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Abstract

Development of lightshelf system integrated with radiant heating

and cooling for building energy saving

Go, Beom Seok
Advisor : Prof. Hwang, Tae Yon, Ph.D
Department of Architectural Engineering,

Graduate School of Chosun University

This study was developed the TALS(Thermally Activated Light Shelf) and verified
performance of the indoor light environment, thermal environment and energy saving.
For performance verification, test bed experiments and simulations were conducted.

The results of TALS light environment evaluation are as follows. TALS is installed
in the perimeter zone of the indoor to block direct sunlight, create comfortable light
environment by making the uniformity of indoor illuminance distribution through
reflecting the sunlight into the interior zone. Also, TALS has a discomfort glare control
effect by reducing the window luminance and maintains a bright indoor by improving
the indoor daylight factor. Therefore, it has been proven that TALS can improve the
light environment and create a visually comfort indoor environment by performing the
original function of the light shelf.

The results of TALS thermal environment evaluation are as follows. TALS reduces
heat transfer and maintains a stable indoor temperature by transferring radiant cooling
and heating in the perimeter zone which occurs a lot of heat gain and heat loss. The
result of the vertical temperature difference and discomfort ratio at the center of the
indoor were analyzed that the comfortable range was improved and could feel a
comfort thermal environment. In addition, it was shown that the horizontal temperature
deviation was reduced by installing TALS to create a uniform temperature throughout

the room. PMV was analyzed to increase Category A comfort range by about 3.7 times

_Xl_
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when TALS was applied.

The building energy saving effects are as follows. The energy saving of TALS was
analyzed with DRDS(Daylight Responsive Dimming System). When DRDS was applied,
lighting energy was reduced by 73.2 %, and when TALS and DRDS were applied,
lighting energy was reduced by 78.8 %. Lighting energy saving rate of TALS was 5.6
%, and it was confirmed that the amount of lighting energy savings increased under the
conditions of the clear sky and partly overcast sky, but decreased in the overcast sky.
Also, TALS can reduce air conditioning load that the heating energy saving rate was
39.38 % and the cooling energy saving rate was 7.86 %. Radiant heating and cooling
technology of TALS has proven to be very effective in saving building energy by
decreasing the perimeter zone load and improving the indoor thermal environments.

In this study, TALS was developed and verified performance. TALS is a crucial
building equipment for realization of eco-friendly buildings and zero-energy buildings.
and it has secured the original technology in the field of building environment. This
study was proposed the operating mechanism of the TALS was quantitatively
investigated such as the effect of thermal comfort, the heating and cooling energy
saving, the light environment, and reducing lighting energy consumption. It is possible
to present basic data for TALS application and operation, it is possible to propose
technical standards and expand technology for radiant cooling and heating light shelf.
Lastly, it 1s possible to meet the national energy conservation policy and the
achievement of the global greenhouse gas emission reduction target. Furthermore, it is

possible to expand related industries and upgrade in the field of building environment.
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ISPA; M0 oA Iz = Ay AS AlZdl0l& = Zu @e 0
Clirlosfzo%nlzs] et (meMta;cerriilaalte) Overhang system (mocg—up) X Daylight performance Not considered
Claros S Material _ 0 . S L )
1271 (reflectance) (test-bed) X Indoor illumination distribution Not considered
o = 2z 0 Ha0 e st 242 AIZ2d01&88H & )
2 22 (2002) ) - X B Not considered
BEAFTHE (ZH, St (RADIANCE) HEA JI=XE 2 ot HMAl
=, =01, =, BtAIE, 0 (Lumen MW2Hsl A58 g4 Dol imolst 2
2EE} 2 (2003) 1! ) - X , Not considered
-2 X |2 Micro 2000) Jle] et A3 Het
Al-Sallal, K A. Adding a light shelf _ 0 - ’ ’
(2006) 20 material(reflectance) (test—bed) X Visual environment, Glare Not considered
~ 1.8m =0l0 E&s ZHdEH(AR = 600mm, 2t
=0|, S, AL 2HBt 0 o ]
H2(2007)B1 - X . T 15/ W2 = 400mm, ZE 0° )= AXIE | Not considered
RsUE (Lightscape) ) B
o, 21T & H2ds HE SHA
0 St iy Moz ZE HENH 2T &
2As4 21(2011)8 =ty BALE X , - T Not considered
(Lightscape) A B T o st
Raphael . 0 . ) )
(2011)[331 Angle, width Adaptable geometry X (Radiance) Energy saving, daylight performance Not considered
~ =, 2%, X fIX 0 RS, A28, S8 Zubto AL =8
M2l (2013)04 - - X i B Not considered
(22, ue, &8) (test-bed) L& MHE2HdsH 2HE =EH &5
Lim, Y. W. et al Dimension, angle, _ 0 Daylight distribution uniformity, ’
(2015)1% orientation X (Radiance) Indoor visual comfort Not considered
MereS| [aﬁ Anglewiwtihdtlhoucvoemrbslnation - X (Radioance) Indoor illumination distribution Not considered
Moazzeni, M. H. et Dimension, angle, _ 0 (Radiance, Indoor daylight distribution, ’
al(2016) Bg window direction X DIVA for Rhino) Visual comfort Not considered
Lee H Curved reflector, angle, P 0 Indoor illumination uniformity, N
?sg] thickness Dimming system (test-bed) X Lighting energy Not considered
0 SHMEE FHE 307 FMe0l AW 2
B Q(2021) ) 2t BAG THE - X (Ecotect, BEE Hd, AP 9 Zol 2=42%= X | Not considered
Radiance) HZAl, WX 2ot S0t L AEBH =2
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<H 1.2> &24det Jls ) AP
MEEs S ol DHE 4 Hds8I 3
AlS A= =2 A = 247
SRS M0 oA Iz = Ay AS AlZdl0l& = Zu @e 0
PV XS 0 HEAI 2 0° & Z2, g4d48sh 20 &85
Btz 9(2012) 1" 2% X B Not considered
Bk AIAE (mock-up) HIOF J1& 2, 220 HEx=E dEgs 24
HEAIS SHIF HESE HBEs 2, BHAIE
SN, BHAIE 0 _ ~
0 0l SIEg4+E XY 2o 24(8.9~15.5%), )
01&4(2013)% BEALE THE - (Energy Plus, ) . Not considered
(mock-up) gt 25 2ZA(2.4~4.4%) deres =0t
(Polycabonate) ECOTECT)
(9.2~16.3%)
MAXH 2AXo et 248 2AEE Js22 X
2B 205 WESPA: 0
224E 9(2014)1 ) X Zot=s 0l AI2E82 2AX AAII= 0I¥E A2 | Not considered
24 B8 2 AKX QIAD|= (test—bed)
BEEC 96.9% 2EUHUEHX M2 Jts
PV module . L
Hwang, T. et 0 Luminance, solar radiation, "
al (2014)14 Angle (attached to the (mock-up) X Electricity generation Not considered
reflector)
) 0 280 Zdptg Al ZHE 29.9%34.3% M
0132 2(2015) 1! BHAb ZH O - X Not considered
(test-bed) o, ZTHUUX 7.98%~13.3% X2
PV AIAES, Al =& ZHE g4 2 Al 2 =2 R
0
2J1E 2(2016)1 2, 28 PHAMY 28 BHAIS X (Re ) gk ZIF, PV AIAE M2 A0 ZItsl Not considered
el ux
21 MO AIAE (28.08%) L& &8 &4
0 HEES L 2 EIH30M 2D ZZ2HA
HAH 2(2017)H EZROL AlAE X , Not considered
(Lightscape) ANAEIOZ ZHNUHX AFZ2Z 50% Ol&h 2
48] &, 0 Py ZMBte 28.7%58.1% ZHOHUHX M2, &t )
21Xl 2/(2018) _ PV Al AE X B Not considered
PV 22 HE (test-bed) Aot sSXQ =& 22 PV HA HQt
24e, 0 O2|BANE Z4dbte LBt Z2HBh dHioh =9
012(2018)1 -~ - X Not considered
O2|BAE BHAIH (test—bed) IR AFEE 14.9% N2, Z2HE I 23S
Klm K Angle, width, User recognition, 0 Lighting energy saving, "
?501 height dimming system (test—bed) X Standards and energy consumption Not considered
Bahdad 2920/'\51]8 et ég?gl;ﬁt w;g%l?écg?\t/;%/ Genetic algorithm (mocg—up) (Radioance) Optimized daylight design parameter Not considered
0 O AOI XYHHAHA ZZHUHX BHY FUE
S0 2/(2020)" - EZHOA AlAE X _ o Not considered
(Lightscape) Chst 2XAHUHA 24
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<H 1.3> 48 X 22 213 37
MW2Es HE2 2o DHE A - o » o 2 4590t =
IShN; M0 94 Iz mg AE AS Al Ediol& = Zu ez D
& 8X<X 0 SEfO W2 o2t UK EZE =E=(Q
2L 2(2009) %! o - X - Not considered
(28, ue, &8 (EnergyPlus 3.0) £:9.6~38.7%, LHE2:1.4~5.2%, &8:9.3~26.3%)
2 216 307 & M, ZYAIEE 10.2% X
0
H201(2016)154 2% - X 2, WYAIR Y 0.203kWh M2, SXIAl @38l2 | Not considered
(test—bed)
U R SOAIZ
Lee, H. et al Angle, width, _ 0 0 Indoor illumination distribution, ’
(2017)?55] perforated reflector (test—bed) (Radiance) Lighting energy consumption Not considered
Lee, H. et a Lighting length, shading Awning system 0 X Cooling load reduction, Visual comfort Not considered
(2018) 16! length, angle, width, height (change length) (test-bed) lighting energy consumption
Mesloub, A. et ] 0 Visual comfort, daylight distribution, "
al(2020ﬁ57] Angle, height PV module X (DIVA for Rhino) | Lighting energy consumption Not considered
<H 1.4 aph 2l 2 s e A
MW2HEs HEE <o DdE LA - o » o 2 458t
ISPN; 2A0 9 A Iz =z 8 a3 AlEdlold = Zu ez D
Beltran, L.Q. et Lo _ 0 Daylight level, Luminance gradient, ’
al (1994)0%! Optimized geometry (test—bed) X Lighting&cooling energy consumption Not considered
Lee, E.S. et al Light redirecting 0 0 Light redirection, balance, and quality ’
(1996) €] Angle skylight system (test-bed) (Radiance) Lighting energy saving Not considered
0 ASdiold oidgty 2u 24A(Ray tracing, )
Z Al 9(2001) 6 - - X . o . Not considered
(Lightscape) Radiosity), E&oiAgy 2n2l& Mot
_ 2 BAIE BHAIH 0 0 Al B3 =2 254 0.2-1.3% &5, AU =
271 & (2004) 64 - - , . ) ) Not considered
e ZEE BHAIH (mock-up) (Lightscape) 2 M SA(AFF MZ Collector HMIQH)
0 0 AMEE e SNE FEHCz =AM &4
2 EH & (2006) 1 ZHg M2 22 - _ ) Not considered
(test-bed) (Mode ! ing) 2EW JIEZXE HAl
- 2B E WE 0 B o
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6,200mm

1,440mm

| 1,800mm | 1,800mm

| L

160mm

2,750mm

750mm | 700mm ; 700mm ; 750mm

O Illuminance sensor, I-n P> Luminance camera
@® Temperature sensor, T-n P> Infrared camera

[[] Photo sensor, P-n

[0 2.11] Test bed 2LIEE HE(BH)

E PMV/PPD measurement

6,200mm

2,700mm

1,700mm

1,100mm

o
“T~100mm

O Illuminance sensor, I-n P> Luminance camera
@ Temperature sensor, T-n P> Infrared camera

[C] Photo sensor, P-n

[12 2.12] Test bed 2LIE{ 2 HE(SHH)

)Collection @ chosun

[EPMV/PPD measurement
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H

H (Il luminance sensor, |-n)

AU HgH 2 H AU DM H=et == ?lofl KONICA MINOLTA T-10A
ACHE AMREACHIY 2.13) T-10A= £22 228 UXE 2 H2 A
=4 SEI

FHUD =ZHHELAIF 0.01 1z - 299,900 20ICt. JIS C 1609-1:
2006( 11 luminance meter Part 1: General measuring instruments) =72V 28

b0 EICH 3000 ZQIEQ REE A0z =FHE = UCHE 2.1).

