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Abstract

Efforts have been made in this paper to develop the measuring device for the insulation performance of full scale NO96 LNG CCS. The
facility was designed to maintain environmental conditions which are similar to operation conditions of full scale LNG CCS. In the facility, the
heat sink boundary was kept cryogenic temperature by cold chamber which contains liquefied nitrogen and heat source boundary was made by
external case heated by natural convection. Heat Flow Meter method (HFM) was applied to this facility, hence Heat Flux Sensors (HFS) were
attached to specimen. The equivalent thermal conductivity of full scale NO96 unit box was targeted to measure and PUF of same size was used
for the calibration test. Additionally, the finite element analysis was carried out to check the performance of the developed test facility and
experimental results were also compared with those predicted by the numerical method.
Copyright © 2018 Production and hosting by Elsevier B.V. on behalf of Society of Naval Architects of Korea. This is an open access article
under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Recently, there have been some strong market requirement
that asks for the Liquefied Natural Gas (LNG) Cargo
Containment System (CCS) to have lower Boil Off Rate
(BOR), hence the ship operator can minimize their OPEX
during the transportation of LNG. In order to have low BOR,
CCS designers should understand the performance of their
insulation materials that comprises the CCS. In order to
quantify the BOR reduction, it is important to identify the
insulation performance of the comprising components of
insulation system as well as that of the entire system. Gener-
ally, the numerical analysis method is used to calculate the
insulation performance and BOR of the entire system based
upon the insulation performance of the comprising insulation
components. However, in the case of numerical analysis of

composite materials such as LNG CCS, there are some un-
certainties which may not be easy to consider (Lee and Lee,
1993). Because NO96 insulation system is composed of two
main materials, i.e., plywood and insulation material, there
may be some unexpected thermal influences e.g., thermal
contact between two dissimilar materials, potential convection
through porous material and so on. This leads to the motiva-
tion of this study, which is about the development of
measuring facility for the insulation performance of full scale
LNG CCS. The purpose of the equipment development is to
calculate the BOR value of the LNG CCS by using the
equivalent thermal conductivity of the unit size of the LNG
CCS obtained by the experimental method instead of the
equivalent thermal conductivity calculated by the homogeni-
zation method and the numerical analysis.

There has been some past research activities which target to
measure the thermal conductivity of complex system. Hyun
et al. (2003) studied on modeling method for Multi-Layer
Insulation (MLI) especially about emissivity. It was confirmed
that difference in analysis results occurred according to
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modeling method and analysis condition in case of MLI. Thus,
when precise analysis of MLI is necessary, it was suggested
that sensitivity analysis according to analysis method be
conducted in advance of analysis. Wang et al. (2008)
compared various methods for effective thermal conductivity
of heterogeneous materials. New model of heterogeneous
material using mathematical deduction was suggested whose
result has difference in existing methods but it has low bound.
Yoo et al. (2013) estimated equivalent thermal conductivity of
composite timber-frame structure regarded as complex system
using statistical method. Prediction formula of equivalent
conductivity of specific wood product was suggested using
statistical method whose accuracy was verified by comparing
predicted equivalent k to real value. Kim et al. (2015) calcu-
lated effective thermal conductivity of composite structure
applied for satellite using simplified numerical model. It was
confirmed that simplified numerical model has similar results
to detailed model thus availability of this model was insisted.
Oh et al. (2016) developed thermal performance tester for non-
homogeneous insulation panel at room and high temperature.
This apparatus employed Guarded Hot Box (GHB) method
and was compared to test results of guarded hot plate method.
There have been studies to obtain the equivalent thermal
conductivity of composite materials through various methods.
However, it has been difficult to find an experimental study to
measure the equivalent thermal conductivity of large structures
such as LNG CCS with thickness exceeding 0.6 m.

In this paper, efforts have been made to develop the
measuring facility for the insulation performance of full scale
LNG CCS. The facility was designed to maintain environ-
mental conditions similar to operation conditions of LNG
CCS. Especially, heat sink boundary was kept cryogenic
temperature by cold chamber which contains liquefied nitro-
gen and heat source boundary was made by external case
heated by convection. Heat Flow Meter method (HFM) was
applied to this facility, hence Heat Flux Sensors (HFS) were
attached to specimen. NO96 unit box being conducted for trial
test, equivalent conductivity of NO96 unit box was calculated
from heat flux measured by those. Additionally, equivalent
thermal conductivity was calculated through finite element
analysis performed under simple conditions and compared
with trial test results.

