optic optic

optic

(overall heat transfer coefficient, U-value)

inward-flowing fractions

[5,7-9]

(surface  temperature)

Klems [10-15]

34



optic
optic
31
2
L (thermal energy)
2. (solar energy)
q=Ue(t0l -Tin)+(SHGC) 1,03 (3.1)
q 2
" , Wim2-°C
Tout ,°C
Tin ,°C
SHGC Solar Heat Gain Coefficient

1m total irradiation ,w/m?2

18



(direct radiation)

(diffuse radiation) 3.2
Mtotal = Idir 'COS 0 + |diff (32)
I , Wim?2
| difr , Wim?2
6 , degree
31
q= o - tin)+ (SHGCd)-Idr «cose + (SHGCh) | diff (3.3)
SHGCd SHGC
SHGCu SHGC
311 SHGC
inward-flowing fraction outward-flowing
fraction
34
SHGCd(e, 4)= Tfile<p)+ "NiAf(e, &) (39

SHGCd Solar Heat Gain Coefficient
THA directional-hemispherical transmittance



Af directional front absorptance  layer i
Nj inward-flowing fraction

9 azimuth

M

X

DN R 7 8 oo
- 4. -0 4=0
outside inside
fincident light) down (transmitted light)
31 azimuth
34 SHGC
optic
m Af Matrix Layer Calculation
Klems [10-13] optic
layer
Nj layer

3111 optic



3.2

'|'1lﬂm. m (UH 21

K
SRS (% asee wasic w0

32 [31]

3.2 optic

(Bidirectional distribution function)

directional-hemispherical properties

VINIILIAK ELINO ILSI, 5 scatt, ceys foc ¢ach lacident, Zatzan:e sagle: 208,9.947

1936-27-17 ET:JIS

3.3

2

34



22

Reflected

w\ %&;oﬁd el
(7 N\

incident A

y4
T g
\ { /
suolid angle\ 2 T A 4 /
N Opéxcal surface for the
dafintion of biconkcal
/ / lefectance and
/ / fransmitance

B
! \
Transmiled|
sald angle

33 bi-directional properties [31]

\ _Concalsoid
\ " Aangs ot inc derce
s

7/, \
AN
N\ A
X .(‘J;-:, A
\ lars iy
e 4‘/ e
3 »
Y ;
— NS
\
\\‘/

,\!—-_/
Hene {Statical ' aiir]
li iCfe Ui ernepexe

34 directional-hemispherical properties [31]
34 optic SHGC
directional-hemispherical properties
directional-
hemispherical properties (bi-directional

properties) 35 36

Tm=-ut A-TAIN (35)



RM= Toxany

T={1 1 . 1
AQLcos(e*) 0 0
A 0 AO? cos (87) 0
0
0 0 AQ" cos M
m directional-hemispherical front transmittance
Rm directional-hemispherical front reflectance
t; {M  bi-directional front transmittance
mp  bi-directional front reflectance
1 auxiliary row vector
A propagation matrix
AQ solid angle
v
layer Calculation Klems [10-12] 39 312
=T (- ARR ys A-RM)
H
D f ~AIRm aRm| | m[})

im}

Avrm A VLM 1)

W = gy AR A-RMIMA®T ATD

™, M
TAIM
R™{M

;ar L {IMb atm

bi-directional front transmittance matrix
hi-directional back transmittance matrix
hi-directional front reflectance matrix

M

23

Matrix

(3.12)



AM,{i m}
Tjf

Tjb

g

Rb

bi-directional back reflectance matrix
bi-directional front transmittance matrix
bi-directional back transmittance matrix
bi-directional front reflectance matrix
bi-directional back reflectance matrix

M
layeri
layer

layer i
layer i

M

[aM ]_A'RiL{LMA RMHAMIF AT

(3.13)

