51

(Output)

(Update)

(Processing)

(Calculation)

(Function)
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(Sky Factor)
Databox Databox
Databox
( Databox )

(Directories)

(Sub Directories)  Data
(Integer)
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AD P
( AB - B P)
+( DC - B P)
lluminance(AD) = (AB - B) 4 (DC - C) .mmmmssssiimssssssmmmsssssssssssssssssssenn (5.2)

5.2

(Adding)
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AWIAINTANNIING 1A
CHuLALONGKORN UNIVERSITY



5.2

(Flow chart)

(Daylight curve)

(Sky Factor)

108



llumination , Room size , Light Transmission
Atmosphere, Shading Device, Size of Skylight

Lumen Method
Reading Table

Sky Factor Method

Sky factor , Split-flux transfer

5

v

Top lighting Side Lighting Single Side Lighting Multi-level Side lighting
| : ' 3
Text and 2D Graph output 2D Graph output 3D Graph Text output
2D Output with Background and analysis
W J M‘i W | 3 W s
P
b e e e
2D Graph Area || Table output F——pt
m
Analysis
Estimated Artificial Lighting
Loading and Energy
No No
EXIT
Yes
END

51

109



INPUT

Exterior illuminance

Ehk, Evk ;

Room and Fenestration size
Width, Height, Depth

T

Room Reflectivity

Ceiling, wall, floor
Required illuminance point
XY Z
Material transmission
Vit1
Shading transmission
Vvt2
Ground Reflection
Rfg
Atmosphere Turbidity and
Atmosphere Moisture

* g = e
Obstruction device
Blinds

Calculate with
Sky Factor Method

OUTPUT ]

52 Il Lumen Method ~ Sky Factor



521

(Unit)

(Main Form or Main Menu)

Forml (

Projectname
Firstiogo

Source code

(Sub Forms or Sub Menu)

wthdata
Windirect
Newdata
Roomdata
Intreft
intreft

Lightrans

Atmos

(Altituce)

Forml

(Azimuth)

111



Blinds

Topinput

Lumen

Lumentop

Skyfactor

Mulwindow

Lumen

(Calculation Defining)

)

(Form

Lumengraph

Roomdata

(Calculation)

Unit)



Lumentop

Commandbox

(Qutput)

(Text mode),

3 (3D Graph)

Lumengraph

Skycontour

Sky3D

Grapharea

curve)
Areacal

113

Skyfactor ~ Mulwindow

3
2 (Daylight curve)

(Daylight curve)

(Matrix)
Commandbox
3
(Matrix) Commandbox

(Graph Analyze)

(Daylight curve)

Daylight curve

(Sky Factor Method)
(Daylight

Grapharea
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7) (Adding form)

Databox

Datatable
Helpbox
Programer

53

531 (Lumen Method)
532 (Sky Factor)

(Flow chart)
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53.1 (Lumen Method)

(Side Lighting)

(Lumen Method)

3-5

(Exvk) (Exhk) Exvk /

Ehk (Sky Component)
5 Exvk/Exhk = 0.75, Exvk/Exhk = 1.00, Exvk/Exhk = 1.25, Exvk/Exhk
=150, Exvk/lExhk = 1.75 Exvk/Exhk 175 | 2" ExvkExhk 175

/ HID
(Sky component)
3-5 ( )
( 5.3)
1) (Ehk) (Evk)
(Edh)

(VL) 1 (V2



50, 70

10)

1)

12)

19

14)

15)
16)

17)

116

(Frg) 1 (Ra)
(Km) 1 (Ain
1 2 (Yes)
5 4

! 12
Evg = Rfg * (Edh+Ehk)/2
(Sky Component) ~ Exvk / Exhk

(Transmission)
T = VtL*Vt2*Ratkm*Air
9
(1)
(HID)
(Sky component)
/ HID
Ei =T( Evk*Cuk +Exvg* Cug )
10,30 50,70 90
15
! 14
(Sky component)
1
3 5 10, 30,
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No

