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ABSTRACT

Global warming has increased interest in reducing greenhouse gas emissions. And a policy has effort to reduce
energy consumption as a greenhouse gas reduction plan. In Korea, 25% of total energy is consumed in the building
sector. In order to reduce energy consumption of buildings, it is possible to expand the utilization of wood as
a structural material or thermal insulation materials with low thermal conductivity. It is also reported that when
used as an interior finishing material, the energy consumption of the building is reduced by up to 7% by insulation
performance. In this study, the heat transfer characteristics and the heat capacity were compared according to
the three type of finishing materials(cement, paulownia coreana, medium density fiberboard) normally used as indoor
finish materials. Through this study, most of the heat transfer volumes are transferred in the form of radiant
heat, and the result was derived from the highest amount of energy and heat transfer in the use of paulownia
coreana. When indoor finishing materials are used as wood, it is deemed that energy efficiency inside the building

will be improved.

Keywords: heat conduction, heat convection, heat radiation, low density timber

adopted at the 21* Conference of the Parties of the
UNFCCC for the Paris Agreement in December 2015,

1. INTRODUCTION

Interest in reducing greenhouse gas emissions is rising
around the world to prevent global warming and climate
change. And policies including reduced use of fossil
fuels have been proposed as a plan to reduce greenhouse
gases (Forsberg et al., 2004; Frank et al., 2005). Since

an agreement regarding a new climate regime was

most of the participating countries have proposed
voluntary greenhouse gas emissions targets; the Re-
public of Korea has proposed to reduce greenhouse gas
emission by 37% below Business As Usual (BAU) levels
by 2030 (IPCC, 2007; Kim et al., 2013).

The government of South Korea announced 2030
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Expansion Strategies for New Energy Industries in
November 2015 to participate in global efforts to
achieve greenhouse gas emissions targets and to actively
respond to the paradigm shift in the global energy market
(Jeong, 2015).

“Zero-Energy Buildings” has been presented as the
business model for the construction sector among the
8 primary new energy business areas. Energy consumed
in the buildings sector in Korea constitutes 25% of the
total energy, and low energy efficient building systems
cost 17 trillion Korean won or more annually (Yu et
al., 2015;Jang et al., 2019;Chang et al., 2015). As a result,
thermal insulation performance criteria for buildings
prescribed in “Energy Saving Design Criteria for
Buildings” have become stricter and require a heat transfer
coefficient of 0.150 W/m*K (for multi-family housing,
exterior walls, Central 1 Region)(Kim et al., 2015).

Following the change in this criterion, insulation
materials or construction materials with low thermal
conductivity are gaining increasing attention for their
energy saving effects in buildings (Pang et al., 2017).
Thermal conductivities of stone, bricks, and concrete
are 12 Wm'K, 0.4-0.8 Wm'K, and 0.152.5 W/m'K,
respectively; wood has a thermal conductivity of 0.1-0.2
W/mK and is known to be the structural material used
in construction with the lowest thermal conductivity
(Park et al., 2012).

The Intergovernmental Panel on Climate Change
(IPCC) has stated that the life expectancy for a
reinforced concrete building is 50 years, whereas that
of a wood building is 75 years, when climate change
is considered. Using mature trees as construction
materials and planting new trees where the mature trees
are removed can maximize the effects of carbon dioxide
reduction in the atmosphere (Kang et al., 2010). Wood
is becoming a widely utilized construction material for
its carbon fixation effects that reduce greenhouse gases
and for its low conductivity that improves the insulation

performance of buildings (Kang, et al, 2017; Seo, et

al., 2017; Ozcan et al, 2019; Jang et al., 2017).
Additionally, a previous study has shown that the energy
consumption of a building decreases by 7% or more
when wood with low thermal conductivity is used as
the interior finishing material (Kim, 2013), which
confirms that the energy consumption of a building
is affected by the type of interior finishing material.
While a previous study has investigated energy
consumption of a building and indoor combustion
characteristics of wooden interior finishing materials
(Son et al., 2014), this research aims to compare and
analyze the heat transfer characteristics of 3 types of
widely used interior finishing materials: mortar cement,
wood (low density Paulownia coreana), and medium
density fiber board (MDF).

