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Nomenclature

Symbols

skin surface area of human body
specific heat

convection heat loss

clothing

dry-bulb temperature
evaporative heat loss from skin
clothing area factor

height

heat transfer coefficient

mass to heat transfer property for
clothing and air layer combined

thermal load on body

Lewis relation coefficient
mass

mass flow

metabolic heat production
mean radiant temperature
water vapor pressure
probability

predicted mean vote
predicted percent dissatisfied

quantity of heat



(Q heat dissipation
R thermal resistance
R radiative heat loss from skin
S heat storage
SET* standard new effective temperature
T time
t temperature
+ mean temperature
VvV  air velocity
W  external work accomplished
W humidity ratio of air
WBT wet-bulb temperature
w  skin wettedness
Subscript
a ambient air
conv convection
cond conduction
cl clothing
clo clothing
c¢r  body core
diff due to moisture diffusion through skin
e evaporation
es evaporative at surface
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er exhaled air
fg vaporization of water
¢ 1ndoor surface
max maximum
o operative
pa pressure of air
r radiation
res respiration
rsw regulatory sweat
s surface
so standard operative

sk skin
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Research on Evaluation & Application of Thermal Comfort Sensibility
Considering Psychological and Physiological Response

of Automobile Drivers

Kim Min Soo

Department of Refrigeration and Air Conditioning Engineering,

The Graduate School, Pukyong National University

Abstract

Automobiles, which can be called the result of technological integration, need
more comfortable and practical improvements with the development of
technology. Humans are demanding for more comfort and convenience in
automobile, and want to apply new technologies in air—conditioning system.
This paper presents evaluation data of psychological and physiological response
and application for comfortable sensibility air conditioning system that can
satisfy human needs and futuristic air conditioning system for automobiles.

In the preliminary research, the thermal comfort index has been using
standardized PMV indices for decades with a focus on physical environmental
factors. This is a pleasant indicator based on the numerical thermal equilibrium
model, assuming that people will feel comfortable when the thermal elements
of the human body and the surrounding thermal elements are in equilibrium.
This index can be judged as an index reflecting the psychological factor
through the experiment of the subject and the subjective factor as well.
However, in the preliminary research, the comfort of the occupant changed as
the air conditioning condition changed within the same PMV variation range.
Based on these research data, it is necessary to take an index that considers
the physiological response of the human body.

In this paper, we investigate the subjective human psychological responses

such as the subjective questionnaire on the thermal comfort of the car, and the

- Xiv -



preference of the air conditioning system operating mode. Experiments were
carried out on physiological responses such as brain waves, electrocardiogram,
and skin temperature. Based on the results of psychological reaction and
physiological response, we tried to evaluate the thermal comfort by the
pleasantness evaluation index. And this paper not only evaluated comfort by
the solar radiation and temperature conditions but also studied to prevent
driving drowsiness due to CO, in the car. We quantitatively evaluated the
driver’s objective psychological and physiological responses to the ventilation
airflow of the air-conditioning system to demonstrate the arousal effect.

According to the results, the cold air of the air conditioner needs to be
adjusted according to the solar radiation by the physiological response of the
driver during the air conditioning of the automobile in the first 15 minutes of
driving, on sunny day increased by 17% of the comfort and decreased by 23%
of the thermal stress, on cloudy day decreased by 19% of the comfort, and
increased by 54% of the thermal stress. For 20 minutes after boarding the
driver, comfort in the physiological response by heating mode in the heating,
warm-wire seat and heating & warm-wire seat mode rose by 27%, 17% and
20%. But the thermal stresses increased by 14% and 23% in heating, heating
& warm-wire seat mode. However as the thermal stresses decreased by 19%
In warm-wire seat mode, as a result active use of heating of warm-wire seat
1s required. In the drowsing state of the driver, when the wind stimulation
was applied to the driver’s face under the conditions of the air-blowing
temperature of 21°C and the air velocity of 6m/s to 7m/s, In EEG changes the
a/B decreased by 52.9% and as a result it was confirmed that tension was
induced.

