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______ L2 ra) B A A
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i ] L s 1 3 0' 1 ] i 3
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[ RPURp— b e i o e o e o i e e o v o ot o e o o oA L e o s e e o e i A SN o4
(TABLE 2- 2.- mfgmﬁA ﬁ%ﬁ*le/WJ ]
________________________ S
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| _%a | __98.5 --l%?;?--.__EZQLZ-_I__121;§_;l--l%é_ﬂ__‘
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1 .
Cloud Ratio (CR) = ISH f e e 3 (2-23)

TH

Rt I KFE2KASE (Keal /mh)

lsn: KFEXRZHHE(Keal /mn)

e SHHRSH BAAEY ®RILS ehdc
@ 2XBHY BEEE (71) '

Pt = 105 +(CR-14)[1m/W], ;_33(2_24)

@ wWEEHY BAHE
7o = 105 CIm/WY oo 3% (225)
® EEmMAM BEHE (g

7a = 119 (1m/ W) & (2-26)

A BAEERSRES #Td HESE XEE&KEHY BXEE
Wi ERER BH - AHE 985~1260Im/W), KUSUDAE  1190m
/WIR BES T EBRERT A dsg A ¢ ¢ U4

1) T. KUSUDA :Solar Radiation and Illumination, 1981 4, NBS
TECHNICAL NOTE 1148.
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smAAg ATEWA d% MEE Adee wdoz:
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#4 9%
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1) BAE RSHEER, p339-p340
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g3t ol ek
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FYAAAD A% PMY EREEE £QIDE Adsdd Re-
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o I |
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WGl mEE T JEFE S td
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I pe ) I .
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2P 2p
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(292-93% e APel, XFE SEETRMEILo
T EEFmoEs) Hfrde % XEE lwn s, sa¥d df

o g YAzxss  #A2-42)E o
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2 kE2gd ¢ YAEE E.& #2442 "ok
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F1) BEAE - BEGH#E®RI, P340~ p34lL
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COLLUMN FOR Wi = C, 70 C; STEP (C,-C,)}/(CN-1)
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ANNUAL OCCURENCE RATES
@#&3-4-a ) OF EACH SKY CONDITION

SkY CONDITION |CLOUD FAC. |OCCUR. L4]
CLEAR SKY |B=< cf < 3 08 27.6
PARTLY CLOUDY |3=< cf < 8] 823 25.1
OVERCAST SKY |8=< cf<{=108] 1554 47.3

- TOTAL TIME= 3285 (Hoursl

OCCURENCE RATES OF EACH SKY
(&3-4-b ) CONDITION IN COOLING PERIOD
SKY CONDITION JCLOUD FAC. |OCCUR. £41]
CLEAR SKY |@=« ¢f < I 96 8.7
PARTLY CLOUDY {3=< cf < 8 310 28.2
OVERCAST SKY |B=< cf<=10 692 635.0
TOTAL TIME= 1098 [(Hours]

DCCURENCE RATES OF EACH SKY
(E®3-4-c) CONDITION IN HEATING FERIOD
SKY CONDITION |CLOUD FAC. |0CCUR. £%3
CLEAR SKY [@=¢ cf < 3 SS54 40.8
PARTLY CLOUDY |3=< cf < 8 341 25.1 .
OVERCAST SKY |8=< cf<{=10 464 4.1
TOTAL TIME= 1359 (Hours]
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(&4-11) 85 1989 BPEMEY ¥ HUE%E

LOCA. 9 10 11 12 13 14 15 16 17 18 | MEAN

REAL |10.18(13.24017,22(22.86{17.95]15.8113.808/19.50114.85]13.57}15.74

MODEL }13.76[15.88118.33122.941208.18]17.75}14.61]20.50{11.38]17.00{17.23

REAL| 6.465) 9.38]13.24{16.80[15.76]13.19112.04111.61] 8.75) 7.5@{11.49

MODEL{ 6.55] 8.3310.59]13.94(10.87118.74] 9.67118.08} 8.13} 9.33} 9.81

REAL| &.15] 6.9@7 7.74] 9.29| 8.45] 7.52| 6.89} 5.32| 3.33| 6.0@] 6.48
MODEL| 4.09} S5.463| 7.74| B8.26| 7.16} 7.82] 5.86] 5.61] 4.00| 5.33| 6.07
REAL| 2.56| 3.62] S5.12) 5.93] 4.65] 3.41) 3.29) 2.46} 3.68) 2.96} 3.76
MODEL| 2.13] 3.24{ 4,93| S5.67] 5.38] 4.10} 4,15} J.601 4,22} 4,008 4.14
ReaL] 1.53] 2.27} 3.37] 5.09] 3.52| 2.56 2.69 2.30} 1.87] 1.91] 2.73
MODEL | 2.84] 2.63) 3.39] 4.83} 3.88} 2.79) 3.15} 3.08] 2.50} 3.14] 3.13
REAL| 1.74] 2.09} 2.51] 3.74]| 2.86} 2.09} 2.83| 2.16] 2.14] 1.39] 2.35
MODEL] 1.89) 2.11} 2.63| 3.67] 2.84] 2.20) 3.16] 2.27| 2.75] 2.43] 2.57
REAL| 1.81) 1.86) 1.91] 2.83}| 2.43} 1.72} 2.47] 1.53} 1.83] 1.85§ 1.95
MopEL] 2.87) 2.051 2.3 2.93} 2.27) 1.88] 2.83) 1.984 2.29] 2.02{ 2.22

REAL |18.34114.86119.12(24.36124.69124.086127.89(33.85121.25}28,29121.91

3

MODEL {13.66156.53(|20.00]24.55}27.76[27.03{31.36}38.81]21.08825.71]24.464

REAL| 4.731 8.261135.91{18.79{18.18§17.87{15.51117.33}13.44108,6713.79

MODEL] 6.@1] 8.2211.25{14.42(13.0514,23112.96114.09112.55]12.07}11.89

[N ]

REAL| 4.32] 5.79] 7.76]10.84) 9.27{ 9.11} 7.80) 7.40| 6.67| 7.92}1-7.49

MODEL] 4.18] 9.12} 7.73| 9.16| 8.45] 8.24] 7.29| 7.29} 6,974 7.33} 7.57

REAL| 2,081 3.12] 4.69] 5.19] 5.88] 3.81] 3.93] 3.56] 4.18] 3.82 4.@3 f

MODEL) 2.55) 3.48| 4.B4| 5.601 5.55] 4.39| 4.63] 4,208} 4.69| 4.56] 4.43

REAL] 1.74] 2.34] 3.15(| 4.72| 3.87{ 2.68] 3.15f 3.12] 2.27| 2.45] 2.95
MODEL| 2.83] 2.631 3.41] 4.86] 4.0@} 3.00} 3.68] 3.74] 3.86] 3.44] 3.39

REAL] 1.83] 1.951 2.34] 3.82] 2.86] 2.33] 3.02] 2.5@8] 2.17] 1.74] 2.42
MODEL] 2.17) 2.27 2.38| 3.561 2.72} 2.38] 3.59} 2.93} 2.75) 2.57§ 2.73

REAL] 1.73] t1.82} 1.91] 3.12} 2.78] 2.088| 2.66{ 2.03} 2.19| 1.43} 2.17
MODEL| 1.96| 2.021 2.88] 3.01] 2.57} 2.@88] 3,80} 2.45] 2.82] 2.421 2.44

REALTBTaT118.67713.53175.19120.96(23.31122.31)39.85(44,25}19.33 22,44
MODEL| 8.356]11.56116.80123.1323.56126.2125.87138.085(49.75{27.33124.98

r»

REAL| 4.04] 6.76]11.29115.83 15.49115.63|16.11117.55]15.79}11.83(13.83
MODEL| 4,181 6.471 7.42]13.13{11.99[12.69{13.52(14.35]14.87114.80(11.17

