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" (Rudolph Geiger, The Climate Near the Ground,
1950)

(Solar Radiiation)
(Electromagnatic Wave)
2
L (Solar Radiation)

149.5 X 106 km. 1367 | 2

1413 | 2 3
B 2" 4
(ASHRAE, 1997)
(Shortwave Radiation)
(Ultraviolet Region) (Visible Region)
(Infrared Region) 029 040 . 04
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0.7nm. 0.7nm.-3.5nm. 1 %, 39% 52%
(ASHRAE, 1993)

/ N
'] JANUARY

/' SEPTEMBER
/

31
(Environment Control System, 1993)

2. (Terrestrial Radiation)

(Long-wave Radiation)

(Direct Solar Radiation, 10)
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(Diffuse Solar Radiation, Id)

(Reflected Solar Radiation, I

(Total or Global Solar Radiation, [T)

T=D+Id+Ir Buh* 21 M2 s (1)
311 ; 0
0=1ncoso BUM* 21 1 2 2)
N =
0 = 1

(Incident of Angle) ;0 ID

5.7° . ) (Clear Sky) 285
BtuH* ft2900 / 2

IDN = AT(Exp(B/SINP) [ 2 s (3)
AB 3.1 21
P = (Solar altitude)
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3.1 Extraterrestrial Solar Irradiance and Related Data (ASHRAE, 1997)

Equation Declina- A B c
of Time, tion, (Dimensionless
|12 min. degrees  \\7nr Ratios)

Jan 14 16 -11.2 -200 1230 0.142 0.058"
Feb 1401 139 -10.8 1215 0144 (060
Mar 1381 -1.5 00 1186 0.156 0.071
Apr 1356 Il I1.6 1136 0.180 0.097
May 1336 3.3 20.0 1104 0.196 0.121
June 1336 14 23.45 1088 0.205 0.134
July 1336 -%2 20 6 1085 0.207 0.136
Aug 1338 L4 12.3 1107 0.201 0.122
Sep 1359 75 0.0 1151 0.177 0.092
Oct 1380 15 4 -10.5 1192 0.160 0.073
Nov 1405 03 -19. 1221 0.149 0.063
Doc 1417 16 -23.45 1233 0.142 0.057

Note: Data are tor 2 lt tlav of* each month tlurine the base vear of 1064.

312 !

(Clear Sky) 32 Buwh* f2(100 / 2
(Cloudy Sky) 95190 Btulh* 2(300-600 /| 2

- o | e ik i
f}f [ Solar allitude angle: 10°
4 A [T (RO FGAT |
2000 - _n! h‘T)l‘ | 1Beam: 94 Wim?  4.88Kkix
i

Sky: 137 Wim? 166 kix

! Y
% ‘ '\A Global: 238 Wim? 22 kix

b I
B J’\\ Sl |
250 50 750 1000 1250 1500 17 250 2500

WAVELENGTH, in

O=
B ]
™
i1
—_—
{
L
3
']
|

SO0 N QOO e

3.2 Comparison of Direct and Diffuse Solar Spectra for Low Solar Altitude Angle
(ASHRAE, 1997)



Alitude)

30

3.2 (Solar
10°( )
L
(Clear sky)
2 2
(
ld = k*IDNFsBtuh* f2, [ 2 4
k = Sky condition constant Clear sky = 0. 4 Lovercast
sky = 0.9 (Dreyfus, 1960)
Fs = (L0+cosE)2 £
313 I
(I
w = DNt kFSINP) Bh* fR2Iwim2 (5)
(Ic)
Iy = Ith* O9* FgBtuh* ft2, | 2 6)
Og = Ground Albedo Factor (0.1 0.2
,0.3 3.3

F = (10-cos£)/2



3.2 Factor

/ = \ = &
T T
Angle Factor of Horizontal Surface Angle Factor of Vertical Surface
Fs=(L+Cos0)/2=10 Fs=(1+Cos 90)/2=05
Fy=(-Cos0)/2=10 Fs=(L-Cos 90)/2=05
3.3 AlbedotRefiected ratio) (Microclimatic Landscape design,1995)

Ground Albedos of Elements Often Found in Landscape

Aot Ao
Sais &5 Weer 5-95
Mbigt derk caliveted .05 \Waer(gh  age) 5
Vbt gay 1020  Wder(ov  ane %
Dysandy 25-35 Urben Surfaces
W& sandly 20-30  Agphalt 5-15
Dysand dne 3075 Conoete 10-50
Vepetation 530 Bick 20-50
Qass 2030 Joe 20-35
Geenfields 315 Tarad ga rodf 8-18
Whet 1525 Tleroof 10-35
Meadons 1030 Sderod 10
Crgpard 1520 Thetchroot 15-20
Boan grassand 25-30  Comuggted irn 10-1
Woods 5.0 \hite paint 50-90
Deciouous forest 1020 Redboangest pant 2035
Coniferous forest 5.1 Black paint 2-15

Shamp forest i
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[t = (owoso) + (KIINFs + (IINOgFE)

(Solar Angles)
solar altitude ( P) =
solarazimuth ( §) = 1 1

cs OH = sin@3

OH=incident of Angle

/ /

(7

32
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B NGB Oy 9)
QS OV = cosp CosY (10)
0v=
Y = I
(Surface solar azimute) = <BW oo (11)
$ = (azimuth)
W = (surface azimute)

3.4 Surface Orientations and Azimuths Measured from South (ASHRAE, 1997)

Orientation N NE E SE NW
Surface azimuth, W} 180°  -135° 8 -45° 0 45 g 135°
90° <Y<270°
3.1.5

(Incident of Angle)

- Summer Solstice

- Winter Solstice
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TROPIC OF
CANCER (NN
233 mLar

1544 MILLION
km o

\(OUATONAL
PLANE
JUKE 21

DECLINATION
ANGLE § ~.