2. MATERIALS and METHODS

2.1. Testing materials

3 types of interior finishing materials, i.e., mortar
cement, Paulownia coreana, and MDF, were selected
and used in this research in order to analyze insulation
and heat transfer characteristics in closed conditions
made by an acrylic hemisphere. Samples with dimen-
sions 18 mm (thickness) x 200 mm (width) x 200 mm
(length) were manufactured, and the properties of the
materials are shown in Table 1. Moisture content, den-
sity when completely dried, and thermal conductivity

were measured and used in this research as basic data.

Table 1. Properties of specimen

Moisture Density ~ Thermal Conductivity
content (%)  (g/em’) (W/mK)
Mortar 1.46 2.19 0.157
Cement
Paulowni ¢ o5 026 0.067
a coreana
MDF 9.16 0.53 0.328
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2.1.1. Mortar cement

Mortar cement powder was obtained from company
H located in Gyeongsangnam-do in the Republic of
Korea. A cement product designed for household use
that does not require mixing with sand was used in
this research. A cement piece with dimensions of 18
mm (thickness) x 200 mm (width) X 200 mm (length)
was created using a form with the corresponding
dimensions, and it was cured for a week before being

used in this research.

2.1.2. Paulownia coreana

The density of Paulownia coreana, hereinafter
referred to as Korean paulownia, ranges from 0.15 to
0.3, which is lower than other wood products and is
responsible for its low thermal conductivity. Its
insulation performance is 1.5 times greater than those
of other high-density wood products, and it boasts a
very low contraction rate in applications and a high
resistance to decay and wood-destroying insects (Moon,
2019). Additional advantages of Korean paulownia
include a facile painting process due to the lack of
resin. Korean paulownia was selected for its signi-
ficantly lower density than that of mortar cement and
MDF. Glued laminated wood made of Korean

paulownia was obtained from a domestic company, W,

materials

and cut into an 18 mm (thickness) x 200 mm (width)

x 200 mm (length) piece and used in this research.

2.1.3. MDF
MDF obtained from a domestic company, P, was
cut into an 18 mm (thickness) x 200 mm (width) x

200 mm (length) piece and used in this research.

2.2. Experimental methods

2.2.1. Fabrication of a mock—up for analysis
of heat transfer characteristics

A mock-up was created to analyze heat transfer
characteristics of different interior finishing materials.
The mock-up contained two compartments: a closed
space where the sunlight was the sole light source
(hereinafter referred to as “light source space”) and
another closed space without a light source where the
heat that passed through the interior finishing material
was transferred to the indoor air (hereinafter referred
to as “lightless space”). An 18 mm (thickness) x 200
mm (width) x 200 mm (length) piece made of mortar
cement, MDF, or glued laminated Korean paulownia,
manufactured as described in Section 2.1, was installed
at the center of a mock-up as shown in Fig. 1 to represent
an interior finishing material. Birch plywood with a

thickness of 3 mm was used to create a space with

[ ]
[ ] Hemisphere

space air
@ @

Lightless space

Light source space

Fig. 1. Experimental model and sensor location and detail minetic diagram.
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dimensions of 200 mm (length) x 200 mm (width) X
200 mm (height) on each side of the interior finishing
material. The mock-up was fully enclosed and had
overall dimensions of 424 mm (length) x 260 mm
(width) x 260 mm (height). A 30 mm X 30 mm square
hole was cut on top of the light source space and covered
with a 3 mm thick transparent acrylic sheet to allow
penetration of sunlight into the space. In order to prevent
heat loss through the exterior walls, the birch plywood
box was insulated using Isopink compressed Styrofoam
with 20 thickness and a polyurethane foam adhesive.

A glass beaker (diameter: 60 mm, height: 70 mm,
weight: 63.7 g, and thermal conductivity: 1.022 W/m'C)
containing 200 g of water was sealed with Parafilm
and placed in each space. The beakers were positioned
at a height of 5 cm above the floor of the mock-up
using an insulation material. K-type thermocouple
temperature sensors were installed using adhesive tapes
in a total of 9 locations as shown in Fig. 1 to measure
temperature changes in the mock-up: the outside air (),
the air inside the dome (), a point exposed to the
sunlight on the surface of the interior finishing material
(®), the midpoint of the finishing material (@), a point
on the opposite surface of the material along the light
path ((®), the air within each space (two locations-(6),
®), and the water (two locations-(7), (©). In order to
minimize potential effects of the outside air, the mock-up
was placed inside a transparent acrylic dome with a
diameter of 900 mm and a thickness of 9 mm.