REAL1 4.1501 5.15] 6.401 B8.90] 9.88| 7.78] 8.34] 8.48] 7.55] 9.43} 7.51
MODEL | 2.72| 4.24] 6.671 7.74] 7.45| 7.63| 7.43} 7.96] 9.12] 8.57| 6.96

REAL] 1.811 2.85] 4.48] 5.79| 4.19] 3.25] 4.30] 4.21] 4.44] 4.47} 3.98
MODEL| 2.13] 2.941 4.8561 5.40] 5.63] 4,39] 5.88 5.25] 5.60] 5.141 4.53

meaLl 1.831 2.35] 3.021 4.58] 3.87) 2.55| 3.63] 3.72] 2.61) 2.83} 3.87
WODEL| 1.94] 2.45] 3.86| 4.55] 3.98] 3.84! 4.35] 4.17] 3.63] 3.71 3.49
REAL| 1.74] 2.9831 2.37] 3.5€[ 3.16} 2.25] 3.69] 3.02] 2.72) 2.88| 2.65
MODEL| 2,841 2.13| 2.22] 3.39{ 2.77] 2.47} 3.83] 3.19| 3.13] 2.49 2.79
REAL] 1.35] 1.73] 1.53] 2.83] 2.63] 2.82} 2.91] 2.66] 2.33] 1.77 2.18
MODEL]| 1.93] 1.87] 1.81] 2.75{ 2.3@f 2.11] 3.31} 2.73| 2.89} 2.67 2.44
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(%5-1) HHEE A,BY EX

£ ¥4 9| kE~LE AR AE 0. 71
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BE WMFEEREFA HY WBEF BE

4 ABeold REA AT BE

5—3—1 HBAEE

1. |ANJAY BAREHE

HAE 5@ MEY BBEZA ARUHEHA sole B

£ ulg@EoadE 21(m)olth

(£5-2)9 (H5-3)L && WXHd BXRI |XH

ﬂl_l

H ﬁ%*’] ot.

(£5-2) HAIA WXESY BXE

OH=21.8 [n] » _SKY CONDITION:CS
POINT | SC (41 | ERC t%1] IRC [#1] D.F.[%3]
RP_ 1 | B.A481180] ©.177562| 8.668677] 9.239428
RP_ 2 | 4.89137@| 0.168395| B,668677| 4.920448]
RP_ 3 | 2.327048| 8.123810] 2.668677] 3.111530

RP_ 4 | 1.521970] 8.885588] 0.660477] 2.268240

TRP_ 5 | 1.065368] 0.061955] 8.66@677] 1.787998

"RP_ & | @.822932| 0.842573| 0.668677] 1.526180

RP. 7 | B.453114] 0.030346] 0.668677] 1.344140]
RP_ 8 | 8.528297 | ©.822308| @.468677| 1.211280

RP_ 9 | 8.422392] 8.017946| B.650677] 1.1081018
RP 1@ | ©.339611] 0.015811] ©.668677| 1.815308
RP 11 | .276894| 9.812724] 0.668677] B,949897

D‘}:.‘

SC: R&ERH (%] IRC: ZERMERHRS (%)
ERC: ABKHKS (%) D.F: & X % (%)
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(%£5-3) =mAA BFHEY ZAE

_SKY_CONDITION:OC

- OH=21.2 [n] . _
POINT | SC (%31 | ERC [%]] IRC (%1] D.F.L4]
RP_1 | 6.084308] 0.177562| 0.6408677| 6,922530
| RP_ 2| 1.924%40| ©.168395] 0.660677] 2.753518
RP__3_| 8.708375]| ©.123810] 0.668677] 1.492860
_RP__4 | 9.331825] 0.085588] 0.660677] 1.878070
RP_5 | 8.171185]| ©.061955| 0.660677| 0.893817
RP__&_ | 8.133985] 0.842573| B.660677| @.837235
RP__7 | 0.118529]| @.830@344] B.660677] 8.881552
| RP_ 8 | 0.093210] 8.822308| 0.468677] 0.776194
RP__9 | 0.868275] 0.017946] 0.560677] 8.746898
RP_1@ | 8.@47773] 0.015011| 0.66@8677] 8.723441
RP_11 | 8.833383] 0.012724| 0.660677] 8.706784

(£5-2)9 (E5—3)d HJ JrEFL HEY R AR

20 4 JdxE 37 st

$ 9 e ASd A8
A mEEfIIH AT XA HEERS L®d o5

Aol &

o ched e Ygow 2z

mesEE) [wxed] [sum smmm) [@KE &)

o Mg |ge i | |kmms + mAEA| | ﬂxﬂ 2

A aw | we “lamws  mmes |0 # Ews

=& o =) L ) ) lmm  wm)
, | .

(%5—4)t AWM wEzETd FHHY ZAd ., Fhmold
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(%5—4) &#Es BEXE

ROOM A& (%] ANNUAL : 4Effe SR Rol &

RP JANNUAL | COOL. | HEAT. ; & BHE (%)
1] 8.143] 7.769] 8.449 ,

2] 3.894] 3.548] 4.188@ - .
{ 31 2.344] 2.886) 2.558 COOL : A EHMe fF¥ERRE
4] 1.702] 1.5121 1.861 ol g BRE

5| 1.364] 1,221 1.483 (%)

61 1.199] 1.087] 1.291 o ; ,
7171.085] 8.998] 1.156 HEAT: BR#Me] (FERH
8| 1.082] 0.932] 1.060 ol WE BXE
9] 8.934] @.878] @.981 (%]

10| @.878| @.838] 0.918 :

111 8.831] 8.794| 0.862 '

2% B #X®: IHH
=Bt 10/F AAT HEHE2A AR HEH FolE

oy

$ig= woEe=3H 85 (m D)ol |
(£5-5)8 (E5-6)L &4 HEREL BREY BX

#
i ‘

el (H5-7)¢ &M % »% BEHMI HYg =4 =
¥ &ol ok

5—3—2 AILRH
L =R BRHEE BE
©59 HHEE HEOD s S0(Lwd® FELSH
2 mMuE U MHBA RE
BHHXE EEREA 0% IREAFALD RESD K
HWE AT X 3 48 AR 40W 2 @ ( W= 3200 X 2 lumen) 2 2.4 T
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BRRES BAE

(%(%5—-5) =EBodl4
POINT | SC (%] | ERC [%) IRE_EiEL_:g_ELEEE
| RP_ 1 110.148800| @.085599| 8.663422110.817802
RP 2 | 5.749330| 8.005198] 0.6634221 6.417958]
RP 3 | 3.5409701 0.0048341 8,663422] 4.209220 |
RP 4 | 2.355430| 0.004486| 0,663422] 3.023330]
RP 5 | 1.6658301 0.0@3815] 0.663422] 2.333072]
RP & | 1.232348| 0.083265] 8.663422] 1.899038]
RP 7 | D.942338| 0.002847 | 0.6634221 1.688618
RP 8 | 8.7378791 .802781| @.6634221 1.404000
RP 9 | 9.589010] 8.002567 | 0:663422| 1.255000 ]
(RP 10 | @.477505| 0.802443] 8.663422] 1.143370
RF 11 | B.392108] 0.002326| .663422] 1.857868
(%5-6) ZBold BRES BXE
POINT | SC [%1 | ERC [%1] CIRC (41] D.F.[%1
RP 1 | 7.831928] @.885599] 0.663422] 8.500944 |
| RP 2 v3.5§§4@@ 0.005198] 0.663422] 4.251820
ERERRTORNT ORI
| RP_4_ ] 1.1657801 B.0044861 B,663422] 1.833170]
RP 5 | 0.771654] .803815| @.663422| 1.438890
RP & | 0.543392| B.003265 @.685322"_I7556§§E‘
& 7107399753 0. 002847 | 0.663422] 1.866820]
RP 8 | 0.3082791] 0.882701| ©.6634221 8.968914
RF 9 | 8.234893] 8.002567| B.663422| 0.900882
RP 18 | B.185666| 0.082443 | 2.663422] 0.851531 ]
| RP 11 | 0.148995] 0.002326] 0.663422| 8.814743 ]
%, SC: RERS (%) IRC: % ABERHRS (%)
ERC: #A%8 RHERH (%) D.F: & % % (%)
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CHEE >, BAX HAEE=Zz O