—[ Rfg,VH1, VE2,Ra,Km,Air I

Data Check 3

.'calculata
Evg = Rfg * (Edh+Ehk)/2
SIS l V
Calculate :
- Exvk/Exhk
i

Calculate .Trén:missi.on A
T = VH1*VE2*Rakm*Air

S~

. Blinds. |

<

Calculate

Reading Table

Cug ; Cuk i

Lumen Method Calculation
Ei = T(Evk*Cuk +Exvg* Cug)

Next point
Add +1

& - ~ .“ . .
urnDdl 5.3 tuaawniaemessldiunsulndiumsdiwamn
aMadasaIvntoailaniut19a1838 Lumen Method
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(Top Lighting)

Cu (Room Cavity Ratio 1RCR)
RCR
(Worked plane)
(Cu) Cu RCR
RCR = 5*h(W-)/(wl) RCR Cu
Cu RCR
RCR Cu
80, 50, 20 50,
30 10 ( IES, 1989) RCR
Cu
T= Ratkm*Air, Ew =
(Edh*Tdlir+ Ehk' Tdlif) Aw ; Ah  Aw (Worked plane area) ~ Ah
(Worked plane)
Ei = (Enk*Tdif
+ Edh*Tdir* Cu * (Ah/Aw)

(



(Edh)

Method)

10)
11)

13
12)

13)
14)

15)

(V)
(Ai)

Ew = (Edh Tdir + EnkeTalf

(Ehk)
(V1) 1
(Ra) 1 (Km) 1
1
12 (Yes)
1 2
Aw  Ah
T = Ra*km*Air
RCR = 5*h (W+)/(wl)
RCR

Cu

B = (EKTdif + Edh¥Tdin* Cu * (Ah/Aw)

(Lumen



L—-l Tdir, Tdif,Ra,Km,Air l

Data Check

l

Calculate
Ew = (Edh*Tdir + Ehk*Tdif)

T Y
Calculate surface area Calculate Room Cavity
Aw ; Ah | RCR = 5*h(W-+l)/(wl)
l l
Calculate Transmission Reading Table Data

Cu

T = Ra*km*Air

_

=

Lumen Method Calculation
Ei = (Ehk*Tdif + Edh*Tdir)* Cu * (Ah/Aw)

Ei (illuminance)

(if end of next point)
Ei (At Required point)

No

5.4 1
Lumen Method

120



532 (Sky Factor)
(Sky Factor)
(Direct Component)
(Indirect Component) (Sky Factor)
(cosine)
(Sky Factor)
(Sky Factor)

Daylighting Hopkinson
(
University College, London)™ :
(Direct Component)
(Indirect Component)

(Direct component)
(Hopkinson, 1973)

(Indirect component)

(Infinity)
(The B.R.S.Split-Flux
Transfer method)

121



(Lumen Method)

1.00
(Edh+EhK)/2)
0
V2 0 1
N =X N
(Reference points)
(Reference point)
N
Y

(Split-Flux)
(Sky Factor)
Sky Factor
(Sky Factor)
0 0.95 (
)
(Evg = Rfg*
ik
:
Rm.Width / x* N
(N=N+1) N X
X

Rm.Depth / Y* N

5.4)

122



Daylight curve

123

No

1] u_mination
Points =

—{vveramar

Calculiting Evg
Evg = Rfg * (Edh+EhKk)i2

CAlc_uIating :
Total lluminance -

Blinds

Caleulatinﬁ Transmission
T = VH1*Vt2*Ra*Km*Air

Advance Anlyze

Defining
X,Y llbl" o B

S

Deﬂ_nlng :
Reference Points

Direct Component
Sky Factor

R e s e TSI

For N = 10

Add +1 |
IR st

Indirect component
R.B.S.Split-flux

Daylight curve

8 o o
uknndl 5.5 uaawnmaiemwessllsunsalndmnisdman

Sky Factor ( )
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Defining Loop
N " x 238000 -

Reference Points
e Width [
Direct Component Indirect Component
Sky Factor Method Split-Flux Method