The mock-up was installed outdoors in Chungnam
National University such that the light source space
faced towards the south. Temperature changes were
measured as a function of elapsed time for 2 days,
starting from 10 a.m. on September 2, 2018, and
measurements were made every 10 minutes using a
thermal data logger (BTM-4208SD, Lutron). The
amount of heat transferred through the interior material
sample via conduction was calculated based on the

surface temperatures measured on both sides of the

sample; the amount of heat transferred from the sample
surface to the air (through conduction, convection, and
radiation) was calculated using the equations shown
in Table 2 based on the measured temperatures (Lee,
et al., 2009).

The convection heat transfer coefficient was

k
conv f x ‘]vu, X Asurf’

4

calculated according to h in
which % denotes the temperature-dependent thermal
conductivity (atmosphere: 0.02699 W/mK), and Z,
denotes the characteristic length. In order to obtain the
coefficient value, the Rayleigh number, R, and the
Nusselt Number, ~,, were calculated by the equations
below, in which g denotes gravitational acceleration
(9.8 m/s?), and P. denotes the Prandtl Number (0.7241
at an air temperature of 45, 0.7282 at an air
temperature of 30T).

Table 2. Thermal circuit for transfer mode

Transfer mode Amount of heat transferred

Qcmul = AQ/At = k25°C X AX AT/L

kys+c : thermal conductivity of atmosphere at
25C (Table 1)

Conduction A : total cross sectional area of conducting
surface
AT': temperature difference
L : length of conducting surface

Qonw =N XA XAT

conv surf

Convection  Peony © convection heat transfer coefficient

A

AT : temeprature difference

sury  surface area

Qrmh:o—XEXA (1—1(171—2’1)

surf
o : Stefan-Boltzman constant (5.669x10-8)
€ : emissivity of materials

Radiation (mortal cement 0.94, Paulownia

coreana : 0.9, MDF : 0.85)
Ay, ¢ surface area
7, : temperature of sample contact surface
7, : temperature of space atmosphere

- 220 -



Analysis of Heat Transfer Characteristics by Material in the Closed Conditions Using Acrylic Hemisphere( I ):
Comparison of Interior Finishing Materials

x6(T. . —T Y=L}
RH:G’aXR_: gL surf )2 enur e XR
T

N, =0.27R"/*

The water placed inside the mock-up is to simulate
the human body, which is consisted of at least 70%
water. Temperature changes in the water based on a
function of elapsed time were measured to evaluate
the effects on a human body residing inside a building.
The heat capacities of water and a glass beaker were

calculated using the equation shown below.

Q=meAT = (meAT), ., + (meAT)

vial

m : mass of water and glass beaker
¢ : heat capacity (water: 4.18 kl/kg, beaker: 0.84 kl/kg)
AT : temperature change of water and glass beaker

3. RESULTS and DISCUSSION

In this research the greenhouse effect is simulated
using an acrylic hemisphere, and differences in heat

capacities based on the type of interior finishing materi-

3 ES

Temperature (unit : °C)
(=]
=

10

als had been made through heat transfer modes and
changes in water temperature. The temperatures of the
ambient air and the air inside the acrylic dome during

the exposure of the mock-up are shown in Fig. 2.

3.1. Comparison of heat transfer modes
in the light source space and heat
capacity of the glass beakers

The modes of heat transfer and the heat capacity
of the glass beakers are calculated based on the
difference between the temperature of the interior
finishing material and the air temperature, and the
temperature changes of the glass beakers in the light
source space where the material was exposed to the
sunlight. The temperature difference, defined as the
material temperature minus the air temperature, is shown
in Fig. 3 for the light source space. The maximum
difference between the temperature measured at the spot

exposed to the sunlight and the air temperature is 2.1

€ for Korean paulownia and 2.2 C for MDF, when

the elapsed times are 23 hours and 34 hours, respectively.

