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Nomenclature

Skin surface area of human body [m?]
Convection heat loss [ W/m?]
Specific heat of air [kJ/kgC ]

Rate of convection heat loss from
respiration [ W/m?*]
Rate of evaporative heat loss from
diffusion [ W/m?]
Maximum  evaporation potential [ W/m?]
Rate ‘of evaporative heat leoss from
respiration [ W/m?]
Rate of evaporative heat loss from sweat [ 1/m?]

Rate of total evaporative heat loss from

the skin [ W/m”]
Clothing area factor [-]
Height [m]
Overall heat transfer efficient by

convection and radiation [ W/m?hC ]
Convection heat transfer coefficient [ W/m?C ]

Convection evaporative heat transfer

resistance at the clothing surface [ W/m?kPa]
Heat of water vaporization [kJ/kg]
Linear radiative heat transfer coefficient [ W/m?C ]

Heat storage [ W/m?]
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m Body mass
M Rate of metabolic energy production

m,., Rate at which sweat is secreted

m, s Pulmonary ventilation rate

D, Water vapor pressure in the ambient air

Dsr.s  Water vapor pressure at the skin

Total rate of heat loss through

respiration

Q Total rate of heat loss from the skin and

clothing
R Radiation heat loss

R, , Evaporative heat transfer resistance of
the clothing surface

R, Heat transfer resistance of the clothing
surface

t, Temperature of inhaled air

t, Clothing surface temperature

t., Temperature of exhaled air

t, Operative temperature

a Mean skin temperature

293 Skin temperature

Fraction of the wetted skin surface
w,,, SKkin wet ratio by sweat

Specific humidity of inhaled air

SN

. Specific humidity of exhaled air

FEFEG Electroencephalogram

- vii =

[kgl

[ W/m?*]
[kg/sm?*]
[kg/s]
[kPa]
[kPa]

[ W/m?]

[ W/m?*]
[ W/m?]

[m2kPa) W]

[m?kPa) W]
[



ECG
EOG
EMG
MST

PLMS Periodic limb movement syndrome

RLS
SWS

Electrocardiogram
Electrooculogram
Electromyogram

Mean skin temperature

Restless leg syndrome

Slow wave sleep

Subscript

a Air

c Convection

cl Clothing

e Evaporation
ex Exhalation

fg Fluid to gas

7 Indoor surface
0 Operation

pa Pressure of air
r Radiation

res Respiration
rws Sweat

sk Skin
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Effect of Indoor Temperature Change on Human Body Physiology

at Forepart of Sleep

Hyo Jun Shin

Department of Refrigeration and Air Conditioning Engineering,

Graduate School, Pukyong National University

Abstract

Existent researches about indoor thermal environment had been
focused on to seek human's comfort in daytime. Also researches
about thermal comfort during the sleeping time that is' important
time for resting and recharging to modern people had been seldom
existed.

At present, as global warming phenomenon is being continued,
most people are going through inconvenience by sultriness during
sleeping time when sweltering night in summer. Therefore we need
another control method of air conditioner to keep human's thermal
comfort. This research recognized about optimal temperature in
forepart of sleep to maintain proper skin temperature and comfort
sleep when indoor air is cooled by air conditioner in sweltering
summer night.

Ambient temperature 1s a common factor of the environment,
but some of its effects on human body physiology are still

unknown. The effects of ambient temperature on human sleep have

_iX_



been increasingly studied in the last decade, the main reason being
that in animals thermoregulatory processes have been found
present in SWS and absent in REM sleep.

In laboratory situations, the general interest was first focused on
low and mainly high ambient temperatures fluctuation has been
paid to the influence of ambient temperatures fluctuation around
thermoneutrality. It appears, however, that even slight changes of
the ambient temperature within the thermoneutrality zone can
induce modifications of sleep structure.

The body core temperature shows a strong circadian rhythm,
with a usual range of variation of about 1TC. It has been suggested
that this is due to an endogenous variation of the thermoregulatory
set point, which is higher in the afternoon than in the morning.
However, body core temperature also varies in response to a
variety of imposed behavioral and external stimuli, including sleep,
physical activity, postural changes, ambient temperature and meals.
It has been a commoen observation that body temperature falls after
sleep onset, both in entrained-and in free=running conditions. As it
appears that thermoregulatory responses are sleep
stage—dependent, it 1s important to determine whether or not
thermal sensitivity is sleep stage dependent.