ol

) = =< T—
Ay ZLIHEZ ®oll 3IH2l Test room0ff HEH =0|2 HIEHOZERH 850 mm
=0|0 &t 2tHo=Z X H &Xlotd OOl 2 HE =of HOIEHE £=&5t
Ct. 2t 2 HEs= Y|+ Ao BIXIEALD, & W2 =Z2E2 HItot)|
st ZEH I =1 X &AL,
[212 2.13] KONICA MINOLTA T-10A &= & H 7
<HE 2.1>T-10A =2 H A=
=S &
Er 22 ©§2x0| Jisst U)ls CAE =&
Conforms to requirements for Class AA of JIS C 1609-1: 2006
AN 2F
(I'lluminance meter Part 1: General measuring instruments)
AUNES
o ooy within 6% of the CIE spectral luminous efficiency
=d 89 0.01 to 299,900 iIx
A= +2% +1 digit of displayed value
=8 55 2 times/sec
=8 Jls XE(iz), 2% X(z), ZEHI(%), MES(h), B2 X% (ix)
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Work plane Work plane Work plane Work plane Work plane Work plane
Content illuminance | illuminance | illuminance | illuminance | illuminance | illuminance
1 2 3 4 5 6
Lighting 1 505.0 246.7 191.1 115.4 54 .1 44 .4
Lighting 2 281.9 484.0 138.2 174.6 49.9 50.5
Lighting 3 170.3 116. 1 519.0 229.5 202.7 137.8
Lighting 4 128.0 164.7 270.4 491.0 146.9 192. 1
Lighting 5 43.6 38.1 181.4 127.3 511.0 264.2
Lighting 6 40.7 42 .8 136.7 193.8 301.0 513.0
<H 2.8 Y9I+ 100 % ClY Al, &2 L 2182 HAg BI=
Work plane Work plane Work plane Work plane Work plane Work plane
Content illuminance | illuminance | illuminance | illuminance | illuminance | illuminance
1 2 3 4 5 6
Lighting 1 1 0.489 0.378 0.229 0.107 0.088
Lighting 2 0.582 1 0.286 0.361 0.103 0.104
Lighting 3 0.328 0.224 1 0.442 0.391 0.266
Lighting 4 0.261 0.335 0.551 1 0.299 0.391
Lighting 5 0.085 0.075 0.355 0.249 1 0.517
Lighting 6 0.079 0.083 0.266 0.378 0.587 1
8 2.292 TALS g EdAN MO AIAE 2028 M 2 Z2LEE Al
ABIOZ Al 2H AGTES 225t AW AECZ TEE BF JH22 Ads
H AAEZE MOStCH. al - a6 HI0IH= Al HEgH A& 2HdN HAAgE 3l
=48t =AMAOIH, DET - DE6= LYY N OHE HEH X E LIEHWHBH, |E=
Direct light2 Indirect light HIE22 &6l CIZ2MHE FSoA}ACH. 2 AP
M= QI8XYe M2E= 140Kl £0F CI2E gis LEotALt
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CHOSUN UNIVERSITY

@ Apoly Agorithm

Targetlluminance (E) |  s00 | | @& |

Target Color Temp. (EK) | 3138 | | &z |

Light Ratio High (RH) | 1 | =2 |

LightRatio Low (LRW) | oo7isz | | =& |
3138 3500 4000 4500 5000 5500 6000 6500
0.0 0.158 0.342 0.5 0.639 0.763 0.875 0.978
. 0.842 0.658 05 0.361 0237 | 0125 0.022

43

4.1134 3.1539 1.8023 3.1924 | 3.2681 2.6168

2.525 2.42 2.595 2.455 2.555 2.565

1 0.582 0.328 0.261 0.085 0.079

1

2 0.489 1 0.224 0.335 Q.075 0.083
3 0378 0.286 1 0.551 0.355 0.266
4 0229 0.361 0.442 1 0.249 0.378
5 0.107 0.103 039 i 0299 1 0.587
6 0.088 0.104 0.266 039 0.517 1

[D8 2.29] ZHA Z2AHMON 20215 M

e
0
°
@
o
=
>
0z
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XSOt g, ofFE5E Hstole Hads 2AI22Z WS, =2 =4

ot X MM 280 f==0ICt.
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& > 9 < PR S B S 3 S & D
@ > S Q O) O ¥ R < ] < < <
W QD S SRR SRR SR SR N A \ N \
SN \\Q LN AN NN N N N N

a
L N -I

(a) LED 100 % dimming, Reference room (b) TALSH+DRDS dimming, Test room
[OE 2.32] 2% X& 18 &4 A 25

22 TALS SIS ZHA ZZHOH AMAHHIS 2H X
( Y MOJt EX &= LEDIJE 100 % =2
(b)= TALSOH AXIE AFEAS ZZMON A HEHS LIEHHSICE.
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HBE AT (Hour clearness index, K,)e= A7 3&, EHLS X2t I &
JIAAME S2 A0 2o &a Hot=dl, Jl2dces dds, 2EEEds, 83
=2 3K EEs4aEz EFE0U. 2 A0 AMH= 0rgill and Hollands model Jl&
Olg D5 MZHFYCE 2REIUCH K,2 HYEDI| QA 7., [,E LS
D HAA2 A(13) - (16) Z2Ch. I, XNESH LAZ0IH Test bed LAIAHZ
A=E JOICH. 1,2 UIIHE o =E A=z A (14)0104, ,= TIIA 2
EHY 2LAIZHOZ 1,350 W/w O0ICt. (= /A%, o= EHY =O0ICH. Jj= =2lot O
OIEOIH, 18 142 12 128 314 =2 3652 HEGIH 182H 365 oY EMWME
LIEtLHE gt 2 HEs 24010, wate AlZ2E=2H(Hour angle) OICH.
Iy
KT ]011 (13)

I :[.[1+0.3400536 cosﬂ (14)

oh sc 365

cosZ = coslcosdcosw + sinlsind (15)

8= 0.4093sin[27/368 (J— 81)] (16)

<H 3.4 #Z3FEHYE Origill and Hol lands model J|=
= =
N2 Ky > 0.75
=883 0.35 < K, < 0.75
g&83 Ky <0.35
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<H 3.6> Reference room(Non-TALS) SXl ALHZE =& A (1z)

Al 2+ [-1 [-2 [-3 -4 -5 |-6 Ha X
8 198 256 104 114 50 54 129
9 1,596 4,930 1,010 1,096 464 501 1,600
10 2,705 4,830 1,801 2,715 849 946 2,308
11 3,550 21,370 2,188 20,850 1,167 1,332 8,410
12 4,400 4,810 2,755 26,750 1,639 1,832 7,031
13 4,810 25,050 27,510 27,870 2,027 1,946 14,869
14 5,080 23,060 26,120 2,600 1,999 1,710 10,095
15 18,460 3,340 7,840 2,244 1,405 1,414 5,784
16 4,070 2,391 2,900 1,687 915 1,067 2,172

-2t AF=F: 7,495 A= 8,786 LHZ=E2: 1,184 EEHA: 5,822
<H 3.7> TAS 201 M2 SX XYY X= SFZD(1e) - 2021.12.22

Al TALS Non-TALS

2H &3 | = A | = HA | = 2O

8 121 48 129 50 256

912,114 | 481 1,600 | 464 | 4,930

10| 2,245 888 NS 2,308 | 849 | 4,830

111 5,442 | 1,266 | 21,00 8,410 | 1,167 | 21,30

{ZICollection @ chosun
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Al Non-TALS
o B2 | 24 2 | 24 | 0
12| 3,91 | 1,708 7,031 | 1,60 | 2,70
13| 1,34 | 1,94 14,80 | 1,96 | 27.80
14| 7,304 | 1,681 10,06 | 1,710 | 2,10
15| 6,704 | 1,418 1,406 | 18,400
W
16| 2,12 | 919 915 | 4,070

ICollection @ chosun
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room2 2AFL20A H2 AlZHHl JIE =2 X%(16,690 lm)DP 2=HCH Bt =
st AIZHCHOI Test room 2UFFR= st =Z2 TALSIE XIEHGHH Al2E SEHE 9
2015 AMMole 2422 UEIGCH. &, |-5 =&Y Z2UE BWH, @F Al2HHH0
Test room2 &HHHH X} Reference roomOl BIoH =H LIEFGCEH. Ol=, TALS Bt
AMES Soll BHAFE 20| AL B (HF=E)NA &S Mol 2 AfZERZS
Yot 2o FUAMHSE =0l= Aoz 2ALUC
<H 3.8> Test room & AUHEZE SFZ 0 (Ix)
Al 2+ [—1 | -2 [-3 -4 -5 |-6 Ha X
8 744 912 308 279 184 188 436
9 1,324 1,775 555 515 321 319 802
10 2,280 3,180 981 915 566 550 1,412
11 3,640 4,770 1,321 1,236 717 712 2,066
12 4,810 5,350 1,504 1,355 821 790 2,438
13 3,720 3,790 1,058 884 566 527 1,758
14 3,100 2,980 812 671 430 399 1,399
15 1,454 1,440 428 348 232 213 686
16 910 922 267 223 144 135 433
-2t AFELE: 2,617 Al 759 LH=5: 434 EHA: 1,270
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<X 3.9> Reference room ==& AUWXZE

Al2t -1 |-2 -3 -4 -5 -6 B &5
8 729 904 392 406 204 211 474
9 1,332 1,836 688 732 320 366 879
10 2,238 3,690 1,177 1,264 574 625 1,595
11 3,560 5,780 1,595 1,717 742 801 2,366
12 15,860 | 16,690 1,836 1,897 806 864 6,326
13 6,390 6,570 1,355 1,252 555 574 2,783
14 4,220 3,150 973 879 395 404 1,670
15 1,531 1,530 559 509 233 234 761
16 917 940 344 325 147 147 470

-2t QFF: 4,324 A= 994 LH==5: 456 SEL: 1,925

<H 3.10> TALS =50

i

Z M (1z) - 2022.3.21

Al TALS Non-TALS
2 B | =4 | I g | =lA | =
mmﬂ‘; = = %:‘y ’m
8| 436 184 | 912 474 1 204 | 904 =y
mwﬂ‘= = = %:‘y ’M
9| 802| 319 320 s )
Utml‘; ] = g | ’ﬁl
10] 1,412 | 550 574 E%ﬂ]iﬂ‘
112,066 | 712 742

ICollection @ chosun
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Al TALS Non-TALS
2 BZ | 2A | 2O =3 2 HA | =N | =IO
e e
- ---' [l
121 2,438 | 790 f‘,;% 806 | 16,600
- --- [
” T m
13| 1,758 | 527 555 | 6,570 LW
141 1,39 | 399 | 3,100 1,600 | 395 | 4,220
15| 686 | 213 761 | 233 | 1,531
16| 433 | 135 | 922 470 | 147 940

ICollection @ chosun
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otXlel B 81k = 76.5° 2 €39 & JtE =2 2J(010H, F=2AUS &
25 < Kkt < 0.8429 HR=Z 2= FHE, F=E883, 883

S JISEHALH. 2= 12A100 =0 & 0.842+ =ICH SAHE 1,104
11 -3.1382 otk AUlix=E 25202, TALSIH &XIE

3
Test room2 7 X& ZHUHE2 TALSIE =S X 22 Reference roomOf| HIoH
(.

<X 3.11> Test room otAl AUWEE =X 2Z (i)

Al2t -1 -2 -3 -4 -5 -6 B &5
8 1,939 1,952 631 501 352 320 949
9 1,572 1,719 577 505 334 322 838
10 1,733 2,078 626 553 358 349 950
11 1,966 2,293 658 573 376 357 1,037
12 2,433 2,670 903 784 523 500 1,302
13 2,454 2,356 859 710 491 458 1,221
14 3,020 2,639 1,024 793 572 515 1,427
15 2,494 2,016 865 661 482 432 1,158
16 2,3% 1,697 751 547 412 363 1,028

-2t FF: 2,190 LS 696 Li==5: 418 SEL: 1,101

<X 3.12> Reference room otXl AUWXE =2 (iz)

Al2t -1 | -2 -3 -4 -5 -6 B =&
8 1,909 1,943 838 740 355 326 1,019
9 1,529 1,760 734 740 339 346 908
10 1,738 2,196 7 797 341 356 1,034
11 1,997 2,459 833 833 394 400 1,153
12 2,456 2,124 1,163 1,140 528 531 1,424
13 2,515 2,450 1,073 968 482 476 1,327
14 3,240 2,807 1,303 1,068 570 536 1,587
15 2,542 2,045 1,105 917 482 449 1,255
16 2,404 1,684 971 746 416 378 1,100

-2t FF: 2,244 AUHS: 930 Li==5: 428 SEL: 1,201
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<H 3.13> TALS S220 2 otXl HYH = =HA (1) - 2022.6.21
Al TALS Non-TALS
of| B | 2A | 0 R | FHA | EG
8| 949 | 320 | 1,%2 1,019 | 326 | 1,943
9| 838| 322 908 | 339 | 1,760
10| 950 | 349 1,034 | 341|2,19%
11] 1,087 | 357 1,153 | 394 | 2,459
121 1,32 | 500 1,424 | 528 | 2,724
131 1,221 | 458 1,327 | 476 | 2,515
14] 1,427 | 515 1,587 | 536 | 3,240
15] 1,158 | 432 1,255 | 449
16| 1,008 | 363 1,100 | 378 | 2,404

)Collection @ chosun

_63_




3.2.3 &l @A

i

RO

i)
oll
i

ol
H
IH

JU

I THEXE2] Al

gotH =AXlo

[

i
H
IH

=
1o

70
Kd

o

N
ol
oK

i00

o

Jigtez X

=

=

L% dlold

Al

Al
AZE ()

adZ% ()

9l
%3

=

|
Ay

[

4 X

S
S U I

o
TT

=
[=]

-/

=
Uni formityratio

TALS

| —

—

Cil,

—

—

3.2.2&20lA

gl
Ol A

S|
=

—

M
Lokl

=
[—

It

o
3.14).

