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Abstract

In this study, the sleep thermal environment was evaluated during convection heating using a heater
pump in winter. As a result of analyzing changes in temperature and humidity in the bedroom and
bedding and physiological signals through the subject's sleep experiment, the following conclusions were
obtained. (1) It was found that the temperature and humidity conditions inside the bedroom and bedding
formed by convection heating suggest a comfortable sleep thermal environment. (2) Convection heating
conditions were superior to that of non-air conditions, with 7% higher sleep efficiency. (3) As for the
mean skin temperature comfort zone ratio, it was found that the convection heating condition (97.8%)
included more than the non-heating condition (86.9%).
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<Table 1> Measurement Factor & Measurement Position
Measurement Factor Measurement Position Measurement Equipment
Psychological Head(C3-A2, C4-Al, REF, GND), LAXTHA LXE 1104
Human signal Eye(LA, RA, GND), Chin(LA, RA, GND) Hanbyul Meditech HB-001
body Skin Forehead, Forearm, Back of the hand, NKYSI
temperature Abdomen, Upper things, Lower things, Foot NYLogger

Indoor temperature(18 points) Thermocouple

. Physical Globe temperature
Environment element Outdoor temperature (T-type)
petatu YOKOGAWA MV200
Heat-pump outlet & intake
Bedding Temperature Inside the blanket Thermo-record
& Humidity

- 723 -



1900 2000 2200 0600 Aol gk SR o= Azt AT T
e r . r . 1 [ [ N | = . _

Tt 23 9% = & A= 7T Tl #

Teg7 ¢ y1 % 04, 8% B2 943 Fe seln 94

@ ) - -

AN g NS BAT FE F7E FASFES BA

5 LCE =

-2 ha

[Fig. 1] Experimental Procedure.

<Table 2> Anthropometric data of the subjects

Age 23.3+£0.4
Height[cm] 161.8+2.8
Weight[kg] 50.7£3.7
Eardrum Temperature[ C] 36.9+0.2
Blood Pressure[H/L] 120/78 +5/5
Pulse[bpm] 78.8+7.8
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[Fig. 4] Room humidity change in bedroom.
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e Heating (0) e Heating(X)

%
st AN

0:00 0:30 1.00 1:30 2:00 2:30 3:00 3:30 4.00 4:30 5:00 5:30 6:00 6:30 7:00 7:30 E:00

&
=)

&
o

Humidity in bedding[%6]
I
= o

250

Time

[Fig. 6] Humidity change inside bedding.

m Heating(0)  m Heating(X)

100

Wi ui i

Entry stage

2

[

Sleep efficiency[%]

R
=

Sound sleepstage Awakening stage Total

[Fig. 7] Sleep efficiency by sleep stage(N.S).

[Figs. 5, 6]°] F7 W 2F% 54 4% di7
o] A9 H L% 258T, 5 312%%E
UEbs D, s e 3 A He 2% 24
0%t} Aderel 22 A )

%
o,
M2
oo & oo 12 o Ml mr I

THEYE FHAZRAL 25Z279

TE oF 34CAHAE Wy, HEXALS
3~14% P E = el dFdde 25
2719 AT U 255 HAE 1y fe,
F doR FHEE AT U 2FE 212
= WA FHEHE AT U 2FE 20S
Hal= Aow Addrt

X
= YR7IRARL, 5R71(5M3h, 4d71(1M7h =
TESF AL, [Fig. 710 AelAls EAd A 9

e YERTh S AlF § 27] 24131 9

&
W7l Bt = T8 (sleep efficiency)> T

Fd
Al 62%, BT Aloll= 60% LERSEaL, 5w
o= 33%, 26% "HAE ZH37] AlRbellE 25%,
28%= YERTE i dA AIZE Fetells Wy
42%, vIhd 35%% dERd, FHE7] S W)

WM(345~356C)5 7]+



32
ki
-1>
ach
>

(Hiroyuki et al., 1987)2.% 3}
P WEgSs v wshg
AL FHEARE F< HAAGS
VFERAIRE, B R
g Holu Q&S ¢ 7 Utk &
Z7(97.8%)°] H] WHEZ7(86.9%) 5Tt 11%E %
MST#H A g ele] o wo] X3y ZoR Ve
=2

oE ¥
do
T

Ao Fd
1=
u

]

—— Heating(0)  —— Heating(X)

365

36.0

35.5

MSTIC]

