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ABSTRACT

The ocher jjimjilbang for a single-person household that will be studied in this study is 2.1 m’ in size,
and this study was conducted to implement well-being room heating that is beneficial to health by supplying
radiant heat provided by hot water during room heating by embedding hot water panels in the walls of the
ocher jjimjilbang to configure a hot water circulating system. In addition, the ocher bed and the ocher walls,
which have been verified through many study findings and reference materials, were constructed so that the
living life with a bed and the ocher jjimjilbang would be implemented simultaneously. As the mass flow rate
of the hot water increased, the magnitude of the wall temperature rise thanks to the hot water increased, and
as the flow rate of the hot water increased, the transfer rate of the heat transferred from the wall of the
ocher jjimjilbang to the air inside the wall of the ocher jjimjilbang increased.

Keywords : Ocher Jjimjilbang(ZE HZYhH Hot Water Flow(257&), Temperature Distribution(= T &),
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1. Introduction

The number of households is
increasing and has reached 5,618,677 households
(National Statistical Office, census data). The ratio of

single-person households to the entire households is

single-person

28.6%, and is gradually increasing. In the case of the

houses of such single-person households, the burden
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of room heating costs is high in cold winter, and
some of the people living in single-person households
are living hard in the cold season of winter"\. It is
judged that, if the results of this study are used to
provide the radiant heat of the ocher jjimjilbang,
which is beneficial to health, to the elderly who
live in single-person households while they are
sleeping, the health of the elderly will be improved

significantly™”!

. In addition, whereas the one room
(3~4 pyeong) of a single-person household is

entirely heated, in the case of the ocher jjimjilbang

Copyright © The Korean Society of Manufacturing Process Engineers. This is an Open-Access article distributed under the terms of the Creative Commons Attribution-Noncommercial 3.0 License
(CC BY-NC 3.0 http:/creativecommons.org/licenses/by-nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

— 74 —



Temperature Distribution Characteristics for Changes in Hot Water Flow in A Small Ocher Jjimjilbang
D AF7IATEESRE A A9, ATE

that can be also used as a bed for a single-person
household, only 0.64 pyeong may be heated so that
the room heating cost can be significantly reduced™.
At home and abroad, heating apparatuses used in
winter (hot water boilers and air conditioners, etc.)
for existing houses are mainly supplied to buildings
where each heating apparatus is used for a space
exceeding 8 pyeong(26.4m?), and the air is circulated
by forced convection to transfer heat according to

U1 Since

reports of studies of heating technology
there are no accessories (circulation pumps, heaters,
etc.) for heating apparatuses suitable for building
spaces not larger than 2 pyeong, the accessories
used in heating apparatuses for spaces larger than 8
pyeong are used in heating apparatuses for spaces
not larger than 2 pyeong so that the electric power
energy loss is large and the installation cost is
high!"®'". The ocher jjimjilbang for single-person
households that will be investigated in this study is
0.64 pyeong(2.1m?) in size, and will be configured
so that hot water will be circulated through the bed
and walls when heated in order to implement
well-being heating by supplying the radiant heat
produced by hot water. In addition, the ocher bed
and the ocher walls, which have been verified
through many study findings and reference materials,
will be constructed so that the living life with a
bed and the ocher jjimjilbang would be implemented
simultaneously. In addition, electric boilers for hot
suitable  for  0.64
pyeong(2.1m?), the size of the ocher jjimjilbang that

water supply in  winter
can be also used as a bed for a single-person
household were also studied. Therefore, in this
study, the temperature distribution characteristics of
the integrated ocher jjimjilbang, which can be used
as both a room heater and a jjimjilbang in winter,
were studied.

2. Experiment

2.1 Experiment Setup and Conditions

Fig. 1 Experimental apparatus for small ocher
jjimjilbang
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Fig. 2 3D plan of small ocher jjimjilbang

Fig. 1 shows a small ocher jjimjilbang for room
heating by supplying the thermal energy possessed by
the hot water circulating in the hot water panels
embedded in the walls of the ocher jjimjilbang. Fig. 2
shows a 3D plan of the small ocher jjimjilbang for
room heating by supplying the thermal energy
possessed by the hot water circulating in the hot water
panels embedded in the walls of the ocher jjimjilbang.
An ocher jjimjilbang that can be used for room heating
by radiant heat was developed for the first time at
home and abroad by embedding hot water panels in the
walls of the ocher jjimjilbang and installing hot water
tubes inside the hot water panels. The dimensions of
the ocher jjimjilbang are 2000mm wide, 1100mm long,
and 1800mm high. The size of the ocher jjimjilbang
was determined to be the same as that of a single bed
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so that the ocher jjimjilbang can be installed in the
rooms of single-person households and used as a bed
at normal times while being used as a jjimjilbang at
home by those who like sauna bath. Those who like
sauna bath could enjoy sauna bath in the jjimjilbang
installed in large bathhouses. However, this study
fabricated an experimental apparatus for the ocher
jjimjilbang implemented to enable enjoying sauna
bath at home beyond the jjimjilbang culture as such
and examined the  temperature  distribution
characteristics of the ocher jjimjilbang. Rroom
heating is implemented without air movements or
circulation unlike the forced convection heating in
which air is circulated by force by the air
comfortable heating and