2. Experimental background

2.1. Homogenization technique

The homogenization technique is a method of reducing the
degree of freedom of numerical analysis by converting a
composite material composed of various materials into one
representative homogenized equivalent property. For example,
Park and Yang (2009) calculated the equivalent thermal con-
ductivity (le) using the linear mixing rule, simple homogeni-
zation technique, as shown in Eq. (1) to calculate the BOR of
the Mark III LNG CCS. The homogenization technique is
effective when the materials composing the composites are
regularly repeated. In the case of NO96 type LNG CCS, it is

suitable to apply the homogenization technique because it has
a pattern repeated in the form of a unit box.

le ¼
P

ViliP
Vi

ð1Þ

le: Equivalent thermal conductivity
Vi: Volume of each material
li: Thermal conductivity of each material

The amount of one-dimensional heat transfer in the thick-
ness direction of the insulation can be calculated by the
Fourier's law as shown in Eq. (2). In this study, the NO96 type
unit box was assumed to be a homogeneous material in order
to obtain the equivalent thermal conductivity. The equivalent
thermal conductivity was calculated by modifying Eq. (2) to
Eq. (3) by applying the temperature and the heat flux
measured from the experimental equipment.

vQ

vt
¼ lA

L
ðDTÞ ð2Þ

Q: Heat content
l: Thermal conductivity
A: Area of insulation
L: Thickness of insulation
DT: Temperature difference

le ¼
fq$d

ðTb � TtÞ ð3Þ

fq: Measured heat flux
d: Thickness of specimen
Tb: Temperature at bottom side of specimen
Tt: Temperature at top side of specimen

2.2. Heat Flow Meter (HFM)

There are a variety of methods to measure the thermal
conductivity and an appropriate method should be chosen
depending on the insulation performance level of the material
to be measured. As shown in Fig. 1, the Guarded Hot Plate
(GHP) and Heat Flow Meter (HFM) are suitable because the
thermal conductivity of materials used mainly in LNG CCS is
in the range of 0.01e0.5 W/(m$K) (Choi et al., 2011).

While the GHP directly measures the heat flux using the
electric power of the heating coil, the HFM indirectly mea-
sures the heat flux through the heat flux sensor which measures
the thermal electromotive power proportional to the heat flux.
Out of the above mentioned two candidates for the conduc-
tivity measurement method, the heat flow meter method was
applied for this study. Therefore, since the thermal conduc-
tivity measurement equipment developed in this study em-
ploys the HFM method, the heat flux was measured using the
heat flux sensors of one-fourth of the cross-sectional area of
the NO96 LNG CCS unit box and the equivalent conductivity
was calculated through the measured heat flux. Two heat flux
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sensors were arranged both on the top and bottom surface of
the specimen, as is suggested by ASTM (2010).

As shown in Fig. 2, among various heat flux sensor types,
layered type heat flux sensor is used in this equipment.
Specification of heat flux sensor used is shown in Table 1.
Transducer generates an electrical signal ðVsenÞ proportional to
heat rate applied to surface of heat flux sensor and heat flux
can be determined from heat rate and its surface area (A)
following the relation given as Eq. (4). Proportional constant,
which is defined as the sensitivity between electrical signal
and heat flux can be obtained by calibration process and is
used to obtain heat flux as Eq. (5).

fq ¼
1

A
$
vQ

vt
ð4Þ

fq ¼
Vsen$S

A
ð5Þ

Vsen: Electromotive force measured by heat flux sensor
S: Sensitivity of heat flux sensor

where fq is the heat flux through the specified area and Q is
calorie. Vsen stands for calibration coefficient of heat flux
sensor, S and A are the sensitivity and the area through which
the heat flux enters, respectively. Once the heat flux was
measured then the thermal conductivity was calculated by Eq.
(6), where d stands for the specimen thickness and DT tem-
perature difference between the top and bottom surface of the
specimen.

l¼ fq$
d

DT
ð6Þ

2.3. NO96 as a measurement target

The main target of the test facility to be developed in this
study is to measure the insulation performance of the full-scale
LNG CCS using HFM method. Among different CCSs
commercially available in the market, GTT NO96 is exclu-
sively targeted in this study. This is because different insu-
lation systems have different characteristic, hence the size of
the representative unit of full-scale insulation system may be
different.

