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ABSTRACT KEYW ORD
Purpose: Various studies to solve the problem of increased energy consumption in the buildings are being carried out &2

recently. Especially, the economic feasibility and insulation performance of the air-cap have been verified so that S!Sj'ﬁ

various studies regarding the reduction of building energy consumption have been carried out. However, previous Z%%ﬂ

studies regarding the air-cap were only carried out based on the verification of its insulation performance according to  of| 14 x| & 2+

the size and attachment position of the air-cap. Therefore, the purpose of this study is to suggest a detachable air-cap

module for improving the performance of the windows, evaluate the performance based on cooling, heating and light X’ii::;gw

environments and verify its effectiveness through a real-scale testbed. Method: In this study, the energy saving

Detachable Type

performance in the circumstance where there is no attachment of an air-cap (Case 1), the circumstance where there is  performance evaluation

the attachment of air-cap on the glass surface of window (Case 2) and the circumstance where there is the attachment ~ Energy Saving

of an air-cap on the window frame (Case 3) were compared in order to verify the performance of the detachable air-cap

module (Case 4), and the electricity consumption of cooling, heating and lighting equipment to maintain the

appropriate indoor temperature and Illuminance for each case was calculated and utilized as indicators for the

performance evaluation. Result: The result of this study is as follows. 1) In this study, the detachable air-cap module

which was easily detachable through the principle of the magnet was suggested. 2) When Case 4 is applied, the

electricity consumption of cooling and heating equipment can be reduced by 27.5%, 13.2% and 3.4% in comparison

with Case- 1, ‘Case 2 and Case‘ 3 respec?ively. 3) When the. air‘-cap is apglied to the V\{indow, the lighting energy ACCEPTANCE INFO
consumption increases by 4 % in comparison to the non application of the air-cap, and this factor or aspect should be Received Oct 4, 2016
considered when applying the air-cap. 4) According to the performance evaluation result in consideration of cooling,  Final revision received Jan 5, 2017
heating and light environments, Case 4 demonstrates an energy saving ratio of 22.6%, 10.6% and 2.7% in comparison  Accepted Jan 10, 2017

to Case 1, Case 2 and Case 3 respectively, indicating that it is effective for improving the performance of windows.

© 2017 KIEAE Journal

1 NE

11, 479 w4 2 27
Setet 27} oA FA e 7h

% HEe
718 AgodA] AHE 20008 o]Folk g or waA 5

ZFkstal Qlet. 2000~20149E 713 & HIFEAE AEHEE oY
A9 7ML A¥H 3.0% SUFete HFo|uA] B FIH
Q25%)Ett 52 £5& Yeth. E9], 5 FE9 A8 47}t

£ 7|55t

2000~2014¥4d 717t F AWF 5.7%9) £ F7HA
of AEFEoA o] At HIFE 20004 43%0l4]
201490 = 62%= ATk ol2igt AR o] 4H] 7}
o] thefet Ul F A &40 ot A AN HEHES] AT

oz &43 geste] Fofdt FEoz oA &4do] 7 Y

PISSN 2288-968X, eISSN 2288-9698
http://dx.doi.org/10.12813/kieae.2017.17.1.063

ehtn gloid o8 shEstuat skt cheret Zlvt de)
$oE Fhta i
A7 F ololfe PFTALER AT, 12
2 AANS 4% WobA vy At —c;a A 5 Ak
» % JEM A B Aerae
i ot
B S Al
3] ol
pHel oo
el

e
)
o] r

7kt
]

N
2 oy r_&

-
rir
_{

!
iz
228
:L
_EL

r

L

e

%)

r
o‘_TL
)
=
re N
2 r[r
r)J

FJ

N

<
A
lo

e ilu}
—{m
o
)
=
rol
_‘TL
L
‘_,
Fui

2

oR_._lo
il
i
S

B 98 A Az
Aot 9 2 A8
& Deg A5
al

2L

T ool g

W B2 E
L=
2‘ i
W
o
& ol
IH Oﬁ rr

Hlom o ooxl o 4 3Lt
I

e

fo

rO

o

o,

9,
=2
2 r

S 22ke] Hl42
2Ry BE LS ANse, ofF AsAdel

L B LIRS 1 B

=
rx
=t
=
i
]

g
-

of &,
{> rok
i

i = =
|
ju
-
Hy
_?L

ol
N
—

©Copyright Korea Institute of Ecological Architecture and Environment 63



re
-

“anr 1o,

9 sl

ofo]7] Hgo] WA W AHE=IHL Qs ofo]d
a2 MEste, (Fig. 13 @2 At of7|ste]
LB HA, ooigiel Y R AgATE nFetel, 4
/‘\j_ 4o AL W AHZXE 7)FS HHT
g ste R ool gia
G Al S, AL ool Haa
SJstel ofoiqy w4, 71+4 ofl 17} 4% el