While their differences between the maximum and

minimum temperatures are similar, Korean paulownia

—&— out-air

—a—hemisphereair

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 30 38 40 42 44 46 48
Time (unit : hours)

Fig. 2. Temperature of our-air and acrylic hemisphere air during 2 days.
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displays a temperature profile that is lower than that
of MDF in overall according to Fig. 3. The cement sample
exhibits a 4.6 C maximum difference after 24 hours,
which is approximately 2.4 C larger than that of the
wood and MDF samples. The overall trends in
temperature change as a function of elapsed time are
similar for Korean paulownia and concrete, but the MDF
shows a spike after 24-25 hours are elapsed, which
indicates that the surface temperature of the material
increases more than the air temperature of the light
source space. The air temperature inside the light source
space increased between 20 hours (6 am.) and 25 hours
(11 a.m.), which is similar to the changes of the air
temperatures outside and inside the dome as shown
in Fig. 2, due to light absorption in the hemispheric
space. The MDF finishing material exhibited a higher
surface temperature than the air temperature after 25
hours elapsed, and it was reversed after 1 hour. These
results are closely related to the heat capacity and
thermal conductivity characteristics of the materials.
While temperature differences were originally expected
to decrease in the order of Korean paulownia, MDF,

and cement, it is hypothesized that the MDF used in

Shiddlin SO0
;' -"
1 ’\5 7 9 11 13 15 17

" ‘

Temperature(unit:°C)
=]

-6

Time (unit : hours)

Table 3. Comparison of amount of heat transferred
for three materials in light source space during 9 hours

Concrete Korean‘ Medi.um Density
Paulownia Fiberboard
Conduction 0.026 W 0.006 W 0.006 W
(1.18%) (1.22%) (1.34%)
Convection 0.829 W 0.167 W 0.136 W
(37.36%)  (36.06%) (29.63%)
Radiation 1364 W 0291 W 0316 W
(61.46%)  (62.72%) (69.03%)
Total 2219 W 0464 W 0458 W
Total energy
transferred to 18.852 kJ 19.980 kJ 19.646 kJ

vial and water

this study resulted in a greater amount of radiation due
to reflection from the surface coating, therefore
displaying different results from the cement and Korean
paulownia.

Heat transfer modes and energy efficiency in the light
source space are calculated for the time range where
the temperature differences (surface temperature — air
temperature) are the largest, i.e., between 24 hours (10
a.m.) and 33 hours (7 p.m.), and summarized in Table 3.
Heat is transferred from the surface that is exposed

to the sunlight to the air by radiation, convection, and

—8-Mortal Cement
—&—Paulownia
MDF

Fig. 3. Temperature Difference between surface of material and air in Light source space.
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conduction, at contributions of 61-70%, 29-38%, and
approximately 1%, respectively. The amount of heat
that is transferred from the material’s surface to the
air is found to decrease in the order of cement (2.219
W), Korean paulownia (0.464 W), and MDF (0.458
W), which indicates that the concrete transfers
approximately 4.7 times more heat compared with the
wood and MDF.

Convection heat represents the amount of heat that
is transferred from the material surface to the air through
air circulation in the mock-up chamber, and it differs
by 0.66-0.69 W, depending on the material. More
amount of heat is transferred by convection in the order
of cement, MDF, and Korean paulownia. This result
suggests that the use of wood, which has a lower density,
leads to a greater amount of convection heat transfer,
i.e., a greater amount of heat circulated inside the space,
compared with higher density materials.

Radiation heat represents heat that is absorbed by
the material and emitted back, and it shows a greater
variation among the materials than conduction or
convection. More amount of heat is transferred by

radiation in the order of Korean paulownia, MDF, and

cement, with the maximum difference among the three
materials being approximately 1 W. Because the
difference of 1 W is still relatively small, we could
not confirm the correlation between the density, thermal
conductivity of materials and heat transfer by conduction,
convection, and radiation in the light source space.

The amount of energy that is transferred to the water
contained in the glass beaker shows a difference of
approximately 1 kJ among the three materials used.
The largest amount of energy is transferred to the water
when Korean paulownia is used, and the smallest when

concrete is used, approximately 18.9 kJ.

3.2. Comparison of heat transfer modes
(between the interior finishing material
and the air) and heat capacity of the
glass beakers in the lightless space

Modes of heat transfer and heat capacity of the glass
beakers are calculated during the elapsed time range
of 24-33 hours, where it had a greatest temperature
difference between all three interior finishing materials
and the air, and the greatest changes in water temperature.

