Korean Journal of Air-Conditioning and Refrigeration Engineering
Vol. 28, No. 9 (2016), pp.343-349

ISSN 1229-6422(Print), 2465-7611(Online)
http://dx.doi.org/10.6110/KJACR.2016.28.9.343

ShAMEe] E =] 7}

g A+
Development of a Movable Drawer Type Light-Shelf with Adjustable Depth
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Abstract Due to the recent increase in lighting energy consumption in buildings, there are a growing number of studies
seeking solutions this problem. The effectiveness of light-shelves as natural lighting systems to solve this problem has been
recognized, and various studies regarding such systems are being carried out currently. However, the lighting efficiency of
light-shelves decreases if illumination intensity is low-such as at night time, and it also obstructs the views of building
occupants. Therefore, the purpose of this study is to examine a movable drawer type light-shelf which allows for the width
of the reflector to be adjusted and verify its performance through a simulated test-bed. The following conclusions were
reached. 1) The purpose of this study is to solve the problem previously associated with the light-shelf system- of obstructed
views-by responding to external environments and minimizing the width of the light-shelf at night time when the efficiency
of the light-shelf declines. 2) The proper variables of the movable drawer type light-shelf which enables the width adjustment
of the reflector were ascertained in this study according to four solar terms : a width of 0.6 m at an angle of 20°, a width
of 0.4m with an angle of 20°, and a width of 0.1 m with an angle of 20° were determined for the summer solstice, fall/spring
equinoxes, and winter solstice respectively; revealing that width adjustment of the light-shelf is a significant factor. 3) The
movable drawer type light-shelf which enables\width adjustment of the reflector suggested in this study can reduce the lighting
energy consumption by 18.7% and 14.3% in comparison to previous light-shelves with a fixed width of 0.3 m and 0.6m,
indicating that it is effective for saving energy.
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1.2 47 HHH g9l gil’ Literature review
* Concept of Light-Shelf * Research trend of Light-Shelf
B o= 1‘11./\}% _g] Z z ) o] 7]_‘_6.;:51_ /\1 %Lsé EH _g] * Recommended illumination standards
FAnks AlRb 9 Aed e AAEH, Fig 1914 o _ . v '
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T3t o 712 Ak gelel Z 03 m, 0.6 mo) Fixed 0.3m Fixed 0.6m 0.1~0.6m width

; i : e width light-shelf | | width light-shelf adjustable light-shelf
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l Conclusion

2, IMuF g AL MY =5 J|F Fig. 1 Procedure of the study.
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o 4 A48 fFiE e AdFE Apder| e g Fig. 2 Concept and Variable of Light-Shelf.
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Table 1 Advance research of Light-Shelf
. Variable of Light-Shelf
Title of study -
Width Angle

Development and Performance Evaluation of a Sloped Light-Shelf Daylighting System® Fixed 0.3 m O
An.aly51s. on the II}goor Daylight Performance and Optimum Size Selection of a Light-Shelf Fixed 03 m o
Using Light-Scape
Daylighting Performance of a Light Shelf within Partitioned Space® Fixed 0.3 m O
The Improvement of Uniformity Ratio for Luminous Environment Using Horizontal Fixed 03 m o
Light-Shelf in an Office Building” xed U
The Study on theA Sunh%gtmg and Energy Performance Evaluation of the Photovoltaic Fixed 03 m o
Light-Shelf on Windows
Simulation Study on the Performance Evaluation of Light-Shelf According to Fixed width(0.3 m,
Geometric Shape of Ceilingm 0.6 m, 0.9 m, 1.2 m)
Evaluat.ion of Lighting Per.foFmar(lsc)e of Mixed Type Light-Shelf in Residential Space Fixed 03 m o
According to Angular Variations
Analysis of Lighting Control System for Applications of Light-Shelf Conditions to Office Space® Fixed 0.3 m O
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Table 2 KS A 3011 : Standard lux