In this paper, we derive the thermal convert index based on the
psychological and physiological variables and evaluate the driver's warm
sensation. And suggest a sensible air—-conditioning operation method to create a
pleasant and safe driver-centered indoor heat environment. And it can
contribute to the development of a pleasant sensibility air conditioning system
by applying human emotional factors in the design of futuristic automobile air

conditioning systems such as self-driving car.
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Ambient
Qsolar l temperature

conv :
Q Qeond Relative
Convection a1 humidity

In the cabin

Fig. 2.4 Heat transfer environment in automobile cabin
dt
CEmE? = QE.rad -5 QE.conv = aQsol U QE.cond (21)

A7IAM, ¢ @ B [J/(kgK)]

m . A= [kg]
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Fig. 2.5 Comparison of cooling load on building and automobile®”
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PPD = 100— 95exp|— (0.03353PMV*+0.2179 PMV?)] (2.15)
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Table 2.1 Thermal comfort index

Year
Thermal
Researcher of ] DB | RH MRT Met Clo
) comfort index
issue
) Seated
Effective . 1
Yaglou, C.P. | 1923 O Light
Temperature Clo
work
Gagge, A.P. Operative
£8 1937 P O
et al. Temperature
The Boston Discomfort
1959 -]
Globe Index
Predicted
O ) O O
Mean Vote
F r,
anse 1967
P Ole. Predicted
Percentage of O O O O
Dissatisfied
G AP Standard new 0.6
a88¢ AT 1 1986 | Effective O O | 1Met |
et al. Clo
Temperature

- V ! Velocity[m/s]

DB : Dry Bulb temperature[ ]
RH : Relative Humidity[%]

MRT : Mean Radiant Temperature[ C ]
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Table 2.2 Scale of TSV and CSV

Scale TSV CSV
-3 Cold Very uncomfortable
-2 Cool Uncomfortable
-1 Slightly cool Slightly uncomfortable
0 Neutral Neutral
1 Slightly warm Slightly comfortable
2 Warm Comfortable
3 Hot Very comfortable
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Table 2.3 Equations to estimate mean skin temperature®®

)

Author Equation of mean skin temperature
Burton |fs = 0.5¢sk (chest)+0.14¢sk(arm)+ 0.36¢ sk(thigh)
ts = 0.043¢sk (head)+0.055¢sk(face)+0.081%2¢ sk
Kurata (abdomen)+ 0.166%sk (back)+0.082% sk(upper arm)
+0.061¢sk (forearm)+ 0.053%¢sk (hand)+ 0.172¢sk(upper
thigh)+ 0.134% sk (lower thigh) +0.072¢ sk(foot)
ts = 0.07tsk (face)+ 0.35/4¢sk(chest)+0.35/4 sk
Mitchell & |(abdomen)+ 0.7/4tsk (back)+ 0.14¢sk(upper arm)+0.05¢
Wyndham g1 " (hand)+ 0.19¢sk (upper thighs)+ 0.13¢sk(lower
thighs)+ 0.07t sk (foot)
ts = 0.07tsk (face)+ 0.1tsk(chest)+ 0.09*3¢sk (back)
Nadel |+ 0.07#2¢sk (arm)+0.11¢sk(hand)+0.16¢sk (thigh)
+0.16¢sk (foot)
ts = tsk (fore head)x0.07+ tsk (fore arm)x0.14
Hardy & |+ ¢#sk (back of the hand)x0.05+ sk (abdomen)x0.35
Dubois

+ t sk (upper thighs)x0.19+ #sk (lower thighs)x0.13
+ tsk (foot)x0.07

Azl AFEE A5 45 P Aewse v B4 3
e T AAE FATY DA BPFHE G A2 A G
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oIt} Fe ITEFESY EAHL T8I AAV|TAHe] Aol 3t
Az Wsle] Y2 wWHele] AA fXEUE Aolt) o] 2 QAE
ZAA 57| Al(regulating organism)2Fal 3}, oo} with= 3k o] W3}

of =53t AA| 7| 5o W3lsl= F3A 7] Al (conforming organism) 2]
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3.2 953 <82 Ay 487