The temperature differences between the materials and

~20 M\ |
Y |
E 15 |‘ i\ ‘f
;% ) || ‘ II
H |
E 10 || & |I
) | \ |'
& o=

0 RRAAA
WS 0 111315 17

fst

|

i
—»

Time (unit : °C )

—e—Mortal Cement
—&— Paulownia
——MDF

Fig. 4. Temperature Difference between surface of material and air in Lightless space.
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the air in the lightless space are shown in Fig. 4. Korean
paulownia exhibits the largest difference, 28 C, whereas
the concrete and MDF exhibit smaller differences that
are equal to or less than 8 C. These temperature
differences are closely related to the differences in the
amount of heat transferred from the materials to the
air. The results suggest that heat transfer from the
concrete and MDF to the air occurs fast, whereas Korean
paulownia tends to store the heat within the material
rather than transferring to the air. This can be also
inferred from the air temperature measurements in the
lightless space after 33 hours, which was measured to
be 27.1 C for Korean paulownia, 48.3 C for the mortar
cement, and 50.8 C for the MDF. This result is
attributable to the thermal conductivity of wood; it can
be concluded that the use of the wood with low thermal
conductivity leads to an efficient temperature control
of the space due to a large amount of heat absorbed
in the sample even if a large amount of heat is transferred
through the sample. However, further studies about the
effects of physical properties such as surface coating
of MDF on heat transfer is necessary to understand
why the MDF results in a higher air temperature than
the mortar cement along with the higher thermal
conductivity of MDF.

Modes of heat transfer and energy efficiency in the
lightless space are summarized in Table 4. The heat
in the lightless space is transferred from the interior
material to the air by radiation (51-68%), convection
(30-47%), and conduction (approximately 1%).

The total amount of heat transferred from the sample
surface to the air decreases in the order of Korean
paulownia (15.365 W), cement (0.8 W), and MDF
(0.315 W); heat transferred by the concrete is
approximately two times greater than that of MDF, and
heat transferred by Korean paulownia is approximately
20 times greater than that of the concrete. The heat
which passed through the sample and reached the

opposite surface is transferred to the air in the lightless

Table 4. Comparison of amount of heat transferred
for three materials in Lightless space during 9 hours

Cement Korean  Medium Density
Paulownia Fiberboard
Conduction 0.011 W 0.1499 W 0.005 W
(1.35%)  (0.97%) (1.47%)
Convection 0273 W 7310 W 0.095 W
(34.18%)  (47.57%) (30.12%)
Radiation 0.516 W 791 W 0251 W
(64.48%) (51.46%) (68.41%)
Total 0.8 W 15365 W 0315 W

Total energy

transferred to  19.103 kJ 19.855 kJ 19.186 kJ

vial and water

space partly by conduction, and heat transferred by
conduction is observed to have minimal difference
among all three materials, which is similar to the results
obtained from the light source space.

Convection heat represents the amount of heat that
is transferred from the material surface to the air through
air circulation within the mock-up, and the maximum
difference among the three materials is 7 W. It is
observed that more heat is transferred by conduction
in the order of MDF, cement, and Korean paulownia,
which is similar to the results obtained from the light
source space. While a comparison of convection heat
transferred by cement and MDF is difficult due to their
small difference of less than 1 W, convection heat for
Korean paulownia, which has a low density, is 35 times
greater than that for the MDF and cement. This result
suggests that the use of wood which has a low density
leads to a greater amount of heat transferred by
convection, i.e., a greater amount of heat circulated
inside the space, compared with higher density
materials.

Radiation heat represents heat absorbed by the
material and emitted back, and it shows a greater
variation among the materials than conduction or

convection. More amount of heat is transferred by
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radiation in the order of MDF, cement, and Korean
paulownia, with a maximum difference among the three
materials of approximately 14 W. This result suggests
that materials with lower density and lower thermal
conductivity lead to a greater amount of heat transferred
by radiation.

The amount of energy used to heat the water contained
in the glass beaker shows a difference of approximately
1 kJ among the three materials used. The largest amount
of energy is transferred to the water when Korean
paulownia material is used, and the smallest when the

concrete is used, which is approximately 19.1 kJ.

4, CONCLUSIONS

The heat transfer characteristics and heat capacity
of interior finishing materials are compared in this
research. Three types of commonly used interior
finishing materials are selected for comparison: cement,
Korean paulownia, and MDF.

1. The light source space did not show significant
difference between the amount of energy and heat
transfer in each material, which suggests that heat
reflected from the material surfaces does not affect
the temperature increase of the space.