38 ' DAYLIGHT FACTOR CALCULATION PROGRAM
4@ ° BY NEC PC-8@8! mk2 < N-8@ BASIC

5@ ' ==SS==T==CCSESTEZSSSISSSETIETTIIISSSS
58 WIDTH 8@,25:CONSOLE 0,25,0,@
72 CMD CLS

8@ LPRINT CHR$(27);°3";CHR${(23};
9@ LPRINT CHR$(27);*U";CHRS (1}

10@ INPUT"{1) ROOM LERNGTH ---r=--------- e el S {m} "3RL
118 INPUT® (2} ROOM WIDTH ------==s-~-—o=ms=—mo- Yot s [ml "3RW-
128 INPUT"{(3) ROOM HEIBHY] ~~----=---~-=—--—-—ssom—Sooommommomm e fml “;RH
138 INPUT"(4) WINDOW LENGTH -—-----—'*-—-4’f ------------------ [ml ";WL
148 INPUT*(5) WINDOW SILL HEIGHT -----=r--=e----ooossmoommm—mme— Iml "§SH
158 INPUT®{&) WINDOW HEIGHT ~--------=--=-mo--mommmo oo memom e Lml "jUWH
16@ INPUT*(7) WORKPLANE HEIBHY ------=-------so-momrmmmmoommm o (ml “:PH
17@ INPUT" (B} WINDOW NUMBER -----=--=-==-—-—=—-—-c—c-o—moommo = {6H1 "3N
188 INPUT"(9) CEILING REFLECTANCE ----~--=-------------- {(Z)/108@), *;CR
198 INPUT™ (1@} WALL REFLECTANCE -----------=-=~--=-== ?--[(Z)!IBQ] " WR
2B@ INPUT" (11} FLDOR REFLECTANCE ---------==------mmom—- [(%)/1@@1 ";FR
218 INPUT" (12} GLASS REFLECTANCE ----- F s S [(%)/1e81 "y6R
2208 INPUT®"(13) GLASS TRANSMITTANLCE -----------m--ommmm=- fedr/1eal 67
230 INPUT"(14) FRAIMINB FALTOR -----=------m----- —mwee-=[ (%) /1881 “;FF
248 INPUT"(15) MAINTENANCE FACTOR --------=----=----—-----[ (%} /1881 "iMF
258 INPUT*{1&) WaLL THICKNESS ------»-------o--—omm—mmmoommmmm tml "7
268 INPUT"(17) OBSTRUCTICON HEIGHT FROM THE FLOOR LEVEL -------Im) ";0H
278 INPUT®{18) OBSTRUCTION LENGTH ----------=-----—-w-——oo==o- [ml ;0L
280 INPUT“(19) OBSTRUCTION WIDTH S fmd ";0W
298 INPUT®"(28) OBSTRUCTION DISTANLE ---------=----—-mm—- - im} ";D2
380 INPUT"(21) DISTANCE betw.! st COLU. & RIGHT EDBE of OBST.-Im] ;0B
31@ INPUT*(22) COLUMN NUMBER of REFERENCE POINTS —--<-------- LEAT “;CN
320 INFUT"(23) ROW NUMBER of REFERENCE POINTS ----------=---- [EAT ";RN
338 INPUT" (24) SkKY CONDITION -----~---=w--omom—mom e [0C or CS1";8%
34“ ! =============================:======:::::::::::::::::::::::é::::::
350 RL=21:RW=10:RH=2.5:5H=. 751 WH=1.753:FH=.73:WL=6 _

360 CN=2:RN=11:CR=.71:WR=,46:FRk=.15:6R=,15:6T=,9:FF=,B:MF=.8

N=3:7=,8:0L=21:0W=208:D2=35; 0B=3.8:5%="C5"

EErZxCEsZErCE S S ECZEETCZ oSS SESCCZSSTCSCSSSZIIRESESSESESEIIRISSRRESSSES

390 DIN SD(N,CNLR'N),g»(N,CN,RN),EU(N_,‘CN,RN),E(N,EN,RN),UQ(RN;,IC‘(RN),C(RN’,
KA(RN) ,CO(RN) ,5C{CN,RN ) JER(CN,RN) ,DF (CN,RN) -

IzRy
@ -
o

40@ DIM OH(2@) '
410 CMD CLS

470 FOR B=1 TO 3:BEEP1:BEEP@:REXT B
430 FOR @=2 TO 1@:READ OH{@):NEXT @
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44D FOR B=2 7O 1@
450 -1F OH{@)<=GH THEN 460 ELSE 470
440 OH=0:0L=0:0W=0:02=0:08=2

¢'78 PRINT USING"RL=##.4%# RW=##.##% RH=#.4% GSH=#.84 WH=#.%% PH=#. 4%
©WLE##. #4";RL RU,RH, SH, WH,PH WL
489 PRINT USING"CN=## RN=H## CR=#.4%% WR=#.#% FR=#.8% GR=#.4% GT=#,
#4 FF=#.84 MF=4.#3";CN,RN,CR,UR ,FR,GK,6T, FF MF
490 PRINT USING"M=## T=#.%#% OH=#%.4 OL=#%.% OW=h4.4 DZ=4%4.4% DB=#%.
4"3M,T,DH(2),0L,0W,D2,0B ' ’
590 LPRINT USING" FLDOR #% OH=##.% [ml *;@,0H(Q)

518 LPRINT "¢ T ———— r—— e -
5z@ LPRINT "1 POINT | SC [%1 | ERC [%11 IRC [%11 D.F.C%)i"
530 LPRINT " #-—=mmmm e et o frmm e ®

540 PI1=3.14159:H=SH+WH-FH

539 IF WH=8 THEN H=D

348 Hi=SH-FH )

S70 IF WH=2 OR Hi<® THEN Hi=@

588 RI=SH+WH/2

598 FOR NW=t TO N

600 ON NW GOTD 610,620,438

&£1@ RESTDRE 2798:607TD 448

&28 RESTORE 2808:G0T0 440

430 RESTORE 281@8:G0T0 648

64@ READ Ci1#,C2% ’

£5@ FOR Wi=Cl# TO C2# STEP (C2#-Ci#)/{(CN-1)
568 READ I

678 FOR J=0B TO RN-1

580 D=1+J*.B

590 HA=ATN{H/(D+T) Y :EH=D*TAN (HA)

788 IF EH<{H! THEN EH=H1

718 Ov=0H{Z}-PH

728 IF OV{=5H THEN CV=8

730 DACJI=ATN(OV/(D+T+D2})1+18@/P] 7
740 IF PH{=SH THENM 758 ELSE IF FH>SH THEN 7680
758 HK=Hl+WH/2:B0T0 778

748 HK=H/2

778 KA(J)=ATN(HK/D)*188/F1

760 CO(J)=(1+2%SIN{KA(J)*F]1/180})/3
798 —wmemmmmmm e e
8GR IF W1<® THEN 0840

818 IF Wi>=B AND Wi{=WL THEN 928

828 IF W1rWL THEN 998

B3@ 'mmmememeemmmmm e e e
AiR WZ=KL+ARBSWL)
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858
B&2
g7o
g8a8@
g9a
900
91@
9208
kY
942
950
k215
970
980
998
1gae
1816
1020
18308
1@4@
1850
1860
187@
1480
1898
11a@
1110
1120
1138
1148@
1130
1168
1178
1188
1198
1200
1218
122
1238
1240
1250
12682