H7)

Ct.
T,
H

&
A CH

[——1

;

1T
a

0

19

2

-
o

ol

Melet 2= AZHOA TALS 8822

OAIZH 15AIE

Ho

=P

O T,

el
ol

70
KF

1
(o

KD

Ik
Kt

(e}
ol

™

}

A

—_

2t o

2 AIZHCHOI TALSS

ok
=

=220

[0

By

JEAIZI 2 0Ol

KIO

OIE

:
ol
OF

e

70
K-

10

</
o

_

DJ

ol

~J

[0

o+
Kk

ok

-

o0
K0

o

A

o
=

2 =

=1

i TALSOF A XI= Test room<2

[¢]

FALCH.

0

g 3.301 &l
E== AR E 16AIIEXI Non-TALSOl Bl

| —

—

4

ol

r
82
e}
oll
1N

e

KO

7
I
IH

o)

0

|

i
O 3.400 LIEFLHRUCEH,

EH A

iz

—

C =
4 LI

o 2Kl

2.581), 15AI%t 16Al= B13t6t

£ UEtsCH

flJ

-

KI

10

KO
0

oK

1

0l
HH

i

Ie]

=& ZE AZIUOIA 2 €2

’

o XI Bt

34

HZHME e SO0t

[¢]

J100 d

S|
=

JU
H
IH

H

= Al

tXI2

1o

LIEFSECE.

Ol
B

I
o3

=)
o

I
10
X0
180

HAI

o

i

i
I
IH

_64_

tACH

9

H Al

1L
ao

2 3,50
Collection @ chosun



<H 3.14> TALS =20 HE 2k =&

z|

=

n

|'UU

& S X (21.12.22) =82(22.3.21) GHXI(3.21)
Al 2F TALS Non-TALS TALS Non-TALS TALS Non-TALS
8 0.40 0.38 0.42 0.43 0.34 0.32
9 0.23 0.29 0.40 0.36 0.38 0.37
10 0.40 0.37 0.39 0.36 0.37 0.33
11 0.23 0.14 0.34 0.31 0.34 0.34
12 0.43 0.23 0.32 0.13 0.38 0.37
13 0.17 0.13 0.30 0.20 0.38 0.36
14 0.23 0.17 0.29 0.24 0.36 0.34
15 0.21 0.24 0.31 0.31 0.37 0.36
16 0.44 0.42 0.31 0.31 0.35 0.34
0.50
0.45 mTALS mNon-TALS
S 040
= 035
—
>, 0.30
~—
E 0.25
-
E 0.20
=015
- 0.10
0.05
0.00
8h 9h 10h 11h 12h 13h 14h 15h 16h

Collection @ chosun

Time

[08 3.3] X AU ZHE
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0.50
0.45
0.40
0.35

0.30
0.25
0.20
0.15
0.10
0.05
0.00
8h %h 10h 11h 12h 13h 14h 15h 16h

Time
[0 3.4] =2 Al 2HE

mTALS mNon-TALS

Uniformity ratio

0.50
0.45
0.40

mTALS mNon-TALS

0.35
0.30
0.25
0.20
0.15

Uniformity ratio

0.10
0.05

0.00
8h %h 10h 11h 12h 13h 14h 15h 16h

Time
[0& 3.5] 6K AW ZHSE
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<H 3.15> Test room(TALS) &l B2 F=ZE SHZWH(SXI-21.12.22)
A2t HM&EE | Point | Point | Point | Point | Point | Point | LIS | HZ

| =g 1 2 3 4 5 6 |Fzus | z=zs
8 2,803 | 7.38 | 9.47 | 2.93 | 2.75 | 1.76 | 1.72 | 2.00 4.33
9 19,255 | 8.79 | 42.59 | 4.78 | 4.63 | 2.60 | 2.50 | 2.88 | 10.98
10 | 36,361 7.97 | 14.80 | 4.40 | 4.97 | 2.46 | 2.44 | 2.76 6.17
11 | 48,957 | 8.60 | 43.08 | 4.40 | 5.33 | 2.58 | 2.71 2.95 | 11.12
12 | 57,933 | 10.15 | 10.46 | 4.89 | 8.98 | 2.94 | 3.61 3.51 6.84
13 | 57,103 | 50.47 | 51.36 | 5.66 | 5.04 | 3.58 | 3.40 | 3.85 | 19.92
14 | 50,792 | 11.64 | 55.72 | 6.93 | 4.96 | 3.97 | 3.31 3.96 | 14.42
15 | 36,822 | 57.90 | 10.18 | 27.37 | 5.60 | 4.32 | 3.85 | 4.55 | 18.21
16 | 20,003 | 22.15 | 11.71 | 12.75 | 7.00 | 4.59 | 4.85 | 5.48 | 10.51

<X 3.16> Reference room(Non-TALS) &L B2 F=ZE SHZ N (SX-21.12.22)

A2t M&3 | Point | Point | Point | Point | Point | Point | I8 | EZF
= 1 2 3 4 5 6 |=us|=zs
8 2,803 7.05 9.13 3.70 4.07 | 1.77 | 1.92 1.91 4.61
9 19,255 8.29 | 25.60 5.25 5.69 | 2.41 | 2.60 2.49 8.31
10 | 36,361 7.44 | 13.28 4.95 7.47 | 2.33 | 2.60 2.47 6.35
11 48,957 7.25 | 43.65 4.47 | 42.59 | 2.38 | 2.72 2.65 | 17.18
12 | 57,933 7.59 8.30 4.76 | 46.17 | 2.83 | 3.16 3.12 | 12.14
13 | 57,103 8.42 | 43.87 | 48.18 | 48.81 | 3.55 | 3.41 3.62 | 26.04
14 | 50,792 | 10.00 | 45.40 | 51.43 5.12 | 3.94 | 3.37 3.75 | 19.87
15 | 36,822 | 50.13 9.07 | 21.29 6.09 | 3.82 | 3.84 4.01 | 15.71
16 | 20,003 | 20.32 | 11.95 | 14.50 8.43 | 4.57 | 5.33 5.27 | 10.86
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Point
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30,000 o0
mem TALS mmmNon-TALS ==Kt
-
:\25,000 Glare: 25,000cd /m? 03
£
—
= 20,000 o4
(¥
T
o
[®]
£ 15,000 0.3 &
=
z
= 10,000 o2
-
5,000 ll II 1
o Lmm 0.0

8:00 9:00 10:00 11:00 12:00 13:00 14:00 15:00 16:00
Time

[08 3.9] SX AU 33 T L Kt

<H 3.21> TALS |20 HE sX &H & =& B (cd/m®) - 2021.12.22

Al TALS Non-TALS
o | &0 3lE 201 3G

8 | 1,104 1,149

9 | 4,768 4,869

10| 7,29 7,987
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Al TALS Non-TALS
o | &3S =3 21 2o 3T
1| 13,895 14,809
12 | 21,307 23,160
13 | 24,89 25,742
14 | 21,886 22,743
15 | 14,474 15,568
16 | 7,874 7,968
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Dt(ed/m?) — 2022.3.21.

<HE 3.00> TALS 920 M2 22 20 55 =M=
ey — TALS N TAS
8Al 3,331 3.474
9Al 4,840 4,945
10Al 7.300 8.066
11 A 8.360 i 8,949
12A] 9,727 ol 10,654
o
il R
13A] 6.712 J - ! 6.948
B | S
14A] 4.673 4.864
15A] 2636 2,852
16Al 1,847 1,869
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SHXIS MBHHTE 0.25 < &t < 0.840F F2HAIZHHO 2520 HAEZ, 2
MI SEBOl DAL LIEIS D, 25 12A100 =0 #(0.84)2 =ICH
(1,104 w/m?)0l 2=CQUCH. E 3.232 12 3.11= FTHE Sdl ===
B2 M T 2O OI0IXNE AZHEZ 2256101 el HOICH &
X e FHOHO ST Z=E 10A1(0.41 %), 12A1(3.17 %)0 A TALSIH & Xl
AUAM FZI SH 2EEUAD, O A0 AIZUAME TALS EF2o2 3Ot
St ZJF ASCACH. Y FT= 2 8AIN JHE 2 XH0I(18.05 %) It
SR, TAS SN2 HH FTI BR o 4.86 % 240l A2 24

S
Ch. JtE =2 &8 T2 AlZHi= Non-TALS & & &2 15AI001 Z26tALD

o
o= 7,758 w/mrz SEEJAL, JHE E2 F8 F = TASIH EXE 48
2

BAIZ 3,473 cd/m?*0|C
0

. otkle AIZH =2ET=S Fol= =dl
O = =
— o
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e
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Time
[Og 3.11] otXl AW &2H & 2 Kt
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<H 3.23> TALS R20 E otk ¥H f= FZZ W (wd/m*) - 2022.6.21.
A2+ oo A TALS R I Non-TALS
8Al 3,473 4,238
9Al 4,827 4,863
10Al 6,063 6,038
1Al 6,021 6.888
12Al 7,526 7,295
13Al 6,484 7,063
14Al 6,947 1,064
15Al 7,359 7,758
16Al 5,769 5,822
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Generater xform

A T
~ T

AutoCAD

e

Scene

3 B Description i
) e Other
Translater |~ | i Values
! ; | A
v : ' g
oconv .
; rirace
A
v i L
@ | .
: i AT P i
. < ' Filter
! /‘_V
Auxuthary | S
files
rtrace

[12 3.13] Radiance T2 M4 SE& ¥ HOIH XMel HE
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TALS HE R=20 OE AW £2Z Jid sSwE dlwskol ot 28 3.14
3.152 20| TALS H&E & 0IX¥ES ozt 2Ed

e, 2=, =28, 22l

Jb EXIE Clisrel Test bed S2t= MEd ) Al=cl0l&E ol A

BHE OOIEHS 2A=2 Hlw HASGHACH. AlSclold e S22 6.02 m (W) x
2.85 m(D) x 2.66 m(H) n=22 & AS0IH FEHE2=2 2.27 m(W) x 2.14
m(H) 3712 AXNRL FHI2E0 AXNEALD SKelEF2 THK6 =20I=5=cel
(5LEH1BARHELE)Z S & 78.2 %, BIAIE 5.6 %2 S43s H= FSAIAE0l &£

A & AUCE.

(a) Non-TALS, 30 242l (
[02 3.14] Test bed 30 22
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aU L3d  ASdiolE:

Radiance?  AutodeskAl2]

Ecotect!™ P2 2250, =2(38 21Y), SIXI(6E 21Y), F2(9¥ 23Y),
SX (128 229)2 EEZ R SEZ ZHUA Relltet 22 JIE Al
oI @& BAIRH 2= 4AIHX S OIOIEHE 22 =&otULt. & 28 =2l BF
MEZ EF 70 %, =X 52.7 %, HBIE 20 %, & = 66.7 %, Z&BE BFAFH 95 %,
Z4et S 66.5 %0ICH. AU LEH AlSdIOl@s et 28 242 0t B
3.241 21, H 3.25= Radiance AEd0I8sS Soll &8t EJ|8 ddS32X0|
Ct
<H 3.24> AU £E8F ASdold g8 £ A
7E LHE
AlEdolE AUzt 3 6.02 m(W) x 2.85 m(D) x 2.66 m(H)
== 2| 2.27 m(W) x 2.14 m(H)
& 70% , HAHM: 52.7 %, B 20 %
LS BHAIE & S:166.7 % LB BEAIE: 95 %,
268 S 66.5 %
o - Latitude: 35.14 ° Longitude: -126.93 °
A Turbidity: 3 Standard Meridian: -135 °
B Lens angle: 28 °
AEdolE EItE <
Il Tuminance grid height: 850 mm
AZ2dl0ol&E AlZt QA BAl ~ 2= 4A|
E=(38 21¢), otX (68 21Y),
AMEd0olE EM _
=2(98 232), sX(128 22¢)
HBEAH H&B(Clear). €& 3=(0vercast)
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H3 o &3 HH3
=)l | 22 | ax | 22 | =0 | 22 | a1 | 22 | =X
8Al | 5,378 | 9,619 | 6,206 | 1,338 | 15,750 | 43,064 | 24,861 | 4,181

9Al | 8,876 | 12,767 | 9,663 | 4,460 | 39,214 | 59,838 | 43,441 | 14,593
10Al | 11,805 | 15,391 | 12,418 | 7,039 | 54,777 | 73,029 | 57,941 | 28,863
1Al | 13,948 | 17,271 | 14,298 | 8,876 | 65,595 | 82,756 | 67,618 | 38,927
12A1 | 15,129 | 18,233 | 15,260 | 9,794 | 71,700 | 89,834 | 72,363 | 44,032
18Al | 15,260 | 18,321 | 15,172 | 9,794 | 72,478 | 90,539 | 71,843 | 44,027
14Al | 14,649 | 17,446 | 14,035 | 8,876 | 68,104 | 83,752 | 66,308 | 39,015
15A1 | 12,592 | 15,653 | 11,980 | 7,039 | 58,799 | 74,526 | 55,726 | 29,009
16A1 | 9,925 | 13,161 | 9,138 | 4,503 | 44,671 | 61,668 | 40,473 | 14,653