Since the NO96 insulation system is the repetition of boxes
of same size and shape, a single insulation box was considered
as a representative unit of the whole insulation system. Fig. 3

Fig. 1. Measurement method according to range of conductivity.

Fig. 2. Layered heat flux sensor.

Table 1

Specification of heat flux sensor.

Size 500 mm � 600 mm

Type Layered

Workable temp. �170 to 130 �C
Accuracy ±3%
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shows GTT NO96 insulation system and its comprising unit
box.

As shown in Fig. 4, NO96 insulation system is composed of
the primary and secondary layer, each of which is a combi-
nation of plywood box and invar membrane of 0.7 mm
thickness. The membrane plays no role in thermal insulation
hence was not be considered both in the experiment and nu-
merical simulation. Both primary and secondary insulation
box is made of plywood, which plays its role as a strength
member so that the entire insulation system can resist against
the hydrodynamic loads coming from the liquid cargo. How-
ever, its high density and resulting high thermal conductivity
becomes the source of inevitable heat ingress. Perlite, which is
powder type insulation material fills the insulation box, and is
in charge of the thermal insulation performance of the NO96
insulation system. The performance of insulation system in
LNG carrier may be quantified by so called Boil Off Rate
(BOR), which is defined as the ratio of boil-off LNG to the
entire cargo mass. Therefore, the BOR estimation is one of the
most important engineering tasks during the insulation system

design. In doing so, it is very important to quantify the
equivalent thermal conductivity of a certain insulation system
because it is practically impossible to consider the thermal
conductivity of every single component of the insulation
system in BOR estimation. The ultimate goal of the mea-
surement facility in this study is to measure the equivalent
thermal conductivity of NO96 insulation system using the heat
flow meter method.

2.4. Facility design

Fig. 5 shows the conceptual drawing of the test facility. The
target specimen, placed in the middle, is surrounded by the
cold chamber on top, insulation material on its four sides and
natural convective surface on the bottom. The cold chamber is
to be filled with liquid nitrogen whose temperature is kept to
be �190 �C under atmospheric pressure and this will enforce
the temperature boundary condition on the specimen top sur-
face. To prevent the potential heat ingress across the four sides
of the specimen, the adiabatic condition is targeted by
enclosing the four sides with insulation material. Foam-type
insulation material is used for this side insulation because of
its easy handling and processing. There is gap between the
external case and the outer surface of side insulation and the
vaporized nitrogen coming out of the cold chamber is allowed
to move into this space. By controlling the temperature of this
space, it is possible to offset the thermal influence from the
outside of the equipment to the specimen and increase the
accuracy of the thermal conductivity measurement. The

Fig. 3. NO96 type LNG CCS.

Fig. 4. Cross-section diagram of NO96 unit box. Fig. 5. Conceptual diagram.
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bottom surface is in contact with the external case so that the
natural convection boundary condition is materialized.
External case is designed in such a way that it can resist the
negative pressure of 1 bar inside of the case, which occurs
during the purging process of the entire internal space. The
heat flux sensors were place in the middle area of both the top
and bottom surface of the specimen.

Fig. 6 shows cross section of the facility. The length and
breadth of the facility is about 2.8 m and its height about
1.5 m. External case is divided into two pieces i.e. upper and
lower part, so that the upper part can be lifted up by the hy-
draulic system arranged on the side of the facility. Fig. 7 shows
exterior view of the test facility.

Since the heat flow meter method is based on the
assumption that the thermal steady-state condition is reached,
it is important to ascertain if the temperature distribution in the
specimen satisfies this condition. About 20 Pt100 temperature
sensors were installed to the specimen and apparatus to check
the temperature distribution and its temporal change. Fig. 8
shows the locations where the Pt100 sensors were installed.
Five Pt100 sensors were installed both on the top surface of
primary box and bottom surface of secondary box, as illus-
trated in Fig. 8(a). Also, four Pt100 sensors were installed in
the top surface of secondary box, which is shown in Fig. 8(b).
The remaining Pt100 sensors were installed on the side of the
specimen and in the space between the specimen and the
equipment to monitor the temperature of the environment
around the specimen. As was stated before, heat flux sensors,
whose size is ¼ of section area of unit box, were installed on
the top and bottom surface of the specimen.