O

1_

F3)

S0 27 9 B3 mey
%

o o HT g M
ook 1

41 ar xR ofk Fﬁ

rE

B

Kl

i)

i OI-J

™ fob o 2L ¥@ off X o
_?L
3:9,

Al
o WAL, A8 Caseol THE 1@ 477 2y
2 o ARz FEseA
Egh 2 7o oy @hﬁgﬂe R 1714 7hgo] o]l

<Literature review> Aircap, Advance research of
S EON light-shelf, Recommended levels of illumination and
indoor-temperature

Suggestion of detachable aircap module

Performance evaluation
Case 1 Case 2
no attachment of || windows with air caps attached
the air cap to inner glass surface
Case 3 Case 4
attachment of the air Detachable aircap
cap's internal frame module

Conclusion

Fig. 1. Flowchart of study
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Table 1. Advance research of aircap

Consideration Performance evaluation
Title of study (Year) :tftacm Heat insulation
property(Heating/ | Lighting
method n
Cooling)
A Comparative
Evaluation on the
Thermal Insulation
Performance of N o N
Windows according to
the Temporary
Improvement
Method.” (2015)
Thermal Performance
Evaluation of the
Window Systems with x O x
Air-bubble Sheets”
(2015)
Table 2. Aircap size and components
T D t
pe (Diameter of air layer) (Thickness of coating layer)
1 0.2mm
EE—— 10 mm
2 0.3mm
3 20mm
0.6mm
4 30mm

<Aircap section>
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Table 3. Recommended temperature standard of indoor space:
ISO-based, recommended indoor temperature

Recommended temperature standard of indoor space (°C)

Summer : 23.0~26.0 Winter : 20.0~23.5

Table 4. Standard illuminance of KS A 3011

Scope

Type of activity
Min Ave Max

Visual performance according to the

degree of general-brightness 300 Ll 600

f 28 Mot A 48
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* Window frame

. Insulation tape(Thk. 1.2mm)
: Magnet(Thk. Tmm)

: Insulation tape(Thk. 1.2mm)
: Aircap

* Insulation tape(Thk. 1.2mm)
: Magnet(Thk. Tmm)

: Detachable aircap frame

POPOPO®E

Fig. 2. Suggestion of detachable air-cap module(Section)

Insulation Insulation Detachable
Magnet tape Aircap Magnet tape

Fig. 3. Suggestion of detachable air-cap module(Method of attachment)
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Table 5. Installation process of detachable air-cap module

@ Attach the string magnet to the

window frame @ (G it iy

(3 Attach the air-cap module
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Table 6. Overview of testbed, chamber

Testbed

Room size 49m(w) x 6.6m(D) x 2.5m(H)

Wal.l Insulation panel(Thk 100mm)
material
Window

size 1.9m(W) x 1.7m(H)

Type Pair glass 24mm

Wind M (6mm+12mm+6mm)

ltn _0‘1’3) Thermal Summer: 2.83W/n?K
matena transmittance Winter: 2.69W/m?K

Transmissivity 80%
Directions South aspect
View of testbed

Table 7. External temperature, external illuminance and amount of
solar radiation on summer solstice and winter solstice

Season External External Solar radiation
temperature illumination quantity

Summer 34°C 80,000 Ix 503 W/m?

Winter -10°C 30,000 1x 340 W/m®

HAEHEL (Table 857 2ol Wd7]7]" 8 £577]
g Axstgon, Yol A LndAe dsstel
On/Off Aot} |7l A 5% o7] 9Isto] SAtst 714 B2E
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LED &h9je] 238 AAstgion], 259 A& [ESY) 43
o e|7|steet.