. Scope[lx]
Type of activity -
min.  ave. max.
Visual Performance according to
. . 1 2
the degree of high-brightness 30 00 300
Visual Performance accohrdlng to 300 400 600
the degree of general-brightness
Visual Performance according to 600 1,000 1,500

the degree of low-brightness

o) A&} o™, Table 291 A L}EM%

Foll wpebr] 13 = giu] AJERS,
3, A% dib] AR es FEE q ?:lthﬁﬂEgl
2ef o] 7 f-olli= A HA, AREA ] Mgt <,
T Aukzbe] ol adk 2= FH 2 300 Ix,
o] 600 Ix= A|AISFIL glom, & AF A= F5H 7}
o] 71%S AukIE A2 9] ﬁ%&&ﬂ 400 1x= A
eto] Pt

B > X oo ox do

3. HHAHE| & ZHO| JHsE MEE Etelo)
JHSE MU H| ok

Q,
£ 4
hines
_é

A AR WA F 2dol 5
HANLE Fig. 3004 EREe] thaka
| Wl

¢

O oy oot
o
=
olr
offt 2
2
10
b’
=
o
9‘1_,
~
o
_O|L
N @

Tﬁ
oy
ol =&
"
o
rr
2
_L4
b X,
2
ol
_0|L
%2
M
o
~
i
o |
' o.
]I
=

gro] wa e;gn Aot
mw 2ekal gl

Aol tg3k7] Slskel 3

A o3t 4% 19, At g !

A7)0 e Faule] A o

oA A7 2

o o it oy ot

18 O K1 oofj o x

BN
o

N
'
o
i o
rE
rlo

3
1o
)
ki
2 o o
%
=
o
-11: rlr b01

Rl 24 ox
)
2 o 2
X

25
W
o5
H&
%N
_>|:4
mz
=

Aol A skA el

%Oﬂ AR E= o7 ANt 2
of 2% o] f-2uH, ojuf FTHAMM & 4

ool FLHow gk ANk g A
ARke] Fo] Zolg FHAw Aojdte] o]E w
ol gk =

b AR Bl e A

GEL

(Emmmmnn

et
(b) After expanding the width of the light-shelf
Fig. 3 Concept of movable drawer type light-shelf.
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Table 3 Setting of test-bed
4.9 m(W)x6.6 m(D), 2.5 m(Celling height)
Ceiling : reflexibility 86%,
Wall : reflexibility 46%
2.2 m(W)x1.8 m(H)
Pair glass 12 mm(3 mm+6 mm+3 mm)
Lighting 8 Level dimming(LED type)

External  Winter : 30,000 1x, Middle season : 60,000 Ix,
illuminance Summer : 80,000 1x

Direction South

Room size,
Material

Window size,
Material

Overview of test-bed and artificial sunlight

4. M5EI} BN ¥ AL

[= =]

4.1 HsHI} BALY

m=z G es A FSE 2 AdFer dAs}
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© : Tlluminance sensor,
S-®@ (Illuminance sensor-number), : Lighting Number

Fig. 4 Plane and section of testbed, location of
illumination sensor.

Table 4 Case setting for performance evaluation

Control of light-shelf variables

Angle Width control
control
ﬂ 0°. 0° 0.3 m fixed
Case 2 1(;0 > 06 m fixed
Case 3 20°, 30° 0.1 m~0.6 m

(A control tolerance of 0.1 m)
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Table 5 Setting of light-shelf variables for performance o] 7Ved FANs Xﬂ 0}5‘}13% ATl FA e FAn
cvaluation o] %] 7107} 03 m % 0.6 miz 247 E}IQ Case 1,
A 9oz Qako
Height 1,800 mm gaif 2‘1 g 244 : ; OHOLﬂ By ’:—]'o & vl
o kel = S 3] 7
Angle range -10°, 0°, 10°, 20°, 30° A AT ofol gk A = rdgu