3. Application to full scale NO96 insulation box

3.1. Calibration test

A Reinforced Polyurethane Foam (R-PUF) was used as the
reference material for the calibration test. The specimens used
in the calibration test were made in the shape of a rectangular

parallelepiped with dimensions of 1 m � 1.1 m � 0.6 m
(width, depth, height) which is the same size as the NO96 unit
box. The upper and lower surfaces were machined to install
the heat flux sensor. The specimen with all the sensors is
shown in Fig. 9.

Since the HFM assumes a steady state, it must be verified
that the steady state has been met to verify the validity of the
experiment. ASTM (2001) recommends that steady-state
condition be determined through standard deviation values
of data for a sufficient amount of time. In this study, the
standard deviation of the temperature and the thermal elec-
tromotive force were calculated using the measured data for
90 min. As shown in Table 2 and Table 3, it was confirmed that
the standard deviation values were small enough to be less
than 1% of the mean value for the same time. Based on this, it
was judged that the calibration test satisfied the steady-state
condition.

Theoretical heat flux values for the calibration experiments
were calculated using the Fourier's law. The theoretical heat
flux values were calculated according to Eq. (7) and the
measured temperature difference and RPUF test specimen

Fig. 6. Cross section drawing of apparatus.

Fig. 7. Exterior photo of apparatus.
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thickness were applied to the calculation. The calculation re-
sults were summarized in Table 4.

fq ¼ lref
DT

d
ð7Þ

lref: Thermal conductivity of reference material

The sensitivity of the heat flux sensor was calculated by
applying the predicted heat flux using the theoretical thermal
conductivity of RPUF and the thermal electromotive force
value measured through the experiment. Calculation was
performed using Eq. (5) and the calculated sensitivity is shown
in Table 5 for each heat flux sensor.

3.2. Conductivity measurement

The trial tests for the NO96 unit box was performed twice
to confirm the reliability of the data and the reproducibility of
the test. Fig. 10 shows the NO96 unit box used for the thermal
conductivity test. When the box is installed on the ship, cou-
plers are installed to connect the box to the hull, but the
coupler was not considered in this study. It is known that the
heat input from the coupler is not negligible. However, in this
experiment, the thermal conductivity measurement of the unit
box composed of plywood and perlite is the main purpose.

As in the case of the calibration test, the standard deviation
of the temperature sensor was calculated to confirm the tem-
perature distribution in the steady state. The standard de-
viations of the temperature and the thermal electromotive
force measured by the heat flux sensor are shown in Table 6. In
the second experiment, the deviation was larger than the first

Fig. 8. Sensors layout drawing.

Fig. 9. Calibration specimen (R-PUF).

Table 2

Standard deviation of data measured by heat flux sensors.

Temp. [�C] Thermal electromotive force [V]

HFS#1 HFS#2 HFS#1 HFS#2

Calibration#01 0.062095 0.063774 1.30457E-05 1.39344E-05

Calibration#02 0.068356 0.038188 1.58591E-05 7.94548E-06

Table 3

Mean value measured by heat flux sensor.

Test NO. Temp. [�C] Thermal Electromotive

force [V]

Heat sink Heat source HFS1 HFS2

Calibration#01 �174.50 16.59 0.014198 0.009287

Calibration#02 �174.87 16.60 0.014007 0.009471

Table 4

Data sheet of calibration test.

Test NO. Temp. [�C] Delta

T [�C]
Mean

temp. [�C]
Heat

flux [W/m2]
Cold Hot

Calibration#01 �174.498 16.59306 191.091 �78.95 8.776723

Calibration#02 �174.867 16.6 191.4674 �79.13 8.788248

Table 5

Calculated sensitivity of heat flux sensors.

Sensitivity [W/(V$m2)]

HFS1 HFS2

Calibration#01 644.6677 985.5467

Calibration#02 654.3204 967.6586

Mean 649.494 976.6026
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experiment, but the deviation was not so great as to suspect the
steady-state condition.

Table 7 shows that the temperature at the heat sink was
�164.5 �C and the temperature at the heat source was at room
temperature. The average temperature was about �75 �C and
the temperature difference between the sink and the source
was about 180�. This is the target temperature condition to be
reproduced in the test and is very similar to the temperature
condition occurring in the actual LNG carrier.