> (A RMFMIAIRIADY -AIRMHM

M= aM i1 A R oA Ry AT
A (-A R4 LIA RV o

A-

A-m
AbM
Af
Ab

3112

T} VA UMMy

directional front absorptance
directional hack absorptance
directional front absorptance matrix
directional back absorptance matrix

inward-flowing fraction

inward-flowing fraction

effective layer

Rtot

(3.14)

layer i
layer i

inward-flowing fraction

(3.15)

. m2/

24
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312 SHGC

35
Horizontal line -J
Glazing system
Ground
35
SHGC diffuse SHGC
( ,Upper)
( . lower) 2
diffuse SHGC
shgCd = SHGCps + ,-SHGCpy (3.16)
=901 3.7
it )

SHGQ)  diffuse SHGC
SHGCps  sky-diffuse SHGC
SHGCdq  ground-diffuse SHGC



G
p effective ground reflectance
i totl total global solar intensity, w/m2
| ciff diffuse solar radiation, w/m2
SHGQjs SHGQx; SHGC
matrix layer calculation 0°<0<90°, 0°< p<180° 0°<0<90°,
1800 < $< 360 ° weighting function 3.22
3.23
SHGCds =1 1 (ei,9))-SHGc(0i ) 0°<4<180° (3.18)
=i =
SHGCdg =1 1 (0i,4>))-SHGCGj,<t)j) 180° <(|)< 360°  (3.19)
=i =
m 0° <0<90°
azimuth
weighting  function 31

weighting function

31 angular weighting function

0 & Angular weighting, (0}, %)
0 0,30,60,...,360 0.00028
15 0,30,60,...,360 0.02156
30 0,30,60,...,360 0.03736
45 0,30,60.,...,.360 0.04314
60 0,30,60,...,360 0.03736
75 0,30,60,.. .,360 0.02156
90 0,30,60,...,360 0.00028

3.2



3.2

313

32

321

effective ground reflectance, p

20 30 40
031 031 0.32
0.22 0.22 0.22
021 0.22 0.23
0.20 0.20 0.20
0.14 0.14 0.14
0.09 0.09 0.10

34
optic

(uncoated glass)

optic

50
0.32
0.23
0.25
0.20
0.14
0.10

4]

60
0.33
0.23
0.28
0.20
0.14
011

Furler [28]

21

10
0.34
0.25
031
0.20
0.14
0.12

(3.20)

(homogenous)



transmittance reflectance
transmittance reflectance

, refraction coefficient, extinction coefficient absorption coefficient
optic

reflectivity reflectivity
transmittance reflectance
321 3.22 [28]

p=Tx(0)2-R x(0)2 +2Rx(0)+l (3.22)

pX reflectivity X
T\(0) transmittance X
Rx(0) reflectance X

reflectivity

refractive index

et
extinction coefficient
A1Mo)-Pl(o)i
k-7 P,(o%Tx(cg) ) (3.24)

X U A,nm

Imm



absorption coefficient

2y = 4dnk\ (3.2~55\
Snell’s law
snl 0 (3.26)
y nw
G . degree
0 , degree
reflectivity
_l({n cos0-cos G 2, nxcosg-cos0 2
p.(6)= 2 lcos 0+ cos ¢ 1cos C+¢0s 0, (327)
transmittivity
T,(0)=1-px(0) (3.28)
(transmittance) (reflectance)
329 330
10 (€ dosg)
Tx( )-1—p ﬁ/l) (2> dl s (3.29)
A0). 6-, deosg) (3.30)
0 X
0 X
(transmissivity) 0

Px (reflectivity) 0

29



3.2.2 (coated glass)

optic

(regression analysis)