3.3.1 AUXxE

AZHO0I&0 2lst Al 2 SHE2 HIEHOZEH 850 mm =012 HSHO
QNS 22202 2lEE HEGIH XEE AESIQCH. XEHA=E AEd0olE
CIOIEA 2t Test bed &= ZIE HluwotJ|

Old2 &=, otAl, ==, SXI2 FFE3W 33 ZH0UA 2clLtet HEAI2He

flol sLet AXZ EZoIULH. Al2d

0)
pal
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=
alll
m
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g
>
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L5 Bod2 &2 278 iz, otk 348 iz, =2 275 1z, S 155 01T+, E&EHZ

OIAl TALS &XI Al, Non-TALS &2t0l HloH AWUHEEI ZA4A6ts A2 HILY
s A

Ct. Ol AWE2t 5 =20 JtE ®0l 7= AF20 2480l £X =0
=2 2
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<H 3.27> TALS HE Al E2(E&3) JI&E &YH X& AISdIolE 20 &A1)

N2 s Sk
SAl 97 22
9Al 160 38 522 | 1
A él#ff—?’f&
10A] 214 47 665
i
1Al 052 56 802
12A] 271 55 866
13A] 270 63 867
—
14A] 267 63 891 ]
15A] 220 52 698
16Al 180 44 574
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<H 3.28> TALS DIEE Al E2(E3Z) JIE

Al2t ) A S
8Al 154 35 438
oAl | 205 48 o8
10Al | 272 63 814
1Al | 328 75 972
120 | 346 80 1,014
13A1 | 351 74 1,065
14A | 333 76 973
15A | 289 68 869
16Al | 225 47 ooz
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<E 3.20> TALS B2 Al IX(ZHZ) JIE =AM XC AISH0IA 2T MA (1)
Aot _ ] TS H8
o 2 A £ O NEENEER!
8AIl 176 33 615
9Al 233 58 704 A
fmma
10Al 279 61 912
1Al 313 75 946 \
e
12A] 323 62 1,079 \
1)
13Al 332 70 1,095 ((LJX
14A] 305 73 1,041 H
15A1 073 73 931 ,
1
T
16Al 233 49 818 { \
| }{& —
—_ 90 —
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/Collection @ chosun

Al 2t ) A = O
8Al 000 46 688
9Al 284 51 876
10Al | 343 84 1,007
1Al | 387 86 1,229
oAl | 418 97 1,144
18Al | 413 85 1,274
14A1 | 402 92 1,199
15A1 | 362 89 1,071
16A | 304 55 830
- 91 -




<E 331> TALS HE Al Z2(ZAHZ) J|E Qe K& AISY0IM 2 AN (iz)
Aot _ _ _ TAs H8
3 2 A A O NEENEEER

8Al 110 26 349

9Al 170 42 548

10Al 004 55 727

1Al 055 67 867 ‘?\

12A1 273 57 956 )
—

13Al 271 56 873 }‘

14Al 055 64 775

15A 219 49 666 1 \
—

16Al 162 38 550 ,}
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<H 3.32> TALS OIZE Al =2(E&E3) JIE HEH =& AISHI0lE Z0t &AI(1z)

A2 TALS O =
< Tmm | @A 2 0H NEENEER

8Al 144 31 435

Al 222 40 659

10Al 286 68 827

11Al 326 74 951

12Al 352 82 1,070

13Al 342 82 961

14Al 323 72 961

15Al 268 64 832

16Al 210 45 616 '
N
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<H 3.33> TALS H& Al SX(E&3) JI&E HHH X& AISd0lE Z2 &A1)

M2 g5 2 A = O
BAI 24 4 8
9Al 80 18 255
10Al 122 28 390
1Al 161 38 509
12Al 176 45 556
13Al 176 45 556
14Al 161 38 509
15Al 122 28 390
16Al 82 21 272
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<HE 3.34> TALS DIEE Al SX(EXR) JIF= MAH X AISH0l&E 2D AMI(iz)
A7t TALS D|® =
- R ESEN ES AEdol& 2Dt

8Al 30 6 90

9Al 103 24 296

10Al 155 9 448

1Al 205 44 612

12Al 221 47 672

13Al 221 47 672

14 205 44 612

15Al 155 29 448

16Al 101 21 303

(*)Collection @ chosun
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<H 3.35> TALS & Al =2(

Ozt
[
b
E
i
b
e
2
b
i
z
10
o
=)
B
My
S|
&
2
B

A2 L ] _ TAs Hg

g E = O AlEdiolrd 2t
8Al 236 71 619
9Al 430 138 1,195 <y

e —
10A | 573 206 1,522 | & B
1AL | 707 235 1,855
12A1 | 806 272 1,974
13A1 | 834 225 2,012
14Al | 806 218 1,965
15A1 | 651 188 1,672 " s
16A1 | 499 144 1,367 | & =
!
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<H 3.36> TALS DIEE Al E2(HA3) JIE &YH =& AISdI0l8 Zt &Al(1x)

MHH

Al2F _ _ _ TALS OI&E
B2 B =l CH AlZ2dlold Zit

8Al 292 88 733

9Al 543 142 1,483

10Al 738 200 1,843

1Al 906 237 2,149

12Al 1,025 301 2,474

13Al 1,034 292 2,492

14Al 974 251 2,575

15Al 799 210 2,019

16Al 602 149 1,574

_97_

(“/Collection @ chosun



<H 3.37> TALS HE Al SHA(EE3B) JIE& A

Ne' T aa [ a2 [ =
8Al 326 106 758
9Al 349 116 886
10AI | 410 142 965
1Al | 473 157 1,132 ‘5
12A1 | 572 192 1,467
13A1 | 593 182 1,422
14A1 | 511 169 {,294
15A1 | 444 139 1,073
16AI | 373 118 850

(“/Collection @ chosun
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<H 3.38> TALS OIHE Al SlX(EE3B) JIE &g

2

& AMSdH0IE Z2 AA(lz)

Al 2} _ _ _ TALS 012 &
Ho | A ) NEENEEER
BAl 306 106 758
9Al 403 119 959
10A | 492 148 1,172
1Al | 558 177 357
12A | 685 191 1,684
13A | 678 199 1,544
1Al | 573 152 1,353
15A | 506 134 1,234 {;‘
16A | 416 133 949 E
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<H 3.30> TALS HE Al F2(HAEZ3) JI& HYH X& AISdI0IE Z0 &A(12)

o _ ~ TAs ==

Hz | #ZA =10 NEHOE 2t
Al | 284 % 748 | B
oMl | 473 159 1,293 | B FEEE
10Al 623 213 1,524 | & ( + 1
1Al | 738 236 1,838
12A | 811 247 2,118 e
13A | 836 240 2,109
14Al | 754 210 1,050 |B TR
15A | 616 173 1,504 |3 -
16AI | 454 147 1,194 |2 e

PR
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<H 3.40> TALS O|&EE2 Al ==2(H

A2t

B x| A x| CH
8Al 348 100 878
9Al| 588 151 1,595
10Al 793 142 2,579
11A] 943 273 2,287
12Al 1,010 310 2,579
13A] 1,001 251 2,423
14 A| 950 272 2,437
15Al 757 208 2,033
rl
16 Al 547 142 1,277 i I

(“/Collection @ chosun
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At = iay ES e =

8Al 677 170 1,750
9Al 682 193 1,608
10Al 2,119 277 16,722
1Al 6,277 355 22,879
12Al 6,115 445 26,111
13Al 6,158 417 26,189
14Al 6,265 369 22,755
15Al 2,170 321 16,658
16Al 650 185 1,715

(“/Collection @ chosun
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<H 3.42> TALS DIEE Al SX(HE3)

A B B ZI CH
8Al 322 67 925
9Al 806 211 1,929
10Al 2,346 298 17,178
T1Al 8,215 412 23,194

12Al 8,363 529 26,259

13Al 8,374 529 26,299

14Al 8,223 457 23,244

15Al 2,390 326 17,163

16Al 779 183 1,919
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3.3.2 &l @A

dHNE=E AUlB2tY AXEE 87 X252 Us 22, 20N &ESH AIE
diold del=2 XEgts ARG TALS 28 |20 HE AUl Mk 2=
18 3.16 - 3.172 H 3.43 - 3.4401 HclotUC. €83 Z2AH0A TALSE 2=
HEO 2= AIZHCHOI AW OHEINX LAtot= Lo 2= SIAIA @HEE e
A1, Sol BNt £2 sX8 E2 TALSE Sol & 2.8 %2 2ME: e
SO LIEHSCH TALSS 22t Jid S8 H2ezg & BWH, 2Mts A
g 1.3 Wh HEELD BIIE=z= otk M= e =2 A2z 285U
Ct. TALS EtAIEH S Solf UHZ Aot E=2 AW Ot282 BFAtE S Solf &
L SHZEIIX EE MEGIH ZHEE SIHAIZle R2E SQITULCH. BtH, GHX
o 3% =2 U2 HEAES I ME0l TALS BFAIE0 Alots &2l 2%
b A0 AU SHENMAN SH2e 2 20l H0A A8 & - =2 X010t X &
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0.29 029
—o=TALS =e=Non-TALS -o=TALS =—#=Non-TALS
2 026 £ 026
g z
£ 023 T 023
E 0.20 g 0.20
0.17 0.17
8h 9h 10h 11h 12h 13h 14h 15h 16h 8: 9h 10h 11h 12h 13h 14h 15h 16h
Time Time
(a) E==2(3.21) (b) GHXI(6.21)
0.29 0.29
==TALS =e=Non-TALS ==TALS =e=Non-TALS
(=]
3 026 ‘E 0.26
z z
E 023 T 023
g S
2 020 E 020
017 0.17
8h 9h 10h 11h 12h 13h 14h 15h 16h 8h 91 10h 11h 12h 13h 14h 15h 16h
Time Time
(c) =2(9.23) (d) SXI(12.22)
[08 3.16] TALS AIAE M8 R0 2 AU Z2HE(E2EE)
<H 3.43> 2&8Z2 ZAHUHAN B2 2HE
—-= == ot Xl == =P\ MMES
TALS 0.23 0.22 0.24 0.23 0.23
Non-TALS 0.22 0.22 0.22 0.21 0.22
HAEZB A, BE HE 2= AMZAUHAM AW SHENKN Aot Lol 20| St
ol ZHMEE JHAote S LIEISDH. £6l, JIS(F2)0 @dE Hd s
b D& 40561CH4.4 % SDF). B2 Al, TALS 22902 ZiEs "2 3.2 ¢
NS UALCH
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0.4 0.4
2 2
- 0.3 g 03
z E
g 0.2 g 0.2
& S
§ 0.1 2 01
—~TALS  —=Non-TALS - —~TALS =e=Non-TALS
0.0 0.0
8h 9h 10h 11h 12h 13h 14h 15h 16h 8h 9n 10h 11h 12h 13h 14h 15h 16h
Time Time
(a) ==2(3.21) (b) BtXI(6.21)
0.4 0.4
. R ~=TALS =e=Non-TALS
Z 03 7 03
£ £
g 02 £ 02
ot 1
g =
E 01 S 01
—o—-TALS =—=Non-TALS
0.0 0.0
8h 9h 10h 11h 12h 13h 14h 15h 16h 8h 91 10h 11h 12h 13h 14h 15h 16h
Time Time
(c) ==(9.23) (d) SXI(12.22)
[D& 3.17] TALS AIAEl HE |20 HE AU ZHZ(HES)
<H 3.4 HEE X2AUA 2 2HE
= == ot Xl == =ON SME
TALS 0.31 0.33 0.31 0.15 0.27
Non-TALS 0.27 0.30 0.27 0.13 0.24
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3.3.3 o =&

05!
[il]

RadianceOlAl HMAIGHE EESAH 2F =EH XE(H 3.25)2 & E2 X%
# 2 TALS £ |20 OE Al20ld 22 AU B2 F=ZES H 3.4500 &
clotALCH. TALS B2 AWl B2 =Z&2 1.79011] TALSIO HELIX &2 AU B
o FZE(2.29)01 2 HZBUHA = UEIRCH TAS DIRE AW Bod =28
Ol A UEH Olmes AUl =232 Fet2 RAGHAEH, 2AF=22 AUXT

20l o IA LIEFSD! MEO0ICH,

<H 3.45> TALS AIAE) HE R0 HE &2U &2 =ZE

=P] == CIEN e =X
= | TALS [Non-TALS | TALS [Non-TALS | TALS [Non-TALS | TALS [ Non-TALS
8A | 1.80 | 2.85 [ 1.83 | 2.31 | 1.75 | 2.29 | 1.76 | 2.21
OAl | 1.80 | 231 [ 1.82 | 222 [ 175 | 2.30 | 1.79 | 2.30
10Al[ 1.81 | 2.30 [ 1.81 | 2.23 | 1.81 | 2.30 | 1.74 | 2.20
1IAL] 1.81 | 235 [ 1.81 | 224 | 1.78 | 2.28 | 1.81 | 2.30
2AL [ 179 | 229 [ 177 | 229 | 179 | 2.31 | 1.80 | 2.2
18AL[ 1.77 | 230 [ 181 | 226 | 1.79 | 225 | 1.80 | 2.26
14A [ 182 | 228 [ 1.75 | 2.30 | 1.82 | 2.30 | 1.81 | 2.30
15AL 1.75 | 229 [ 174 | 2.31 | 1.83 | 223 | 1.74 | 2.20
16Al [ 1.81 | 227 [ 177 | 231 | 177 | 229 | 1.82 | 2.25
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A
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2F
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LHZE ZOH20l A

3.46> TALS Al

<H

=2\

Non-TALS

7.70
5.52
8.13

21.