AAstgon, 9% 35.12°, A% 129.09°¢ $Ixelth. i FE&AE

2,000cc 3 &M =8 x}o|t}, Table 3.1 A=8 &S89 Aot}

Table 3.1 Specification of test automobile

) Overall Overall Overall Wheel
Section ) ) Tread
length width height base
Specification
4,845 1,835 1,455 2,795 1,591
[mm ]

Indoor view
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Indoor

Indoor
thermo-humidity meter

temperature

Ambient
temperature

Ambient
temperature & humidity

Ambient temperature
at the bottom of automobile

¥4 5
§ T T . T Y

Fig. 3.1 Measurement points of indoor and ambient temperature

0 : Temperature of outside surface 0 : Temperature of inside surface

165cm

Fig. 3.2 Measurement points of the surface of automobile
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Table 3.2 Measurement points at the outdoor location

Measurement list

Measurement location

The number of

measurement points

o Around the
Solar radiation ) ) 1
automobile(side)
Roof Surface of roof 1
Door Surface of door 4
Door glass Surface of glass 4
Window X
) Surface of window 2
(front, back side)
; Outdoor temperature at
Floor side : 1
the bottom of automobile
Outdoor temperature Ambient air 1
Outdoor humidity Ambient air 1
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Table 3.3 Measurement points at the indoor location

The number of

Measurement list Measurement location measurement
points
Driver’s seat Nasal and abdominal region 2
Passenger seat Nasal and abdominal region 2
Left side of back seat| Nasal and abdominal region 2
Right side of back seat| Nasal and abdominal region 2
Floor of the automobile Ankle region 4
i ; Representative point of
Center of the interior ) ) 1
interior

Center of the interior Globe temperature 1
Window Surface of window 6
Door Surface of door 4

Ceiling of the

) Surface of ceiling 1
automobile
Floor of the automobile Surface of floor 1
Prepare of experiment Data acquisition
‘ 1.5 hour ‘ 5.5 hour ‘
0:00 1:30 7:00
Time [h:mm]

Fig. 3.3 Process of experiment schedule

_67_



A 37 &2 A I A 242 2AHAE FIt

rv2e)

N

3

7

Lo

=]

AlZEQD 1641 30

T
T

A7 7

o)
=

—_~
110

A

(2) o

4o

164 30&7bA] 54|t

ko3
T

o

~1

ek, Awk, Hagholth

(e}

]

Ay

1% Aot oA 1143
el

Table 3.4¢} Fig. 3.49

A=
491.8W/m*e] YA} jo] &

of YeEh AT

5
iz
il

)

i AAE 7HE Bol w3

0] 3]

g

(e

|

o
v

s}
ol

e

S
T

| AW "Bt 22C o

18.7C= 7}

|

(e}
v

T
T

2wa)

of wet 10T ©

ol

AL B -

_68_




S2F Al I A #4224 Hot

2,
w
024_‘
ol

=
Table 3.4 Temperature change according to solar intensity
Section Sunny day Cloudy day
Position |Outdoor| Front |[Center|Back|Outdoor| Front | Center | Back
Average
(cl Al 64.3 | 52.0 {59.3| 29.3 45.6 39.7 | 42.8
Max.
T 35.4 69.0 | 54.2 |63.3] 31.6 51.0 42.4 | 47.8
Min.
(Cl 27.8 51.0 | 470 [46.6| 27.1 38.0 35.8 | 36.2
Solar
radiation 825.0 £12.2 333.2 £59.5
[W/m?]
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Fig. 3.4 Indoor mean temperatures at each interior positions
in case of cooling

ESunny M Clondy
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Fig. 3.5 Indoor mean temperatures at each boarding seats in
case of cooling
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IE Table

Table 3.5 Anthropometric data of the subjects in case of cooling

Sunny :
Standard ] Cloudy Subjects
Subjects
Age 26.0 25.4
Twenty
[year] +2.55 +3.05
Height 175.8 173.6 173.6
[cm] +5.38 +2.30 +5.86
Weight . 67.4 69.2
[kg] +10.78 +5.55 +6.10
Body fat
18.5 17.54 20.04
percentage
~22.9 +2.42 +4.31
[% ]
Pulse 50 68.0 73.4
[bpm] ~100 +7.35 +8.32
119.4 126.2
Blood
/75.0 /73.4
pressure 120/80
[ Hel (£7.23 (£10.06
mm
g /8.06) /7.67)