Reference Points
= RmDepth/ Y

Direct component 1 Indlirect Component
Sky Factor Method 1 Split-Flux Method

' Loop Y <= N
l

Text Display 1 PGraph 1 DGraph 1
Display 1 Display 1

Graph Area Analysis

~ r ™
< oo s Estimated Energy
55

Sky Factor ()



0 20

) (ENK)

(Edh)

(Vt1) 1
(Frg) 1
(Km) 1
3) bamd2

125

(EVK)

(2)

(Air)
(Yes)

4
1 2
Evg = Rig * (Edh+ERK)12

8) (Transmission)

T = VILAVE2*Rarkm#Al
9.0)

10 10
9.2) (Advance Analyze)
10) 10

11)
12)
13)
(The B.R.S. Split-flux Transfer)

14)

(1)
15)

il

10
16

(Daylight curve)

18
10

(Sky Factor)

0 ()



16)

17) (Daylight curve)

18) (X) (Y)

19) Daylight Map
20) (N)
(X) 18 N=X
21) (Reference paint)

22)
23)
(The BRR.S. Split-flux Transfer) 2
24)
(2
25)
2

26) (N)
(X) 18 N=Y
21) (Reference point)

21
29)
(The B.R.S. Split-flux Transfer) 21
30)
(2
31
21

N=Y

40

3 37
3) 40

10

Room Widthi(X*N) N

26

2)

(N=N+)

Room Depth / (Y*N)

32

(Sky Factor)

29)

(N=N+)

24

30

126



37)
3)

39)

40)

5.7

(Multi Winclow)

(Sky Factor)

X, Y, Z

127

2 (Daylight curve)

500 )
5
1
5
56
5
)
(Visible Transmission)

(Multi window)
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Multi window

(Panel)



INPUT

\
¥
A

E

ﬁuminance Data Input

/ Input Data

[ Vit1,Vi2,Ra,Km,Air l

Calculating Evg
Evg = Rfg * (Edh+Ehk)/2

Calculating Yes

Total lluminance Blinds

Calculating fransminion
T = Vt1*Vt2*Ra*Km*Air

New Input

Fenestration f

Dimension

Calculating
Panel 1

New Input

Fenestration/;

Dimension §

v

New Input

New Input

New Input

Fenestraion

Fenestratio Fenestration

Dimension / Dimension Dimension

Panel2

Calculating

Calculating
Panel 3

Calculating
Panel 4

Calculating
Panel 5

5.6

Sky Factor

129



Area" Adjusﬁng

- Text Display

P e
View Adjusting

3D Graph
Display

Defining row

2D Graph
Displ

Graph Area Analysis

Estimated Energy

No

5.6

Data Check

Sky Factor

130



@iy

Defining x, y points

ﬁning constant value
N=1; Ell=1, M=1;

Defining ‘for Loop’

Reference points
= Rm.Depth /Y

W Ry
Reference points |

' = Rm.Depth /Y ‘

Defining * for loop’ -

Direct component

Indirect component
_ SkyFactor B.R.S.Split-Flux

Ell = Ell + Ei

Loop ‘Y’ check ™

Yes
Loop ‘X’ check

A 4
< OUTPUT )

57

No

No

PRS-
Add N=N+1

/
" Add M=M+1

Calculating Panel
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) (ENK) (EvK)
(Ech)

(vi1) 1 (Vt2)
(Frg) 1 (Ra)
(Km) 1 (Ain
3) 1 2 (Yes)
5 4
4) , 12
b) Evg = Rfg * (Edh+ENK)/2

8) (Transmission)
T = Vt1*Vi2*Rarkm*Air

( 10 )
11) (

12) (
13) (Row) N =X

14) = Rm.Width / X
15) (Column) M=Y

16) =Rm.Depth /'Y
17) (Sky Factor)
18)

(The R.B.S Split-Flux)
19)

20) 19 1
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16

13

N=X

20

24

%)

3

)

