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ABSTRACT

Reliability Evaluation of Solar Energy System by using
Remote Monitoring Method and

Thermography Diagnostic Technology

Yang Dong-Jo
Advisor : Prof. Kim Jae—-Yeol Ph. D.
Department of Precision Mechanical Engineering,

Graduate School of Chosun University

After Industrial Revolution, energy has been recognized as an important factor
which enhances the motive power for industry in the industrial society. However
recently the excessive consumption of energy pursuant to the rapid expansion of
industry created serious problems of the exhaustion of fossil fuels as well as
unusual change in the weather due to the mass discharge of carbon dioxide.

Especially the changes in weather created irreversible confusion to global
ecological system and together with the confusion it became clear that whole
fundamentals of current civilization of mankind will be shaken from the bottom.
Recently people came to think that it is wurgently required to explore the
alternatives for the energy system based on current fossil energy which created the
energy problem we encountered. After entering into the United Nations Framework
Convention on Climate Change through the Global Environment Forum held in Rio

de Janeiro of Brazil in 1992, the consciousness that the development should be done

- xXi -



in the sustainable pattern in harmony with the environmental preservation has been
closed up as an issue. We can say that after all these proposal will boil down to
the development of New & Renewable energy. The method of solving the problem
of disequilibrium between such energy supply system and ecology system is to
establish small scale, decentralized and labor—intensive energy supply system. Under
such system we can make ecological equilibrium again. The most suitable source
of energy for this required change is solar energy. The advantages of solar energy
are that it is renewable, infinite supplied and environmentally safe energy source,
and the method of energy supply is in small scale and is decentralized. However,
solar energy related products have the problems such as the limitation for
installation, problems in maintenance and insufficient reliability, which have been
the barrier to consumers to satisfy the purchase need for solar heat related
products. In order to enhance the performance and reliability of solar energy related
products and to expand the supply of the products, it is judged that the
introduction of a certification system which will enable to limit the supply of the
products with higher quality above certain level should be preceded at this point of
time. However, as most solar heat related manufacturers are small in size and have
insufficient facilities and manpower, it is not only difficult to develop products but
also they have to go through inefficient procedures in terms of cost and time
because in general newly developed products are required to go through many trial
and errors up until new products can be commercialized. In this regard, in order to
support the solar energy related companies, the necessity for various technical
information required for the commercialization of new products such as various
performance test necessary for the certification of solar energy system,
standardization for facilities and products, performance evaluation method and the

measurement of performance is suggested. The purpose of this paper is to design

- Xxii -



the monitoring system for positive tests of system linked 3kW solar light power
generation system for household supplies and household hot water system using
solar heat out of various solar energy systems, to establish an analysis and
monitoring system for performance maintenance and operation technique, and to
configure the centralized detection network by utilizing remote monitoring system.
This research also aims at conducting monitoring for operation and performance
evaluation in relation to database establishment and analytical evaluation and at
describing the method of enhancing the reliability of solar energy system through
the development of performance evaluation program. Furthermore this research will
perform thermodynamic analysis through the application of infrared ray thermal
imaging camera and will discuss about the applicability of solar energy system and
other fields as well. The researcher hope that this research serves the cornerstone
from the development process of solar energy system to its selection process and

supply projects
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Table 1-2 Technology development research trend of domestic(solar heat system)
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Table 1-4 Technology level comparison to solar heat system