Finlayson [1] 2
L transmittance 0.645, t(o0) > 0.645
T(e)=T(o)xiclr(e) (3.31)
RE)=r(o)X(l - pdr(e))+ pdr(e) (3.32)
2. transmittance 0.645, t(0)<0.645
T(0)=T(0)xxbnz(0) (3.33)
R(e)=R(o)x (L- phre(e))+phre(0) (3.34)
Tx(0) = T0 + T| cos(0)+ t2cos2(0)+ t3cos 3(0)+ « cos4(0) (3.35)
Px(0) = Po + Pi cos(0)+p2cos 2(0)+ p, cos 3(0)+ p4 cos 4(0)- 1(0) (3.36)
X clr bnz
3.3
3.3 [1]
0 1 2 3 4
Agr -0.0015 3.355 -3.840 1.460 0.0288
Pdr 0.999 -0.563 2.043 -2.532 1.054
Nz -0.002 2.813 -2.341 -0.05725 0.599
Pz 0.997 -1.868 6.513 -1.862 3.225



A

33 optic
331 optic
[3,25]
(
)
Chantrasrisalai [26]
(direct-
direct transmittance) optic
(diffuse-direct transmittance)
Klems [24]
Klems
azimuth
azimuth
optic azimuth (
) optic
4 optic
azimuth 2
Tm=f,(e)f2(4 (3.37)
Tm —(cq + C|0+C20" +¢30" +Ca0 )o(d0 + >+ d2qr) (3.38)

3.38



32

T =3q+a $ta2d +a30+asof+asuff* +3602+2a202( (339)
+28024P +2903 +2,003¢+a,,03qP +a]204 +2,3049+2.40442
Rffl =0 +hi<j> +b 22 +b30 + b40) + b 502 +b 602 +h 7024 (340)
+hg02(2 +b903 +b]o03f)+ b|| 032 +b,204 +h 1349+ b e 42
aj,bj
Afi=1 J _RMH (3.41)
3.4
34 optic
0° < () <180° == £< 360°

an b, a b,
0 0.4269 0.3378 05018 0.3204
1 0.4985 xio0 -3 -0.5813 x 10~3  -0.2708 x 10“3  +0.4653 X10"4
2 -0.6354 x 10~5  +0.4785 xI0~5
3 -0.3448 xi02  -0.2355 xI0"1  -0.8508 x10'1  -0.2046 xI0-1
4 -0.5145 x10'3  +0.3656 x 10-3  +0.3379 XI0'3  +0.2266 XIO*4
5 +0.3998 x 105 -0.1594 x10-5
6 +04439 v 103 +0.1583 x 102 +0.2358 x10~2  +0.1379 x 10~2
7 +0.1243 x 10°5 02113 x 104 -0.3848 x 105 -0.5151 x10~6
8 -0.2436 Xio**7  +09037 x 107
9 -0.1005 xio4  -0.3421 xI04  -0.1546 XI0-4  -0.3060 xI0~4
10 +01179 x 10~6  +0.4942 x10~6  -0.7402 x 10~7  +0.2974 x10~8
i -0.4911 x 109 -0.2404 xI10'8
12 +05484 x10~7  +0.2268 x 106 -0.1185 x 10~7  +0.2078 x 10~
13 -0.7500 x 109 -0.3376 xI0-8  +0.8473 x 109 +0.6115 x 10
14 +0.2925 x 10" +0.1772 x 10*°



3.6

3.3.2

[27]

%N KN R

3.6

optic

flat plate

33



1 ab

2 be

3 de

4 ef

5 ad

6 cf
Gi=zi>ilj (3.42)
G; i/ /1R
Jj radiosity I, w/m?2
Fi view factor

radiosity ( )
Jj = 6/00" +(I -G (3.43)
view factors Hottel’s crossed string method
-1 £ X y Z US« (3.44)
Z X$» crossed string i
25 0] uncrossed string I
Li i
ad  cf
view factor

3.5



3.5

3321

33.2.2

ab
a
ad
ae
af
be
bd
be
bf
cd
ce
cf
de
df
ef

30w

-pS

ps

P 2+(de)2-2 ps -(de)-sin(c))
P2+ 2-20pse -sin<)

ps

P 2+ (ah)2 +2 +ps «(ab) #sin(<j)

P2+ (2ps -

)2- 2 ps-(2ps- N

P 2+ (be)2 - 2 eps -(be)-sin(4>)
P2+ 2+2epse -sin()
P 2+ (ef)2 +21ps -(ef)-sin(<]))

ps
pS

W-

N

(3.46)

1)

35



Thz-n —

Gfro ,

Rf. ..