—
D
=
=
(3]
.
=
=)
=
<
[am)
St

S
25
~
(9 0]
(a0
— &3
(e
o
[ee] D o
N N o

31)

)

34

3)

30)



54

100

Hopkinson)

(Hopkinson, 1973)

100
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541

=

Point»

o —~
—
~—

©O© 0o N o o1 &~ w P

=S Rk BB

0.06 (

—
(&3]

120

P1
3

863
450
217
174
117
"
504
38.3
215
202
1438
116
9.17
1.77
6.45
5

51

)

(
P2
2

1390
677
369
218

4

87.5
58.8
38.3
217
212
163
133
10.7
8.65
1.63

2542

(ENK)
(EW)

, LUX)

P3
1

1540
796
435
201
156
99
60.3
39.0
21.0
20.2
155
120
9.53
9.06
811

1445 .

P4
Cl

1670
870
498
215
167
103
66.9
45
32.8
238
181
139
115
9.69
901

(Sky dome) = 5,600
(Sky dome) = 2,500

=0.06

1
1530
185
440
256
153
99.4
63.6
43
294
22
175
134
106
9.37
8.05

(Direct Component)

16

P6
2

1390
660
360
214
132
841
54.4
36.8
263
209
159
13
103
8.36
78

P
3

852
447
216
175
118
182
514
315
252
201
156
125
9.73
1.92
6.82
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B 1800 {1670
1600 ‘
e |\
A
1000 70

167 0
® a5 38 238 181 139 11.5 969 9.01
0 T T T =5 e S A = T TR R A T [

53 (P4 cCl
; 852

900
K

50

‘ag 700 \\
600
7

.A m ——

WS aumANHER38914 (
: F
3

2 782 a4y
8 10 o315 252 201 156 125 973 7.0 682
0 T T T T T T T T 2 T * T ® lfl et
1 2 3 4 5 6 7 8 9 10 i 12 13 14 15

5.4 (P71



5.5

= 0.06)

1600-1800
1400-1600
1200-1400
1000-1200
800-1000
600-800
400-600
200-400
0-200

LET



138

54.2 (Indirect Component)

092 ( ) 8 16 4
120
X 1
(EhK) (Sky dome) = 5,600
(EVK) (Sky dome) = 2,500
=092
(  LUX)
Pornis PL ¥ B3 2 B 20 P
(m) 3 ) 1 i 1 ’ 3
1 1220 1660 1840 1870 1840 1670 1230
-2 872 030 1090 1100 1090 1040 870
-3 689 750 790 790 788 754 688
4 570 579 600 600 600 581 568
b 490 490 496 501 498 191 484
6 432 429 434 439 435 132 4
- N 390 387 382 388 384 389 392
"8 364 361 355 350 355 %2 365
9 348 336 332 325 334 336 337
10 21 318 315 306 313 35 319
1 301 298 296 296 296 297 299
12 287 284 281 282 282 284 287
3 273 272 269 269 269 20 M2
14 262 261 258 258 258 261 261
15 247 246 245 242 245 248 8

5 2542 1445

5.2
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o
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AATINARIATN (
]
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o

 szAinfunn

;igﬁ

&
1000

©
é
. .
&
=
=

B

e

3T s

ol

(o))

-
—_

P4, Cl)

- 1400 T—

© 11200

- 800 -

o 600

: 3 400

200 -

CooAnNsMes (W)

57 ( P11y




( =092)

2000
7 1000-1500
£
® 500-1000
0-500

PS5

10 1

ANANVRY (1) : ? . ANNNS1ITDY (30.)