Table 8 shows the thermal electromotive force value
measured by the heat flux sensors installed in the NO96 unit
box. The thermal electromotive force measured in the unit box
experiment was larger than the thermal electromotive force of
the calibration experiment. It can be deduced that the thermal
resistance of the unit box is lower than that of the R-PUF
considering that the thickness of the calibration box R-PUF is
the same as that of the unit box.

Thermal electric force and sensitivity were substituted into
Eq. (5) to calculate heat flux which is shown in Table 9.
Through experiments, measured heat flux of NO96 unit box
was about 16.5 W/m2.

The equivalent conductivity (leq) was obtained using the
homogenization technique with measured heat flux and the
other data such as the temperature. When modified heat con-
duction equation shown in Eq. (8) was used, the equivalent
conductivity was calculated by using the average heat flux (fq)

of two heat flux sensors. Table 10 summarizes the calculated
equivalent conductivity of NO96 unit box.

le ¼ fq

d

DT
ð8Þ

4. FEM analysis of NO96 unit box

The FEM analysis of the NO96 unit box was performed to
compare with the experimental results. This study was started
based on the suspicion that the general heat transfer FEM
analysis result of NO96 box may be different from the actual
insulation performance. Therefore, FEM analysis was per-
formed to compare the results of the analysis and the experi-
mental results.

The NO96 system consists of a primary box and a sec-
ondary box made of plywood containing insulation material.
An Invar sheet about 1 mm thick is inserted between the
primary box and the secondary box and on the top of the
primary box. However, the Invar sheet has a thermal con-
ductivity of about 5000 times higher than plywood and is very
thin, about 1 mm thick, so it has little effect on the overall
thermal resistance of the NO96 system. In this study, Invar
sheet was removed for convenience of specimen handling
during experiment and invar sheet was not modeled in anal-
ysis. In the case of the NO96 system, there is a coupler which
is a special structure for connecting a box and a hull, and
connecting a box and a box. However, in this study, only
single unit box except coupler was tested and analyzed to
measure the insulation performance of basic unit box of
NO96. As shown in Fig. 11, the heat sink boundary, upper side
of the NO96 box, was set at �165 �C. The heat source
boundary, lower side of NO96 unit box, was set as natural

Fig. 10. Main test specimen (NO96 unit box).

Table 6

Standard deviation of data measured by heat flux sensors.

Standard deviation

Thermal electromotive force [V] Temperature (TC-T) [�C]

HFS#1 HFS#2 HFS#1 HFS#2

UB#01 0.36E-04 1.06E-04 0.0585 0.0550

UB#02 2.47E-04 0.29E-04 0.0951 0.3361

Table 7

Measured temperature using heat flux sensors.

Test NO. Temp. [�C] Delta T [�C] Mean temp. [�C]

Cold Hot

UB_Test#01 �165.50 14.88 180.38 �75.31

UB_Test#02 �164.11 13.65 177.76 �75.23

Table 8

Measured thermal electromotive force using heat flux sensors.

Test NO. Voltage [V]

HFS#1 HFS#2

UB_Test#01 0.02461 0.01794

UB_Test#02 0.02410 0.01755

Table 9

Calculated heat flux.

Test NO. Heat flux [W/m2]

HFS#1 HFS#2 Mean

UB_Test#01 15.9809 17.5198 16.7504

UB_Test#02 15.6559 17.1346 16.39533

Table 10

Calculated equivalent Conductivity.

Test NO. Equivalent conductivity [W/

(m$K)]

UB_Test#01 0.0512

UB_Test#02 0.0509
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convection whose ambient temperature was 15 �C. To obtain
the convection coefficient, the lower part of the specimen is
assumed to be a natural convection horizontal plate touching a
hot fluid on the lower side. Convection coefficients were
calculated using Eq. (9) according to each assumption
(Incropera et al., 2006). In order to shorten the analysis time, a
quarter model was used as shown in Fig. 11 using symmetric
conditions. Table 11 shows the thermal material properties
applied to the analysis. The analysis was performed using
ABAQUS, a commercial finite element analysis program.