IB=ATNIW2/ (D+T))
WA=AES (W) : WB=D*TAN(IE)
IF WB<WA THEN WB=WA
WE=WE-HA
GOSUE 1398
SE=(G4-53)-(8Y-8%)15F={82-51)~ (SE-5A)
GOTC 1068
W2zWL-H1
TR=ATN(W1/ (D+T) ) : ZE=ATN W2/ (D+T)}
WA=D*TAN(IA} :WR=D*TAN(ZH)
WE=WA+HE
GOSUB 1390
GE=(5I+54) - (5X+5Y) :5F=(81+482) - {3A+5H}
GOTO 1060
H2=W1-HL
TA=ATN WL/ (D+T))
WA=D*TAN (ZA) 1 HB=W2
IF WACWE THEN WA=WE
WE=WA-WE
GOSUB 1390
SE=(53-84) - (§X~8Y):SF=(51- S2)-‘bﬁ 5E)
§=GE+(SF-SE) /18
IF S$="CS* THEN S(NK,1,Ji=5«GT*FFeMF#100
IF 6%="0C" THEN S{NW,I, J)—S*fD(J)*bT*FF+NF*1@ﬂ
SONW,T,11=5iNK,1,0)
NEXT J,W1,NW .
REEFE@: FOR E=1 TG 3:BEEF1:FOR A=1 TO 3E:BEEFR:NEXTA,E
IF OH(Q)3SH THEN BOSUB 1490 ELSE 1218
FOR NW=1 TO N
FOR I=1 TO CN
FOR J= @ TO RN-1
SO(NW,1,d3=8(NW,1,J)~E(NW,T,J) ,
IF GA{J1<2® THEN EQ(NMW,1,J1=E(NW,I,3}/5
IF OA(J)»=22 THEN EO(NW,I,J)=E(NW,I,3)/1@
IF DA(J)=8 THEN ED(NW,I,J!=0
NEXT J,1,NW
GOSUR 2440
FOR I=1 TO CN
FOR J= @ TO RN-{
FOR NW=1 TO N
SCUI,J)= SC(I,J)+S0(NK,I,I)
ER(I1,J)= ER(I,J)+ED(NW,I,d)
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1270 NEXT NW,J,1

1288 FOR B=1 10 19:BEEFS:FOR A=1 TO 18:BEEPO:NEXT A,B

1290 FOR I=2 TO CN

1380 FOR J=2 T0 RN-1

1318 DF(I,d)= SC(I,J)+ER(I,J)+IR

1320 LPRINT USING " [ #% 8 188, 4%48%4 144, REGRRE HH. SHERRE IR0 HREAAS
1*31,d+41,8C(1,0) ,ER(I,3),IR,DF(I, 1)

1330 IF I=CN AND J=RN~1 THEN 1360

1340 LPRINT "t + et R e "
1350 NEXT J,I ,
1368 LPRINT “¢ . L " 1 -
13170 ERASE SC,ER:DIM SC(CN,RN),ER(CN,RN) :NEXT @

1388 END

139@ "SUBROUTINE #% S5.C. #4#
1480 Sl'lATN(ABS(NI)/D)—(“ISER(H*H+D*D;)*ATN(HBQ(NI)'SLh(HtH+D*D)))’(2*“I;
1410 S2=(ATN(W2/D) - (D/SBR{H*H+D#D) ) #ATN(W2/SQR (H¥H+D*¥D)) )/ (2¥F1)
1420 SA=(ﬁTN(ﬁBS(NI)/D)-(D/SQR(HI*H1+D*D)3*ATN(ABS(N1§fS@R(Hl*HI+D*ﬁ))EJtE*FI)
1430 SE=(ATN(W2/D)-(D/SOR(HI*H1+D*€D))*ATN(W2/SER(HL¥H1+D*D) )/ (2*PI)
1449 S3=(ATN(WA/D) - (D/SAR{EH¥EH+D#D) 1 #ATN (WA/SER (EH*EH+D#D1))/ (Z+P 1)
1450 S4=(ATN(WE/D}-(D/SOR(EH*EH+D#D)) #ATNIWE/SAR(EH*EH+D%D)) )/ (2¥FI)
i858 SX=(ATN(WA/D)~(D/SBR(HI*H1+D*D) ) *ATN(WA/SOR(HI1#H1+D*D) )/ (2¥F L)
1470 S?=(ATN(WB’D)-(D/SQR(HI*H1+D*D))*ATN(HB/SQRtHl*H1+D*D)))/((*FL}‘w,
1480 RETURN ‘ :
1490 'SUBROUTINE #% E.R.C. ##
15@@ FOR NW=1 TO N
1518 ON NW GOTO 1520,1538,1548
1570 RESTORE 279@:60T0 155
153@ RESTORE 288@:6070 1550
154Q RESTORE 281@:507T0 1558
1550 READ C14,C2%
156@ FOR Wi= c1# T0 C2# STER (C2#-Cl#)/7(CN-1)
157@ READ I '
158@ C1=08+(C24-C1$)/{CN- 1) #(I-1)
1598 FOR J= @ TO RN-1
168@ D=1+J%.8
1618 HA=ATN(H/(D+T)) :EH=D#TAN(HA)
1628 IF EH<{H1 THEN EH=H1 ’
1630 HZ=D*TAN(OA(J)*FPI/180)
1648 IF H2>EH THEN H2=EH
165@ IF H2{H1 THEN H2=HI
166@ "——-—-mmmmmmm————mee e ——m e
1670 IF W1<B THEN 171@ ‘
1680 IF W1>=@ AND Wi{=WL THEN 1988
1698 IF W1WL THEN 2270
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WZ2=WL+ABS{UWI)
IB=ATN{W2/(D+T)}
WA=ABS(W1): WB=D*TAN(IB)
IF WBCWA THEN WB=WA
IF 0148 THEN 18068
IF 01>=8 AND D01<OL THEN 1890
IF 01»=0L THEN 1978
02=0L+ABS (01}
I1=ATN(ABS {01}/ (D+T+D2+0W)) 1 Z2=ATN(02Z2/{D+T+D2))
Bi=D#TAN(Z1):1B2=D*TAN{I2)

' IF Bi{WA THEN Bi=HA

IF Bi>WB THEN Bi=WB

IF B2{WA THEN B2=HA

IF B2>WB THEN B2=WEB

GOSUR 25880
E=(E2-E1)-(EE-EA):60T0 2330
02=0L-01
I1=ATN(OL/(D+T+D2) ) s 12=ATN(OZ/{L+T+D2))
Bl=D#TAN{I17:B2=D*TAN(L2)

IF BI< WA THEN Bi=HA

IF B2{W& THEN BZ=WA

IF B2>WE THENW B2=WEB

§O0SUB 2580
E={E2-E1)~-{ER-EA):G0TO 2330
B1=0:B2=0:E=0:5070 253@

WZ2=WL-W1l

TA=ATN W1/ (D+T1) s ZE=ATR{WZ/(D+T))
NA D¥TAN{ZA): NB D*TAN{IE)

IF 01<8 THENwE@bW

IF G1>»=0 AND Di<OL THEN 2130

IF 01>=0L THEN 2200

02=0L+ABS (01 .
I1=ATN(ABS(01)/ (D+T+D2+0W)):12=ATN{O2/{D+T+D2))
Bi=D#TAN(Z1):B2=D#TAN(12}

If Ri>WE THEN Bi=UkB

IF B2:WB THEN B2=WB

60SUB 2580
E=(E2-E1)-(EE-EA}:60T0 2530
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213@ 02=0L-01