2. It is observed that more amount of heat is
transferred from the material to the air in the

lightless space in the order of MDF, cement, and
Korean paulownia; significant differences are
observed in the amount of heat loss among the
three materials. The fact that the amounts of heat
transferred through conduction from the MDF and
cement are different by less than 1 W suggests
that the conduction heat is proportional to the
thermal conductivity and density of the material.
Therefore, it is concluded that better energy
efficiency can be obtained by using materials with
low thermal conductivity and low density as

interior finishing materials.

3. The amount of energy that is transferred to the
water contained in the glass beakers is the highest
when Korean paulownia is used, approximately
19.9 kJ, in both the light source space and lightless
space, and the corresponding values for the cement
and MDF are similar to one another, 19.1 kJ and
19.2 kJ, respectively. If the water in the beakers
represents a human body, it can be concluded that
a resident is likely to feel warmest in a room
finished with Korean paulownia.

Radiation constitutes the major mode of heat transfer
in this experiment. Korean paulownia which has a low
density exhibits the greatest amount of energy and heat
transfer, and therefore, it is the most optimal material
for energy efficiency. The use of interior finishing
material wood is expected to increase energy efficiency

inside the building.

ACKNOWLEDGMENT

This work was supported by research fund of

Chungnam National University.

REFERENCES

Chang, Y.S., Kim, S.K., Shim, K.B., Lee, S.J., Han,
Y.J., Park, Y.G., Yeo, HM. 2015. Assessment on
Thermal Transmission Property of Wall Through
a Scaled Model Test. Journal of the Korean Wood
Science and Technology 43(6): 889-894.

Forsberg, A., von Malmborg, F. 2004. Tools for
environmental assessment of the built environment,
Building and Environment, 39(2): 223-228.

Frank, T. 2005. Climate change impacts on building
heating and cooling energy demand in Switzerland,
Energy and Buildings, 37(11): pp. 1175-1185.

IPCC, Climate Change 2007. Synthesis Report, An
Assessment of the Intergov-ernmental Panel on
Climate Change, 2007.

- 225 -



Seung Min YANG - Hyun Jae LEE - Seog Goo KANG

Jang, J.H., Lee, M., Kang, E.C., Lee, SM. 2017.
Characteristics of Low Density Fiberboards for
Insulation Material with Different Adhesives (I):
Thermal Insulation Performance and Physical
Properties. Journal of the Korean Wood Science
and Technology 45(3): 360-367.

Jang, S.S., Lee, H.W. 2019. Thermal Resistance and
Condensation in the Light-frame Timber Wall
Structure with Various Composition of Insulation
Layers. Journal of the Korean Wood Science and
Technology 47(5): 553-542.

Jeong. H. 2015. The EU's Efforts into achieving the
goal of “2030 frameworks for Climate and Energy
Policies”: With focus on the EU ETS and CCS.
Journal of Common Market Studies 33(2): 377-409.

Kang, K.S., Cha, J.H., Yun, Y.C, Park, M.J., Park,
J.S. 2010. Analysis of Life Cycle Greenhouse Gas
Emissions and Energy Use of Han-Green House-
Comparison with Reinforced Concrete Hose-.
Proceeding of the Korean Forest Society pp. 503-
506.

Kang, Y.J., Lee, J.H, Lee, H.Y., Kim, S.M. 2017.
Heating and Cooling Energy Demand Evaluating
of Standard Houses According to Layer Component
of Masonry, Concrete and Wood Frame Using
PHPP. Journal of the Korean Wood Science and
Technology 45(1): 1-11.

Kim, S.J., Park, J.S. 2015. Insulation Details and Energy
performance of Post-Beam Timber House for Insulation
Standards. Journal of the Korean Wood Science
and Technology 43(6): 876-883.

Kim, S. M. 2013. Application of Wood and Wooden
Architecture Order to Save Construction Energy.
Review of architecture and building science 57(4):
13-16.

Kim, S.W., Yu, S.G., Seo, JK., Kim, SM. 2013.
Thermal Performance of Wooden Building Envelope

by Thermal Conducticity of Structural Members.

Journal of the Korean Wood Science and Technology
41(6): 515-527.

Lee, H.H., Bender, D.A. 2009. Far Infrared Emissivity
of Wood Material-Comparing the Three Heat
Transfer Modes of Wood Box and Aluminum Box-.
Journal of the Korean Wood Science and
Technology 37(5): 440-450.

Moon, S.O. 2019. A Study on Developing Eco-friendly
Paulownia Wooden products by Laser Systems—
Focusing on Adapting Paulownia burnt by the
Traditional Korean Technique-. Journal of the
Korean furniture Society 30(4): 427-436.