-
TROPIC OF
CAPHICORN,
23.5S. LAY

e ORBITAL PLANE
(PLANE OF THE ECLIPYIC]
SCPYEMOER 21

3.4 Motion of Earth around -~ (ASHRAE, 1997)

Summer Solstice
Winter Solstice

Equinox
12
A Vernal Equinox 23 Autumnal Equinox

3.2 ?

0.38  0.78 micron (380-
780 nanometers) Spectrum
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1 (Absorption)
(medium)
(heat)
incident \ i
Light A t
\\ :
\ Medium
4«\,_/\../*—)\-/\/*\/"‘-)
35
2. (Reflection)
Specular Reflection
(opaque material) (polish surface)

(angle of incident)
reflection)

Diffuse Reflection

(perfect diffusing surface)
(perfect diffuse reflection)

11

35

(angle of
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(semi diffuse surface)
(semi diffuse reflection)

: +
lncic‘.e& i // Reflectec

: % i 2 e
Light - i // Light

Ree ! angle A=B
Medium \ o ]

3.6 Specular reflection

Light % Light 2 e
; - )"" ~
N 4/ ;"J\ K
W
! ;fl Ve
z l‘(‘/’--l-'/‘/_//- "
’,1//1‘:‘_4-/" "__,.r-'
Megium Medium T

37 (a) perfect diffuse reflection & ( ) semi diffuse reflection



37

(Specular Reflection) (Diffuse
Reflection)
l i-:l:"n!\ <
hecium
3.8 combined specular & diffuse reflection
3. (Transmission)
(medium)
Absorptance + Reflectance + Transmittance =1 ..ooovvvvvvvvvvveenen (12)

(Transparant Medium)
(refracted) (bent)
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Incident Incident ;
"
\\\ Transparent Medium

39

(Translucent Medium)
(diffuse  transmission)

Si

"%, Incident Light

\ Transiucent Medium

A A A T ¥

o & { ~‘ 1

\,’/ » i Y %
\ ; } Lo
o} X

Diffused Light

3.10
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3.3 (Sky Condition)
1 (Clear Sky) 30%
2
(L)
3 E) (E)
(Ev) (solar
Altitude) (Solar Azimuth)
( \ CLEAR SKY

' NONUNIFORM LUMINANCE

l "\.\‘ S B T
i :‘//,)’/) iL

Yo ) z
g ;
{_~""Area of maximum

’ U e

T
K\\ o
\\

R ~ \'-‘
Area of minimum™_~

luminance,essentially

: uniform

R 3Lz -

311 Clear Sky
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2 (Partly Cloudy Sky)
30-70% !
L3
(Horizon to Zenith)
(En)
(EV) 251
v COMPLETELY OVERCAST SKY
> X (NONUNIF(&M LUMINANCE)
1IN .
CIE sky. o) y" <VN
'\ 7/ CIE \
Y . r25E \
/ {5k 3
3.12 Partly Cloudy Sky
3. (Overcast Sky)
70%
(Uniform Brightness Overcast
Sky) (Sky Luminance
Distribution) (Eh) (N

Ev)



i __.‘.'_ Unilorm bewtimness
St o e ot
s e — ONvrEaST Y
- ‘ ate
o Nog st 10mey
‘L Bos
N &
s
2
~

3.13
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Hopkinson (1966)
L

25°
[

2 [

- Overcast Sky

117 Lumens/Watt
90 Lumens/Watt

Regression Equation

(RAD: Btu/h*ft2)

(ILLUM: Footcandles)

E=104.8+ 31.007*1

(Buh* 2

4
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R-Square 097  standard error = 9.7 Footcandles

3.9 !

(Conduction Heat Gain)

Q = UAAT (14)
Q = ()
- (1 2K
A = (2
AT
("cw °F)

(Extended Thermal Comfort)

351 - (Sol-Air Temperature)
(Sol-Air Temperature)

{0-1COt/h0- E AR/hO (15



0 = (°0
oC =
| =
ho = '
£ AR=
Temperature
/
T
35.2 |

cooling load temperature difference ; CLTD)

43

Sol-Air

(total equivalent

CLTD
1) (Time Lag)
2) (Time Delay) (Thermal storage)
(Cooling Load)
g = UVACLTD s (16)
q = (cooling load) ( )

transfer) ([ 2K)

1 (coefficient of heat
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A = (area of surface) (m2
CLTD = (cooling
load temperature difference) (°)
CLTD
25.5°C
35°C Mean temperature=29.5°c
Daily rangeai 1.6°c
Outside surface film resistance=0.056 m2+k m
Inside surface resistance=0.121 m2*KAV
Clearsky 21
(Dark surface)
Corr.CLTD=CLTDH(25.5- tr)+(tm294) s (17)
tr=
tm= - (daily range)/2
CLTD
CLTD Transfer Function

Method (TFM)
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