P1

14

15

J J J L A
31] 58 ny3 ﬁauaaammwdaaa‘namn‘lwvgumam INanAadauLdEINITINE

1)
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543

718777
0.75 1

)

)

3)

4



= 0.06

=006 (  =0061 =0061 =006)

(ERK) = 5600
(EvK) = 2500
X X = 8xl6x4
X = 6x25
=1
( )= 0.75
Wtl = 1.00
Vi2 = 1.00
Rfg = 0.20
( , Lux)
Points - Pl P2 P3 P4 P5 P6 P7
(«».) 3 2 1 Cl 1 2 3
1 706 1171 1319 1350 1319 1071 706
[ 2V 414 605 709 139 709 605 414
'3 249 334 389 408 389 334 249
4 157 198 226 236 226 198 157
I 104 125 140 145 140 125 104
;.6 12 83 92 94 92 83 12
7 51 58 63 64 63 58 5l
8 38 42 45 46 45 42 38
9 29 32 3 34 33 32 29
10 23 24 25 26 25 24 23
il 18 19 20 20 20 19 18
12 15 15 16 16 16 15 15
13 12 13 13 13 13 13 12
14 10 il il il il il 10
15 9 9 9 9 9 9 9
Daylight 0.9¢

53



10
il
12

13 ::

14
15

53

1063
72
606
514
461
429
409
396
387
380
376
312
370
368
366

P2
2

1529
963
692
556
483
441
416
400
389
382
377
373
370
368
367
Daylight 0.9¢

=092 ( =0921 =091 =09

(Ehk) = 5,600
(Evk) = 2,500
= 8x16x4
= 6x 25
=1
)= 075
! Vil = 1.00
Vi2 = 1.00
Rfg = 0.20
, Lux)
P3 P4 P5 P6 P7
1 Cl 1 2 3

1677 1707 1677 1529 1063
1067 1096 1067 963 172
T47 765 147 692 606

584 594 584 556 514
498 503 498 483 461

449 452 449 441 429

420 422 420 416 409
403 404 403 400 396
301 31 31 389 387
383 383 383 382 380
318 378 318 377 316
374 374 374 373 312

3 3n 3n 370 370
369 369 369 368 368
367 367 367 367 366

1 092
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(S5 B O VO B

10
1
12
13
14
15

Avg

1/\

1670.0
8§70.0
498.0
275.0
167.0
103.0
66.9
45.0
32.8
23.8
18.1
13.9
115
9.7
9.0
254.2

ANNNANNMNA

1350.0
739.0
408.0
236.0
145.0
94.0
64.0
46.0
34.0
26.0
20.0
16.0
13.0
11.0
9.0
214.1

59

320.0
131.0
90.0
39.0
22.0
9.0
2.9
-1.0
-1.2
-2.2
-1.9
-2.1
-15
-1.3
0.0
40.2

= 0.06)

4
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1870.0
1100.0
790.0
600.0
501.0
439.0
388.0
350.0
325.0
306.0
296.0
282.0
269.0
258.0
242.0
534.4

510

1707.0
1096.0
765.0
594.0
503.0
452.0
422.0
404.0
391.0
383.0
378.0
374.0
371.0
369.0
367.0
5717

163.0
4.0
25.0
6.0
-2.0
-13.0
-34.0
-54.0
-66.0
-77.0
-82.0
-92.0

-102.0
-111.0
-125.0

-31.3

lu (an)

TTAUMMNUFBIFINNNME

= 0.92)

i)
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|_\|_\|_\|_\|:\|_\
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Avg

1870
1100
790
600
501
439
388
350
325
306
296
282
269
258
242
534

1670
870
498
275
167
103
67
45
3
24
18
14
12
10

254

200
230
292
325
334
336
321
305
292
282
278
268
258
248
233
280

511

2000
* A

L1
it 1600”7 A
a 1400 \\
5.5 1200 \\

h - R -
? « g Indirect Component
5 /

4 XL X A

17.

1 2 3 4 5 6 7 8 9 10 1

(Indirect Component)

12

13

14

15
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1707
1096
765
594
503
452
422
404
391
383
378
374
3n
369
367
572

1350
739
408
236
145
94
64
46
34
26
20
16
13
u

214

512

357
357
357
358
358
358
358
358
357
357
358
358
358
358
358
358

amelu (@nd)

TTAVANANEDY

1800

1600

1400

1200

1000

800

600

400

200

(Split-Flux)

5

Indirect Component

(Indirect Component)
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