G front

Af_ Etop(AIGI + A G, )+ Sxtn (A, G, +A.G.)
Afront Gfront

5

A Afrort Gifort - Afrart Giront ~ A. G, —Af(If

M=l g

3.3.23

Th= A —

Ghack

Rb=-~-
A3hack

36

(3.47)

(349)

123

(350)

(351)

(352)

(3.53)



354 355
_gtop(A|GI + A2 2)+ ghotom (A 3G 3+ 4 4) AoA
A6 N back
Ab=1-" —"¢" (3.55)
G back
3.54 3.55
optic
3.4
1 Finlayson [1]

Finlayson

effective layer

31

37



_ -e,-,) 1(0,-e,4
o - (@) L0pe

Qi net heat flux,

0l

Rj

Qabs.i

Qabsi =Am ldr

Am

| cir

38

(0 ) ¢c 0 ) ™
, 0 . ®» | 8 *
layer 2

(constant environmental conditions)

(steady state)
) qabsi =0 (356)
w/m?2
!
. m2 klw
,W/m2
(3.57)
45 azimuth 90
. wim2



layer calculation

Q5 =05519:| +er.IQ;ky +T,Q5

QSI
G

£
R51
T4

Qtky

0B

displacement law [32]

Stefan-Bolzman constant, W/m.

Xmex T =2897.6 pm

K

Swim.

| 12

3, wim?

, pm

s

39

Matrix

(3.58)

Wein

(3.59)

(3.60)

(361)



3.59 361
(
)
( 300 K)
)
(infrared)
(opaque) 3.58
362 363
Qs2i-1=E 2 -100 2 -1 +Rs2n-1Qs2n-2 + Ts2nQroom (3.62)
Q2 = 2 2,+Rs2,QLm +Tén 1Q[N.2 (3.63)
Qs2i-. =es2i-0s2i-1 + Rsi Qsi-I (3.64)

Qs2i =e 2ia0s2i  Rs2isi+ (3.65)



41

(matrix form)

L 0o 7, 0 0 0 Eslrsl +RslQsky
0 1 .Rg 0 0 0 ., £202
0 .rg I 0 00 o, £303
0 0 000 " BkZ 2 0 4w e 212 @2n-2
00 0 00 .o 1 0 oL Al 2l Ts(Quom
00 0 00 *wnt 0 1 40 a;n@n R 2Qom
(3.66)
kifei}=1Sj} (3.67)
My infrared transfer matrix
Qg radiative flux
S radiative source vector
My optic
(infrared transfer matrix) S

(radiative source vector)

radiative flux

M- M % ) (3.68)

3.66

delta = 9°¢ ~ (3.69)



Qs

0; =00 -delta =123,

source strength vector

02- =0
Q52 = 0]
3.68
3.4.1
(environment)
3
3.4.1.1

Qre, =hr(0, -e0)

h_

qd
hr

hrou

Qne,
0 -e.)

Qsky -Qsi
Gy - 0|

I 24c)

(3.70)

(3.71)
(3.72)

source strength vector

37

(3.74)

. wim?2

(3.75)

42



nrin= 8%3%0&

L. Q2i-Qf
LRI~ Do - hiad

« Q212 ~ QSn
Hr,m - 2 _2::%32_1

3.4.1.2
4
L
2,
3,
4,
3.4.12.1
Finlayson [1]
(windward side of the building)
h0 =8.07 V0GB V>2 mils
h0 = 12.27 V<2 mls

(leeward side of the building)

h0 = 18.64(0.3 +0.05 v)° 6B

(3.76)

(3.77)

(3.78)

(3.79)

(3.80)

(3.81)

43



Vv , mls
34122
p = (382)
k thermal conductivity A
0 , mm
Nu Nusselt number
Nusselt number Rayleigh number [1]
0.091
Nu= 1+ @.0303 Ra 0402 (3.83)
Ra = Gr «Pr (3.84)
Ra Rayliegh number
Gr Grashof number
Pr Prandtl number
Gr_gppVAOQO (3.85)
2
A0 , K
g , m/s2
P , 1K
P , kg/m3

44



pe)=pZB+ " *0ave

Gae =0.5 x(eleft +eriglh)

p2i
dear
3.6
[1]

Prandtl number
34.12.3

[17,19,23]
3.