18.99
19.02
21.08

8.24
5.32

TALS

16.18
4.68

7.34
16.12

13.89
13.99
16.06
7.48

4.44

IH
K-

Non-TALS

1.40
1.35
1.37
1.39
1.40
1.39
1.43
1.36
1.35

TALS

14

1

1.09
1.08
1.09

2
.16
14
.1

2

1

Xl

9]

Non-TALS

0.76
0.67
0.67
0.67
0.76
0.75
0.68
0.68
0.67

TALS

0.76
0.58
0.56
0.57
0.64
0.65
0.61
0.60
0.60

Non-TALS

1.85
1.38
1.35
1.38
1.43
1.43
1.43
1.36
1.35

TALS

1.50

.10
1.05
1.08

1
1
1
1
1

2
.15
.18
11

2

=

2
—

8Al
9Al
10Al

11Al
12Al

13Al

14Al

15Al

16Al
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AL F
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ANZ2dl0lE=2
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e
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02
;oll

g
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gl
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rr

H [

883

o

U

H1oH

J >

au 29 F
2= AlEdiold &
%) 0t (4.71 %) Ol
ALY 2=t =0t
2,000 ca/m*E &f3lotes
(BYAZHO A0 2

b DA B2SLUCHE R 1,772 cd/m*, Z 2,642 cd/m?).

ZAH0A TALS

c

=]
o
D|_:| ol

-

X
=}

ofb Xl &L

[0 =]
= T

=9
y OO

A0 TALS HE Al (0.40 %),
Ot® L), =2(0.35 %), SXI(0.24 %)0 2 U

HEB0AM A A Ol 2F ot |
otXl0l JtE F 4ot TALS HE Al,

S e H2=2 LIE AHUAM &

AL

ety

&0 3

=2 2
[

L
AN

bt

o

XI(1.78 %) 2

< OF Xl XI €k,

OH

2

I-l
Al

03 O N
2 3

il

L=

>
0

#TALS mNon-TALS ETALS mNon-TALS

Luminance(cd/m?)

wn
=
2=1

(3

8h 9 10h 11h 12h

Time

(a) E=(3.21)

13h 14h  15h 16h

8h

9h 10h 1Ih

(b)
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Time

14h  15h  16h

otXI(6.21)



3,500 3,500

~ ~
N Non. ~ il ] %
2 300 BTALS mNon-TALS & 3000 TALS mNon-TALS
~ N
N 2,500 2,500
& A
Y 2,000 @ 2,000
1%} 1]
g 1500 £ 1,500
£ £
£ 1,000 g 1,000
= =
- 500 3 500
0 o LAE Fm UM UM "N FN UN UE U
8h 9 10h 1lh 12h 13h 14h 15h 16h 8h Oh 10b 11h 12h 13h 14h 15h 16k
Time Time
(c) =2(9.23) (d) SXI(12.22)
[0 3.18] TALS 2 RS20 12 AWl Y (4 B)
14,000
o nTALS =Non-TALS BTALS mNon-TALS
¥ 12,000
%10,000
T 8000
£ 6000
g Y
£ 4,000
£
2 2,000
o
o LEN NN NN NN NN S8 NN NN NN [ B0 BB BN BN NN NN BN AR AN
Time Time
(a) =2(3.21) (b) BtXI(6.21)
14,000 14,000
-~ ETALS mNon-TALS ~ ETALS mNon-TALS
Q ! 12,000 NE 12,000
3 10000 510000
S 8000 S 8,000
@ @
2 6,000 2 6,000
] ]
£ 4,000 £ 4,000
£ g
= 2,000 =5 2,000
-t |
0 o LEN_ NN BN BN NN S§ BN WN NN
8h Oh 10h 11h 12h 13k 14h 15h 16h 8h Sh 10h 11h 12h 13k 14h 15h 16k
Time Time
(c) =2(9.23) (d) =SXI(12.22)

[OE 3.19] TALS H& R0 ME AW EH FHZ(HE3)
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<H 3.47> TALS &0l E AU FHZT ASe0lE 2 HM(EES)

TALS &2 &
Al oA 12l 15l
22 |
1,168 cd/m?* 2,642 cd/m? 1,907 cd/m?
ot Xl “ n n
1,822 cd/m? 2,286 cd/m?® 1,967 cd/m?
SE |
1,430 cd/m?® 2,311 ed/m? 2,051 cd/m?
=7 HH P
560 cd/m? 1,909 cd/m?® 1,222 cd/m®
<H 3.48> TALS DI E0 2 AW HHZT AIS0l&E 2 HA(EES)
N=
A TALS DIX E
9Al 12Al 15Al
1,649 cd/m? 2,137 cd/m?® 2,238 cd/m?*
ot Xl — y. L 1
1,605 cd/m?* 2,290 cd/m? 2,658 cd/m?*
1,217 cd/m? 2,901 cd/m?* 2,177 cd/m?*
=5 , Saa|
1,358 cd/m?* 1,228 cd/m?® 1,342 cd/m?

)Collection @ chosun
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<H 3.49> TALS HE0l E

Al HHST A=

clold 20 HM(EES)

N2
A TALS & &
Al 12Al 15Al
== ﬁ .l‘ 1 'I".A- In
9,904 cd/m? 10,916 cd/m? 8,584 cd/m?
5 X '
3,093 cd/m?* 12,090 cd/m? 10,549 cd/m?
. lffﬂl &
== === P warw $ R
9,532 cd/m? 10,693 cd/m? 9,189 cd/m2
= po — -4
5,328 cd/m?* 10,228 cd/m?* 7,422 cd/m?

<H

3.50> TALS OI1& =0 E

AU Z2ER T Al=d0l

N2
A TALS O|& &
Al 12Al 15Al
EAr
9,611 cd/m? 10,306 cd/m?® 9,211 ed/m?
ot Xl m
3,089 cd/m? 12,238 cd/m? 10,298 c¢d/m?
‘AR AN =
F= = o —r
9,092 cd/m?* 10,088 cd/m?* 8,462 cd/m?*
T | = =
=N £ | P = L]
5,085 cd/m?* 10,233 cd/m? 7,473 cd/m?

ZICollection @ chosun

- 112 -




3.4 A&

JI

04 CCHEH Test bed

¢}

o
-

otJ|

=
[=)

A0

i
=
10f

ol

S8t 2JH2| Test room

=004 HEE=Z Hlu

eage

=
=,

A0

=
o F

R0

Ju

53
53
<

ol
ou

ol
M)
[l
0l
Al

J
i

aJ
K

ol
A0
oll

Kl
il

ol C
= L

b, TALS= AUl =20 =

Z1

a8

B

i

AL

1)

H
KA

Dk
KF

10

—_

oJ

o]
Gl

oJ

<

ol
0
Kk

1o

Ho
oI

g

(w]

—_

ol

B
I9)

on
ioll
8r

-

al

n0

s
g

]l
H

[0

il

HEs SItAPle X222 ULERRDH.

S|
=

ol
o
oK

o)
Rr
™

_lu_
e}
H
wor

o
Fp
&l
ol

D

ol

H
o

TALS HE2=2

J)

t Ot

o 5.23 %It

CE HEDN MZ2ZHOA TALSIE H2= Test room2 & LH

2) AlEdiolE Z 1,

10

10
=
KIo
i
K1

ol
0
J)

JU
o3

ﬂ
10f

Jn

ol
IH
-

o)
il

o

uJ
K

ol
0
KD

KM
J|J
)
ol

Ok

1o

10

i
g

ol
7
ud
0

HIBLHUA TALS HEE S0

o =
— o

-

]
Ls

0
Rr

R
E

i0J

2 JItE .

_l

g S O R 2

- 113 -

Collection @ chosun



TALS &8 "0 ©

=
[

4) = Z0A

o)
ol

JU
o3

<F
ioll

70
Kd

ol

o
o)

o)
Rr
™

TH

[ux}

r

9]

i

1=

i0J
o
E(l

Y,

oKl
K
nJ

Yy

A
o))
K]

1o

i

)

S0 ULMH,

dH RAZ A 2

&0l JtsotLt.

b

=
=

N=X=E=2

il

o

_|u_
s
z

i

A0

oy

A
o)
oK

i
1o
pm
110

<

o
o

ol
&l
il

—_

oJ
Rl
0

JUJ
1%

KIo

0l
By

JU
9)
X0
KA

ol

A
o)

<
ol
Rr
RO

_

oJ

o]
RI

Al

o
110

- 114 -

Collection @ chosun



M4ZE TALS &0l

o

ol

160
ol
ol
I
Rr
m™

an
0l

ok

TALS SAHHEZ 1t

=
—

AZ 0l A
JHEtCt.

==
[—

3

S
[l

t1) Reference roomdt Test roomsS S

o

o

iVE

i
it
IH
I
0L
50
<+

Tl

ok

Rr
™

TH

io)

oIl 2

=
A

KM
S

ok

=
LA
ol

Kl
<+

]

o

i0J
Xr
3!

ol

A
o)
ol

el
!

10

1

RO
o

i0J

A0
ol

Hut A=
S oS

=
[=}

g
=<

g}
— O

el O|
= —

of TALS AlA

b AIZdold JgE S

)
o

AH=2
==

ALK O

JHE OICt.

=2

5t

’

3

g
o

I
P

U

0

—_

JJ
<

!
S
0

Ol
N
o)

<

o)
Rr
™

0l
RO
o
ol

ot=

= S0

b

A2
=20

HEet

ot0d AbZ KON A

FALE A

110
Mo
M0

[0

<A
ol
Al

=
wl

Ok

ok

°f 80 % Ol

EOl
- =
Ol

D
KIo
70
OR
iof

OF
)l

0l

n

Ju

10

KA
oln

o))

Rl

o)
Rl

10

IH
ol

iy

o
o)

R
O
ol

=4t

=<

X 28 &

—

—

Zd X2H22 g

-
110

0l
Al

)

A0
=

Kl

<l

HAXEIE &AL A

JUJ
=

ol
i00
30

m

e

KO

-

no
R
=)

10

Ot AFEOI

Kk

Rr

o

lll
0l

JI
o]

Rr

ol

r
o3

iy
alll

iy
dr

Uk

Wy
01

b
rh
B0

Iy
0l

m
gl
JU
<

Rl
OH

B
o3

- 115 -

Collection @ chosun



A
M| ol
o) | <k | 1o
=|%
||
alf
A mu_ 1
ol < H|R
M= ool
<
A__w %, i %
= ui | B i | w
FH o | of | | o) | K
R |4m |l |
~|[UH|DF| 0| Ok | Dh
B\ 4r = | W0 ko | <0
nE| - ﬂm F|=
m A_l _n_“_ - -
SR TUH R
U e [LH | O | 80
D= | ofJ [dod | Ofl
S |20 2
E{E Tl
LH 10k | 7 || <
O | = oy |OU| K
T2 oo |ol | 75
T S |Rr Ok | I
Al ar
B Hd | Hd |0 | AD
w R R IR W&
kol R | &r | 0 o} =
[ 70| 0 | o
o |20 80| H
K =

i =cl
LH 3H

0

Jtotol 2

O Ol Xl =

o

2 AF0M JHEE TALS

J
ic
50
ol
A0
&l

<

Tl

, M

t

i0J

cC

i0J
r
o4

E

ol

o
o}

ol
0l

=
iy
o

Kl
<+

INEES

7=
LA
0l

Kl
<+

J
5
A0

ol
70
Rr

D

i0J

ol <

10y
KI0
X0

Rr
3l

<
o

Iy
01

Tl

UE
lll

iy
KJ

10

Ju

ol

~J

H0
<

O
K

.

