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Evaluation of Clothing Comfort and
Thermal Environment with a Thermal Manikin

by

Shin—ichi Tanabe
Department of Human Environmental
Engineering, Ochanomizu University

ABSTRACT

Evaluation method for clothing comfort and thermal environment
with a thermal manikin are described in this paper. In real life
thermal environment is not always uniform like in a climatic cha-
mber. Recently in office spaces OA chairs are often used, but thermal
insulation of chairs is not taken into account. In this report under the
still air conditions, nude and clothed thermal manikin was exposed to
measure skin temperatures and heat loss.

Com'bine_d-heat loss coefficient for nude condition was 7.9 W/m’ °C
and convective heat transfer was estimated as 3.2 W/m® °C.

Those at foot and hand were bigger than other parts and thigh and
crotch were smaller. Estimation of clo value from heat loss, skin
temperature of manikin, and equivalent temperature were discussed

- here. Thermal insulation of chairs was also measured. OA chair
provides additional (.15 clo insulation and it is corresponded to the

1 °C lower neutral temperature.
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#= 1 Name and surface area of each body part to (C) =
: -

Name of part | Area(m’)
1 Left Foot 0.0446
2 Right Foot 0.0437
3 Left Leg 0.0892
4 Right Leg 0.0879
5 Left Thigh 0.1630
6 Right Thigh 0.1670
7 Crotch 0.1740
8 Head 0.1100
9 Left Hand 0.0397
10 Right Hand 0.0394
11 Left Arm 0.0490
12 Right Arm 0.0500
13 Left Shoulder 0.0736
14 Right Shoulder 0.0778
15 Chest 0.1380
16 Back 0.1270
Total 1.4739
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B 2 Sensible heat transfer from skin surface to
environment through clothing
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% 2 Experimental conditions for nude tests

Operative Temperature
Mean Radiant Temperature
Relative Humidity

Air Velocity

Clothing

Posture

19.8°C,24.8°C,29.7°C
=air temperature
approx. 50%rh

0.1 m/s (still air)
nude

siting
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#* 3 Experimental conditions for clothed tests

Operative Temperature
Mean Radiant Temperature
Relative Humidity

Air Velocity -

Clothing

Posture

24.7°C

=air temperature

approx. 50%

0.05 m/s(still air)

Sweat : Panty+ Bra, Long Sleeve

Sweat Shirt, Sweat Pants, Socks, Shoes
Normal : Panty+Bra, Long Sleeve Shirt,
Vest, Skirts, Panty Horse, Shoes

sitting
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Heat Loss (W/m"m)
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L. Foot

R. Foot ot
L.Leg | |

R. Leg
L. Thigh

R. Thigh

Crotch

Head

L.. Hand

R. Hand
L. Arm
R. Arm
L. Shidr. |
R. Shldr.
Chest |
Back |
Mean L

Bl3 Heat loss from each part of the nude body in sitting posture, for 3 different

operative temperatures
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Bl4 Heat loss from each part of the clothed body
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5 Combined heat transfer coefficient for each part of the nude body sitting posture
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Bd6 Total clothing insulation value (It or I.+1./f.) for each part of the body

t— R Vol 16

FH b AR



Sweat DA EHEAKREEEIT (1) & 1.27
clo, Normal (3 1.38clo &7 -7, LfE& L TH
HEFD 3 ReBE SR DFEE 0.81 clo ZH W 5
&, Sweat OfiH AL ERROFERBIEIT ()
12 0.58 clo, Normal 13 0.71clo LEH&Eh 3,

2. 4 BFORIEHR

KEBRIALIIEZ TITbh e, RA4CERSRH
A9, YERIBE X 24.8°C T, EASHIE 0.1 m/
sUTFTH-t. IMOBFHERICH VSN,
String JEHHBREERICHV O3 EROB
FTdH 5. K SMIRICE > TW3S, Simple BT
&, FEESRHOW O 1o AT Th B, OA

| e
fifid, A7 4 ATHVW SR TLAEFHREL S

DTH5H, LTI oAEHBER L THESS,

RTic3@oBficksyr—<r<ixFrhd
OBEEERT. MEIRETITON L, H,
KBEELDOBIRR PR ESE(LL TS T Ebh
5. RBIcBIEAK, BEE, FREEIVHEL
fe, REBREERERT. 2FICBL T
String, Simple, OA DIFT/NE 78 » 7z,

FOICEBRERAZRT. String I LT
Simple T 0.09 clo, OA ¥+ T 0.15 clo ®ZH»
Hot, Thxr05cloDK|EETVBE 7 4
B CHTIEY, PMV 2RV THIERE%

#F 4 Experimental conditions for chair tests

Operative Temperature
Mean Radiant Temperature
Relative Humidity

Air Velocity

Clothing nude
Posture sitting
Chair

24.8°C

=air temperature
approx. 50%rh
0.1 m/s(still air)
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7 Heat loss from each part of the body with three types of chairs
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8 Combined heat transfer coefficient for each part of the nude body with three chairs

%5 Clo value of three kinds of chairs

Type Heat Loss | Skin temperature | Operative temp. | Total clo (1)
(W /) Q) (°C) (clo)
String |  66.6 32.8 24.7 0.78
Simple- 62.5 33.0 24.8 0.84
OA 58.5 332 24.8 0.93

#& 6 Neutral temperatures for three chairs

Type Estimated clo | Neutral temp (°C)
String 0.50 clo 25.4
Simple 0.55 clo 25.1
OA 0.65 clo 24.5
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