213K

213
3.6

1.290
1.73e-5
0.0241

0.720

K

213 K

213 K

(3.86)

(3.87)

-0.0044
10.0e-8
1.66-5

0.00180

[18,20,27]

45



Collins [21]

qolly =-77.761 +1.309 -b +2.178 +Tg +16.17 *£1 +5.083 -Eg -0.339 qb
-17.337 +cos §—0.034 b2+0.012 b-Tg -0.393 b-Eb+0.009 b qgb

+0.810 b cos ¢+0.014 -Tg -0.182 «Tg eb-0.212 +Tg -Eg +0.002 Tg qb
-0.254 -Tg cos ¢+ 0.056 «Eb 1qb - 0.160 -ghcos

9 rtransmt =29.822 -0.434 -b - 1.811 1Tg -15.422 eb -96.784 -Eg -0.032 qb
-13.485 -cos $+0.012 b -Tg +0.228 b-Eg +0.002 b b +0.019 *Tg

+0.563 -Tg Eb +4.183 -Eg +0.001 +Tg b +0.654 «Tg -cos o+ 8.689 |
- 13.458 Eb -Eg -0.111 Eb-qb-0.221 -Eg -qb

" ot =K (390
es K
ea K
st IR (331)
3.4.1.24

]

hel@m =1.77(jes2n- 0 105 (392



0.5d,

R = mat

. 05
" hein +hrin

/

R-H - H C@;l A r’@’i
34.2

pi (0101 1), (0F-Or) \is

Ri
A
343
6| ~01 _ 01 ~Giirh
RI( RH

Rh.e, -Rh,es =Rkl0s, -RKeam
RKOsi +RM0d =R|,|0] +RKO0ab
RKRHh

A0Jd, +0.5di1™

(3.93)

(394)

0.95)

(396)

(3]

(399)
(399

47



RSl +RiAsl  Rij9] +/4ab (3.100)
A A |

MU B

‘6] le b
N
0, VM Ry 3102

Vi Wy

r ON + Qroom A

] v

1

NN HL RKN+L

a 1 1 d

0k|_+03
_V R
02=71 1

VA2 + RK -

(3.104)

fe 0-N
s "ko2 Rlizy (3105)

1

W )

index notation

! FQ%J] 102+ N
) F1<IIH1A, (3.106)

VAL 4] “kiy
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®i+l + ®s2i-l
o AKil Rl y
®s2it| "1 11 (3I107)
<fehiel  Reki+l y
3.106 3107 (couple)
- 052i=0]
0s24, =01
0.01
3.44
8 —0k +S0K 440
% ¢
Ok ‘
00k
ok (heat flux residual, Aj )

T
s B2 W0y &2

SA ’ n SAc OAN AVI
(3.109)
C41 A 4L, 4 N A
5A| 9A2
Ok A

N 3.96



A +A] A 3 4
A 760, &lZoCIIZ+,,,+ 1 N

02 g +5R2

0A2
A2 ||%1: %2' 502+ ..+ | m’]

_ OAv! ol A, -
AN= S 0 |+ae\,f" %, +. 4y AN

® g‘fz 2N [?,8’ A
0 Q0 02 5
e 2 v
5An 6a'n An
@ &2 &NJU n, [AnJ
01
5 O 832 @ >1
5. Beox g )
—&, 2 N
5An QN\l ON

¢ = [sAKI60j... XA
396

80k

50k = -[oAk/@ 1 XA]

(3.110)

(3.110)

(3.112)

(3.113)

(3.114)