~ N
A= . iy gai
o} Wﬂ ny 50
h It =
4 i A o Yo
~ 50 ~ o 3 Mﬂ alt] Nfo
, _ g = G T »
i = % do MM O S = b+ pw ¥
4w o« I B N
—~ - W o B - al WO = ,
%%%mmﬂ_m%% ;oﬂouvw uam_m =% T é%m%%ﬂ ﬁ)
T pe W W o= B o = Mo B o
L o TR A;Ezoﬂ%%w%ﬂ %?%wm w I delw 2
~ —_ or T =K ﬂﬁ K o o X En__ o . o = — oW Tl —_ = ol
- T ~ R = X ; W oy o - N o= ®ON L
T LEE oy TRywidyx DTS E LTaaTgpel ¥
I o po T M 2 N E 5 mmo L o 5 & do L= W T nhy N ! <
Tk __on_ ﬂ:ﬂ NE Lmr nm, :H 1J.H B Wru R .Q <° = MI.\ B .C = Mﬂ R % ,@v = ﬂa ,1§r_. ﬂa g N WH Eo 3
~ M o o— M = T X o < m R L R SR 5 bo o -
at R W E LT gea® _wow il MLNE%%%%WMQ%%H
MR oo e POR BRI s N wm D I
YT e o oW wm o e TRLNTNRR T o
G ,%%_ﬁo_mhﬂnﬁnﬁ@aﬂmﬁn%,@aﬂ, TR W oy
Tooto ® g 0 W g oo 8 R AR W o ®H P, T ﬂo%Wuoﬁ&oulﬂu < N
TP PeE LA ATHEBEETTRTOC OFTRALTFRT 7 *ED
] | . . | . . n . . | . . | . | . . . . n | . | . | . | |
= 50 ~ i
—~ iy o+
o % A _ %
~ ~N ~ K 1J| by
do ~o N —_
‘A_.g JH oﬂo &.o é.o lﬁu ‘uA.o ‘Eo ‘,Wﬂ
OL e — 1 ~
2 Ho e oy 3 T o D R
- _ o =K S T = ™ "= = B
o W < B = N M K B B g
(T S > L = w =n il T AL -
< < ~ Ay T W No N o —_— — ot mK
Clmtrm == R 2TEA w & =D
h A_W Ll fr fz < ~ 3 ML & = Gl 7 ~ N T ~
ﬂ%aﬂ&%ﬂﬂﬂ @%@M?wnwﬂn N N b B ompLEE F
ol I S SR Camwm s 4L T, bos A mmmd b
L R T %&%ﬂﬂﬂﬂw%éwé R
ﬂ%aﬂ_%%:ﬂ wo%ﬂnoaﬂmonﬁmﬂﬂ7ﬂ% ma% o N s B @
B o B B K TR LR P LR TR A - e MW IG
° ol _ o TS = = R X X N of XOB ™
el -~ a a T o e o n Dc nW Ny o T T T o= iy - ! At = 2
T N © )| |
wode B e B GldeEaw " w% ey FTEARB SN R Y
SR T HT - O F %% 8o oo s BB M B P WP
FRE DS B ERTTALT RS FRXARAGT P ofF 47T
u n . . . | . . . ] | . . .




A
ojth. Aol AAdEe 2A0 w9

ol yx] & BA} o|ul ¥l ~(Radiant emittance)?] z}o]S < AF3}sto] & A 9

i,
o
=
k2
i)
o%
N
o
1>
lo
o
in
o
o U
=
rlo
>
oX,
o
il
P
s
[
Y
N
X
=
o
T
e
>
s
o,
ot
w
32

o) Fold Aol 4§ WA FH 2 A
o

Ao dad shviebs A2ak AA A

el AR olel, A5RE 94 EAE/ME] A9a A Avete 94 7%
A AGH AN Aol vAE Aadrh 248 A4 AAs WAy 4904 A3

Al ik Aol AR 9] GEC-Marconi 974 Malvern Institute®

FTAORE 1960 FH EAA R AAEOH oA = DODC DARPAE S4
o2 1970 E TAA Y B om Aol EA45 T 1995 =74 v 5
Texas Instrument$} =9 GEC-Marconiol Al wAFZ ¢l & w9} Az el S50 A

AFEe dAHe= 2EF vk o

m
rot

299 AGEMA, " =9 Inframetrix, FSI,

1‘
5=

Indigo 47§47} FLIRZ &5 &9 =
A Bk 9l ek,

S AMdadtre ARrlee 34 F MNE vE £ A @ A E H9
A AE MY R & T JHA s A oA gk A Zlselt A4 e A V)
2 A 7dold (F)AFo] Addor dhaA Ao £S5 udon Hd {3
A A sl AFtsz A=At A2 (F)vlego] o] Rofo] HojEo =y
T 2H AA ANPAE oS Wt B ALY I AAAPAT

AHF) FFATLoNAM ATt

A, A AAA e Yo AR Tled $HE

=2,
>
I
=
i3
o
N
fitl
Eﬂ
&
%2,
&
X
fo
2
2
>
rir
ot
Al
[

- 10 -



=A 7

=)

14 =

.