health is

apparatus ~ was

conditioner.  Therefore,

well-being  heating  beneficial to

implemented. An  experimental
configured to supply hot water to a hot water tubes
embeded in the walls of the ocher jjimjilbang by
constructing a hot water boiler and a hot water pump
to supply hot water to the hot water panels. Existing
small heating apparatuses are for heating of houses or
offices that are at least 8 pyeong in size and heat the
room by forced convection. However, there is no
commercial heating apparatus for the small jjimjilbang
not larger than 2 pyeong in size investigated in this
study. An ocher jjimjilbang, which can be used for
small buildings not larger than 2 pyeong such as

pensions was investigated.

2.2 Temperature Measurement and Hot

Water Flow Measurement

Fig. 3 shows a temperature measuring sensor for
measuring the air temperature inside the ocher
jjimjilbang and a temperature measuring sensor for
measuring the wall surface temperature. Fig. 4
shows the flow rate measuring device for the hot
water supplied to the hot water panel inside the
ocher jjimjilbang. As shown in Fig. 3, Pt 100{2
temperature sensors were installed at the hot water

Fig. 3 Measurement of air temperature and wall
surface
jiimjilbang

temperature  inside the ocher

Fig. 4 Ocher jjimjilbang hot water flow measuring

device

inlet and outlet of the ocher jjimjilbang to measure
the temperatures. In addition, temperatures were
measured at six points on the wall of the ocher
jjimjilbang and three points in the inner space of
the ocher jjimjilbang. Furthermore, as shown in
Figure 4, a flowmeter was installed in the hot water
tube at the entrance of the ocher jjimjilbang to
measure the flow of hot water.

3. Results and Discussion

3.1 Heat Transfer Rate of the Ocher
Jjimjilbang

Fig. 5 shows the heat transfer rate of the hot

water circulating in the hot water panels embedded

in the walls of the ocher jjimjilbang and the heat

transfer rate of the air inside the ocher jjimjilbang
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in the process through which the thermal energy
possessed by the hot water is transferred to the air
inside the ocher jjimjilbang. The heat transfer rate
of the hot water that supplies thermal energy to the
inside of the ocher jjimjilbang was obtained using
Equation (1).

Qr,in, = mh,wcph (Tr,out - Tr,in,) (1)

where, (). ;, represents the heat transfer rate of
the hot water that supplies thermal energy to the
inside of the ocher jjimjilbang. m;, ,, represents the

mass flow rate (kg/s) of the hot water, T

TN
represents the temperature(K) of the hot water
circulating in the hot water panels embedded in the
walls of the ocher jjimjilbang at the inlet, and

T, ... represents the temperature of the hot water

r,0U

circulating in the hot water panels embedded in the
walls of the ocher jjimjilbang at the outlet. The
heat transfer rate of the air inside the ocher

jjimjilbang was obtained using Equation (2).
Qr,m',r = mu,Cpu, (TT,Q - Tr,l) (2)

where, Q) represents the heat transfer rate(W)

r,air

of the air inside the ocher jjimjilbang. m

a

represents the mass flow rate(kg/s) of the air, 7, ;
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Fig. 5 Comparison of heat transfer rates in the ocher
jjimjilbang

represents the initial temperature(K) of the air inside
the ocher jjimjilbang, and T, , represents the final
temperature of the air inside the ocher jjimjilbang.
As shown in Fig. 5, the heat transfer rate of the
heat supplied by the hot water circulating in the hot
water panels embedded in the walls of the ocher
jjimjilbang and that of the heat absorbed by the air
inside the ocher jjimjilbang matched well with
+5% deviations. Therefore, the reliability of the
experimental results of this study is considered to
have been secured.