2 WA, = OSmJ)fﬁ‘ﬂ'(Case D2 =06 m F

, ‘?}(Case 2)4 1 7} = Table 6914 UEF=0] 3}
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=

reflectivity  specular reflection film(reflexibility 85%)
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Table 6 Performance evaluation result according to the angle of light-shelf (fixed at a width of 0.3 m and 0.6 m)

Summer middle season Winter
Illumination Lighting Illumination Lighting Illumination Lighting
Vgid;h Angle dimming control EC dimming control dimming control
m . U : Lighting . . U : Lighting . . U : Lighting .
Min. Ave. Number (kWh) Min. Ave. Number (kWh) Min. Ave. Number (kWh)
(Dimming level) (Dimming level) (Dimming level)
-10° 724 341.4 0213 1(8) =3(8) >2(2) 0.120 119.3 4337.4 0.213  1(8) —3(1) 0.063 277.1 5181.4 0.213 1(1) 0.012
0° 7323523 0208 1(8) —3(8) —2(2) 0.120 126.3 4353.7 0.208 1(8) —3(1) 0.063 286.2 5187.4 0.208 1(1) 0.012
03 10° 77.7 358.1 0.217 1(8) —3(8) —2(1) 0.114 128.7 4359.7 0.217 1(8) —3(1) 0.063 295.6 5214.5 0.217 1(1) 0.012
20°  82.6 366.9 0.225 1(8) >3(8) —>2(1) 0.114 133.4 4370.3 0.225 1(8) 0.051 305.7 5222.1 0.225 1(1) 0.012
30° 88.6 368.7 0.240 1(8) —3(8) —2(1) 0.114 138.2 4369.9 0.240 1(8) 0.051 298.7 5212.3 0.240 1(1) 0.012
-10° 77.2 371.8 0.205 1(8) =3(8) —2(1) 0.114 0.114 104.9 0.205 1(8)—3(1) 0.063 249.2 5101.1 0.205 1(1) 0.012
0°  80.4 391.6 0.205 1(8) —3(8)—2(1) 0.114 0.073 108.0 0.205 1(8)—3(1) 0.063 266.2 5143.4 0.205 1(1) 0.012
0.6 10° 86.5408.6 0.212 1(8) 43(8)%2( ) 0.114 0.073 114.3 0.212 1(8) —3(1) 0.063 232.6 5783.0 0.212 1(1) 0.012
20° 100.5 411.8 0.244 1(8) = 3(7) 0.093 0.073 1243 0.244 1(8)—3(1) 0.063 300.1 5211.6 0.244 1(1) 0.012

300 104.2 419.5 0248  18)—3(7)  0.093 0.063 135.9 0.248 1(8) —>3(1) 0.063 286.8 5194.2 0.248 1(1) 0.012

U : Uniformity ratio, E.C : Electricity consumption.

Table 7 Ascertaining electricity consumption according to the proper angle of light-shelf (fixed at a width of 0.3 m and 0.6 m)

. Summer middle season Winter .
Width - — - — - — Total of electricity
Optimum Electricity Optimum Electricity Optimum Electricity .

(m) . . . consumption(kWh)

angle consumption(kWh) angle consumption(kWh) angle consumption(kWh)
0.3 30° 0.114 30° 0.051 30° 0.012 0.177
0.6 30° 0.093 30° 0.063 30° 0.012 0.168
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Table 8 Performance evaluation result of movable drawer type light-shelf which enables the width adjustment of the reflector

Summer middle season Winter
Illumination Lighting I1lumination Lighting Illumination Lighting
V‘Zrlg)th Angle ; dimmLil?gh§ontrol EC ’ dimmLir.lghc.ontrol . 5 dimmLiljlghgontrol ‘
. . Lighting . . Lighting . . Lighting
Min. Ave. Number (kWh) Min. Ave. Number (kWh) Min. Ave. Number (kWh)
(Dimming level) (Dimming level) (Dimming level)