350 i

345 J

340
0:00 0:30 1:00 1:30 2:00 2:30 3:00 3:30 4:004:30 5:00 5:30 6:00 6:30 7:007:30 8:00

Time

Comfortzone

[Fig. 8] Change in mean skin temperature.

o
i
4
)
>
i3
=
rfo
ol
i
N
i -
o 2
fo
o T
b

A2 My

)
1z
flo

¥
(it
Mo
2
g
i)

=
St
v
o
o

f

&g &
>, r}lo
Ty
g
A
(o3 i 0
" Eﬁ rhy
-
rlo
of»
kit
o
=
- ‘;i, El'; )
30 o (L

cloy
o
2L
>
ot ol
PN K
|o o
fru dlo
o 8 o
£ 4 e
=
ﬁ‘ 11)[1
= o

“
H
£k
&
-z
o
ki
B
1A
o2
12
s
o
lo
=
=il
n¥
o
N

g Jlom e
@A B ATl 25k s, 3
= o

[e]
R ARG uE 5L FRHOE 1R

References

Choi JW and Song EY(2005). Thermophysiological
Responses of Korean During Night Sleep on Bed
or Ondol, Journal of The Korean Society of Living
Environmental System 12(1), 56~ 66.

Chung SH(2009). How to measure the -circadian
thythm in human being?, Journal of Korean Sleep
Research Society 6(2), 63 ~68.
https://doi.org/10.13078/jksrs09013

Haskel EH and Palca JW(1981). The effects of high
and low ambient temperature on human sleep,
Electrocephalography and Clinical Neurophysiology,
494~501.

Hiroyuki O, Yayoi N, Akio T, Teruo Y and Katsumi
1(1987). The Effects of the Temperature of the
Bed wupon Sleep(Part2), Report : The 11th
symposium on man-thermal environment system 3,
11~13.

Kim DG and Kum JS(2014). Study on Room
Temperature Condition Effects on the Sleep Stage
and Physiological Reactions During Sleep, Journal
of Korean Society Living Environment System
21(6), 942~948.
https://doi.org/10.21086/ksles.2014.12.21.6.942

Kim DG, Kum JS and Park JI(2006). Evaluation of
thermal comfort during sleeping in summer, Korean
Journal of Air-Conditioning and Refrigeration
Engineering 18(1), 1~6.

Knab B and Engel-Sittenfeld P(1983), The many
facets of poor sleep, Neuropsychobiology 10, 14
1~147.

Kum JS, Chung YH and Kim DG(2019). A Study
on Air Conditioning Noise Evaluation Using
Sleeping Stage for Comfortable Sleep(Focusing on
20-years-old female subjects), The Journal of the
Korean Society for Fisheries and Marine Sciences
Education 31(1), 176 ~182.

- 727 -



VR

https://doi.org/10.13000/JFMSE.2019.2.31.1.176

Kum JS, Kim DG and Kim HC(2007). A Study of
Physiology Signal Change by Air Conditioner
Temperature Change, The Journal of the Korean
Society for  Fisheries Sciences
Education 19(3), 502~509.

Lee SW, Kweon SA and Choi JW(1996). Effect of
Ondol on physiological Responses during Sleep
(1)-On the focus of Bedclimate in Autumn and
Winter-, Journal of the Korean Society of Clothing
and Textiles 20(4), 697 ~706.

Muzet A and Ehrhart J(1983). REM sleep and
ambient temperature in man, Journal of the
Neuroscience 18, 117~126.

Muzet A, Libert JP and Candas V(1984), Ambient
temperature and human sleep, Experientia 40, 42

and Marine

2s7

5~429.

Rechtschaffen and A Kales(1968). A manual of
standardized Terminology, Techniques and scoring
system for sleep stage of human subjects, Public
Health Service U.S. Government Printing Office,
Washington, D.C.

Shin HJ, Kim DG, Jeong SK, Kum JS and Kim
HC(2007). The Effect of indoor temperature change
on Human Physiology for Comfort Control during
Sleep Early Stage, Journal of Power System
Engineering 11(3), 29~34.

® Received : 22 July, 2022
e Revised : 17 August, 2022
o Accepted : 20 August, 2022

- 728 -



	대류 난방시 수면 열환경에 관한 연구
	Abstract
	Ⅰ. 서론
	Ⅱ. 연구 방법
	Ⅲ. 연구 결과
	Ⅳ. 결론
	References