3.2 Characteristics of Temperature
Distribution in the Ocher Jjimjilbang

Fig. 6 shows the temperature distribution of the

hot water in relation to the flow rate changes of the
hot water circulating in the hot water panels
embedded in the walls of the ocher jjimjilbang. The
experiment was carried out under three hot water
flow rate conditions: 1.5 L/min, 3.5 L/min, and 6.5
L/min. As shown in Fig. 6, the temperature of the
hot water increased proportionally with the elapse of
the hot water boiler operation time. Therefore, it is
considered that the heating of the ocher jjimjilbang is
operating normally. In addition, as the mass flow rate
of the hot water increased, the temperature of the hot
water increased. Therefore, it is considered that the
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Fig. 6 Temperature distribution of the hot water
circulating in the walls of the ocher

jiimjilbang
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heating performance improves as the flow of the hot
water increases.

Fig. 7 shows the distribution of the temperatures
of the hot water circulating in the hot water panels
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Fig. 7 Distribution of the temperatures of the hot
water circulating in the walls of the ocher

jjiimjilbang at the inlet and outlet in relation
to changes in the flow of the hot water

embedded in the walls of the ocher jjimjilbang at the
inlet and the outlet. The experiment was carried out
under three hot water flow rate conditions: 1.5 L/min,
3.5 L/min, and 6.5 L/min. As shown in (a) to (c) of
Fig. 7, the inlet temperature and outlet temperature of
the hot water increased proportionally with the elapse
of hot water boiler operating time. Therefore, the
inlet temperature and outlet temperature of the hot
water supplied to the ocher jjimjilbang are considered
to rise normally. In addition, as the mass flow rate
of the hot water increased, the magnitudes of changes
in the inlet and outlet temperatures of the hot water
increased. Therefore, it is considered that the transfer
rate of the heat supplied to the ocher jjimjilbang
improves as the hot water flow increases.

Fig. 8 shows the distribution of the temperatures of
the wall surface of the ocher jjimjilbang with respect
to the changes in the flow rate of the hot water
circulating in the hot water panel embedded in the
walls of the ocher jjimjilbang. The experiment was
carried out under three hot water flow rate conditions:
1.5 L/min, 3.5 L/min, and 6.5 L/min. As shown in
Fig. 8, the temperature of the wall surface of the
ocher jjimjilbang increased proportionally with the
elapse of operating time of the hot water boiler.
Therefore, the temperature of the wall surface of the
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Fig. 8 Distribution of the temperatures of the wall
surface of the ocher jjimjilbang with respect
to the changes in the flow rate of the hot
water circulating in the walls of the ocher
jiimjilbang
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Fig. 9 Distribution of air temperatures inside the
ocher jjimjilbang in relation to changes in
the flow rate of the hot water circulating in
the walls of the ocher jjimjilbang

ocher jjimjilbang is considered to rise normally. In
addition, as the mass flow rate of hot water
increased, the magnitude of the rise of the
temperatures of the wall surface of the ocher
jjimjilbang increased. Therefore, it is considered that
the transfer rate of the heat transferred from the wall
surface of the ocher jjimjilbang to the air inside the
walls of the ocher jjimjilbang increases as the hot
water flow rate increases.

Fig. 9 shows the temperature distribution inside the
ocher jjimjilbang. The experiment was carried out
under three hot water flow rate conditions: 1.5 L/min,
3.5 L/min, and 6.5 L/min. As shown in Fig. 9, the
air temperature distributed inside the ocher jjimjilbang
increased proportionally with the elapse of operating
time of the hot water boiler. Therefore, it is
considered that the heating performance increases
because the heat transfer rate of the ocher jjimjilbang

increases as the hot water flow rate increases.

4. Conclusion

In this study, the distribution of the temperatures
of hot water circulating in the hot water panels
embedded in the walls of the ocher jjimjilbang, the
distribution of the temperature of the wall surface of

the ocher jjimjilbang, and the distribution of the
temperature of the air inside the ocher jjimjilbang in
relation to changes in the flow rate of the hot water
circulating in the hot water panels embedded in the
walls of the ocher jjimjilbang were investigated and
the following results were derived.
1. The transfer rate of the heat supplied by the hot
water circulating in the hot water panels
embedded in the walls of the ocher jjimjilbang
and that of the heat absorbed by the air inside
the ocher jjimjilbang matched well with +5%
Therefore, the reliability of the
experimental results of this study was verified.

deviations.

2. As the mass flow rate of hot water increased, the
magnitude of wall temperature rise increased.

3. As the flow rate of hot water increased, the rate
of transfer of heat from the wall of the ocher
jjimjilbang to the air inside the wall of the ocher
jjimjilbang increased.

4. As the mass flow rate of hot water increased, the
magnitude of changes in the inlet and outlet
temperatures of the hot water increased. Therefore,
as the flow rate of hot water increased, the rate of
transfer of the heat supplied to the ocher
jjimjilbang improved.

5. The air temperatures distributed inside the ocher
jjimjilbang increased proportionally with the elapse
of the hot water boiler operation time.
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