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Abstract

In this study, the evaluation of the dynamic behavior and thermal performance of the “Fagade
integrated Natural circulation Solar Water Heating System” installed in the residential house was
carried out. Experimental tests were performed during the all year around in the rural houses of
166 m” in size. Facade integrated solar collector of 5 m* were installed on the south-facing.
Electrical heater of 1 kW capacity as an auxiliary heater was installed at the upper part of the heat
storage tank. The analyzing results are as follows. (1) Monthly average solar fraction was 51 to
87% and yearly average value is 64%. (2) Hot water supply temperature in December which has
the lowest solar altitude is 37 to 76C. The highest working fluid temperature of solar collector in
this period was below 84C. The temperature difference of working fluid between the collector
inlet and outlet has been shown to be around 9 to 26TC. (3) Overheating which is one of the
biggest problems during summer did not appear at all, but rather had hot water supply
temperature is rather low as 30~477C in summer than winter, which is supplied by a small solar
load. The solar collecting temperature has been shown to maintain below 557C. (5) The thermal
performance of Facade integrated solar collector can be increase due to the reduction of heat loss
to the back of the collector wall integration of the collector is reduced. As a conclusion, Facade
integrated natural circulation type Solar Water Heating System is a well-functioning without any
pumps or controllers, and it was found that the disadvantages of conventional solar water heaters,
hot water or hot water system can be greatly improved.

Keywords: Z-EUA| Y ejFEH L 7](Building integrated solar collector), A7 184 U E
Al 25l(Web- based remote monitoring system), B} &-24=7|(Solar hot heater), ] ¥ L ]E&
(Solar friction)
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Fig. 5 Piping diagram & flow path

Table 1 Collector dimension & thermal performance

Item Content
Dimension 1,700 mm x 3,200 mm x 120 mm
Absorber area 5m’
FRTaen 0725
FrU; 4.468 W/m’K
Incident angle modifier (JAM) 1—0.0938 (Tols i 1)
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Fig. 6 IAM value of installed solar collector
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Table 2 Sensors type and measuring devices

Item Quantity Type
5 T-type
Temperature sensors 4 RTD
Flowmeter 1 propeller type
Electric meter 1 electronic

Effekd FRAIAR 471722014 195E 20149 1297H4] 132 710 2 519t
Fig. 724558 QI o 7180l S8 o Ll gt o2 9 A AN RES Hwet Zlole). Ut
P22 1290] - 1.2C= 7P H3kom 790 25.9C2 7Fa A Letsih, Teh- 2 At 8 AR 5€0]

6.8 kWh/mt* - d 02 7P Eokom, 71 21,2 1299] 2.2 kWh/m’ - dof] HIsf oF 38] g2 7102 Eas|oict.

40 10

[Daily average irradiation
={Daily average temperature

30 8

) o g
o 20 + L e
g <l 5
IS =2
(2]

£ =
2 10 La =
5 =
e &

| H
-10 T T T T T 0

T T T T T T
1 2 3 4 S 6 7 8 9 10 11 12
Month

Fig. 7 Monthly average daily ambient temperature and Insolation
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Fig. 8 Monthly average daily Insolation distribution by inclination angle (south)

100

80 fot

60 | ——

%0 == -
20 \/ﬁ\/ﬁ

100

Incident angle (degree)

Incident angle (degree)

1/1 3/2 5/1 6/30 8/29 10728 12727
Time (day)

Fig. 9 Incident angle by inclination angle

30

Journal of the Korean Solar Energy Society Vol. 36, No. 6, 2016



SA LAY At EFER47 19| SHAHS BYso et dFeUT_ UHE 2

3.2 EfjH DEIA|AEI0| S|

Fig. 102 Bl et 7P 32 12 SR Fat e 2HEEE2 AT 209 25 Ueid Zolch &
B2 ER L Z) 76 C7IR] AlsSH 9lom, 2EF AlTH0] 271 37T ofel Hold w) B x91o] 2Fso] wlet
43 CTHA] 2R 24 & 4= Qlrk: 37C ofole] Aok (MERh FARl vl B Feio]-geo] 27| whzo]
2RI, o] 7R HEaAd] AR Ut 3.5 kWha LEgdTh