T

294

= AAelth

-

H] ] 31

Al
o~

o & =

A 7Eo] &+ 7™ V&2 FHFHY 7=

- O
o

71E 2H

Tor

o
o

B

Tor

Ho

e
s

# 9]

| ol me o
A5

W FEo
vl 2}

2

J o

pZs

]

[
= A

[e}}
PR

e 2 7]so] ¥ vAx

s

=
=

A2

914 <]

ofoll A

=]
hUN

4 WolA BW 9=

3}
=

B

—_
o

B

i)
-
oF
o)
mo

gl
—~
o

vzl

N

717} e %o a

3

3L

of whEhA

ol

"
o

!

goltt.

g
W
e

gl

—_
o

o
w

e

A W ol WAz

EE R

’

-

</

3]

Ar

ol

I

o
</

ofp
Gt

—_~
.H_.O

T

i

No

)
oF

o
f
T
ofp
it
il

o
Pyl

T
T

o

N~

747 Abssehe

3

oz

W5 o8lol

) o)

2 HAZE ol F oA 7] wi el

—_
o

)

o —
o

Holx

el
oo
oo
ol
Mﬂ
TR

o

o

)

"
w

=)
e

X

%

NE2A 719

e, 24 AFAEA4)

S

I

i

o

2 Ag

PN
4o

=, o

Aol FE Al F5el 8

j
2=

ﬁoﬁ
v

)
i
N

il
—_

.
"o

it
A

|

—_
o

A

el
"
-
oo

o

o

vzl

ot

ST
=)

o)A d s el AlS

s
&

- 11 -



2~
=

DB EE RS

S|
=

o]
H

g3 A

1.

go

S

)

A
=

1
T

0]
A

al

]

EEREERSE L

A

A

st=d 2

3]

0

TR A
T2 5

e
=

=

I

[¢]

el

AN

ek

s

% o

s
m_.o

pul

i)
el

e
;oT
A

o

T

R

Bl Al A5 oL

Njo

)l

R s e R s

1ol

]

S ES R
SEREEE

=]

fLN

o] 1]

&l

)

_CH
bitel

o

171

A AL T

¥ 4]

ofp
olo
o

2004 = e Ao dd ey e

L

1

T2 0 A

ISO TC 135 SC8

il

—_
o

)

ol
o
Nfo

oF
Ly

o]

-

- 12 -



A2 SAl frkel FEok HMAUA ngdl o A BAS A4 AF v
oz - AMAIAT 25 BANZ Ho=T ATk o sheH EokeldA A
2Re A% £ dtelda A&l TFH e A wob Aol J% Aol F9
Hol Fgel AFol ofv] s, A AYAUA FANE MwA g u
of ol Tl grk e} Ao Ay, ey BAH, AT NH Ao
o qate] auAEA AFel W Pol AL FHAAA B vk

ole] gt Aol BFl A AHE Be GHE Al AxdA= 2159

Ly

2 9d wdas @ AdolA 2 o weA Besty B

lo

BFoludA AlEe A3 AdfAdS FdA71n B duE Adfds 44 7= o
g FAL AFERte] A BaE &
il

=4 dasolAol & Ao B

ol ERE oyt AEFE AT st FEE GANA B AFYHLE Ao
of stz W& AIZFZ QL oM HFAAd dxE g vk oS Al By

AA =" AT Aol Bod 7A4F AeAd, A B AlFel wd xE3/404 3



Al 3kW =

FHEHE AFd

]

A

B Foll A Al2=El Fol

—_—
o

el

ofp

=
=

HES A

=% 3A A

o]

gl

&

H)

jasel

=
Jo

—_—
o

il
_

2)

g7

ok el

¥ oluet ofg

HH
RN

€l
i

oA Al

ol

_L
o

M

=3
"o

o

oo
olo
ol
Mﬂ
el

jzel

Jo

Abgtoll 9Ll A

s
H

440, u

] A
i

- 14 -



A mUEY 7]

2]

A2 %

N8

2< "l
=

A1 A BHFNIdA AFATF Al

AzEl 6715k 7hx

%

o 1l 7]
= =27l

tol 3kWw Al

S

=
=

9AE 7

} 9t} Fig. 2-5¢ Fig. 2-8¢l ®j

A A E

2002 o

=
=

117]

TR

<]

e
o
T2 o]

AL
OO

Al 2~ (Stand alone system)}

Bl oF 339k (Photovoltaic  generation)A]

g Al 2~" (Hybrid system)2

‘;;1]'

Al Al 2~ " (Interconnection of power system), %

el

o

A2~ S Fig. 2-10] 4 ¢} o] PVREEI QAW EHE

ce

I

ol

o
N
0|
<
o
T
o

e

o

‘_Lmo

o

AL
o°
=0

™

AHHE

3

AA %

A

o

Mo

Nr

—_
o

AESTERPY

R
L

]_

o

s
I=]

