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Surface F; Jlar Absc 7 J{‘ Emittance (E) | O/E Ratio
White Enamel onTron 3 0.15-0.4 090 0.28-0.50
Green Paint 0.9 0.56
e UHANENINENAT | o
Black Paint 0.9440.98 0.88 1.07-1.11
mackvéilaW’l ANTRARNINYAAY | o
A oil 0.15 0.05 3.00
Bare Copper Plate 0.20-0.40 0.40-0.65 0.50-0.62
Bare Steel Plate 0.65 0.13 5.00
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Solar radiative properties of materials

=h.
&
)

Yunus A. cengel. Heat transfer :A Practical Approach. International edition.1998: 969

Foil
Brick , red (Purdue)
Concrete
Galvanized Sheet Metal

Clean, new
Oxidized , weathered
Glass, 3-2 mm thickness
Float or Tempered
Low iron oxide type
Marble, slightly off-white
Metal, Plated
Black sulfide
Black Cobalt Oxide
Black Nickel Oxide
Black Chrome
Mylar, 0.13-mm thickness
Paints
Black(persons)
White, acrylic
White, zinc Oxide
Paper, white
Plexiglas, 3.2-mm thickness

== Autdne

0.79
0.88

0.87

0.27 0.83 0.32

NINYNNS

0.90

Roofing tile, bright red 2 7 |
Dry surface = ' L ‘
m=  ARIANASUURIINAY

Sand, dry q9 o ‘ R o
Off-white 0.52 0.82 0.63
Dull red 0.73 0.86 0.82

Snow
Fine Particles, fresh 0.13 0.82 0.16
Ice granules 033 0.89 037

Steel
Mirror-finish 0.41 0.05 8.2
Heavily rusted 0.89 0.92 0.96

Stone (light Pink) 0.65 0.87 0.74
Wood 0.59 0.90 0.66
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0.07-0.13

0.09-0.12

0.05-0.21
0.80-0.82

0.07-0.17
0.37-0.57
0.06-0.18
0.02-0.07

0.17-0.30
0.30-0.40
0.70-0.80

0.08-0.14
0.20-0.32
0.81
0.05

0.03-0.29
0.39

0.02-0.05
0.25

Emissivities of Surface
flan Yunus A. cengel. Heat transfer :A Practical Approach. International edition.1998: 967
In‘n‘"(Metals)
Material | Temperature(K)
TE{;@;WW I 300-500
| Polished 1 300-900 300-400
- Commercial Sheet 400
" Heavily Oxidized i 400-800 300-2000
Anodized 300 600-800
| Bismuth , Bright . 350
Brass 500-1200
Highly Polished | 500-650 450-1000
Polished ‘ 350 500-1500
Dull Plated 1 300-600 300-1000
Oxidized 450-800
Chromium, Polished 300-1400 300-1000
Copper 3 600-1000
i Highly Polished 300 600-1000
Polished | 300-500
Commercial Sheet | 300 300-500
| Ol | 600-1000 500-1200
| Blackosidized | 300 300
' Gold 300
{ Highly Polished ; 300-1000
" Bright foil | 300-2500
| fron 5 500
| s | &u&l’mmiﬂmn‘i
| ComeTin | Polished
o 'Q Ndtd "IN ﬁ El
- mﬂ ?ﬁu El
 Oxidized 500-900 064078
' Lead |
" Polished 300-500  0.060.08 ;
| Unonidized, Rough 300 Y |
| 300 06

Oxidized
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asnfiz4  uansguandAmmsnse mumm%’ammwfuﬁﬁ’ﬂq
Emissivities of Surface
°7i1n Yunus A. cengel. Heat transfer : A Practical Approach. International edition.1998: 967
plavy (NonMetals )
Material Temperature(K) Material Temperature(K)

Alumina 800-1400 0.65-0.45 Paper, White 300
Aluminum Oxide 600-1500 0.69-0.41 i 300 0.93
Asbestos 300 300 0.92
Asphalt Pavement 300 300 0.93
Brick

Common 300 300 | 0.93

Fireclay 1200 300 0.86
Carbon Filament 2000 300 0.90
Cloth 300 600-1500 0.87-0.85
Concrete 300 300 0.95
Glass } 273 0.80-0.90

Window 300 300 0.93-0.96

Pyrex 3001200 300-500 0.95

Pyroceram x 300-1500 300-500 0.85-0.92
Ice 273 273-373 0.95-0.96
Magnesium Oxide 400-800
Masonry 300 300 0.94
Paints 300 0.90