Fig. 112 129 1712 S k= EufA|e] 9d7Hcollector inlet) Y EHcollector outlet) 25 LERH Zlolt}. &
2L 2| 84°C miREe R FufiAle] vl WgolR] 41 Qlrt. o7 |z e wet Gl 8k A 9 FE E Bl
7 252 P=9~261CO] 9IS Holv ek

80
——Hot water supply tempergture
——Auxiliary heater
60 r
5 ‘ @
! mMMm J WL ¢
3
k]
20 r On
0 + Off
12/01 12/08 12/15 12/22 12/29
Day
Fig. 10 Hot water supply temperature and auxiliary heater On / Off state in December
100
Circle outlet —Circle inlet
80 1
o
T 60
aé 40 - l h
Fe ]
= 4
k
0 T T
12/01 12/08 12/15 12/22 12/29
Day
Fig.11 Variation of collector inlet and outlet temperature in December
g, 12=57191 78 SEX 2R 35tk 259 R (SR AT 25)F2E Uepd Zo o}, 555+ 2

T ATC ola}2-§ 705k 9Lor, S2710] Hlal| ©5le] e HaE wolw glrk, 79 12915E 89 29177 1%
A9l0] 50] Ze Alefoll e BRTOR W0~44C2) 571 BRI 9k
Fig. 13279 ] 4] Q17 9 27218 ek Zolek 1ed7] £70] o] ALl 550 2715}

Journal of the Korean Solar Energy Society Vol. 36, No. 5, 2016 31



el el =2

2| grom, 7)E0] ejeyd 247 P oMot 2k a1 e 2 s WA A] gt Qlrk. TR Hniid] <8k A A

% E7- LA 4~20CRA 5710k ulweh o) Zs)in ik et ulel o] sy W 4mle) alkjego
30° kel ulsh ot Alefoll] IAkztel 271 Tl A4 ol Exti kfgo] i 7hah ol 71eTgiet,
80
~—Hot water supply temperature
— Auxiliary heater
60
e mww ’\ WMW\(\MN\MMN H
£
| l 1 ‘ )
M : — off
07/01 07/08 07/15 07/22 07/29
Day
Fig. 12 Hot water supply temperature and auxiliary heater On / Off state in July
100
4‘ -+ Circle outlet —Circle inlet
80 ]
% 60
g * l ‘
bl i
. AL
0 T T T T e e e e L
7/01 7/08 7/15 7/22 7/29
Minute
Fig. 13 Variation of collector inlet and outlet temperature in July
Fig. 14+= 128 HAIe} 19719] SRS AET = nhE 52Ut R AR} Hl et Zofot, AAfxE
o] YRt 7T A7 FH] 2571 28TC oV EoRh= Zhe & 4 Sl oAk e lof| LB 7120 A Ao H]
3 Q19 1171e] elo] 2ashe 2 Slufstol o] 2 ol HRte- 55 etlo] 2as) o] Arfa oz Fe
O RS ERHE01EA| FIrk. o] 7RHEFHE7] S| 257 F AUl Blel et 2.7C =2 A 08 LElkith
Fig, 15 Fig. 149} 5Q74074 7999] 5222 Bl gh Alolc, 124} s 0 2 Fo 7] $0] 25717
QP ordAE BAe] 2ot 7o) FUet s o 4 Sl o7k 57| LAl RG] ARl mhE St

27)0) Seiz B Aol

32

Journal of the Korean Solar Energy Society Vol. 36, No. 6, 2016



SA LAY At EFER47 19| SHAHS BYso et dFeUT_ UHE 2

—— Rear of solar collector - Wall interior

Temperature (°C)
no
o

|

<Al

W

12/01 12/08 12/15 12/22 12/29
Day

Fig. 14 Variation of collector rear temperature in December

—— Rear of solar collector - Wall interior

Temperature (°C
no w
S IS
e
e
=_
e
gb«—
L
s.(»_‘_;"/: L
:; ':_/:}
-

7/01 7/08 7/15 7/22 7/29
Day

Fig. 15 Variation of collector rear temperature in July
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