2148 Z1=ATN(DL1/(D+T+D2)):712=RTN{D2/(D+T+DZ1)
2150 B1=D#TAN(Z1):B2=D¥TAN(IZ)

21460 IF B1:WA THEN Bi=kA

2170 IF BZ>WE THEN B2=WR

2188 GOSUE 2580

2198 E=(E1+E2)-(EA+EB):60T0 253

2280 02=01-0L

2218 Z1=ATN(O1/(D+T+D2)):Z2=ATN(Q2/ (D+T+DZ+0W))
2220 Bi=D*TAN{I1):B2=D*TAN(I2)

2230 IF Bi)WA THEN Bi=HWA

2240 IF B2>WA THEN B2=WA

2250 GOSUB 2588

2260 E=(E1-E2)-(EA-EB):60T0 2530

227@ WE=Wi-wL ’

27280 IA=ATN(WL/(D+T)):WA=D*TAN(ZA) :WR=WZ

229@ IF WACWB THEN WA=WB '

230@ mmmm e

2318 IF D1<@ THEN 2350 ,

2320 IF 01>=0 AND 01{0L THEN 2360

2330 IF 01>=0L THEN 2448

2340 --mmmmm et m e

2350 B1=0:B2?=0:E=0:607T0 2530

2360 02=0L-01

2378 I1=ATN(D1/(D+T+D2)):12=ATN(02/ (D+T+D2))
2380 B1=D#TAN(I1):B2=D*TAN(I2)

2398 IF BLYWA THEN B1=WA

2480 IF B1<WB THEN Bl=WB

2412 IF B2<{>WB THEN B2=KB

2420 GOSUB 2580

2430 E=(E1-E2)-(EA~-EB):GOTO 2530

2449 02=01-0L , _
245@ Z1=ATN(OL1/(D+T+D2)):+Z2=ATN{OZ/(D+T+D2+0u)}
2460 E1=D*TAN(71):B2=D#TAN(I2)

2478 IF B1>WA THEN Bl=WA

2480 IF B1<WB THEN B1=HWB

2498 IF B2yWA THEN B2=WA

250@ IF B2<WB THEN B2=WB

2518 GOSUR 25880

2520 E=(E1-E2)-(EA-EBR):G0T0 2530

2530 E(NW,1,J)=E*GT*FF*MF*108

2540 NEXT J ' .
2558 BEEPQ:FOR B=1 TO 3:BEEPI:FOR A=1 70 1@:BEEPQ:NEXT A,EB
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25468
25780
2588
23590
2608
2610
2628
2630
2540
2650
2668

2670

2638
2690
Z7ee
2712
2720
2738
2740
2758
2768
2778
2788
2790
28409
2812

NEXT Wi,NW

RETURN

"SUR~SUB ROUTINE # E.R.C. #
E1={(ATN(EL/D)-(D/SOR(H2*%H2+D#D) ) *ATN(B1/SAR (HZ*HZ+D¥D) ) )/ (2¥F1)
E2={ATN(BZ/D)-(D/SRR(H2*¥H2+D*¥D} ) *ATN(B2/SAR (HZ®H2+D%D) )}/ (2#P1:
EA=(ATN(B1/D}-(D/SOR(Hi*HI+D*D) y ¥ATN(H1/SAR (HI*#H1+D*D) ) )/ (2¥F1)
EE=(ATN(B2/D)-(D/SOR(HI*H1+D*D) ) *ATN(B2/SBR(H1*xH1+D*D) )}/ (2¥P ]}
RETURN o : ’

"SUBROUTINE #% I.R.C ##

OP=0H (B} -RI _

OT=ATN(OP/(T+D2) #18Q/F1)

IF OH{Q@){RI THEN DT=0

C=48-07/2

AC=RW*RL : AW= (RH#RL) #2+ (RH#RW) *2-N*WL*WH

AF=RW*RL: NASN®WL*WHFF

R1={AC#CR) + (AW*WR) + (AF¥FR) + {WA*GR)

R=R1/ (AC+AW+AF+WA)
Al=(RW2+RLY#RI-WA/2: A2=(RW*Z+FL )} * (RH-RI)-WA/Z
Fi=(AF¥FR)+(A1¥WR) + {WA/2) *GR:FUW=F 1/ (AF+AL+WA/2)

C1={(ACH*CR) +{A2%WRI + (WA/2) *BR:CN=C1/ (AC+AZ+WA/2)

AR=AC+AN+AF+WA . _ '
IR=GT*MF*FF*WA* (C¥FW+5%CH) / (AA* (1-Ri*10B2) #1280

RETURN o

DATA 2,9.8,1,2

DATA -3.7999,3,1,2

DATA -18.6,-3.8,1,2
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2@ "ARTIFICIAL LIGHTING DESIGN AND TLLUMINANCE CALCULATION
3@ 'PROGRAM BY NEC PC-8@81 mk2 < N-B@ BASIC >

4@ ‘ =====>================:=====::=:==::::::::::::;::::::::
50 WIDTHBO0,25:CONSOLER,25,8,8:CMD CLS

6@ INPUT "“(1} ROOM LENGTH Ifml ";RL

70 INPUT "(2) ROOM WIDTH I[ml ";RH

88 INPUT "(3) ROOM HEIGHT {ml “;RH

9@ INPUT "{4) WORKPLANE HEIGHT Im3 "iPH

188 INPUT *(5) WINDOW LENGTH [ml ";WL

118 INPUT "(&) WINDOW HEIBHT [m3 ";WH

128 INPUT “(7) WINDOW NUMBER [shl “;uN

138 INPUT *{8) CEILING REFECTANCE [(%}/1@88]1 ";CR

142 INPUT "{9) WALL REFECTANCE [{%)/710@] "R

13@ INPUT "{1@) FLOOR REFLECTANCE E€h)/7180) "iFR

160 INPUT "(11) GLASS REFLELTANCE [{%)/1@821 ";GK

170 INFUT "{12) PATTERN OF FLUORESCENT LAMP --- {.OFEN or Z.CLOSED"iF$
188 INPUT “(13) LENGTH OF A& LAMP [ml ";LL

198 INPUT " (14) DIAMETER OF LAMP [cm] ";DI

280 INPUT "¢15) LUMINOUS FLUX ({iumen] *;F

21@ INPUT “(16) INDOOR STANDARD ILLMINANCE [Luxi";E

220 INPUT "(17) NUMBER OF REFERENCE POINT "sRF
238 PRINT : .
240 e----mommmee ¢ EXAMPLE of INPUT DATA >-—=-m-mm-m-mcomeoos -~

25 RL=21:RW=1@:RH=2.5:PH=.75:NL?5.I:WH=1.75:WN=3$CR=.7ifNR=.46
26@ FR=.15:BR=.15:F$="1":0L1=1.2:DI=3.8:F=32B0*%2:E=5P@:RP=11

27 ' mmmmmmm e m o m o oo
282 LMD CLS

299 PI=3.14159

382 H=RH-PH

318 LN=RW#2-1

328 kK=RL*RW/ (H*(RL+RW))

238 IF K<.7 THEN K$="J* :

3408 IF K>=.7 AND K<.9 THEN K$="1"

358 IF K>=.9 AND K<(1.12 THEN K$="H"

368 IF K»=1,12 AND K<1.38 THEN K&="5"

370 IF K>=1.38 AND K<1.75 THEN K$="F*

388 IF K»=1.73 AND K<{2.25 THEN K$="E"

- 398 IF K»=2.25 AND K{2.7% THEN K¢="D"

498 IF K»=2,75 AND K<3.5 THEN K$="C*¥

41@ IF K»=3.5 AND K<{4,5 THEN ké$="E"

420 IF E>=4.35 THEN K$="@4"

432 ‘_E_EINT ¥ oszzzzsomzrsoIZoRS==xz=sscz=s========"

"o
[ %}

A
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4483 PRINT “{fA) ROOM INDEX ---=----==- ("3E§;USING") #8847 F