Ozcan, M.C., Korkmaz, M. 2019. Determination of
Relationship between Thermal and Mechanical
Properties of Wood Material. Journal of the Korean
Wood Science and Technology 47(4): 408-417.

Pang, S.J., Lee, S.J., Jeon, G.Y. 2017. Insulation Saving
Effect for Korean Apartment House Using Cross-
Laminated Timber (CLT). Journal of the Korean
Wood Science and Technology 45(6): 846-856.

Park, JM., Kim, D.H., Suh, D.J. 2012. Recent Research
Trends for Green Building Thermal Insulation
Materials. Clean Technology 18(1): 14-21.

Seo, J.G., Jeong, S.G., Kim, S.M. 2017. Thermal Bridge
and Heat Transfer Analysis for Each Part in
Residential Building According to Construction of
Wood-based Finishing Material. Journal of the
Korean Wood Science and Technology 45(3):
343-359.

Son, D. W., Kang, S. G. 2014. Combustion Properties
of Woods for Indoor Use( I ). Journal of the Korean
Wood Science and Technology 42(6):675-681.

Yu, J. Y., Shin, S. E., Cho, D. W. 2015. An Analysis
on Heating Energy Use and Economic Evaluation
of Passive Apartments Compared to Existing
Apartments-Focused on the Zero Carbon Green
Home-. Journal of Real Estate Analysis 1(1k):
111-132.

- 226 -



Analysis of Heat Transfer Characteristics by Material in the Closed Conditions Using Acrylic Hemisphere( I ):
Comparison of Interior Finishing Materials

APPENDIX

(Korean Version)

o2 WHE o83 Uy = wWE AR 4 olF 5 E4(1):
AngdA F7ol e v

28 : ATLUIE A 2L Ml ol Bt AR B Qlow, o] F LAkA U5 ATOE U
e 7 AZo] AT T $5E 918 A%Eo] AUFE 7120 Zepgiek. FRoNHE AujH AR A F oF 25%L
A%5Eo] AEH I glon] A ofuIX) Aule A4S ST AAEge] e AZAA Ei G o] a7Em glom,
QRERo| e B TG AT Z7H5ta Qlek. B4k i AR AR A% A48 ofuiA] w7k Hel Tk Pt
L AR A0S PO B ATl QMEoR ANokgAR AGEE 37§39 thAAHE, SFLHT., MDF)
of wet GHLEY U AL NS £ AT Fool G ol 5L BAA] Felz AR LFUT vl Ag
A ofluixjegak ol 1 B Ank A vihR B ALg A 2 U] oA B8RS YA A0 BetErk

LME

A AAA R A dske} 7| s A E Qo 247 wiE Sl digh It molA AL glom, 247 3
gpoto @ SR AH] A7 So] AaAo] HkE])TL TKForsberg ef al., 2004; Frank er al., 2005). 20154 129 sjej@ 5o
A 212 7|5 GATZ B A A7 FAA fgoll AeE FrolEo] AfEE o] thRE G2 A ATRA
w5 FRE A en, Seuehe 20309714] 24712 vjES & Y| (Business As Usual, BAU) thH] 37% 7453}7]
2 AAIBFEEHIPCC, 2007; Kim et al., 2013).

2A7MA WjE TS BEE B flste] AR w4 24A7EA A4S o SR A0, AlA ol| AAE9
sjjckel Wstel] A= di-§5t7] $iste] 20159 119 2030 oA A1AFY Shabder & W35l 9) thJeong, 2015).
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IR AR 2E ovA] 3 538 7 gREE0] W TaA B A5AA ] ek WA=} EokA I §ltk(Pang
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B 0.1~02 WmKe] SAELE A% 124 % 7H o AAELS 744 AR el olchPark ef al, 2012).
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nht ARE AR Al AEollUA] LaFko] o 7% o4 TrAFTHKIm, 2013)= AT A Fof SAA WAl
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% NZ 22 AWE, 2 EUE MDF 37k & AR sto] Al831t). 18 mm (Thickness) x 200 mm (Width) x 200 mm
(Length)=L7]| 2 A|2stglom ol AMRSE A7 E4E Table 13 Zom kg, A U, §AEE&S S48 & A9