50



3,110 - 3114
3Ai130]

3AJ/30]

A, 1 1 aiC|(e, -90) 15011 8Qo _p,
30, R| R2(r, +he2 0, 3% o

1 1 3ne2(0]-02) 302 3¢,
R2 R2(hr2 +he2)2 30, 0, 30

2 4

no 1 1 30, -00) 1305, 3o
30 r1+R2(, +he,)2 30, 30, 30, y

. 1 3hc2(0, -02) 1308 3083 hr
R2 RZ(hI’2+hC2) v 301 301 301 W

A1 1 3nc2(0] -02) 13Q82 8QB3L hr
0 k2 RA2+he2)2 3N, 0, 30, @

82 1 1 3he2%02 0,) 1308 M L +hr
&7 R2 RAM2+hc2)2 30, 0, 0 B

Se32-03) 304 8Q3
Rj(hr3+hc3)2 %, 0, 3,

8hc2(02-0() 13Q83 3Q82 hr
R2  R2(hr2 +he2) 02 0 302 g

1 1 "3nc3(02-03) 3084 8Q3 g
R3 R2(hr3+he3)2 30, * A

index notation

51

3.96

(3.115)

(3.116)

(3.117)

(3.118)

(3.119)



A 111 {ohci(ei-o0) Q8 0Qo H_,N

50 Rj Rohrj+neizy 300 30 30 M
11 1 sheivl(ea -0 1) 1aQ8d  5Qsoiv
Rj-:  Rj+I(hritl + heit,)2 30j 0 S

3.5
L 3

(thermal comfort)

[29]

(correlation)

(3120)

Fanger [29]
Fanger

52



equation)

53

(heat balance

M-0.35 -(1.92t5-25.3 -Pa)-Ew-0.0173 -M-(5.87 -Pa)-0.0014 -M-(34 - ta)

" 0155 ¢

3.8

=3.96 X10-8ufel-[tA+273Y - (tam +273Y ]+ flhc(td- 13)
M
Pa partial pressure , kPa
fcl
MRT Mean radiant temperature, °c
Ta G
Tl 24
hc
ts {030
Esw VA2
ts Esw
Fanger 15
<
o M
£5in
'§ 2
it
30
%
Metabolic Rato
wim?
§ 100
3 80
§ )
Po
°o 1 2 3 4 met
Metabolic Rate
3.8

(3.121)

, met

cWwim2 °c

Esw

[33]



54

(
)

a<th< (3.122)
C<Esw<d (3.123)
a

b

C

d

ts =35.7-0.0275 -M (3.124)
Esw =0.42 -(M-58.15) (3.125)
3124 3125

(comfort equation) 3121

M-3.05 -(5.73 -0.007 *M-Pa)-0.42 +(M-58.15)-0.0173 M-(5.87 - Pa)-0.0014 M-(34 - ta)
357 -0.0275 M -td
= 0155 Id

= 3.96 x 10-8 +fc, o[ftcl+ 273)4 - (t1,1 + 273 4]+ fohe(tcl- ta)
(3.126)

3.126 2

M-3.05 -(5.73 -0.007 M-Pa)-0.42 +(n-58.15)-0.0173 M-(587 -Pa)
-0.0014. M -(34-ta)= 35 740 T 55, M~t-1 (3.127)



3127

356.7-0.0275 M -t@Q

0155 Id =3.96 x 10“8 «fd .[(tcl+273)4- (1,11 + 273)4]+ fdhe(tc, - t a)

(3.128)

3.127

M-3.05 (5.73-0.007 M-Pa)
1g = 35.7- 0.0275 M-0.155 +[®+ -0.42 +(m - 58.15)-0.0173 m (5.867 - P,)| (3.129)
-0.0014 M-(34 - ta)

3.128

3.96 X 10~81c/(Tq - 213)4 - (T,m +273)4) (3.130)

1 = 35.7-0.0275 met -0.155 «Iy .
+ fci «h0 ¢(Tcl—Ta)

3.130
(implicit equation)
3.130
3.129

(3.2

o o B~ W N

(Mean radiant temperature, MRT)

2

55



56

(conventional air conditioning)
radiant cooling

Fanger
( )
PMV (Predicted Mean Vote)  Fanger
PMV 1

13 (Hot)
+2 (Warm)
+1 (Slightly warm)
0 (Neutral)
1 (Slightly cool)
-2 (Cool)
-3 (Cold)



met -3.05 (5.733 - 0.00699 met - Pa)

0,42 (met -58.15)

00173 met -(5.867 -P.)