N

I

1A

SH(AFE,

-

JlJ
le}
=0
ol

P

H

F

)2t ALHOIA

l0

i

o)
]
&M

10
i
IH

i

o4

J
=4

ol
00
30

HOHl

o

IF

==
1o

ok

ol
i
IH

-

no0
Rl
m™

2ot dADIE

WIEPN

9

Kt

o
1o

E
19)
RO

ol
i

26 ‘colct

i

i0J

i

{0

=
V

-

40

40

o0

—_

3|~

20
20
20
20

18

—_

o0

50
50~55
50~55
50~60

60

pm
Ju|—

26
25
25
25
28

_

M0

<

2
OF

A4
SAl4

&1
<0

[0

-

0o

<

-

o0
Kk

- 116 -

Collection @ chosun



<4

<H 4.3 28 Uizt D

HH

(20=)

Standards Summer (C) Winter (C)
ANS| /ASHRAE Standard 55-2013 (USA)!2! 23.0 - 26.0 20.0 - 23.5
1SO 10211: 2007 (Europe)!'® 23.0 - 26.0 20.0 - 24.0

= [125]

<H 4.4 Ed EIF XIHE Y 2HAE category 1=
Category General Comfort Local discomfort ]
PPD(%) PMV PD(%) +AMN2EXHT)
A <6 -0.2 - +0.2 <3 <2
B <10 -0.5 - +0.5 <5 <3
C < 15 -0.7 - +0.7 <10 <4

- 17 -

Collection @ chosun




Rr

JH D}
—

&l
—

b

P. Ole. Fanger (1970)01 Xl

o
ju—

Ol b= 2H(PMV, Predicted Mean Vote)

180
50
ol

Ol

~J

oy

A
o))

o
B
0

Rl
™

==L

=

IS0 773022 HEZN

A0

4

J
[
il

ol

S

4

o0

ol
~J

[0

OH
K+

JU

LIEFHLH 22,

EEIE

gotH,

ol

-0.5%H +0.50

=2

=l

i
e

i0J
Rr
™

Category A,

PMV JHEIZ22I01 Ul BT

—

—

E}HSO] )

Category B=2 +t

=,

PMV

0.

ot

Y

o
Kl

oy

o
0}

<

R
A
K+
i
K-

il

1o

KH

Ol CHolt 22

(17)
(19)

(20)

58.2 W/m?]

ZICHAFE [1met

4 C
o
Doeey [ W/m?]

x
=

I 2

NS

M
w

(0.303¢ « ~"936M 4+ 0.028) « [((M— W)—3.05%x 10 °

e {5733—6.99(M— W)— Pa}—0.42{(M— W)—58.15}

2.38(tel — ta)"*for 2.38(tel —ta)"* > 12.1/V,,

12.1/V , for2.38(tel —ta)"* < 12.1,/V,,

1.05+0.645 « lelforlel > 0.078m> « C/ W

3.96x 10 % o fFel » {(tel +273)* — (tr +273)*) — Fel + hel « (tel—ta)]

—1.7%x107° « M+ (5867 — Pa)—0.0014 « M + (34—ta)
fel = 1.00 + 1.29 « e for Iel < 0.078m* « C/ W

tel = 35.7—0.028(M— W) —Iel « 3.96x 10" % « fel
e {(rer+273)" — (tr+273)*}— fel  hel « (tel—ta)
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“Ergonomics of the thermal environment™ 2t
ASHRAE Standard 55 “Thermal Environmental conditions for Human Occupancy”
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KH 4.5 =2 2% 2HE(TC) - SX(12.22)
Test room(TALS) Reference room(Non-TALS)
A2t AFE Al B AFE Al =
1,100mm | 100mm | 1,10mm | 100mm | 1,10mm | 100mm | 1,100mm | 100mm
9Al 18.57 17.13 19.43 18.83 18.28 17.55 19.56 18.74
10Al 22.41 19.52 22 .41 20.39 21.55 20.28 21.51 19.77
11Al 24.87 21.58 24 .42 21.85 24 .21 22.84 23.92 21.36
12Al 26.52 23.37 25.89 23.12 25.82 24 .64 25.46 22 .45
13Al 27.93 25.10 27 .11 24 .81 27.14 26.06 26.54 24 .02
14 Al 28.75 26.40 27 .81 24 .53 27.94 | 26.91 27.31 23.82
15Al 29.66 27.33 | 28.69 25.48 27.58 26.72 | 26.88 23.21
16 Al 27.73 26.39 | 26.97 | 23.82 26.46 25.79 | 26.20 23.04
17 Al 24 .65 24 .31 2459 22.85 23.23 23.10 | 23.80 22.28
HA QF2 dHlw 2, TALSIH AXIE Test roomO|l Reference roomOil HIGH =2
SCXOF dUECSEZ A LIES D, A0l Yle 28 22 E o B0 &M
ol N2 LIESHLH. Test room 2AF20H M= 2& 10AI2E 15A1 AFOIGI 3HAE
2= (Category B2t CJF LIEHtD, BFH Reference room 2AFE= WELX=
Category AZ CIE6IH =282& 23MEH0| LOLIX 2= Ho=z2 2AE/UCH. 01A
2 TALS EAILE0] 22 [, SAHZS S0 XIJF TALSIE &XleE =0 F=H
Oll A © | SACD ALY HIY S22 SAILHEIS I&s M) 8ot Jis =0l
e &= =0 22X A LMGHH =228 2322 |20 FHe Hez 2ol
Ct. 4™ == Cateogory =5 JI=2 0tele E 4.62F 2L},
<H 4.6> =& 2=X(T) L PD(%) MEEHSR JI=
Catedor Local discomfort
dory PD(%) ~x 25 3(0C)
A <3 <2
B <5 <3
C < 10 <4
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PD(%) - SXI(12.22)

Test room(TALS) Reference room(Non-TALS)

Al 2t QF2 Al = Q=2 Al =<

=2 Xt PD =T Xt PD =& Xt PD 2T Xt PD
9Al 1.44 1.07 0.60 0.52 0.72 0.58 0.82 0.63
10Al 2.89" 3.60" 2.02" 1.75 1.27 0.92 1.73 1.37
11Al 2.56" 2.75 1.36 1.00 2.57" 2.76
12Al 4.49" 2.77" 3.27" | 1.19 0.86
13Al 2.83" 3.44" 2.30" 2.21 1.08 0.79
14 Al 2.35 2.30 4.95" | 1.03 0.75
15Al 2.33" 2.27 4.68° | 0.86 0.65
16Al 1.34 0.98 4.46" | 0.66 0.55
17 Al 0.34 0.42 1.74 1.37 0.13 0.35
* @2 |2 DAL= Category B @ =E2EX <3 CT. PD<5%
*x KSH M2 IYH4ZF Category C @ =&2EX <4 T, PD< 10 %

Al =29 B2, =A2EX EUE2 X0IJt AN LEHLX=E X8, Test
roomOil BloH Reference roomOl 2=xt2t =2 ==0 O =10 =228 =4 &
COF &2 Aoz UERCH Al ¢
dioh =& 2&X =

QUCH. Reference room= 14AI2F 15A101 =2 & =312 Categor

P ESHZ0l 2LIHE DO AIRY AT SH =2HES

©2 =Z=AHL/UCH. BHH, TALSIH SEXIE Test room2 =2EH =S I
Category B2 &HET0 TALSE AWl €& HHLES M=

LIEHSECEH.

0
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1)
>j
[
A=
J
=
E Mo
HT
x

<
o
2
%
0l
ol
rr
U

==
U

- 136 -

Collection @ chosun



o
|
A
(<o)
2
0%
[t
Qj
£Q
Q
M
HI
>
11
ro
>
o
x 1o

H
I

@
%)
—~
-
o
S
=
=
)
)
o
o
-
)
>
o
o
-
o
o)
=
nio

mm 2= ==& =0| 100 mm 250 Hlol 2= AZHHOA O sH JIE2CAJATH
Q HO =X £=& 2T 2L =2oIH TALS SAME MU E29 g&o
s =019 2% 0 =2 21292 LIESLE.
<H 4.8 =& 2 2I(T) - £2(3.21)
Test room(TALS) Reference room(Non-TALS)
Al 2F AFE Al S AFE Al =&

1,100mm | 100mm | 1,100mm | 100mm | 1,100mm | 100mm | 1,100mm | 100mm

9Al 18.52 | 16.01 | 19.62 | 18.10 | 18.52 | 16.58 | 20.20 8.17
10Al | 19.76 | 17.33 | 20.65 | 19.18 | 19.92 | 17.73 | 21.28 9.04
TTAL | 19.75 | 17.73 | 20.47 | 19.44 | 20.01 | 17.96 | 21.24 9.14
12A1 | 19.72 | 17.99 | 20.37 | 19.61 | 20.08 | 18.19 | 21.28 9.26

1
1
1
1
13AI | 19.90 | 18.26 | 20.52 | 19.73 | 20.13 | 18.39 | 21.28 | 19.36
1
1
1
1

14Al | 20.24 | 18.65 | 20.83 | 20.01 | 20.16 | 18.63 | 21.18 9.46
15A1 | 20.69 | 19.07 | 21.17 | 20.19 | 19.80 | 18.89 | 20.68 9.55
16Al | 20.72 | 19.11 | 21.21 | 20.21 | 20.00 | 18.75 | 20.97 9.61
17A | 20.28 | 18.72 | 20.92 | 20.03 | 19.97 | 18.25 | 21.16 9.42
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<H 4.9 3 22xH(C) L PD(%) - E2(3.21)
Test room(TALS) Reference room(Non-TALS)
Al 24 QFEEL Al =& QAFEEL Al =&
2T X} PD 2 X} PD 2 Xt PD 2 X} PD

oA 2.50" | 2.62 1.52 1.15 1.95 1.64 2.03" 1.76

10Al | 2.43" | 2.46 1.47 1.10 2.19" | 2.01 2.24° | 2.09

Al | 2.01" 1.74 1.03 0.76 2.05" 1.79 2.11" 1.87

12Al 1.72 1.36 0.76 0.60 1.89 1.56 2.01" 1.74

13Al 1.64 1.26 0.79 0.62 1.74 1.38 1.92 1.60

14A 1.59 1.22 0.81 0.63 1.53 1.15 1.72 1.36

15A] 1.62 1.25 0.98 0.72 0.91 0.68 1.12 0.82

16 Al 1.61 1.24 1.00 0.74 1.25 0.91 1.36 1.00

17 Al 1.56 1.19 0.89 0.67 1.72 1.35 1.74 1.38

* B2 S| JYMAZ Category B ¢ =Z2EXH <3CT. PD<5%

*x* KIS S| M 4= Category C @ =22 < 4T, PD < 10 %
E29 £A 2= 28 JAIEE 12A10 Test roomE 2AFL20Al, Reference
roome 2/F=22F AU QOIA Category BZ LIEFGCH. 0 BHol, TALS SARH
810l ©l= Test room2 AL S22 Category A HEHYRAE SHEGIQRCH. AU =
o 2= AW JIFIF =8 oHES HIoIE=Z AU dXe 22 (HES =
2o 22N SIAS & Al2HLHe Alg XA A2810| Category A0 cHE o=
A HAI SHCIQUJCH. PDel EUEHCZ HIWE 3R, AF=E= TALSZ QIof
Test roomO| 4 A LIEIGD, &L =242 Reference roomOl G =2 AH UEFSGCEH.
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AE 2Ol Test roomOl= TALS =Af

Wt EAOR MBI
of

TALSE =0l 2.1 m =2 EHH0 £X&

= JI8E 84560 Reference roomOl HloH Test room2 =2
=
=

<

Test room(TALS) Reference room(Non-TALS)
Al 2+ T2 Al =& AF2 Al s
1,100mm | 100mm | 1,100mm | 100mm | 1,10mm | 100mm | 1,100mm | 100mm
Al 26.07 | 25.56 | 25.70 | 25.24 | 26.28 | 26.30 | 25.85 | 26.02
10Al | 26.40 | 26.00 | 25.66 | 25.14 | 26.61 26.78 | 25.86 | 25.97
1Al | 26.77 | 26.78 | 25.69 | 25.02 | 26.80 | 27.32 | 25.68 | 25.86
12Al 27.23 | 27.68 | 25.67 | 24.98 | 27.20 | 27.81 25.73 | 25.86
13Al | 27.41 28.37 | 25.70 | 25.00 | 27.30 | 28.05 | 25.74 | 25.86
14Al | 27.40 | 28.59 | 25.69 | 24.93 | 27.29 | 28.05 | 25.75 | 25.85
15A1 | 27.10 | 28.14 | 25.69 | 25.01 27.13 | 27.74 | 25.67 | 25.80
16Al | 26.63 | 27.38 | 25.70 | 25.08 | 26.87 | 27.44 | 25.85 | 25.89
17Al | 26.36 | 26.99 | 25.66 | 25.15 | 26.53 | 26.96 | 25.80 | 25.89
<KHE 411> =& 2=X(TC) ¥ PD(%) - otXl(6.21)
Test room(TALS) Reference room(Non-TALS)
A2+ AF=L Al =& AF=L Al ¢
=& Xt PD =& Xt PD =& Xt PD =& Xt PD
9Al 0.51 0.49 0.46 0.47 0.02 0.31 0.17 0.27
10Al 0.40 0.44 0.52 0.49 0.17 0.27 0.1 0.29
11Al 0.01 0.31 0.67 0.55 0.52 0.20 0.18 0.27
12Al 0.46 0.21 0.69 0.57 0.61 0.19 0.13 0.28
13Al 0.97 0.14 0.70 0.57 0.75 0.17 0.12 0.28
14 Al 1.19 0.11 0.76 0.60 0.76 0.16 0.10 0.29
15Al 1.05 0.13 0.68 0.56 0.60 0.19 0.13 0.28
16Al 0.75 0.16 0.62 0.53 0.58 0.19 0.04 0.30
17 Al 0.63 0.18 0.50 0.48 0.43 0.23 0.08 0.29
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4.3.2 NIE2d0l& off& HA

CFD Al=diol&
STAR-CCM+ V155 AtEoHRA
¢, d

5 A

U BAHXA

2 OUslt 20, Alsdold Z2 )82
omaine Steady state, U4&s RES TFE k—
E XMW ldeal gas model Z 2" order

up-wind schemeE HEotALCH. 18 4.16= ol&dsS <Ist 30 SLE I Mesh&EEHZ
LISOHA Agal 32t 252 LIEHWHACH. TALSIH A XIE Test room =2t2 =
A== 2F 1808HHZ Trimmed mesh SEEHE OIFUHM UCH HEZQ!P Non-TALSS
Reference &2t2| AXt=== 22t XH0IJF UKL HCl SLotCH. Test roome AT
= 2,750 mm (W) x 6,200 mm(L) x 2,700 mm(H)OIH, WPRE HASH HAl,

)
B2 HE0l fe =2d2=2

Y, AABHACH. TALS AHOIRE= 1,200 mm (L) X
600 mm (W) x 50 mm(H)2 QAF2 ZHHO BIZ222LE 2,100 mm =00 2940t
FHO MAXGACH. HARE FIeH AN HEHZ M SXCUAD, THK26 2
01=2= 52l (5LEH1BARIELE) 2 SR E2 1.800 W/m’K OICH.