EC DCEREE T

2.1.1. B2 AHE

A AA0) HAZRE Hoe B9 AUE 2o /148 AUER 2o B3 glo] A87KsT ABE A8k
18 mm (Thickness) x 200 mm (Width) x 200 mm (Length) 12 2.2 A|&35}7] Yol #AFHS AZske] AMEsF o, 77
18 mm= A& & 13979 P AA AFE AEE w2 Aol ARS8t

2.1.2. 2% U5 (Paulownia coreana)

Q5= H50] 0.15~0308, ThE HAd B|ete] H|Fo] Yo} EHEg g W2 Fo|r). HFo] &2 B
oF 15Hl] £ THIASS WRlsel, A A 458 £ 0j$ von], Rl il B2 slgel die ARk
7FA 2L glthMoon, 2019). E3E, 22Ut Fxlo] glou g, wipo] golsith= 43S 7HA L Qltk &5 AJHE, MDF2} H|54}
o 2 9EURE B ARE AHSAL, Fo WARSE RS 9 EUE Z4S 18 mm (Thickness) x 200 mm
(Width) * 200 mm (Length)®] 37]2 #jchsfo] B olate] ALg-ataic).

2.1.3. MDF
o] PAFRELE Hopike T 18 mme] MDF (Medium Density Fiber Board)Z 18 mm (Thickness) x 200 mm (Width)
x 200 mm (Length)Z Atsto] 2 Aol ARg-sk¢ith

2.1, AgEHd

22.1. 4 o5 EA £4& 9Ig Mock-up Az

2 AFolA = FAEDRE FoEs g 33 Yol AlriA S5 meb Fo] e 33t AUrEAE S8 FaE
do] A v FholA AdrbdAel ol whet di7| 2 AgEs 4 ol5548S 248t 54 Alzke AAlskith
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Adds ol gstgler AWnAE 71E 22 %ol 200 mm (Length) x 200 mm (Wideth) x 200 mm (Hight)9] 5-7h&
TF5t7] fleto]l AR 3 mm TS ARESto] AlZteHIth(Fig. 1). ol £ MA A7]& 424 mm (Length) x 26
mm (Wideth) x 26 mm (Hight)o|™ | =]A| A5 & ejFdo] Fol& 4= J%E 7FE 30 mm 27]9] HAZHS Ao
B & 3 mm FA¢] £ of2dE FA6IqIth olnf, WA RZ9 g ol whE EAS ] fisto] AlZE AR
Sk AR mHo] A 20TY ofolaga b5 AERET H9E HAAE ol&ste] ©F AlFsto] Azt
FE] Y F1ke] & 200 g F-EHIAGEEA AE 60 mm, 0] 1 70 mm, £A : 637 g, BHEE 1 1.022 WmC)o]
2 T o E SR Rt 3 ARSI B9 AR 9= fERA st dadAE Falstel 5 vig oz R
5 cm o] Ax[aHoick AdtE 59 W =St 24 Yot 2 gi7|(@), ¥t W d7I(@), A Aol FY HEH©),
SYH@), FY vHSHD), F= T2 q71eA--6, ©), dx" & HeAHE-O, @)= F 9x-d Kefe] -
L NS WY 92 ol AMgaio] Ralelglon], 23t SIAE Fig 13} 2ok AlE 2119) o)7lo] olat RS AAel]
9fsto] A% 900 mmol F7 9 mme] £ o2 W 1 ol AR BAS AAelel ¥ A7 ek

Az 2L Foshm ) Solo] U] daptol HES M55 2220184 9% 29 041 104] Azt
A7t Ao e 2= HskE 2Asgich oy 2% =4 F7]% 1022 F Thermal data logger (BTM-4208SD, Lutron)Z
olgelel Z4aletk 24 LEATE olgelel 2o % EHlo] LS ol WE AL A2 HEHoRNE T
12 o OIFE, 5 BANS Table 2] ARAE o]gele] AzelsitHLee et al., 2009)

g olF ¥ URES dRE A2ATE Atsto ddstslen, b, = Lﬁ XN, XA, o] AYHT ks &0
w2 G & E(atmosphere : 0.02699 W/mK)o|H, I, & tjiZololt}. o]& F317] 93 R (Rayleigh Number) 3tz N,
(Nusselt Number) 2] 7k olgj2] 4o oJ8) A& 4= 9lon, g 2714 E(9.8 m/s?), P2 Prandtl Number(0.7241 at
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45C of mean air temperature, 0.7282 at 30C of mean air temperature) ©]C}.,
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