00014 met 4-Ta) (3.131)

-3.96 X10-8fc, .(Tc1+273 )4 - (Tint +273 Y
fa he(td- Ta)

PMV = (p.3033 ¢ "00% el +0.028 -

partial pressure

Pa = RH-Pst (3.132)
20T =’ T,,+273.15 (3133)
Pst @Ta 1kPa
RH %

2.38(T¢- Ta)°d  ;2.38(Tg-T a)025 > 121Vv

h, = (3.134)
121Vv 2.38(Td - Ta)0b < 121dv
Vv o
clothing area factor,
10+0210 ;19 <0.5clo
fg = (3.135)
105+0.11¢ . .a >0.5clo
(PMV=0)
\ - , (. 3.124 ! 3.125) ‘
' )] PMV
Fanger

0.5 405



Predicted Percentage of Dissatisfied (PPD)

PPD= 100 -95 e-(°08%3 PMV+0279 PM")
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PMV

(3.136)

(Mean radiant temperature)

(Mean Radiant Temperature, MRT)

! /
Heat

Imaginary room

«— {

r R’ H

)

2

(Unirradiant Mean radiant Temperature,

35.1
( ) 39
= —
| Actual room p
ly
:
ik R ‘
Ay, /%
R exchange by
radiation:
\ R=R’
39 [33]
Tumt

q g Tu“m
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2
( Mean Radiant Temperature due to surface temperature and solar
radiation, Totl)
3.5.1.1 unirradiated mean radianttemperature, Tumrl
<Tull +273Y =B, .Fp, +B2*Hp2+..+B, .Fp,, (3.137)
Tulrt unirradiated mean radiant temperature, °c
Bj radiosity , W/im2
Fon angle factor
angle factor 310 31

5 l
e 3 10
W= , =
S 2 ¢
::.m e 7 0 i e [ -8 R —/ ;
-t
"é 1 % 1.5
DG =gy = A pe F—}—,
] /‘
% I & | B
o o s sy ]
0«4 o | % 04 ¢
2]
02 LS BN ._.._l_____‘._ 2 02— S
1 —] ’
o 2 4 [ B (LY o e 1.2 1.¢ 2.0
e b/c

' . 0 v
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A4
12 o al/C = = 12 Seal
5 aof-2=tad P et = .10 -
= o 2 ol
5 oe % T 3
L d ==
.3
PN /s S1 o4 %;/W E
4 .6
—— —] 4
02 A | 02 lé 5
o 2 - & & 8 10 o .4 .8 Cl.2 1.6 20
31 angle factor

T,ml

Tumt = for, +273)4 -Fo 1+ (€2 +273)4 -Fo 2 +.. +(t, +273)4 Famy B- 273 (3.139)

3512 mean radiant temperature due to surface temperature and
solar radiation, Tam

Fanger

i (3139)

q=ldrxTm(e,(t.)+Idlr xTlen (3.140)
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i, Projected area factor

PMV PMV

3.5.2 PMV

PMV
Lyon [9]

dPMV dPMV - 5Tt d(apfia)
q =dmt o pipg)

ap
fp projected area factor
q

PMV

PM\(total ) = PMV+ -q

097)

PMV

(3.142)
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PM\(total) Total PMV
PMV PMV

PMi{total ) PPD(total)

PPE)(solar ) = PPE)(total ) - PPi(surface )

(no solar)

3.136

il PPD

(3,143
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