-10° 69.3 290.5 0.239 1(8) >3(8) —2(2) 0.120 116.1 4242.3 0.027 1(8)—3(1) 0.063 279.3 5183.6 0.054 1(1) 0.012
0° 70.5 295.8 0.238 1(8) —3(8) >2(2) 0.120 125.2 4238.8 0.030 1(8)—3(1) 0.063 278.9 5167.6 0.054 1(1) 0.012
0.1 10° 71.0 298.1 0.238 1(8) —3(8) —2(2) 0.120 121.1 4247.8 0.029 1(8)—3(1) 0.063 290.5 5187.3 0.056 1(1) 0.012

20° 67.8 296.5 0.229 1(8) —3(8) >2(2) 0.120 124.3 4252.7 0.029 1(8) —3(1) 0.063 297.0 5208.9 0.057 OFF 0

30° 749 302.5 0.248 1(8) —3(8)—2(2) 0.120 124.1 4257.4 0.029 1(8) —3(1) 0.063 300.1 5211.8 0.058 OFF 0
-10° 67.7 284.1 0.238 1(8) =3(8)—2(2) 0.120 115.2 4216.2 0.027 1(8) —3(1) 0.063 265.4 5163.4 0.051 1(1) 0.012
0° 724 296.6 0.244 1(8)—3(8)—2(2) 0.120 117.6 4223.8 0.028 1(8) —3(1) 0.063 282.4 5170.1 0.055 1(1) 0.012
02 10° 72.0 302.50.238 1(8) —>3(8)—2(2) 0.120 117.6 4238.4 0.028 1(8) —3(1) 0.063 295.7 5189.4 0.057 1(1) 0.012
20° 74.0 303.9 0.244 1(8)—3(8)—2(2) 0.120 114.8 42552 0.027 1(8)—3(1) 0.063 297.2 5208.9 0.057 1(1) 0.012
30° 65.8 311.4 0211 1(8) >3(8)—2(1) 0.114 122.3 4255.6 0.029 1(8) —3(1) 0.063 300.2 5211.1 0.058 OFF 0.000
-10° 69.1 292.9 0.236 1(8) —3(8)—2(2) 0.120 106.2 4203.7 0.025 1(8)—3(1) 0.063 274.1 5137.3 0.053 1(1) 0.012
0° 70.1 305.50.229 1(8)—3(8)—2(2) 0.120 122.8 4220.1 0.029 1(8) — 3(1) 0.063 276.3 5157.8 0.054 1(1) 0.012
0.3 10° 71.7 3114 0.230 1(8)—3(8) —2(2) 0.120 119.9 4242.0 0.028 1(8) —3(1) 0.063 284.7 5184.2 0.055 1(1) 0.012
20°  77.5 320.8 0.235 1(8)—3(8)—2(1) 0.114 119.8 4247.1 0.028 1(8) —> 3(1) 0.051 336.2 5158.7 0.065 1(1) 0.012
30° 79.0 327.6 0.220 1(8) —3(8)—2(1) 0.114 128.4 4261.7 0.030 1(8) 0.063 299.6 5206.3 0.058 1(1) 0.012
-10° 71.2 311.2 0229 1(8) >3(8)—2(1) 0.114 107.4 4208.4 0.026 1(8) — 3(1) 0.063 264.9 5122.0 0.052 1(2) 0.018
0°  69.5 321.7 0216 1(8) —3(8)—2(1) 0.114 113.54221.6 0.027 1(8) —3(1) 0.063 274.4 5138.1 0.053 1(1) 0.012
04 10° 703 322.4 0.218 1(8)—3(8)—2(1) 0.114 117.1 4242.8 0.028 1(8) —3(1) 0.063 279.5 5174.7 0.054 1(1) 0.012
20° 73.7 339.5 0.217 1(8) —3(8) 0.102 125.0 4252.6 0.029 1(8) 0.051 304.7 5192.1 0.059 1(1) 0.012
30° 75.1 3382 0.222 1(8)—3(8)—2(1) 0.114 125.3 4265.9 0.029 1(8) 0.051 297.5 5186.4 0.057 1(1) 0.012
-10° 724 326.8 0222 1(8) >3(8)—2(1) 0.114 104.2 4192.8 0.025 1(8)—3(1) 0.063 255.8 5102.7 0.050 1(2) 0.018
0° 70.5 336.9 0.209 1(8)—3(8)—>2(1) 0.114 104.5 4210.6 0.025 1(8)—3(1) 0.063 271.9 5129.2 0.053 1(1) 0.012
0.5 10° 733 343.0 0.214 1(8) —>3(8)—2(1) 0.114 111.3 4234.1 0.026  1(8) —3(1) 0.063 277.0 5166.1 0.054 1(1) 0.012
20° 81.3 3549 0.229 1(8) —3(8) 0.102 123.9 4243.3 0.029 1(8) —3(1) 0.063 290.7 5166.9 0.056 1(1) 0.012
30° 77.4 359.2 0.215 1(8) = 3(8) 0.102 124.8 4258.2 0.029 1(8)—3(1) 0.063 288.0 5166.4 0.056 1(1) 0.012
-10° 70.2 333.6 0.210 1(8) = 3(8) 0.102 105.8 4101.2 0.026  1(8) —3(1) 0.063 252.7 5081.9 0.050 1(2) 0.018
0° 73.7 350.2 0.210 1(8) —3(8) 0.102 101.9 4124.9 0.025 1(8) —3(1) 0.063 267.8 5133.8 0.052 1(1) 0.012
0.6 10° 749 356.1 0.210 1(8) —3(8) 0.102 115.8 4222.2 0.027 1(8) —3(1) 0.063 272.7 5154.7 0.053 1(1) 0.012
20° 84.3 367.5 0.221 18) = 3(7) 0.093 117.7 4236.7 0.028 1(8) —3(1) 0.063 289.3 5155.8 0.056 1(1) 0.012
30° 93.1 370.9 0.238 1(8) = 3(7) 0.093 123.1 4245.6 0.029 1(8) —3(1) 0.063 280.2 5147.1 0.054 1(1) 0.012