Mo

Nr

ol

)|

[SA=2¢]

Fig. 2-2¢] #+4%& Yeldla Stk Fig. 2-304 9} o]

=
=

AW H

3

LI

A

A

ol

o

</

X
|

—_
o

El

Mo

e

X

o

ol
"

</

X

]
o°

o
ﬁo

R

- 15 -



Aol R F&ol MAdEE A 7HAL Atk 28u AlSAAE A =gelA
wE BAARE ANEE A AFADL 4H AR YY) P AuE 2
zvte} EAGN TEAG Far AW AFHe dge wAA A
Asdells B2 Aol ddxo] ga Alxde] B HI) a0 HF
of v AT EAEL 277 wf oy 2R kA BEd
=A% FAlEo] UdEyA HH, olyd 7l AR A s ARt
5 Apolol A71A<Q Aol Baste], AzEle] Ao B} Basjch ey
Nzge ek gla kel 447 Ba flon Axgagol k7] o
& PVA 29 o R A7) 98 7 o)A Axw Fee @ & 9l

Power Conditioner
Solar Cell Array P Power Controller Utility Interface - Utility Line
Bl-Direction Inverter
Y
Rectifier
Fig. 2-1 Block diagram of interconnection of power system
Solar Array »  Voltage Regulator P Stand alone Inverter - AC Load
Utility Line

Fig. 2-2 Block diagram of one-side interconnection of power system
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Fig. 2-5 Demonstration research a housing development of PV site

Table 2-1 Standard of solar cell module and composition of array

BP Solar | Kor-Solar LG Solar Tech| S-energy |ATS Solar
Pmax(W) 75 53 53 68 75 73
Voc(V) 21.54 21.0 21.7 21.2 21.8 21.0
Isc(A) 4.88 3.17 3.35 47 4.75 4.8
Vm(V) 17.21 17.1 17.4 16.2 17.3 17.0
Im(A) 4.46 2.92 3.05 4.2 4.35 4.4
Cell tvpe Poly-cryst Single Single Single Poly-cryst | Poly—-cryst
yp al Si crystal Si | crystal Si | crystal Si al Si al Si
Cell Size(mm) | 125x125 103x103 103x103 125x125 125x125 125x125
Module weight | ;5 5 6.2 76 77 8.2
(kg)
Modrle
. 1204x538x50 | 984x445x35 |1291x328%35|1200x527x35{1204x538x50 | 1200x546x35
Size(mm)
Array 14x3 15%4 20x3 22x2 20%2 14x3
composition
Array area(m’) 27.2 26.27 25.41 27.83 25.91 27.52
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N \ s
®
No. Name No. Name
1, 1-1 | Case 7 Heat exchanger
2, 2-1 | Thermal insulation material 8 Electric heater
3 Solar collect pipe 9 Feed water inlet
4 Solar collect plant 10 Drain water outlet
5 Transmit glass 11 Heat medium pipe
6 Heat storage tank 12 Heat medium pipe

Fig. 2-6 Schematic diagram of solar heat energy system
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Fig. 2-7 Schematic diagram of solar heater for demonstration research
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Table 2-2 Specification of solar heater by company

Company name Spec note
. . Heat h
Type Natural circulation 'ea exchanger
internal type
Kangnam Solar collector size 101%201x8.5cm X2
solar storage tank size 280L Heat medium type
L/m’ ratio 73.3
. . Heat h
Type Natural circulation 'ea exchanger
internal type
Kwangju Solar collector size 119%229x9cm x3
solar storage tank size 400L Heat medium type
L/m’ ratio 52.2
. . Heat h
Type Natural circulation 'ea exchanger
internal type
korea Solar collector size 123%x213%8.5¢cm x3
solar storage tank size 400L Heat medium type
L/m” ratio 54.3
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Company name

Spec

note

Heat exchanger

Type Forced circulation )
internal type
Solar collector size 102x204%8.6cm x3
Green way
storage tank size 320L Heat medium type
L/m’ ratio 62.4
Type Forced circulation H.e at exchanger
internal type
Moi Solar collector size 120%x229%9cm X2
om
energy storage tank size 320L Heat medium type
L/m’ ratio 62.4
Type Forced circulation Exterior heat
exchanger type
Solar collector size 122x227%x8.5cm x3
Solar max
storage tank size 430L Heat medium type
L/m” ratio 58.9
. . E i h
Type Forced circulation xterior heat
exchanger type
Solar collector size 102x195%8cm x3
Jehin
storage tank size 300L Heat medium type
L/m” ratio 53.2
Type Forced circulation Exterior heat
exchanger type
Solar collector size 118%x210x8cm x4
G&C
storage tank size 440L Heat medium type
L/m” ratio 48.1

.23 .