'|
|
(a) 3D Modeling (b) Trimmed mesh
[J2 4.16] Test room(TALS) CFD #=XloHa 2E &l
SSolA XAHS OIS 20 SN, TALS HEl SA2ge% 45 T, de g
222 15 T, SE2 7 LPMCZ AMRPA MMAAIZIH(L2AE 9Al - 2F 6Al)0
20| B23EesE ANOZ JIYGIQUCH. WiHtet 2AH 2&90] 3L, ZHMBE 518 I}
92 35 CT(HE), ol WAHE2 18 T(HE)0I2 H AT D BEAFEIS] DAl
& BEAIEE2 95 %0ICH. FCU= 1tWay Aoz Wets= 2 688 keal/h, HE S
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3,910 kcal/h, BZE Z2F: 7 w’/min, BE& | 9 LPMm, AH XS 28 w, 28
M= 0.12 A0ICH. FCUs & & IILNE SHEOZ 410 mm (W) x 950 mm (L) X
135 mm (H)OIH, CIEXN A= 70 mom(W) x 700 mm(L)Z2 CIEM 539 =2
£2 3 4/s0ICH. TALSS Z&tAd A SUE EII2 A2l M2t Hlw 245610 €
ol Test bedOlA =& S UAIS, AlQR2E, 82 & NE(HE 4.13 - 14)9 A
X8 X6
<H 4.13> Test bed LAt (mw/m*)0t AA2Z(T)
o z= N == =
i o Ab2F 2T o Ab2E 2T ol Ab2f 2T TPNR=t; 2T
8Al 333.62 4.87 | 572.26 27.74 | 404.05 21.34 135.33 -0.56
9Al 548 .22 7.11 | 760.56 | 27.80 | 658.76 | 23.28 | 312.82 2.36
10Al | 725.20 | 10.20 | 1,025.75 | 29.05 | 681.98 | 24.52 | 428.96 5.28
11Al | 739.23 | 11.96 | 1,061.50 | 30.16 | 904.80 | 25.78 | 537.46 7.73
12Al | 681.88 | 13.76 | 1,065.05 | 31.43 | 872.98 | 26.34 | 582.25 10.21
18Al | 489.73 | 14.65|1,032.08| 32.19 | 926.69 | 27.08 | 551.18 | 11.79
14 Al 343.86 14.71 985.05 32.55 818.32 27.36 | 452.64 12.36
1B5Al | 216.20 | 14.02 | 848.55 | 32.79 | 559.26 | 27.52 | 307.83 12.42
16Al | 128.24 | 12.66 | 604.66 | 31.85| 332.98 | 25.97 | 118.36 11.34
17Al 60.31 11.22 | 414.21 32.22 | 111.74 | 24.37 6.82 9.11
18Al 7.62 | 10.08 | 180.99 | 33.57 20.53 | 22.95 0.30 6.35
<H 4.14> Test bed <2 & N=(" )
(o E2 ot Xl =2 X
< gte|2F | DS | g2t | DS | g2t | DS | et | Ng
8Al 101 16 81 30 104 19 121 3
9Al 111 28 89 42 114 30 131 13
10Al 124 38 98 54 128 41 142 21
T1Al 140 48 113 66 146 49 156 27
12Al 163 53 145 76 169 54 171 30
13Al 188 54 207 77 195 53 187 31
14A] 212 50 243 67 217 48 203 27
15Al 230 42 259 56 234 39 216 21
16Al 244 31 269 44 247 28 228 13
17Al 255 20 277 31 257 17 238 3
18Al 264 8 285 19 266 4 246 7
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of e =22 AU =2gad & JIF HatE &=06t)| 2ol G

S 22 TAHS HFGIAUCE. A JIE AlIZH 13A12] LAIZES 489.73 W/m*, &
A2T= 14.65 TOI0, <12 188 D& 53 ° 22 TALSOH &XI= Test room
Dt Non-TALSS| Reference room0ll S&otH BHZAHS oAl E20= LA
Sl AUREo IO HLREHL LMo FCU S HE M TALS SAtEE &
ALCH. =XHH S Soll HetE Zoe E 41500 LIEFLHACH. AlIZdI01& Z2 3 0
OlXls Al & Sas B oH Ut TALSS &2 2F Nde = U
ZAHOIK O 4.1801 Helotd L, TALS HE R0 OE dUS: 22X, &

Horr
HI o
Hel

, Radiation heat flux, Vector 21L& 245t LCH.

HAZENE B, TALSIOE EXI= Test roomQ AWHREIF O 9H LIEIS =,
g 4.189 ()2 (f)E EWH, ZHBHN 2ol AUZE SH2e 2 229 LA
0| XD 22X HEN SAFHSEUH 26 Non-TALS2| Reference room2 ALK&
SOt O S UEBHLE Hez2 2AHCAUCH. 0.1 m €= =0/|9 25 2 XA
Ol JFE 3AA LIEILE 222 TALS SAFYHE S ASF0| HIYHN=s &2 Ao =z
=ACJCH. JIFHet=E FCUS U S50 2t S0l 2 ez E24AEHU=
al O 4.182 (g), (h)OIAM Ti2s &sto2 2RI 4 XHO EX0| =%
1, TALS SAtHE 2let JI&sHel= FE0| Sie Az S EULE.
<H 4.15> £2 Al=dold 21
. 2%(T) s 5 (m/s)
= TALS Non-TALS TALS Non-TALS

1.7m 25.28 25.57 0.42 0.43

AFLZ2 | 1.1m 25.47 25.67 0.20 0.31

0.1m 25.71 25.94 0.13 0.14

ALY 1.7m 25.80 26.16 0.35 0.14

o 1.1m 26.00 26.32 0.04 0.06

S 0.1m 26.02 26.38 0.01 0.11

0.1m 25.32 25.61 0.32 0.29

A 1.6m 25.81 26.08 0.03 0.05

o 3.1m 25.96 26.30 0.07 0.08

== | 4.6m 26.10 26.43 0.06 0.08

6.1m 26.27 26.63 0.06 0.07
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Temperature (C)
2 =2 b) Non-TALS & =X
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Velocity: Magnitude (mis) Velocity: Magnitude (mis)
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TALSSl SAIHHE JlsS Soil MaAXDIb M2ote 2ISES =46 <ol
CFD =Xlofi&d ZWUE Soff IFE =2HL=S TIoIALH. AU32He S8 LS8t
ENES Holote 22l NEH 2SI +A2CXN 02 23 HIS2
AFESHUCH. BIH JIES IS0 7730 “Ergonomics of the thermal environment” 2
HAX 2 XAl Jts =012 25 =012 2% E AAMGIRCH. 252 e =
4,191 4.2000 HelotA L

SAH LES D, =2 sXtls TALS g2z AT =H 2SE/JUCH. =
NI =22 X0 e 23E HIs22 2= EI0A TALS 22 29 &
HGO0l Category A BHE "I} MELH SESHOZ CHAGIE &AHS XHol= A
Oz UEIGLCH 23E He8sS JFEOZ HluWdtH, TALS E2A A=EHM=
EME HI=S0| WAL XILH A S22 23:ME HI=0| Stoles 2122 LEHUY
Al US| 2E A A 2> s DEO0| 26t
<H 419> TALS 22 20 2 &d)|g &2 2% 2Z(T)
Test room(TALS) Reference room(Non-TALS)
= AFE Al S AFE Al =&
1,100mm | 100mm | 1,100mm | 100mm | 1,10mm | 100mm | 1,100mm | 100mm
== | 25.47 25.71 26.00 26.02 25.67 25.94 26.32 26.38
ot Xl 21.68 22.32 | 22.55 22 .56 22.05 22.54 | 22.98 23.04
== | 27.28 27.74 | 28.50 28.60 24.78 25.09 | 25.77 | 25.81
=Xl 24 .86 24.72 | 24.50 24.14 | 24.36 24.19 | 24.22 24.28
<H 4.20> TALS B2 K20 2 =I|1¥E £2 2 XH(TC)2 PD(%)
Test room(TALS) Reference room(Non-TALS)
& | QFF Al s QAFF Al s
2 X} PD 2 Xt PD 25Xt PD 2 X} PD
== 0.24 0.26 0.02 0.31 0.27 0.25 0.06 0.29
ot Al 0.64 0.18 0.01 0.31 0.49 0.21 0.06 0.29
== 0.46 0.21 0.10 0.29 0.31 0.24 0.04 0.30
=\ 0.14 0.35 0.36 0.43 0.17 0.36 0.06 0.29
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( ST4RT )
Next step

A

A

Measure working plane
illumination

A 4

Measure ceiling plane
illumination

Working plane
> 600 Ix

Calculate dimming level about
direct light for low illumination

A4

Calculate dimming level
about indirect light

A 4

LED dimming control

Y

Check working plane
illumination 600 lx

>
»

\ 4

END
[0 5.2] ZHAN ZZHO AIAE MO D25 Flow chart
2 MAes TALS 2 RS20 02 ZYUHUX A2 JLes MO
otJl o 8 &€ S HuUuXAIESHES Z2LIEHEGIH ZAUE H2lor L
HAZAIZ2E0 @& GAIREH 2F 6AITHAIS HIOIHE £&otA LD, J|l4a A=
AEHON (et ZEOUHIUH K AQIEel HEXOF I3AH LIEILE 8 Z2AEHE AY &2
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<E 5.2> 2t ZHOIUX AR HID
ol 2HUUUX A2 (kwn) FTHAHUX 22Z=(%) TALS Ol 4 X| Kt
Non-TALS DRDS TALS+DRDS Non=TALS OROS and OIS (9
Al and OFOS | TALstoros | == (%) | (max)
1 1.71 0.41 0.30 76.3 82.6 6.3 0.64
2 1.71 0.34 0.25 80.4 85.4 5.0 0.76
3 1.71 0.33 0.25 80.5 85.6 5.1 0.75
4 1.71 0.34 0.25 79.9 85.4 5.5 0.76
5 1.71 0.40 0.30 76.8 82.4 5.6 0.55
6 1.71 0.34 0.24 79.9 85.8 5.9 0.71
7 1.71 0.38 0.27 /7.6 84.5 6.9 0.73
8 1.71 0.41 0.30 75.8 82.4 6.6 0.76
9 1.71 0.40 0.29 76.4 83.1 6.7 0.72
10 1.71 0.43 0.31 74.9 81.6 6.7 0.72
1 1.71 0.42 0.29 75.6 83.0 7.4 0.76
12 1.71 0.42 0.30 75.3 82.2 6.9 0.76
13 1.71 0.63 0.58 63.4 66.4 3.0 0.34
14 1.71 0.54 0.40 68.6 76.7 8.1 0.46
15 1.71 0.44 0.33 74.3 80.7 6.4 0.77
16 1.71 0.42 0.31 75.4 81.6 6.2 0.79
17 1.71 0.44 0.33 74.3 80.7 6.4 0.79
18 1.71 0.44 0.33 74.4 80.7 6.3 0.68
19 1.71 0.45 0.34 73.8 80.2 6.4 0.78
20 1.71 0.45 0.34 73.8 80.4 6.6 0.79
21 1.71 0.58 0.52 66.2 69.4 3.2 0.56
22 1.71 0.43 0.32 4.7 81.4 6.7 0.76
23 1.71 0.46 0.38 73.0 78.0 5.0 0.71
24 1.71 0.45 0.33 73.8 80.6 6.8 0.78
25 1.71 0.53 0.43 68.9 75.0 6.1 0.54
26 1.71 0.72 0.81 58.2 52.8 -5.4 0.12
27 1.71 0.47 0.36 72.8 79.2 6.4 0.68
28 1.71 0.48 0.37 72.0 78.3 6.3 0.63
29 1.71 0.57 0.53 66.6 69.2 2.6 0.57
30 1.71 0.61 0.50 64. 71.0 6.4 0.41
[ XA Non-TALS: 51.3 kWh/month,
DRDS: 13.73 kWh/month, TALSHDRDS: 10.86 kWh/month
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5.2 20224 43 & 22t ZHONUX A0l 2t MIHUX Ar=EgsS &l
gt ZCH Non-TALSE ZFHII-JF 100 % CI2 = HEHZ AHIEHE=E HUXNZ 25
= 25 29 HUXAESE0l LFoCH DROSE HdA ZZHO AlIARCZ OY
MOolEes &8 s2t2 ZF0HUX AF=SEO0ICH. TALStORDS= TALS2H & dlA & X
o AMAEI0l &scte 32t ZEUUX AISES Zelotd Z2Z4ES Hluwotd
Ch. fE£et, TALS &2 JHE sE ZEUUX 2Z8 b2 XAE Soff &
EotALt

60
=
g 50
£
=
40
=
=
2
*a 30
£
%
g 20
«
%
= 10
=
—
0 Non-TALS
[O& 5.3] &2t X
228 ZEUHUHX SAIE

13.73 kWwh, TALSHDROS= 1
< 2t 37.57 kwnit M

&l
=

0.
HE

A

N2 O
S —

-/

Al
=

=

LI LIS 2 EHAIAID = A8t
L

Etetd, &M GIHXIS 5.6 %S &

Collection @ chosun

£ Z2t 40.44 kwnIt M2 EU

86 kWhZ LIEFSCE.