458 PRINT USING"(B) CEILING REFECTANCE ------ . #8"3CR
469 PRINT USING"(C) WALL REFECTANCE --------- #, 84" 1WR
478 PRINT USING“ (D) FLOOR REFLECTANCE ------- #.88" PR
48@ PRINT Hoom=mzzos==cz=sszz=sssssz=s=ssszzzzzzzc”
492 PRINT o

SE@d INPUT “DETERMINE UTILANCE USING TAELES ";U

51@ INPUT “DETERMINE MAINTENANCE FACTOR "I MF

928 e < EXAMPLE of INFUT DATA »------

530 U=.56:MF=.63 ,

54 ‘wmmmmmmeeso o ee e mo— oo

358 FU=F+*U ‘

568 Fi=FU#.9:F2=FU%.! '----See the TABLE for Coefficient of Utilization
578 LN= E#RL*RW/ (FU*NF) ’ _

580 IF LN <YINT(LN/Z2)#2 THEN LN=INT((LN+#1)/2)%2

59@ CMD CLS

680 DL=1,5#%H

619 DW=DL/2 ,

528 FRINT #oozzozzsr2zsssc=cs=c=sxzosoosSoozsaEssszzasSssssaxs

630 PRINT USING"TOTAL NUMBER OF LAMPS o In =#4#4% [EAY “;LN
540 FRINT USING"MOAX. DISTAN. BET. LUMI. Di{= #.%% fm] “;DL

658 PRINT USING"MAX. DISTAN. BET. LUMI. & WALLS  DW(= #.#%#% [m] lé;DN
£68 PRINT Mesrszsssce=sz===szzzoszmECTSSSSosSSssssosssss=ozi : f
478 LOCATE @,4: INPUT "LOCATE THE LUMINARIES. IF SO, PRESS RET.KEY :";0
488 CHD CLS o : . « o
L90 ‘::::::::::::::::::::=====::=::=:==::======::===;===t=;:::”
780 INPUT "(1) COLUMN NUMBER OF LAMP (VERTICAL TO WINDOW: *;CN
718 INPUT "{2) ROW NUMBER OF LAMP (HORIZONTAL 70 WINDCW} “;RN
728 ssmmsr=zmTorxooTrToosSCSESSSSESmCS=CSCSIZSESSSSISESSSSSESISS

738 ------{ EXAMPLE of INFUT DATA J---=-- _
74@ CN=B:RN=§ - _ '
p Ay R

768 DIM ED(RF),EP (RN,RF,CNI,ER(RF) EE(RF)

778 H=F/(PI#PI*DI«LL*100) ,
780 IF F$="1" THEN I[I=B#DI#180 ELSE IF F$="2" THEN Il=1c8@+U
790 CMD CLS

802 FOR I=1 TO RN

818 FOR J=1 TG RP

820 READ Li

838 FOR ¥=1 T0 CN. . , , .

849 LOCATE @,@:PRINT USING“RN=##% RP=## CN=#4 ";1,],K
BS@ IF K=1 OR K=8 THEN D=8.1 '

86@ IF K=2 OR K=7 THEN D=6.5
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gra
gae
a9@
200
910
eze

. 938

240
950
968
970
980
990
100
1010
1028
1830
1842
1852
1868
12780
18880
© 1992
110@
1110
112¢@
1130
1148

© 1158

1168
117¢@
118@
1198
120€
1218

1229

1238
1248
. 1250

1268
1270

1289

IF K=3 OR K=& THEN D=3
IF k=4 OR .K=5 THEN D=1.3
P=50R (H#H+D+*D)

IF L1<® THEN 938

IF Li>=8 AND Li<=LL THEN 370 ‘ .
IF Li»LL THEN 1810 '
L2=LL+ARSTLYY .

IF F$="1" THEN BOBUR 11B@

JIF Fe=%2" THEN GOSUB 1220
EP=f2-E1:6070 1050

L2=Li-t \

IF F$="1" THEN GOSUB 11B@
IF F$="2" THEN GOSUB 1229
EP=E1+E2:60TD 1050
LZ=C1-LL

IF F$="1" THEN GOSUE 1i8@
IF F$="2" THEN GOSUE 1222
EF=E1-E2

EF(T,I,K)=EP
ED(J)=ED(J)y+EP(1,,i)
NEXT K

NEXT J

NEXT I

GOSUR 1248

FOR 3=t TO RF
EE(J)=ED{J)+ER

PRINT USING"#§ #48.44°;J,EE(])

NEXT J

FOR B=1 J0 S:BEEP1:BEEPO:NEXT B

60SUB 1388 . 5

T OFEN (DIRECT)

E1=11/P%, 4*&(P/P+QtN(ﬁ“S'L’)'°’+(H*QB“‘L1"/"1*L1*H*H+D*Dz))
E2=TI/F*, 5% {{H/P*ATNI{L2/P)+{H*L2) / (L2*L2+H*H+D*D)))

RETURN .

T CLOSED (DIFFUSED 'with LOUVER)

Ei=1T1#H# 5/ (P*P) ¥ ((H/P¥ATN(ABS{LL) /P + (H¥ABS (L)Y /{L1#L1+HEH+D*D) )}
E2=T1#H®. 3/ (P¥P) # ((H/P¥ATN(L2/P)+{H¥L2) / (L2#L2+H%H+D*D})})
RETURN .

e ~--INDIRECT ILLUMINANCE

WA=RN*WL*WH: AF=RW*RL '
A1=PH*(RL+RW3*2:AC=RW*RL:A2=(RH-PH)*(RL*RW)*Q-WA.
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1298 R1=(AF*FR+A1%WR) / (AF+A1) :R2=(AC*CR+AZ*WR+WA*GRI/ (AC+AZ+WA)
1380 ER={(FI1#R1+F2)%R2/(AF % (1-R1#R2))

1312 RETURN

1320 DATA .6,1.4,2.2,3,3.8,
1338 DATA -1,- W2 gk, d
134Q DATA -2.6,-1.8,-1,-.2,
1350 DATA -4.2,-3.4,-2.6,-1 : ,
1360 DATA -5.8,-5,-4.2,-3.4,-2.6,-1.8,-1,~-.2, .6, 1.
1378 DATA -7.4,-6.6,-5.8, :

1388 CMD CLE ‘---------m- ERAPH ,
139@ CMD LINE(8,9)~(Q,189):CMD LINE(2,189)-(479,189)

1480 CMD LINE(479, 139)-(479 9):CMD LINE(479,9)- (@,9)

1410 vS=4808/3000

1428 FOR J=RF T0 2 STEF -1

- 1438 E1=EE(J}#VSIEZ=EE(J-1)#VE

1448 Y1=9+{RP-{J-1))%15:¥Y2=Yi+15

1458 CMD LINE(EL,Y1)-(EZ,Y2}

1468 NEXT J

1478 FOR ¥=24 T0 174 STEF 15

1488 FOR X=0 TC 479 STEF 3

1490 CMD PSET (X,v)

1580 NEXT X,Y

151@ FOR X=14 TO 479 STEP 1é&

1528 FOR Y=9 T0 189 STEP3

1538 CMD PSETIX,Y)

1548 NEXT Y,X

1558 FOR Y=9 TO 189 STEP 2 .

1560 X=E#VS:CMD PSET(X,Y)

1570 NEXT ¥

1560 FOR X= @ TC 4B@ STEF 8@

159@ FOR v=6 70 8

1682 CMD PSET(X,Y)

1618 MEXT Y,¥ :

1620 LDCATE B,@:PRINT "@";5PL(7); 500" ;SFC{7: " 100" ;6FC(6);
“1500°3SFC(6) ;72000 ;SFC(6);“2588";5PC 6} ;" 1000"

163@ CMD COFYS

1640 RETURN
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(BE3>. ABAFEXTEEE HES22Y (10000 lux) ¥ REMEE)

1@ ‘=:::====:=:::::.‘::::::::::::::::::::::::::::: -

2@ ‘CUMULATIVE OCCURENCE RATES OF OUTDOOR

3@ 'HORIZONTAL SKY ILLUMINANCES PER 1288 [Luxl

49 ‘BY NEC PC-BB@! mk2 < N-88 BASIC »

5@ '::::::=::======:=================:====:====

40 WIDTHBO,25:CONSOLE®,25,€,0

70 LFRINT CHR$(Z27);"@";:LPRINT CHR${27};"3";CHR$(23) ¢

80 LPRINT CHR$(27)3"U";CHR${1);

q@ b - e e = o .