* KOSIS(=r7F &4 Z9)
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zAbetgith. Fig. 3.6€ A8 ~AEL, Fig. 3.7 49 7H%E 1B

ol
Preparing experiment Experiment
@ @ ©) \
0:00 0:30 0:50 Subject’s survey 1:30
Time EEG,ECG,MST [h:mm]

Thermal image
(D) Subject’s arrive and physical condition questionnaire
(Steady temperature and humidity : 26 T,50%)
(2) Attach sensors
(3) Measurement

Fig. 3.6 Experimental procedure in case of cooling

Thermohygrometer

_—-- '-b-_*?
);T_ T e—1 ECG
- ._:-4 . I
® [ EEG
===
Pvyranometer Subject
> Data Logger

Fig. 3.7 Schematic diagram of experiment
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Table 3.6 Experimental equipment in case of cooling

) Measuring Measuring
Section ) Measurement data
equipment model & type
Pyranometer - Solar radiation
Data Logger MV2000 Data acquisition
Thermo- TR-79U Temperature &
Environment hygrometer humidity
Ventilation test .
) TSI 9555-P Supply air speed
instrument
Supply air
Thermocouple T-type
temperature
EEG system LXE 3204 Electroencephalogram
ECG system LXC 3203 Electrocardiogram
Physiology
Thermocouple T-type Skin temperature
) ) Facial region surface
Thermal image FLIR 160
temperature
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Table 3.7 Environmental climate of ambient

Sunny Cloudy
Quantity of solar
radiation 754.9£258.3 206.81102.4
[W/m?]
Outside
temperature 22.8~24.7 18.8~24.2
[T]
Outside
humidity 59.9~72.7 49.1~90.6
[%]
Inside
temperature 40.6~52.0 22.7~36.5
[T]
Inside
humidity 14.0~33.5 26.5~65
[%]
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Fig. 3.8 Indoor temperature variation in the automobile
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Fig. 3.9 Supply temperature variation in the automobile
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Table 3.8 Air volume of supply diffuser

Air volume control level
Position
1 2 3 4
Left 2.2 4.0 5.4 7.0
Alr Upper Right 2.6 3.9 5.1 6.8
velocity
[m/s] Average 2.4 4.0 5.2 6.9
Lower 3.1 5.0 5.6 7.4
Alr Left 0.0055
iff Upper
ditfuser Right 0.00495
area
[m2] LOWGI‘ -
X Left 43.3 79.0 106.3 138.2
Air
volume Right 46.3 70.0 90.6 121.3
[m?/h] Lower -
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Fig. 3.10 Thermal sensation vote in case of cooling
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Fig. 3.11 Comfort sensation vote in case of cooling
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Fig. 3.12 Standard new effective temperature in case of

cooling

ol
e

ol o]

Fod,

5]

Fed7bA =

)

154 o]F o= A W

bk,

5]

o7k %Ay

J|
—_

ot

o o

T
T

AA7F A =s)

_86_



A 37 &2 A I A 242 2AHAE FIt

3.9¢} Table 3.109] eI

Table 3.9+ & gt d3xolty, A& A ARGl djsh

Table 3.9 Preference rate of air volume

[%]
Time[h:mm |
Level

0:00 0:05 0:10 0:15 0:20

Stop 0 0 0 0 0

Level 1 0 0 9.1 18.2 9.1
Sunny | Level 2 27.3 36.4 36.4 27.3 45.5
Level 3 45.5 36.4 27.3 18.2 18.2
Level 4 27.3 27.3 27.3 36.4 27.3
Stop 0 16.7 33.3 50.0 33.3
Level 1 50.0 50.0 33.3 16.7 16.7
Cloudy | Level 2 16.7 0 16.7 16.7 33.3
Level 3 33.3 33.3 16.7 16.7 16.7

Level 4 0 0 0 0 0
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Table 3.10 Preference rate of air direction