Aluminum 300

Black, lacquer,Shiny 300

0il, all Color | 300

Red Primer 300 ‘. —y 1

White Acrylic 300ﬂ u H ’J m H V i

White Enamel | 0.90 ¢

AR1ANN

2.0 3 X iy 1a ¥ B o
20N 3 Ainanni ugaeuinvesnuia Tag 3dhinea desiuiie Yaa antuiagvia

U : & W 4 &
Pefuiindey (Coating yNuRIMEvONUANMIINY dewalinaanifnisgadussdnauay, ms

N32018NN3BU 1AZOATIEIHILHI MM IgANAUIIENUN 1IN TZ0 BN U D UIANAIIN
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MANYAN 30UV IaR (Heat Capacity)
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AA1IZUAVAVIY (Thermal Comfort )

B.Stein (1982) limsfianau “nngidinensdugungil ( Thermal comfort )”
A anziie ywd) lifdnihauesgydoanudeou nieldsuanuiousnnanmuiadey

Ad a A A A o

Huannmzhfianuaugamesdugungil nieseninswmenuanwadou

& N o H = 1 {

3 P.0. Fanger (1967) wuiiledeiiianinadearmidnauovesuypdluaniizi
F1munddl 6 flode Tavilsznoudaoiledomeduyana 2 ede uazilelonsdunadou 4
o o &
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= Fofritoawld (Cloth-value) A
J @ v
" AuFUFUINS (Relati A @mﬂwapor Pressure)
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a [ o . daa & v a J
M39N 2-5 UAANDA I IN N INAIYWAIIH( Metabolic Rate) MNAYU L IZAUNINTINAINY

Activity Metabolic rate M/A; | Mechanical Efficiency | Relative velocity
Kecal /hrm’ n M/s
Resting
Sleeping 35 0 0
Reclining 40 0 0
Seated, quiet 50 0 0
Stand, relaxed 60 0 0
Walking On the level km/hr
3.2 0 0.9
4.0 0 1.1
4.8 0 1.3
5.6 0 1.6
Heavy weork
Pushing Wheelbarrow ( 57 kg at 4. 0.2 14
Handling 50 kg bags 0.2 0.5
Pick & shovel work 0.1-0.2 0.5
Digging trenches 0.2 0.5
Domestic work
House cleaning 0-0.1 0.1-0.3
Cooking 0
‘Washing dishes, standing 0 0-0.2
Washing by hand and ironing 0-0.1 0-0.2
Shaving, washing and dressing 0 0-0.2
Typing(electrical) 30 0 0.05
40 0 0.05
T7yping (mechanical) 30 0 0.05
ﬂ u 0 0.05
Draughtsman 0 0-0.1

=h.
=
-
T
il e
- Pred
q,

(New York : McGraw-Hill,1970), p.24-26
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MINA2-6  HARIMANNAIUM 19 04&-,

othing Ensembe \

Icl

clo

fcl

Nude

Shorts

Typical Tropical Clothing Ensemble :
Shorts, open-neck shirt with short sleeves, light soeks ag

Apollo Constant Ware Garment ( astronauts) : _
Light cotton undergarment with short sleeves and ankle 1¢ng 5, dotton 506k

Light Summer Clothing :
Long light —weight-trousers, open neck shirt with sho

Light Working Ensemble :
Athletic shorts, woolen socks, cotton work shirt (open-n

U.S. Army “ Fatigues”, man’s : :
Light-weight underwear, cotton shirt aj

Combat Tropical Uniform : 1'
Same general components as U.S. Army ﬁﬁs but
resistant, poplin

Typical Business Suit

o ﬂumwﬂmwmm

Cotton shirt, trousers, T-shirt, sh socks, shoes and single ply pop? (cotton and dacron) _packet

0.3-04

035

0.5

0.6

0.7

0.8

1.0

15

09

T e b N ANBIRNQY

jacket and vest.
U.S. Army Standard Cold-wet Umfonn
Cotton-wool undershirt and drawers, wool and nylon flannel shirt, wind resistant, water repellent trousers and field coat,
cloth mohair and wool coat liner and wool socks
Heavy Wool Pile Ensemble :
(Polar weather suit)