As result in this research, we had found the fact that particular
change of air—conditioner temperature helps to maintain comfort
skin temperature and body core temperature during the sleeping

hours.
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Table 2.1 Sleep stage criteria”

Summary of sleep stage criteria

Stage EEG EOG EMG Comments
o 1S
Rapid, ) i ic of
Wake Rapid. ' diagnostic o
Low voltage ) Relatively awake,
(eyes Coordinated _
B(13Hz) high Relaxed,
closed) saccades
a(8 ~12Hz) Eyes probably
cosed
Mixed low Myoclonic
Slow,
voltage ) jerks,
I Rolling, Moderate .
0(4 ~THz), | Hypnogogic
Uncoordinated .
No « images
0(4 ~ THz) a First true
il ] Minimal Moderate
spindle stage of sleep
Dreams
reported in <
. 2 f
5(1 ~3FH) is 7P
\ awakenings,
I 20%~50% of | 'Uncoordinated | Low ,
May respond :
the ‘record "
was
thinking
about..."
Dreams
reported in <
5(1 ~3Hz) is 20% of
more than . awakenings,
vV Uncoordinated | Low _
50% of the May respond :
record "I was
thinking
about..."
Rapid, Rapid, Lowest : R Dreams .
. reported in >
REM | Low voltage | Coordinated EM
] 80% of
sawtooth bursts paralysis .
awakenings
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Table 2.2 Agreement rate of sleep state-analysis algorithm and

MIT-HIB Polysomnographic Database

Stage Stage
Wake REM
1-2 3-4
Wake 85.7 11.4 2.1 0.8
Stage
Result of 11.6 81.3 0.8 6.3
1-2
algorithm
Stage
application 0 4.1 78.1 17.8
3-4
REM 4.9 21.1 18.9 55.1
Number of epoch 309 310 73 185
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A2 st AA A #ddE V)2 o] &

2.2 A&
221 A% &&

AA F I 70% ool H F AFEEIH] oA FI(AA,
1, J, W Sl A BAEE, AFo 90% odE AXEe 25,
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2L

Table 2.3 Heat production in stable state®

w; Heat Production
Organ
(% of body weight) (keal/h) (% of total)

Brain 2.10 12.50 16.00
Kidney 0.45 6.00 7.70
Heart 0.45 8.40 10.70
Lungs 0.90 3.40 4.40
Splanchnic 3.80 26.20 33.60
Sum-i 7,70 Sum : 72.40
Skin 7.80 1.50 1.90
Muscle 41.50 12.20 15.70
Others 43.00 7.80 10.00
Sum : 92.30 Sum : 27.60
Total 100.00 78.00 100.00
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Table 2.4 Equations to estimate MST(quoted from Tanabe)?®

Author Equation of Mean Skin Temperature

Burton Z: 0.5 thk(chest) +0.14 Xt (arm)+0.36 Xt (thzgh)

5= 0.043 <t (head) +0.55 Xt , (face) +0.081 x 2>t , (abdomen,
+0.166 < t, (back) 4 0.082 Xt 4 (upper arm)

Kurata +0.061 <t 4 (forearm) +0.053 Xt , (hand)
+0.172 Xt (upper thighs)+0.143 < ) (lower thighs)
+0.072 < t,(foot)
., =0.07.x Lo (face) + L3} Xt (chest)+ 039 Xt (abdomen)
Mitchell 4 4
& + % X, (back’) +0.14 Xt (upper arm) =+ 0.05< Ty (hand)

Wyndham +0.19xt,, (upper thighs )+ 013t (lower thighs)
+0.07 <t (foot)

=0.07 Xt (face) +0.1 Xtek(chest) +0.09 X3 Xt (back)
Nadel +0.07 X 2%t (arm)+0.11 <t (hand) +0.16 X}, /t(thzgh)
+0.16><t9k.(f00t)

Hardy =0.07 <t (forehead) +0.14 <t ,, (forearm) +0.05 < t,, (hand)
& —l— 0.35 <t,;.(abdomen) +0.19 <t (upper thighs)
Dubois +0.13 <t (lower thighs)+0.07 <t (foot)

Bt VR =

rr
Ay

=7 Hoy} mesaE wr) o A4 9= 7t

o

(o3}
==
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A3 7 7] A 2= WE A
Table 3.191& & Ag9 54 53 54 FAE UedA
Table 3.1 Measurement item and equipment
Measurement item Measurement equipment
Skin temperature
Core temperature NKYST NYLogger
Man's body Electroencephalogram |} \vpy5z [ xp1104-RS232
Electrooculogram
Electrocardiogram HANBYUL Meditech
Electromyogram
Indoor temperature
Thermocouple(T-type)
measurement
Indoor Indoor temperature
] YOKOGAWA MV200
environment record
Noise RION NAZ27
CO, density BABUC A/C
3.22 4¢g =34
g gk AFS AASH] oA E Ed dujof WA FL A
W 2% 2708 7987l flste] AUE FE35 A F HAE SIHE
7FEsle]l AW FVE 308 FE 7Fdssion| Table 3.20] vERA A
3} o] 27] AU 2AS FAsA AT Fol AGLe A
Table 3.2 Initial indoor conditions
Item Range
Air temperature|[C | 29.0+1.0
Relative humidity[%] 50.0£10.0
CO, density [ppm] 800~900
Noise level[dB] Below 40.0
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