1@@ INPUT "First HMonth=";FM

110 INPUT “Last Month="jLM

128 "mmmm e

138 CHMD CLS

140 DIM PR(&B) ,FL(6B) ,PF(12,60),A1(60),A2(68),C1(60),L2¢60)
158 FOR MD=FM TO LM

168 IF MO=1 OR MO=3 OR MO=S OR MO=7 OR MO0=3 OR MO=18 OR HO=12 THEN 198
17@ IF MD=2 THEN 280 ' ‘
180 IF MO=4 0OR MO=4 DR MO=9 OR MO=11 THEN 218

19¢ LD=31:FOR DT=1 TO LD:BOTO 222

282 LD=28:FOR DT=1 TO LD:E0TD 220

218 LD=38:FOR DT=1 TO LD .

228 IF MO=1 OR MO=2 THEN DN=31%{M0-11+DT

238 IF MO=3 THEN DN=59+DT : :

24@ I1F MO>3 THEN DN=9@+INT{38.S5#(M0-4))+DT

250 N=DN-INT(DN/7)%7 : :

260 FOR Ti=t 0 9

278 THM=TI+B:TT=TT+{

28@ READ IS .

290 LL=37.56&7 '-----LATITUDE of SEDUL

380 RD=3.14159/18@:D6=188/3.1415%% -----Radian & Degree
31@ LR=LL¥*RD

320 DA=23.45%SIN( (360% (284+DN) /365) #RD} #RD

330 TA=(TM*15-180) KD o

348 SH=SIN(DA)*SIN{LRY+COSiDA) #COS{LRY*COS(TA}

358 CH=S@R(1-SH"2):HR=ATNI{SH/CH}

360 H=HR*DB ; ,
-37@ E=SIN(H*RD) - , - S
388 IF §¢.2 THEN 438 :

398 IF Sy=.2 AND 5¢.4 THEN 449

498 IF Sy=.4 AND §¢.6 THEN 452

419 IF S>=.6 AND S<.B THEN 460

429 IF §>=.8 AND S<¢=1 THEN 478@

438 C3=1.051:6070 480
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44@ C3=1.339:6070 480

450 C3=1.376:60T0 480

460 C3=1.364:60T0 480

470 C3=1.345

480 NS=93.7#L3 "~----Luminous Efficasy of Daylight

490 ES=I1S¥NS ~ -

508 K=INT(ES/10@8)+1

510 PR(K)=PR(K)+1

520 PP(MO,K)=PP(MD,K)+1

538 LOCATE @,0:PRINT USING"#4 B #4 B #%:082 & ####¥ [hours]
#4444% [Lux1";M0,D7,TM,TT,ES

540 NEXT TI:NEXT DT

550 BEEP1:BEEP@:EEEF1:BEEPD:REEPL:BEEFD

Se@ NEXT MO

57@ FOR K=1 T0 50 :
S88 Al (K)=AL{KI+PP(6,K)+FF(7,K)+PP (B, K)+FP (T ,K) ~=--=---~ Cooling Period
590 A2(K)=A2(K)+PP(1,K)+PF(2,K) +FF(3,K)+PF{11,K)I+PF(12,K)"
---Heating Period

682 NEXT K ~

618 FOR B=1 TO 5:BEEPi: FOR A=1 TO 1@: BEEDm NEXT A,B

620 LPRINT:LPRINT

63@ LPRINT "## CUMULATIVE OCCURENCE RATES & ExTINCTIGN RATES
(1 A1 B ---12 B 31 B )44

648 LPRINT® r———m - — N U S
T - W ) R S

638 LPRINT" I [Lux3 ! : GVER # YEAR i COCLING PERIOD

| HERTING PERIOD

660 LPRINT® pmmmmmmmmmmm e S T e pmmmem 4 . -

b v e mmmq® ‘

678 LPRINT"| Es. RANGE  10CCI PER %I PTL %! EXT %10CCI PER %1 PTL %1 EXT 4
IOCC ! PER %1 PTL %t EXT %(*

688 LPRINTY p—mmmmmmmm e T — o e fommm e e
SRR TR et EE— 'L

698 FOR K=1 TD 50 : B
- 708 PC=PR(K)/TT#10@:CU=CU+PRIK} s FL{K}= CU/TT*I@U EX=18@-PL(K) ’*-YEAé

710 P1=A1(K)/1098+10@:B1=E1+A1(K):C1(K)=E1/1898#10B:E1=180-C1 (K) '---COOLING
720 P2=R2(K)/1359%100:B2=B2+A2(K) :C2(K)=B2/1359%108:E2=188-C2(K) '---HEATING
738 LPRINTUSING" [##88% - SES0E UR0F URRR B0 LRER B0 00 08 1088 (B84, B0 1505, 44
PHEU. S IRAE RN, S84 1008, BE IHES, 881" (K-1) #1000, (K-1)%10080+1@00,PR(K) ,PC,
PLOKY EX,A1(K) ,P1,C1UK) ,E1,AZ(K) P2,C2(K) E2

740 IF K=58 THEN 7680 : '

75@ IF K=10 OR K=2@ OR K=3@ OR K=4@ THEN LPRINT"}

-t + it S tommt +
760 NEXT K B :
778 LPRINT" t~- e . " deeea s

e de 4 4 J K

+
+

_* u

+
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788 LFRINT ‘

799 LPRINT USING"TOTAL TIME=##4%# [HOURSI";TT :LPRINT

890 LPRINT “FRE: FREQUENCY [-1":LPRINT sLPRINT "PER: FERCENT Ln]"'LPRINz
818 LPRINT*RTL: PERCENTILE [%I":LPRINT:LPRINT“EXT: EXTINCTION RATES [l]"'L“RLNT
£28 CMD CLS:CMD LINE(29,13)- (29 173): CMD LINE {29, 171)-(479 173):CMD LINE (429,
173)-(429,13):CHD LINE(429,13)-(29,13

830 V=168/108 '

840 FOR K= 3 70 49

B850 P1=173-PL(K)*¥ViP2=173-PL (K+1)#V

B6R B1=173-C1{K)*#V:02=173-C1 (K+1)#V

870 R1=173-C2(K)#V:R2=173-C2(K+1)#V

880 Ei=K#8+29:E2=E1+8

890 CMD LINE(EL,P1)-(E2,P2)

988 CMD LINE(E1,B1)-(E2,82)

91@ CMD LINE(EL,R1)-(E2,R2)

928 NEXT & .

93@ FOR ¥=69 TO 389 STEP 40:FOR ¥=170 TO 173:CHD PSET(X,Y):NEXT Y,X

949 FOR ¥=69 TO 389 STEP 4@:FOR Y=13 T0 173 STEP I:CMD PSET (X, ¥ aNEXT ¥, X
95@ FOR Y=29 TG 157 STEP 146:FOR X=29 70 429 STEP 3:CMD FSET (X,Y):NEXT X,¥
960 LOCATE @,0:PRINT "(%I1":LOCATE 54,9:PRINT “L¥%1" :

