' 14
| 4 (External Heat Gain)
!

1.

2.

3.

(Building
Envelope) , 2
1, (Fenestration)



(Beam Radiation or Direct
Solar Radiation)

(Diffuse Radiation)



(Total or Global  Solar

Radiation) I
(
)
(Zenith Angle,@z )
(Solar Time)
(Local
Time) ,
(Solar Time) = (Local Time)
t4(Lat-Lioc ) + .o (2.1)
E (Equation of time)
2.1 (2.2)
Lst
105 ; Lioc

E = 9.87sin2B - 7.53COSB - 1.5sinB . (2.2)



= 360( - 1)
364
- 14 4 365
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(Direction of Beam Radiation)



(Latitude)

-90° <0 4 90°

(Declination)

-23.45°" & < 23.45°

(Slope)
0\< 3 4 180% (» > 90° )

(Surface azimuth angle)

(Projection)
(Local Meridian)

*

-180°<"71, %1807

(Hour angle)

15°

(Angle of incidence)
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(Zenith angle), (Slope)
(Surface azimuth angle) 1 2.2
(Declination), 6,
= 23.45sin(360.284 -) . (2.3)
365
2.1 2.3)
1 ! 01
cose = siné)sin0coss - sinfcososinscos T
+ cosScosOcospcosw + coscSsin0sinpcosTcosaj
+ cosOsinssinTsinW o (2.4)
(Solar

azimuth angle) , Ts,

2.2

. ez, =

0S¢z cosScos*cosw + sindsinp
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Normal to
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un
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| ! Y |
+ / l - : Declination 21°
/ [ \ 1 Sunset 7:£0 p.m. (summer)
—-10 / ’ I j‘ 4:10 p.m. (winter)
o y l : | ! ‘ \ 8.3 h{ (winter)
= 1 <
D
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Cdiretion
o

DOay length 15.7 hr. (summer)
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2.3 o



(

J

;oA

rise or Sunset Hour Angie), » "

(2.5)
0Z 905
cosllg = -singsinSs
COS0OCOS

N = 2COS"1(-tandtan0)

15

Whillier

pal

0z

-tan(3tan<s

(4)

(2.5)

— (2.6)

(Nomogram)
2.3

Recommended Average Day" for Each Month [from Klein (1976)]

and Values of by Months

for Itn
Month Day of Month"
January i
February A +1
March 5 41
April 90 + 1°
May 120 + 1
June 51+ 1
July 18L i
August 212 + 1
September 43 + 1
October 213+ 1
November 304 + 1
December 334+ 1

For the Average Day of the Month

Date

i
16
16

15
15

11

i
16
15

15
14

10

, Day of Year"

i
47
75

105
135
162

198
228
258

288
318
344

6, Declination

-2

0.9
13.0

-2.4

9.4
18.8
23.1

21.2
135

2.2

-9.6

-2

18.9
3.0

“The average day is that day which has the extraterrestrial radiation closest to

the average for the month,

4These do not account for leap year; values of « from March onward for leap
years can be corrected by adding 1 Deciination values wail also shift slightly.



(Ratio of beam radiation on tilted surface to that on

horizontal surface)

2.4 AB CD
In '
02z g
e — D
L8>
I, ] \W/
\\“i £
2.4 In
Rb
R = It = Incose = cose ...(2.8)

| Incosez C0S 01z



(Ratio of

horizontal

cose C0S0Z

total radiation

surface)

on

tilte d

surface

to

that

(2.4)

on

14



It

It

15

2 2
lbRO + 10 e (2.9)
It lbRb + Id :2.10)
1 ; I
(2-9) 2
ld (:vcose 2

(1b +1d ) (I-cos£)y9/2

IbRo + Id (l+cosfi) /2 + (Ib+1d) (lI-cos™)y9/2

(2.11)

013816
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o BTN
/o \\*
R = bRy + Id/"I)(l+cos'}»§y)/2 + (l-cosB)Y/2
_(212)
3= Jr: '
) Liu Jordan (4) ! Pz 2

o=10.7 1 \

D (Transmission of radiation)

(extinction coefficient?)

K
K 4
(Reflection of radiation)
Fresnel (4)
' (Unpolarized radiation)
1 2
rt = sin2o2-01)

$in2 (o2 +o1 )

L (2.13)
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r,1. = tan2 (62-61) oo (2014

tan2 (02+01 )

r = lr_ = [(r, +r") ... (2.15)
| 2
I Ir
01 (2 ,
2.5
Medwum | ;/ N
Weaum 2 I\
\
2
2.5 , 1 2
(2.13) !
(perpendicular component or unpolarized radiation),r,
(2.14) ! (parallel
component of unpolarized radiation), rj| (
)
(2.15) !
01 02
(Snell's law)
1 = Sino2 . (2.16)

