Volume, Total Volume, Wall thickness, {Ef:éigg: MAWP, MPa Holding time, days -
vV, m3 Viotaly M3 Wall, mm Ins. mm FL % Ventless operation
’ time, days

91.8 24.46

1 1769.1 7076.5 31.94 300 0.34 50 19.12
30 12.87

92.8 17.46

2 1826.6 7306.5 29.43 200 0.29 50 11.50
30 7.62

93.6 6.46

3 1880.8 7523.4 25.43 100 0.25 50 5.17
30 333

93 16.17

4 1837.7 7350.8 27.68 180 0.28 50 10.17
30 6.75

93.2 15.29

5 1845.9 7383.9 27.16 165 0.27 50 9.12
30 6.04

used for northern delivery in North-Eastern Siberia. Main
dimensions of this vessel are L — 141 m, B — 16,92 m,
H—6,3m, L,— 100 m, Draft — 3,5 m!.

For the initial cycle of tank modeling, volume of a

tank is set as 1200 m3. Initial insulation thickness is set
as 300 mm.

To obtain thermodynamic properties of liquid methane
and its vapor, CoolProp wrapper for Python was utilized.
All parts of the algorithm were realized with Python
programming.

Initial conditions for modeling are: LNG temperature
is 110 K and vapor temperature is 112 K. Before loading,
LNG tank is cooled with methane vapor and after loading
of LNG its vapor is slightly overheated. Environment
temperature is 290 K.

1 Project RSD62. Dry-cargo vessel of river and mixed (river-
sea) with a deadweight of 5640 tons URL: https://www.meb.com.
ua/dry/RSD62.html (accessed: 12.10.2022).

Partially loaded tank conditions were analyzed. Longest
trip with 50 % filling is 4 days. Longest trip with 30 %
filling is 3 days.

After the modeling, the preferable tank shape appeared
to be bi-lobe one. Maximal filling level is 93.2 %. All
iterations of calculated CCS are presented in Table.

After modeling, it was investigated that optimal design
is tank with insulation thickness of 165 mm. Fig. 3 shows
pressure build-up inside the tank under different filling
conditions of the tank after last iteration.

With presented method, on the first iteration total
volume of LNG carried by vessel is 7076.5 m3. After
volume optimization this number was increased to 7383.8
m3. Extra 307.3 m3 generate additional positive economic
effect on whole vessel project.

Conclusion

This paper presented new method of type-C LNG tank
modeling. Proposed method is easy to use and it may be
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completely automated. New method is not only suitable
for new vessel projects but also for reconstruction and
modernization projects. Optimization is based on the
maximal usage of allowable space in vessel’s hull and a
close approximation of draft of fully loaded vessel up to
maximum allowable draft on the waterway. Heat insulation
is modeled to match minimum requirement of holding
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