[% ]
Time [h:mm]
Direction
0:00 0:05 0:10 0:15 0:20
Stop 0 0 0 0 0
Outside
0 0 0 0 0
of body
Sunny
Chest 45.5 54.5 81.8 72.7 72.7
Face 54.5 45.5 18.2 27.3 27.3
Stop 0 16.7 3 5w3 50.0 33.3
Outside
¢ b 33.3 16.7 0 0 33.3
Cloudy O Y
Chest 50.0 50.0 50.0 50.0 16.7
Face 16.7 16.7 16.7 0 16.7
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Table 3.11 Thermal image in case of cooling

Time [h:mm]

Sunny

[T]

Cloudy
[T]
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0:20
Level 2
Body
Stop
or
Level 2
Stop
or
Outside

0:15
Level 4
Body
Stop
Stop
or
Body

0:10
Level 2
Body
Stop
or
Level 1
Body

Time[h:mm]

0:05
Level
2,3
Body
Level 1
Body

0:00
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Level 1
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Table 4.1 Temperature change of day

Section Daytime Nighttime
o Avg. Max. Min. Avg. Max. Min.
Position . . . - . .
[T] [T] [TC] [N [TC] [TC]
Ambient 2.1 4.7 ul.3 -4.4 -3.4 -5.5
Driver’ seat 24.3 24.9 23.5 -4.1 -3.9 -4.4
Passenger
24 .8 26 23.4 -4.3 -4.1 -4.6
seat
Back seats
22.4 23.2 20.6 -4.0 -3.8 -4.4
(left)
Back seats
] 23.8 25 22.5 -4.0 -3.8 -4.3
(right)
Solar intensity
) 549.4 £93.5 -
[W/m~]
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Fig. 4.1 Indoor mean temperature at each interior positions
in case of heating
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Fig. 4.2 Indoor mean temperature at each boarding seats in
case of heating
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Table 4.2 Anthropometric data of the subjects in case of heating

Mean
anthropometric dimension Male Female
subjects subjects
Male Female
Age 20 Years 20 Years 24.1 23.2
[year] of age of age +1.66 +2.57
Height 173.6 160.9 177.1 160.5
[cm] +54.9 +52.2 +6.12 +3.66
Weight 74 55 71.5 54.1
[kg] *11.5 +8.6 +10.77 +5.51
Body fat
21 29.6 19.16 27.99
percentage
6.2 *+4.5 . %0 +4.67
[% ]
Pulse VG Ll 86.06
50~100
[bpm] 1132 +9.69
125.05 109.89
Blood
/81.2 /76.74
pressure 120/80
(mmie] (£11.12 (£6.67
mm
¢ /10.5) /8.47)

x* KOSIS(=17} A4 ¥49), 2015

4.3.2 28 A=
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Fig. 4.3 Experimental procedure in case of heating
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Fig. 4.4 Experimental view in case of heating

Table 4.3 Experimental equipment in case of heating

) Measuring Measuring
Section ) Measurement data
equipment model & type
Data Logger MV2000 Data acquisition
. Thermo- Temperature &
Environment TR-72U ..
hygrometer humidity
Supply air
Thermocouple T-type
temperature
EEG Electroencephalogram
PolyG-1
Physiology ECG Electrocardiogram
) ) Facial region surface
Thermal image FLIR 160

temperature
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Fig. 4.5 Indoor temperature variation according to heating
mode
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Fig. 4.6 Thermal sensation vote in case of heating
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Fig. 4.7 Comfort sensation vote in case of heating
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Table 4.4 Thermal image in case of heating

Time [h:mm ]

0:00 0:10 0:20

Heating
[T]

24.5 28.0 29.6

Warm-wire

seat
[T]

Heating and
Warm-wire
[T]

- 122 -



A 24744 H7t

!