978 LDCATE 8,1:PRINT "1@@":LOCATE 8, S:FRINT * B0"

98@ LOCATE 8,7:FRINT * &@":LOCATE B,13:PRINT * 4@*

99@ LODCATE @,17:FRINT " 20":LODCATE @, 21 FRINT " @°

1088 LOCATE 54  1sPRINT "8":LOCATE 54,5:FRINT *2@%

1818 LDCATE 54,9:PRINT "40":LOCATE 54, Ix.PRINT N

1928 LOCATE 54,17:PRINT "80":LOCATE J4,21 PRINT “1@@"

1832 LDCATE 3 2°-Pp'nr “@uySPC!T); " 1BERY " ;SPC(S) ; 28088 ; SFC(5);"30000";

SFC(S) Maaoe ":SFL(‘)'“: @0R0":LOCATE 51,23 PRINT "[Lux1"

TRHQ-CMD- COPYS

- 1850 END
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DATA

L 92,86,78,42,59
7%

4,116,121,118
DATA 28,112,142,35,%0,148,179,113,89
DATA 73.75,91,63,51,28,36,24,7
DATA 48,99,91,101,8%,67,49,14,52
‘%% DECH+ :
DATA 49,106,140,137,148,119,65,57,7
DATA 21.35,56,89,144 134,89,59,3
DATA 76,99,140,139,14e,94,52,41,9¢
DATA 26,77,82,86,73,57,50, 26,46
DATA 23,86,124,130,121,48,54,20,18
DATA 28,102,139, 121, 108,113,854, 85
DATA 72,49,99,1%7,112,113,74,33,74
DATA 35,105,111, 110,189,9b,63,14,87
DATA 4B,102,123,127,118,99,81,46,35
DATA 32,94,1e8,114,109,89,%4,37, 3%
DATA 68,118,98,124,133,118,71,34,73
DATA 39,95,108,116,111,93,45, 44,48
DATA 15,44,123.185,95,85,61,46,3
DATA 55,81,85,86,77,58,48,42,78
DATA 53,80,113,1231,187,91,67,37,61
DATA 28,1087,127,115,130,187,858,42,98
DATA 16,80,111,77,88,125,74,63,8
DATA 31,74,86,%8,85,71,4b,2] 49
DATA 63,92,114,129,135,108,98,35,73
DATA 15,74,117,112,90,47,67 61%55
DATA 28,183,138,133.122,86,52,24,¢80
DATA 11,44,102,151,137,125,82,47,5
DATA 46,94,101,114,119,102,98,40,47
DATA 3@,18l,102,117,85,53,49,33,7
DATA 21,183,105,101,91,74,52,24,69
DATA 42,94,108,114,112,92.70,40,67
DATA 37.83.1@1,133,136,12%,98,5%,53
DATA 21,99,128,136,106,119,89,41, 66
DATA 36,108,132,151,149,13] 97,697
DATA 15,60 §7~154%14641§6 87,33, 73

37.184,119,138,1%4,115,87,41,5

DATA
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ABSTRACT

A Study on the Interior Illumination Design
through Physical Scale Model Experiment
and Computer Simulation

Song, Kyoo Dong , :
(M.S., Architectural Eng.)
Directed by

prof. Sohn, Jang Yeul

The optimal use of daylight inrbuildihgs enables us to obtain
adequéte levels of illgminance and to maintain high quality of
visual environment as well free of charge.

Especially, the office rooms of commercial buildings in-wﬁich‘
much eleétricity; aboﬁt one third,of totally consumed eléctriéity
in each building, is spent on intéfior lighting are dsually occu-
pied in the»daytime. |

| 'So, whén the déylighf is used actively in such buildings, it
must be possible to save quite a bit amount of energy consumed
for artificial lighting. In Korea, however, while researches on
- the thermal aspects of sola:'radiation have been_being conducted
lively, sparse.résearches on natural lighting using abundént day-
light have been conducted.
As a result, there are few basic data and evaluation techni-

ques of our own country about daylighting effects in interior.
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Even though, daylighting'is consi&ered sometimes when}desig—
ning buildings, at present, daylighting and artificial lighting
afe designed separately'by arqhitectsvandfeléctric'engineers;
respectively. |

Seeing the‘presént situation in Korea, it is-hard to expect
synthetic and~energy efficient interibr illumination design.

>So, if the evaluation techniques for the synthetic effects
"of dayllghtlng and art1f1c1a1 lighting to analyze rapldly the
' energy saving effects through dayllhgtlng from the early stage
of bu11d1ng'de51gn were developed, 1t wou1d be possible to _
design dayllghtlng and art1f1c1al 11ght1ng very eff1c1ent1y 1n
“commerc1al bu11d1ngs | |
: ”ThlS study have been conducted to deve10p’the‘quantative
 analyzing method*as,well as; to suggest the ba51c data for est -
imating synthetlc lxghtlng effects of dayllghtlng and artificial
lighting through a series of physical scale‘mbdel experiments and
cémputer simulafion.

In this study, the results of the model experiments ahd
those of the COmputer simulation taigulating‘daylight ahdfarti-
ficial light illuminances are compared with those of a séries of
measurements in a real room to testify the accuracy of the two -

lighting design methods. -
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The contents of this paper are as follows:

1)
2)

3)

D

5)

In chapter 1, the present situation and the aim as well

as the scope and the procedure of this study are described.

In chapter 2, the theories of daylighting and artificial

lighting are studied.

In chapter 3, two computer programs based on Daylight

Factor Method and Lumen Method for caléulating daylight

factor and for designing and calculating the artificial

-lighting in interior are made. And the cumulative occur-'

ence rates of outdoor horizontal sky illuminances per
1000(lux) from 9:00 A.M. to 5:00 P.M. ovér a year as well
as in cooling and heatihg peribds-separately to be‘useéff
as basic data for computef simulation calculétihg inférior
illﬁminance levels and the extinction rates of luminaries
iocated near the window wéll quaﬁtatively.

In chapter 4, after selecting a room to measure illumi-

-nancevlevels of daylight and artificial light, 1/5 scale

model is made. And then the accuracy of the results from
the model experiments and computer simﬁlatibnbare Qerified
through the measurements in the‘real réom.

In chapter 5, through computer‘simulétion in a ten§story

building, the basic method and data for estimating the

synthetic illuminance levels of daylight and artificial

-161-
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6)

light and the extinction ranges and rates of the luminar-
ies are showen

In chapter 6, the results of this study are described.

Through these procedures, following results have been

obtained.

1)

2)

3)

Under clear sky, when outdoor daylight illuminance levels
are unstable in accordance with the location of the Sun,
the mean\érror between the results:of daylight factor
from the model experiment and those of'fhe measurement in
the real foom is 0.91(%).

So, it considered to be possible to evaluate daYligﬁt-
ing effects pfecisely using physical scale model iﬂyagy

alternative tentatively determined in the early stage

‘of building design.

Under‘évercastAsky, when outdoor illuminance levels are
stable not haQing to do with the location of the sun,:

the mean error between the results of calculated daYIight
factbr and measured in the real‘room is 0.9(%) . |

Under clear sky, as Daylight Factor Method itself can't
grasp the affects of the direct sun light and high bright-
ness sky around the sun, the meén error between caiculated

daylight factors and measured values is large in real

room.
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4)

5)

.6)

In the model oriented to thé north‘sky, however, calcu-
lated and measured daylight factors show very little mean
error of 0.7 (%) .

From the resuits-of 1), 2), and 3), Daylight Factor Method
can calculate precisely the daylight factor in any room
which has any orientation under overcast sky.

But, under clear sky, it can calculate accurately the

~ daylight factor in rooms oriented to the north sky

In case of artificial lighting, the results between
calculated by Lumen Method and Point-by-Point Method and
measured in the real room in which two'fluorescent 1amps
are installed shows 23 (lux) of mean error. -

So, it is possible to design and calculate the artifiéial
lighting. |

The results of a case study using the two computer pro-

grams and the data of annual hourly outdoor illuminances

show the possibility of rapid estimation of the energy
saving effects by daylighting in commercial buildings

through computer simulation.
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