1.5

1.5-20

34

1.0
1.0

1.05

1.05

1.1

1.1

1.1

1.1

115

1.15

1.15

1.15-1.2

1.3-14

1.3-48

=h.
=
|

P.O. Fanger. Therma
(New York : McGraw-Hill,1970), p.33
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1NMSANBIYOS Goldman (1978) ININVILAUNINTIY wazidefmuh
o o W A " 1 é, 9 Aty
. dm3UszAUNINTIU Light Office Work 100-200 Kcal. uazyanaaiu laideinian
AMUAIUNIU 0.6 Clo-Value Yaaaszasegluanizvitauield wilimsndsunilas
un3eana Clo-Value 0.1 Tasmsan n3owy gungiieInia (GBT = DBT) 1°F
. fInSuszAUNON I Higher WorKer Level. Llﬁzuﬂﬂﬁﬂﬂn.lﬁléﬂﬁ’lﬁﬁﬁ‘lﬂ 27U
AUNTU 0.6 Clo-Value yanaszasegluaniiziiaueld wilimsnwdouulasng

¥39aAf Clo-Value 0.1 Iagnsan nIomn gungieInid (GBT = DBT) 2°F

/ a Y o S
)&wammﬂu‘lauﬂummﬂwn

LhEbh WagINNMBYBIYAAD 1ag :

233 anueuleiluemea (va

NAMIANYIUBY Le R

WNAABN1IZUIALIY WUIA

- own e

a a Am o : A a ml
WA 2-3 werasdninaveganuduloihlypimea delinadoanuidnvosyana
o ARHIRERINYINT
ifhiatic Design : Energy-Efficient Building Principl ice.1983, p.27
| a Y,
BB TSN T IEUHATVINE TN E
q i
A ama a A o @ °
AUz IanauIULTInT (Healthy)  TszAuanuaulent  12-16 millibar.
v 14
Auvzidneay ( Soothing) fszauanueulon 12212 millibar.
0 14
Auzddndutd1  (Depression) nszauanuanleod  21.2-26.4 millibar.

kL

' a s a Y 4 v e
Auvzidngoumdy (Debilitating)  NszAuANAUION 3ANI1264  millibar.
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NTiA1gendt 17 M0 18 millibar. i Iiyanaidnmels liseniliesnindiuialelu
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234 ANMSIAN (Wind Velocity )
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ni"uﬁauwmm? \ @nwfﬁﬂwummmmnquw f
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ﬁl B SHERTO R R (1T

anuianduas(°c) = 0.381v + 0.016rh?

18959 anuidnduasnd
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MINN2-T  HAAIANNTUNUE 521914 Indoor Air Velocity tazComfort

anudiau amdantumanlasunlasqamgi Waile10idniu
0-50 pm  WidenulGeunlacluanud@nieme  himnsedunald
50100 fpm @ 23°F e
100200 fom #WA 4-5°F Taoa 1 @naue uasudhiimsindeulnaveseime

200300 fom AN 57F Anflauiadnilon sudsidngnsunau
fp 9

gandz00 pm  AnAnd S7F

fn Stein, Reynolds, MaGuiness. Machanicakand-Blectiical EquiBment for Buildingsddition 7 (New York : John Wiley & Sons).1986, p.38
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24.1

24.1 ﬂ’liﬁ‘m’JinuHQﬁm?;ﬂ‘UtN“ﬁuﬁ’ﬂﬂtﬁﬂ‘umﬂ Plane Radiant Temperature
Tae Krosgaard

242 fwHan1ILuIaUIY Predicted Mean Vote (PMV) 1ag Predicted Percentage of
Dissatisfied (PPD)” Ia# P.O.Fanger

243  Inennus “wansenuvesdmis wazuamsneludemsaie anudeudng

4 Q(M @
917157 1A0 WIONT A IAA NIUZATNE

MsmIngunglinauven e Radiant Temperature
1 (MRT)A263%3 Plane Radiant
Temperature (,) Q110 Fasznoudie 6 Aiame dun
YU, a9, 419, ¥, ¥
dmsuldermsneglu
+0.35[ ¢ _(front) +¢ (back)]}
dmiudldormsiiogludnuasy ARTamOI0M Idnnaums :
= {0. 18[t V—" wn)] +0.22{7 (rig ;.J' tP,(ﬁ'ont)+tp,(back)]}
m 0.18+0.22+0.30) m
bR wgg
A5ATUINY I8 The Mean Radiant Temperature (z NAUNIT :
Tay
T, qmnqﬁmﬁwew{uﬁﬂﬂumn K
Ty qmnqﬁ‘ffuﬁwmﬁuﬁa N K
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Angle Factor 33194 1901015 AUNUR2 N
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Fa12 =_1_ [ X tan'l y + y tan'l X ]
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