H

4.4.2 B3

o 2 4.3 2

o

3}

W

(4.1)

x100[%]

Over time o/ 3
Initial o/ B

Rate of change o/ 8

)

Fig. 4.101 A

& 4 (4.2)% 2

o

A st

ﬁo

(4.2)

x100[%]

Over time LF/HF
Initial LF/ HF

Rate of change LF HF

[y

3h9

o

EY 2Tt 23% A

Ea

3

& Wslzh gloy, 20874 g Aol H]

- 123 -



A 47 &2 Al A AR 24734 W

BHeating ®BWarm-wireseat #®Heat & warm-wire

160
140
—120
=
=
3100
) .
60
0:05 0:10 0:15 0:20
Time[h:mm]
Fig. 4.9 Electroencephalogram in case of heating
B Heating M®BWarm-wireseat #Heat & warm-wire
140 :
120 - S | o
=
E 100
==
-
) l
[i11]
0:05 0:10 0:15 0:20

Time[h:mm]

Fig. 4.10 Changes in autonomic nervous system in case of

heating(LF/HF)
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Table 5.1 Anthropometric data of the subjects in case of

ventilation
Mean
anthropometric dimension Male Female
subjects subjects
Male Female
Age 26.1 23.5
25~29 20~24
[year] +1.85 +1.65
Height 173.6 160.9 175.0 162.6
[cm] +54.9 +52.2 +2.31 +4.54
Weight 74 55 70.5 53.0
[kg] *11.5 8.0 +8.36 +5.68
Body fat
21l 29.6 19.3 26.4
percentage
+6.2 +4.5 4 3] +3.14
[% ]
Pulse 78.0 84.0
50~100
[bpm] +9.35 +8.62
126.3 108.2
Blood
/86.0 /71.2
pressure 120/80
(mmle] (£7.83 (£7.11
mm
& /6.82) /9.72)

* KOSIS(=r7F &4 29), 2015

g %o AFS Ayttt 49 A AAE NG 9 AFoR

- 135 -



LHERA AT

il
A

A

b

2}9)

3

ke
=

vl

T
T

A

3

ke
=

=

A A FERAAE A3 Y
Al

o] A

]

5.2.2 Ad 2A=

O
o
il

_~
file)

a1, HAlo A 3087 25T, 50%9)

—_~
10

o
o
o

O

e %
K3

bk,
b AAE AT

°©

2 T

Case+

|
=

Al
=

ot

N

Ho

110

of & A% Caseds AA

—

0
oo
<0

%

=

el A1 7k,

e

- 136 -

o

=

Fig. 5.1 AA A3 ~A=




A5 582 AW &7 A EAA $F &S

Preparation room Experiment room

@ @ ©) @ Case 1 : Steady

Case 2 : Cold air

0:00 0:30 1:00 1:30 3:00
Time [h:mm]
(1) Subject’s arrive and enter the preparation room
(Steady temperature and humidity : 25°C, 50%)
() Checking physical condition
(3) Attaching physiologic signal(EEG, ECG, Pulse oximeter) sensors
@ Moving experiment room & Subject’s adaptation and concentration
(Steady temperature and humidity : 25°C, 50%)
(5) Experimental data acquisition

Fig. 5.1 Experimental procedure in case of ventilation

Infrared Cam

| o & D =
Chiller | T

Fig. 5.2 Schematic diagram of experimental equipment
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Table 5.2 Experimental equipment in case of ventilation

) Measuring o Measurement
Section ) Specification
equipment data
- 30ch
Data acquisition MV2000 - TCR, S, K, T type -
etc.)
- =10~60T
Thermo (£0.37C) Temperature &
TR-72U ..
recorder - 10~95%RH humidity
(£5%)

Ailr temperature Thermo- - T-type Ambient air
sensor couple (1/0.32%1P) temperature
- - 0~50m/s

Ventilation test )