2 SinGi
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2.6

c (L1, )2
r,(l-r j.)

o = (kg )20 = (1-n)2 = Ln .(2.17)

2.6
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ze = 11l-tu + L-rii ..(2.18)
2 [I+1) 1411

(Absorption of radiation)

(Bouger) (4) 8

dl

O A < A RN T— (2.19)

K
(Solar spectrum)

(2.19) Xi=10 X = Llcos 2
Ta = | = e-kL/scosS2 .(2.20)
I
a
K 4‘ ']- )
(water white glass) 32 nrl (greenish

cast of edge)
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(2.17) , L
M , 0C,

i1 =Ta(l-ri )2 =Ta ;l-r-1-r,2 . (2.21)
'"1-<r|Ta)8 (Itr, ] 1-(r,1Ta)2

[ =rj + (I-rii )2=5m = r,Ll+raru) (2.22)

|~(r]{ra)2
1 =(1-r.) I-m (2.23)

-r1Ta |

(2.21)
1 Ta
0.9 «

r Tarr (2.24)

(2.23) 1
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X = ,2.25)
= 1-QL-V

V=" a1 - I _(2.26)

(Transmittance
for diffuse radiation)

I (Isotropic)

(equivalent angle)

Brandemuehl Beckman (4) 2.1

(effective beam radiation
incidence angle)

90 - 0.578813 + 0.002693A L(2.27)

59.58 - 0.13880 + 0.00149782 (2.28)

~
D
11



79

20

85

Ciffuse from aqrouna

Elfecuve incidence ungle, 0,

(Fenestration Heat Balance)
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il 2.8
It + Uf(to-ti) = qfR+afs+qfT+qfRCo+qfRci
. (2.29)
qfR,qf S qf T
It ! )
Uf ' to it
qf , qfRCo
qfRci !
qfR
Brco
+
qgf = H + gfRcs ...(2.30)



2.8

Ni

»

OUTDOOR TEMP.

INCOMING
SOLAR ~_
RADIATION N

\\

IMClDEuT//\

aNGLE® |

——

-
REFLECTED SOLAR RAOIATION

QUTWARO ME AT FLOW =
8Y CONVECTION anD 5
RaDIATION

24

Ht +Ni (OCIt )+Uf (to-ti )

INOOOR TEMP.
= INWINO ME ftl FLOW ar
( CONVECTION UNO
NS HAOIATION
NS, i
aoiaTiON
%
3 1
+ 1
1
+ .
1
1 1
»

Ni

Uf /ho



25

(2.31)
+
qgf = rit + Uf (to-Cl 2.32)
qof = o
Foo= '
F 1
F = r + Uf06ho 2.33)
F (2.32)
qf =rit + UfO.It + Uf (to -ti ) o (2.34)
ho

(2.34) UF(XIt/h,
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" rit | Ht)

gf = It + Uf (to-ti) _(2.39)

{Solar Factor and Shading

Coefficients)

' 3 mm.

(Shading Coefficients, SC)

3 mm.

3 mm.

1 (2.36)
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(Effective Shading

Coefficient of External Shading Device)

¢ = SCi x SCs (&7 3
< = 1
SCi =
§C2 = *
4 -
in 3 . (Solar Factor, SF)
X .. (2.37)
qf = Uf (to-ti ) + SC.SF ... (2.38)




(Sol-Air Temperature)

qw/A

qw/A = oclt + ho (to-ts) - £AR

to - ,dC
ts = 0C

AR =

- wim2

te

gw/A  — ho (te —ts

28

%

__ (2.40)



AR

(One -

2

(2.39) (2.40)
te = to + (XIt/ho - £EAR/h0 e (2.41)
63 w/m2 £=1 ho = 17
-3.9°%
AR
am
I 1
AR =0 ‘

(Equivalent Temperature Difference)

(Transfer Function Method) (5)

Dimensional Transient Heat Flow)

(Equivalent Temperature Difference, TDeq)
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e.T = A\N[Zvobn (te N 'OU) — 2gfnawe .c-aA  — tr C2 Cn 1
Aw
_ (2.42)
Aw = ‘ . m2
qwe L = ,
z = ,
A = .
te . z-oa = r-nA, °c
trc = . °C
bn , Cu,dn (Transfer Function
Coefficients)
3.7
] ho = 17
wim2°c “ hi = 8.29 w/m2°¢c “ ho = 17
‘ ho = 17 wm2°C
() (Equivalent

Temperature

Difference)
1
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qw — Uw X TDeqg oo (2.43)

(2.38) (2.43)

)
1

UwXAwxTDeq + UfXAfXxAT + AfxSCxSF ....(2.44)

Uw =

Aw = , m

TDeq = ——¢

uf = )
W/m20C

Af = ;2

AT = C

sC = (Shading
Coefficient of Fenestration)

SF = (Solar Factor), w/m2
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