73.2 % BEE
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OIUXl AFZE0] O IAH ULEUHsE Xe=z FSTIJCH. L8, R2lLiet JIa4HE =
ZIAZRE 29 AR 220 2! dxMzZo N2 MHs o W = o
4.7 %2 04 ZAH LIEIL o2 U XA 2 HIESS XAt = LA X G,
S22 AWM HIUHXAIZE0| Stoles 210 Hekol et 40| 2 2otChH
<H 5.3 290X At (rwn) Hl1L(4.26, A i 2=
Al 2F Ref room1i Ref room?2 Test room Kt
Al 0.19 0.08 0.09 0.04
10Al 0.19 0.08 0.09 0.04
11Al 0.19 0.08 0.08 0.08
12Al 0.19 0.08 0.07 0.12
13Al 0.19 0.08 0.09 0.05
14 Al 0.19 0.08 0.09 0.06
15Al 0.19 0.08 0.09 0.05
16 Al 0.19 0.08 0.09 0.04
17 Al 0.19 0.08 0.10 0.02
U XIALZ 2F 1.71 0.72 0.81 -
Ref rooml: XY 100% &=
Ref room2: Z&IA X2 X =
Test room: TALS + ZHA =ZHNH &=
Bt T 5 58 BMH, 075 < ;2 EFEE THUHAN= ZYHHUX AISE0| CHE
HEBX240 BIoH Ol XIAF=ZEF0| 2ZA0otes A2 SOIGHALCH. 28 U XIAFS
20l Oty B2 22 43 32(Reference room)22 0.33 wnndt H=FEULD, Test
roome 0.24 rmn& 428 620 SELHN F3S ASAHEE I WX AIEE 2
0| 3 UEIYS & = AL, xJl JIE 2 €2 48 172(E 5.4)2 2z &
= 0.792 dAE ASAMHALD BE M AIZHOI A Reference roomOll HIGH Test
room2 Ol XIAFZESF0l & A Lt ZHBE BIAITHE Set =29 AU K¢ s
2 ZEUHUX AISE0] 228 = XS =OIotCH. ofXISH, U XIAIE 0| JHE
A2 A= =M mg0] JIE Ol Otel He=z =olgA=0I, 0l= Test bed
FH AN AIA 22 HS6= AERD HEF2 0|8 A=z SA UL,
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Test room: TALS + Z&A =2 X0
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- 30 s IndOOT temperature e Ouitd 00T temperature =
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o o
@ 20
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b 10
T
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[0& 5.6] )42 Reference room SEHAIAE HIHEAN
50
45
o =
S 35 20
R 7
2 30 = IndOOT temperature s Outd oor temperature o]
o e Supply water temperate === Refurn water temperature O
= 25 e FCU an/off sign <
s ~ =
> -
& 20
= —
£ 15 &‘)
&
H 10
5 l o
0

9:00 10:00 11:00 12:00 13:00 14:00 15:00 16:00 17:00 18:00

TALS2| Test rooml H=EE HHHAAEZ2 Q& JAIFRHE 1Al 202 0HK B2X2I] It
S0l OIR0/ L2, Ol=2 AlZttH= TALS SAHEZE2 AH2E 20 CTE =AXlot=
H

4
St Y=z A2Z LIEEO. 9AI =8Bt AIZHHH0 &+252 ZES 30 T2

ZICollection @ chosun



o) K
o) O (M2p)anyeA jedfy N oo oMo
i _.__”A ® o~ © v -+ o ~ — o K 2w = O o
s 2 : oW E Y R
N A 2 3¢ = oo & wms W K
1| 2 2 2 s 8 © 0 om —
B0 S & E R oS C WD
o = S - & ) = B 10 5 @ w oy 10
- 1 J S g ~ T T = nJ ]
A0 > m X0 ol ol g ii0J < W< 3
« O 7 88 lir S _ S ok W Y N W%
< KO . 5 E 8 = S =k N " i
= _ s B S 2 == w2 W<y, ®
J | h = o 2 = fUAS U =
TR | — _ ~ g = H = = & m <
s 2 y - il S S 58 N 0N <A
- ‘ g g ks A|_ o> | H 6 = nJ no
o + - g 8 v “— _o_l _.An_ - m = .__n_
I > i = 2o ¥%mI .ty
= = 5 S g . .Urw T = oo aT _AIIn_ =)
- U Y = J o L = ol = .
B ww Mmm P, L. OZsDW_8Sm =0
o) B 2 - Es8 T=£& =9 - R oX
wr . ol 5 & 2 & S = = o 248 3 g W O
g > 28 8 4 @ © o B x -8 3
_._.I mn_ D g .W. mm - _Mu 5 _A._ u._Auo a_u ® = w
O_ HI o . w .w .m o35 _ O._ I.* L.=_ .__Al._ m Ol_ u_l o“_o E._
2 = & S 2 S e all ™ s 2B Kk Ol
W o= | K¢ 3 M -
oy o] n - o ol M 50 ® 10
w 9 w© t J @ Ol (T =R [
N o= > D g S e 2
== = 7 S M A =5 Rl = 0] 53 o3
© 5 B = = & Al P TR B e
=52 | 3 f BpeszEzzinc
_ X c = § . = = N D
gz 0w - s o g3z <5m’ RO
S =~ OF = S m 70 z ®Ww= s w =
fry X =1 7 wzfursicZe
8 ﬁ S B0 .wm% 0 8 ~ = KO O
o ol R O L i ?%@W5E_Exa
593 (Do)oamyeradwd q 5w 2RSS g
o : L $EE M T oy 8
& 2 0o D F ol AT of

- 172 -

Collection @ chosun



<H 5.6> H=Z Reference room FCU &2t AH| &2 & (Non-TALS)

Al 24 s It Al2H Ol Xl AHIZ(kwn)
09:00-09:59 9 39 40= 0.019
10:00-10:59 15 27 3b=x 0.013
11:00-11:59 14 212 08= 0.010
12:00-12:59 12 182 06=x 0.008
13:00-13:59 10 162 04= 0.007
14:00-14:59 8 132 4= 0.006
15:00-15:59 3 b= 35=x 0.003
16:00-16:59 7 9= 29= 0.004
17:00-17:59 10 152 4= 0.007

2 Al 883 2AI2t 45F 45= 0.077 kvn

<H 5.7> H=2ZE Test room FCU L2t AH|& 2 2F(TALS)

Al 2t s3> JbS Al 2t Ol Xl AHIZ(kwn)
09:00-09:59 10 242 05= 0.011
10:00-10:59 4 b= 02=x 0.002
11:00-11:59 2 2= H9= 0.001
12:00-12:59 - - -
13:00-13:59 - - -
14:00-14:59 - - _
15:00-15:59 - - -
16:00-16:59 - - -
17:00-17:59 - - -

2l 162/ PE 6x 0.015 kwn

HASE G0N &8 ZH(HE 5.8), FCUU Hgetez MURES KXdts

HEHUEHX MEEE2 5.54 kWhE LEFSCE. TALS E

b FCU B YO0l &= Test room2l 28 HHOUHX AAZEEZ2 3.39 kWhE,
Ol dioh 38.8 % 4K ZEZ SIt Yese Az 2ALUCH. O 5

AN AHIE HUEHXE AltE= Felst QI0IE0ICH. HASE Sl A

S FCU AHIMEEES gatet & HZEUUX AIZSZEES Hlw

9.

, Test room& 3.405 kWh, Reference room& 5.617 kWh
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T

<H 5.8 A=z o 2 AIEE Hlu

Time

[OE 5.9] AIZt0I CHE HEE HEOUUX AISE

Collection @ chosun

- 174 -

NED Reference room(Non-TALS) Test room(TALS)
| LPM | &R(TC) | EFTC) | E(kwn) | LPM | &F(TC) | BR(TC) | L= (knn)
9 6.86 | 43.50 40.83 1.28 6.86 | 43.47 40.70 1.33
10 6.88 | 43.37 41.45 0.92 6.88 | 43.33 42 .50 0.40
11 6.88 | 43.80 42 .34 0.70 6.88 | 43.76 43.14 0.30
12 | 6.87 | 43.87 42 .60 0.61 6.87 | 43.83 43.36 0.23
13 6.87 | 44.14 43.01 0.54 6.87 | 44.09 43.62 0.23
14 6.87 | 44.19 43.26 0.46 6.87 | 44.16 43 .66 0.24
15 6.87 | 44.11 43 .81 0.16 6.87 | 44.07 43 .61 0.22
16 6.88 | 44.01 43.26 0.37 6.88 | 43.99 43.53 0.22
17 6.87 | 44.11 43.07 0.50 6.87 | 44.07 43.60 0.23
Hl 12 Non-TALS: 5.54 kwn, TALS: 3.39 knwn (38.8% M)
_ 140 433
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N Heat value(Ref room) mmmm Heat value(Test room) E
g 20 === Indoor temperature(Ref room) ==QOutdoor temperature 2 -
[5) === Indoor temperature(Test room) »
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S5 -~
= >
= 10 1=
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0 ! o
9:00 10:00 11:00 12:00 13:00 14:00 15:00 16:00 17:00 18:00

Time

[12 5.13] Reference & Test room HEFA|AE

=
2
Jm
0x
=
S

<E 5.9> ({EZ Reference room FCU &2+ AH|& 2 2F(Non-TALS)

Al2¢ ts= s Al 2t Ol Xl AHIZ(kwn)
09:00-09:59 8 202 05% 0.009
10:00-10:59 9 312 06= 0.015
11:00-11:59 5 442 01=x= 0.021
12:00-12:59 1 582 01= 0.027
13:00-13:59 2 558 01= 0.026
14:00-14:59 2 5& 02= 0.026
15:00-15:59 4 463 01= 0.021
16:00-16:59 9 P 01= 0.015
17:00-17:59 7 242 04=x 0.011

2 Al 473 BAIZE BE 22=% 0.171 kwn

ol

) [
=X ders

FECU BIUXIAIEE AE2 JtsAIZH [HE AHIMSE S SHatot

O Z2UE H 592 5.1001 H2IotHCE. Non-TALSS| Reference room2 &2t 6A|Z2t

5& 22& =0 FCUIt JtsEIH 0.171 kWhE ABIotd, TALSS Test room2 &

3AIZt 222 31 =¢F 2HE N 0.09 kwh HUWHXIE AAZEIRULCEH. TALSE HEE
Al e 2!
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<HE 5.10> 2= Test room FCU L2+ AH| XS 2H(TALS)

Al2t Iss = Jts A2t HUEH X AHIE (kpn)
09:00-09:59 6 4= 02= 0.007
10:00-10:59 / 19= 43= 0.009
11:00-11:59 9 24= 25= 0.011
12:00-12:59 8 24= 06= 0.011
13:00-13:59 9 29= 44= 0.014
14:00-14:59 9 2/ 23=% 0.013
15:00-15:59 8 29= 01= 0.014
16:00-16:59 8 19= 03= 0.009
17:00-17:59 6 5= 04= 0.007

28l 702 3AIZt 225 31=x 0.095 kwn

X A0l Zl= Test room2 28 HHWUHK MEES2 5.25 kWhE, 2 6.75 %
HUX 2& 2t Jes A2 24U, 18 5.14= otk 280A 20l
AZ2E s AlZtE2 M2|st JHZ0ICH HSE YWaol A== 2 FCU

& 2 tH (8 5.15), Test room&

Reference room(Non-TALS) Test room(TALS)

LPM | 253(C) | &7(TC) | S (kun) | LPM | &F(C) | S7(C) | S (kn)

9 6.67 | 14.74 15.79 0.49 6.67 | 14.60 15.68 0.50

10 [ 6.71 ] 15.31 16.30 0.46 6.71 | 15.16 16.21 0.49

11 [ 6.71] 16.25 16.69 0.67 6.71 | 15.11 16.42 0.61

12 | 6.71 ] 15.37 17.08 0.80 6.71 | 15.23 16.59 0.63

13 [ 6.71] 16.23 16.97 0.81 15.09 16.53 0.67

14 | 6.71] 15.33 17.04 0.80 15.19 16.62 0.67

16 [ 6.71] 15.26 16.33 0.50 15. 11 16.31 0.56

6.71
6.71
15 | 6.71 15.33 16.79 0.69 6.71 | 15.18 16.58 0.65
6.71
6.71

17 | 6.71] 15.38 16.25 0.41 15.23 16.23 0.47

bl Non-TALS: 5.63kwn, TALS: 5.25kmn (6.75% M)
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