] TSI 9555-P (£3% or Air speed
mstrument
+0.015m/s)
APD - DC 8 to 18V )
Infrared cam Video
-G7624S - IR LED
- 0 to 10,000ppm Carbon dioxide
COq IQ-410 )
(£3%rdg+50ppm) concentration
) STRONG - 0~100% Oxygen
Pulse oximeter )
-703A - 1% saturation
Electroence-
EEG system LXE 3204 - 4ch
phalogram
Electrocar-
ECG system LXC 3203 - 3ch )
diogram
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¥ =
Table A.1 Typical metabolic heat generation for various
activities®®
W/m? Metx*
Resting
Sleeping 40 0.7
Reclining 45 0.8
Seated, quiet 60 1.0
Standing, relaxed 70 1.2
Walking (on level surface)
3.2 km/h (0.9 m/s) 115 2.0
4.3 km/h (1.2 m/s) 150 2.6
6.4 km/h (1.8 m/s) 220 3.8
Office Activities
Reading, seated 55 1.0
Writing 60 1.0
Typing 65 1.1
Filing, seated 70 1.2
Filing, standing 80 1.4
Walking about 100 1.7
Lifting/packing 120 2.1
Driving/Flying
Car 60 to 115 1.0 to 2.0
Aircraft, routine 70 1.2
Aircraft, instrument landing 105 1.8
Aircraft, combat 140 2.4
Heavy vehicle 185 3.2
Miscellaneous Occupational Activities
Cooking 95 to 115 1.6 to 2.0
Housecleaning 115 to 200 2.0 to 3.4
Seated, Heavy limb movement 130 2.2
Machine work
sawing (table saw) 105 1.8
light (electrical industry) 115 to 140 2.0 to 2.4
heavy 235 4.0
Handiling 50 kg bags 235 4.0
Pick and shovel work 235 to 280 4.0 to 4.8
Miscellaneous Leisure Activities
Dancing, social 140 to 255 2.4 to 4.4
Calisthenics/exercise 175 to 235 3.0 to 4.0
Tennis, singles 210 to 270 3.6 to 4.0
Basketball 290 to 440 5.0 to 7.6
Werstling, competitive 410 to 505 7.0 to 8.7
1 Met = 58.1 W/m”
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o Fako] o gk WY
wd ol A-9-(W=3,000g)
I,, = 0.00058 W+ 0.068 (A.12)
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Table A.2 Garment insulation values’”

Garment Description Clo Garment Description Clo Garment Description Clo
Underwear Long-sleeved, flannel shirt 0.34 Long-sleeved(thin) 0.25
Men's briefs 0.04 Short-sleeved, knit sport shirt 0.17 Long-sleeved(thick) 0.36
Panties 0.03 Long-sleeved, sweat shirt 0.34 Dresses and Skirts
Bra 0.01 Trousers and coveralls Skirt(thin) 0.14
T—-shirt 0.08 Short shorts 0.06 Skirt(thick) 0.23
Full slip 0.16 Walking shorts 0.08 Long-sleeved shirtdress(thin) 0.33
Half slip 0.14 Straight trousers(thin) OL5 Long-sleeved shirtdress(thck) 0.47
Long underwear top 0.20 Straight trousers(thick) 0.24 short-sleeved shirtdress(thin) 0.29
Long underwear bottom 0.15 Sweatpants 0.28 Sleeveless, scoop neck(thin) 0.23
Foot wear Overalls 0.30 Sleeveless, scoop neck(thick) 0.27
Ankle-length athletic socks 0.02 Coveralls 0.49 Sleepwear and Robes
Calf-length socks 0.03 Suit Jackets and Vests(Lined) Sleeveless, short gown(thin) 0.18
Knee socks(thick) 0.06 Single-breasted(thin) 0.36 Sleeveless, long gown(thin) 0.20
Panty hose 0.02 Single-breasted(thick) 0.44 Short-sleeved hospital gown(thick) 0.31
Sandals/thongs 0.02 Double=breasted(thin) 0.42 Long—sleeved, long gown(thick) 0.46
Slippers(quilted, pile-lined) 0.03 Double-breasted(thick) 0.48 Long-sleeved, pajamas(thick) 0.57
Boots 0.10 Sleeveless vest(thin) 0.10 Short-sleeved, pajamas(thin) 0.42
) ) Long—sleeved, long wrap
Shirts and Blouses Sleeveless vest(thick) 0.17 ) 0.69
robe(thick)
Long—sleeved, short wrap
Sleeveless, scoop—neck blouse 0.12 Sweaters ] 0.48
robe(thick)
Short-sleeved, dress shirt 0.19 Sleeveless vest(thin) 0.13 Short-sleeved, short robe(thin) 0.34
Long—sleeved, dress shirt 0.25 Sleeveless vest(thick) 0.22
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