Table 8. Specifications of cooling, heating and lighting equipment

Model AP-SM302(EHP)

Air Heating / Cooling capacity 13,200w / 11,000w

conditioner

3.90kw
3.90kw
Heating: 3.38 / Cooling: 2.82

Heating consumption

Cooling Consumption
COP

Dimming control(8 level), LED type /

Energy Consumption for Phased Light Dimming :
Level 1(12.3kWh), Level 2(18.3kWh), Level 3(22.0kWh),
Level 4(27.7kWh), Level 5(34.0kWh), Level 6(38.5kWh),

Level 7(42.6kWh), Level 8(50.8kWh),

Lichti

ASHILE Y5to] (Table 9.9 (Fig. 4)7 Zo] 2L Al
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Table 9. Specifications of temperature and illuminance sensor for
performance evaluation

Sensor ——— Number of
e Specifications installation
- Sensing element: Silicon photo
Temperature sensor, with filter |
sensor - Detection range: 0 ~ 200,000 Ix
- Precision: +3%
- Sensing element: NTC 10KQ: AN
Illuminance Type 4
sensor - Detection range: -40 ~ +90°C
- Precision: +0.3°C
6600
2200 2200 2200
U dtlo U dlo P
§ Sensor 1 Sensor 2~
ol ©
S s Lo Lo
SR Illumination  -Illumination
Sensor 3 Sensor 4
o [Ofs
S ~
®
o
o
Jre]
3
o
g
N~

© : Illumination sensor, A : Temperature sensor, [_]: Lighting

Fig. 4. Plane, cross-section of the testbed and location of sensor
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Table 10. Overview of experiment

Case Remark

Specification

1 ' 6mm x 12mm x 6mm

Triple Glass 52mm
(6CL+17.5A+5LE+17.5A+6LE)

Interior % Exterior

(-
|| Air cap (attached on the
2 window) + 6mm x 12mm

Pair Glass 12mm

(3mm+6mm+3mm) X 6mm
Aircap(D=10mm, t=2mm

Interior % Exterior

%
I

N

Air cap (attached on the

3 . frame) + 6mm x 12mm x
A el 6mm
Aircap(D=10mm, t=2mm)
Interior % Exterior
/ AN
7 A
4 h “l Detachable air cap frame

+ 6mm x 12mm x 6mm
Pair Glass 12mm
(3mm+6mm+3mm)

Detachable Aircap module

Interior f ] Exterior
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Table 11. Result of performance evaluation
electricity consumption for lighting

Calculation of

Ilumination Sensor (Ix) Lighting Electricity
dimming control 2
q g consumptlon
: Lighting .y
Season |Case| 1 2 3 4 Nimnber for lighting
(Dimming level) i)
1 | 857 |210.1|114.1| 4295 | 1(8)—=3(3) 0364
Summer| 2 | 763 | 1850| 9853843 | 1(8)=3(4) 0392
@ay) | 3| 748 | 1813 | 97.5|3766 | 18)=3(4) 0392
4 | 741 | 1775| 945|371.8 | 1(8)—=3(4) 0392
1(8)—3(8)—2(8)
110 0 0 0 oS 0.900
1(8)—3(8)—~2(8)
20 0 0 0 0 0.900
Summer| —4(3)
(night) 1(8)—3(8)—2(8)
3] 0 0 0 0 4) 0.900
1(8)=3(8)—2(8)
41 0 0 0 0 oS 0.900
1 |417.1|607.3 | 714.5 [25499.3 - 0
Winter | 2 | 3921|5587 | 6573 [23459.4 1(8) 0.062
(@ay) | 313908 |543.5 | 644.2 [22980.2 18) 0.062
4 |388.7538.0 | 634.8 228203 1(8) 0.062
1(8)—3(8)—2(8)
1] 0 0 0 0 40) 0.900
1(8)=3(8)—2(8)
210 0 0 0 0.900
Winter —4(3)
(night) 1(8)=3(8)—2(8)
3] 0 0 0 0 ~40) 0.900
1(8)—3(8)—2(3)
41 0 0 0 0 oS 0.900
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Table 12. Result of performance evaluation:
of cooling and heating equipment

Electricity consumption

Electricity consumption of cooling and Sum of electricity
heating equipment (KWh) consumption of cooling
Summer | Summer | Winter | Winter | and heating equipment
Case . 5 (KWh)
(Day) | (Night) | (Day) | (Night)
1 2.378 1.153 3.466 3.580 10.576
2 2.345 0.864 2.749 2.877 8.834
3 1.901 0.749 2.574 2.709 7.932
4 1.895 0.591 2.571 2.606 7.663
[ Electronic power Consumption for cooling and heat
] Electronic power Consumption lighting
Case 1 ) - - - l ‘
Case 2 J |
Case 3 I }
Case 4 } |

4 5 6 7 8 9 10 11 12 13

Total consumption power (kWh)

Fig. 5. Electricity consumption of cooling, heating and lighting
equipment for each case
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