U : Uniformity ratio, E.C : Electricity consumption.

Table 9 Electricity consumption of movable drawer type light-shelf which enables the width adjustment of the reflector

Summer middle season Winter
Proper Optimum  Electricity Proper Optimum  Electricity Proper Optimum  Electricity Total of electricity
width  angle consumption  width  angle consumption  width  angle consumption  consumption(kWh)
(m) (kWh) (m) (kWh) (m) (kWh)
0.6 20° 0.093 0.3 20° 0.051 0.1 20° 0 0.144
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B AT o 4 gigete] a8 Ql Ale] B AstE = ofF 5o Ag-ell= gkl & HA
NFds NAe flste] vAbke] & xdo] Thsd & sto] 7] FAdnke] hA= 2% Aske] &
MY Byl 7sd AN Ajkei, HAEN =S AE s Astaat gt
53 ATHATOR I F84 ASS FHow 3 (2) ¥ A= 7)ol WE yAbe] F xdo] 7hE gk
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AHE Bl 7hed daduke] A wiklE BF

sk em, a4, F3t71, TA ol EH*BO% * 0.6 m/
7V 20°, F 0.4 /2= 200, F 0.1 /4= 20°%
%EM B Fo] 242 {Fou| T o= 3

che T}
(3) ¥ dA7= A7) whE gApge 7}
AR Ele] 7Hed FaAadke 7]EY] Z 03 m
2 0.6 m] FAte] tiu]gk gL ] A7He
Z42F 18.7% 2 14.3%2] 740l 7F53te] oY
ol a3k Ao ddH)

L ol 7= EAE AsH,
ﬂ%ﬁ%%7Mﬁpii%ﬂHX|ﬂﬁﬂ 71 7bsst
‘}li‘/h FANke] Fo] AojE ¢
xlﬁﬂtﬂ AET} o] Fo| A #] %%
o= o] 3t l"i—l'ﬂré Helsl o

A= A
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