NuL ¼ 0:54Ra
1=4
L 104 � RaL � 107 ð9Þ

NuL: Nusselt number
RaL: Rayleigh number

The temperature and heat flux distributions are shown in
Fig. 12. Due to the characteristics of the NO96 system, which
contains plywood having a thermal conductivity about 10
times higher than that of the internal insulation material, it can
be confirmed that majority of heat is transferred through the
plywood having high thermal conductivity. The heat flux of
the plywood in the cross section is about 100 W/m2 and the
heat flux in the insulation material is about 0.2 W/m2, which is
500 times different.

Because there is no heat transfer from the side, the heat rate
of any plane is constant by the energy conservation law.

However, when calculating the heat rate by adding all of the
heat flux passing through a specific area by the FEM analysis,
a numerical error may occur in the heat rate value depending
on the mesh size. In this case, if the mesh size is sufficiently
small, this error can be reduced. In this study, the mesh size
was set to be 4 mm. The heat rate was calculated by adding all
the heat fluxes of all the nodes included in the plane perpen-
dicular to the thickness direction of the unit box. The average
heat flux was calculated by dividing the calculated heat rate by
the area of the plane perpendicular to the thickness direction of
the unit box. Using the calculated heat flux, the equivalent
conductivity was calculated in the same manner as the method
used in the analysis of NO96 test results. The equivalent
conductivity values calculated through the FEM analysis and
the equivalent conductivity calculated through the experiment
are shown in Table 12. The equivalent conductivity of the
NO96 unit box obtained from the experiment is about 25%
higher than the equivalent conductivity calculated by FEM.
These results are thought to be due to the fact that various
effects that affect the adiabatic performance such as the con-
tact effect of the plywood and the insulation, the local con-
vection inside the NO96 unit box, and the chemical change of
the insulation are not taken into account in the FEM analysis.
However, in this study, it is not clear enough what causes it,
but only the difference between the experimental value and the
analytical value is confirmed.

5. Conclusion

In this study, the insulation performance of NO96 system
was experimentally measured and the NO96 unit box insu-
lation performance was measured using the equipment. This
equipment uses a heat flow meter method to measure the
thermal conductivity, so calibration is required. The calibra-
tion test was performed using R-PUF and the insulation per-
formance of NO96 system was measured based on the

Fig. 11. Boundary condition and FEM model (quarter model).

Table 11

Thermal material properties.

Material Conductivity [W/(m$K)] Specific heat [J/(kg$K)]

�160 �C �70 �C 20 �C

Glasswool 0.01083 0.0199 0.0318 e
R-PUF 0.0177 0.0279 0.0278 1382

Plywood 0.1337 0.2168 0.3000 e

Perlite 0.01688 0.0284 0.0399 e
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calibration results. The results obtained from this study are as
follows.

- The thermal conductivity of the insulation material used in
the LNG CCS is very low and the thickness of the entire
system is very large, so the amount of heat flux to be
measured is small. Therefore, very small factors often
have a great influence on the measured values, and iden-
tifying and solving these problems were the most impor-
tant part of the equipment development process.

- In the calibration process, the calibration coefficients of
the equipment and sensors were obtained using the R-PUF
of the same size as the NO96 unit box as the reference
material. It was confirmed that the difference of the
measured value of the thermal electromotive force ac-
cording to the installation position of the heat flux sensor
is large, and it is confirmed by the side heat ingress
through the FEM analysis. Side heat effects were removed
using the temperature control around the specimen and the
method described in ASTM (2010).

- The insulation performance of the NO96 unit box with the
invar sheet and coupler removed for the convenience of
handling the specimen was measured using the equipment
developed in this study. The homogeneous technique was
used to express the entire system as equivalent k, and the
equivalent k of NO96 was about 0.051 W/(m$K).

- The equivalent k of the NO96 system was calculated by
FEM analysis and experiment and it was confirmed that the
equivalent k obtained by the experiment was about 25%

higher than the value calculated by the analysis. Assuming
that the experimental results are correct, it may be due to
various phenomena not considered in the FEM analysis.
However, the exact cause was not confirmed in this study.

- In this study, both the calibration test and the NO96 unit
box were performed twice. Each of the two experimental
results was similar, but more experiments are needed to
demonstrate the repeatability of the instrument. In addi-
tion, the accuracy of this equipment has not been fully
verified and additional laboratory studies are required for
this.

- In order to obtain the overall thermal insulation properties
of the LNG CCS using the NO96 system, it is necessary to
measure not only the insulation performance of the unit
box in this study but also the insulation performance of
bilge corner part and the connection part between boxes.
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