A 2Ad HgFldA BYUHIA=E F5

BFgdd RUEg A=do st=so] FAd s A ASAA, HeolH 27, Ho]
B A7z FEdY. A&2AE EdAF A (Transducer), E 32~ F W (Transformer)
g s A A7 AzE wEs Fe AVAEE, EdsgAo
Eolle A E HAEE WEsto] g T4 ZrREZ Ydto] ol A7 ®
Bl dlole] A7l e oldd oj4tstd 25 E A HolHE WEsto] S

2UEY spEge] nolFE %8S @k

(1) ¢AdlEe AZ 2 A2w 74

%
Bedlsde] $AEHS BATY] A HelHel A

i
o
5
N
kl
o

Inter connection of electric
power

GH.Ga 2 2 2 2 ; Va, la Pp Pu
TaT s @
A C%/ (P.=Pr+Pu)

Pa=(Vaxla) Co,Cr,Cs

solar photovoltaic cell array PCS

L oad

Fig. 2-9 Measurement item of PV system

.24 -



17789 A=

ol A =

=
1

Adold g 2

ﬁo

7K

22

N
,Z__v

)
K
X0
<!
o

ox

¢+

ol

=
=

bol 213

YEYaZ A4S

=
=

d 4x

o] o]

dlolBf W 2 -4 "t

o
=

o

o

—_—

X
K

xr
il

10Mbps7}+A] ¢

TAAA =

g]
R WA 2

Hjo

03
=K

—

¢+

_—

.

S

AAske

Fig. 2-102 ATA 7AW B 3

o
Mﬂ
o
T

JIENT

CI

SERVER

Selar radiation

Temperature

SITE 2

PV

ARRAY

SITE 1

PCS

PV ARRAY

SITE 3

PV ARRAY

SITE 4

PCs

PY ARRAY

OP ROOM

PCS

PV ARRAY

SITE 5

PCS

PV ARRAY

WAN(TCP/IP)

ETHERNET
HUB

ETHERNET
(TCP/IP)

RTU

Fig. 2-10 Schematic diagram of monitoring system in PV system

(2) 9 AG L7 (Remote Terminal Unit)

.25 .



st g HolHAMERE AoisE FHA SR WA 7= dH ) o] ~(Interface)
71%5S 7}ttt ELPM(Ethernet Loop Processor Module)®} CPM(Central Processor
Module)®] 1175 CPUE ®Alsta glo] Hd4oz e AAHYA A7 7hed &
AE Al FrEA o B WA et FA Aoyt wAE Aol AoAd e FIFS
F2 ¢or IPS(Integrated Personal Station)ollA SHH oz xdoly 7HAI7F 7}

o,

olr
ol

(3) dlol Bl A1

FUE A 2" ;o] = F AX2A Windows2000 server, SCO Unix/Open
Desktop, Vax/VMS% 9] Multi-User 7% ¢ OSE 7|¥to 2 A8 PC, Vax System,
Dec/AXP& v dd defo] /MBdE Al=d FdFded #4938 75 Fdst= HET
22 o gt 3 Al EJEE Hd 2000074 78T 5 dE AAIZE bl o] E ]
o] 29} thoFetar AbEstr]el A Fx AEA B H o] AE AFdr. e
d HEH DG SeoldE MB] FAo 722 FHu 40 Station7hA] IPS2] & 3 7 o

T A

=

B #<(Operators console)S H&d

= =L 2~ o [e] = =] O =]
eE, ARAY, AF, RRAY, AR, FoE, A9, 9 55 S5 ool w3k

= ARy B ARAdaE W3 EF=eks V7IEA, A9 @A B Alo] Al =H

- 26 -



U AZES o M

QA AT =8 dATd A AR HolHE A
el FATTE AFEA Qo] wel g EZ S VEYIANY] S8 AZEYOE ol
of 24 7kwstn 942 £ Jda AP dolHE st LGt o kA
2 #8483 4 & Historical archive 7|52 FdsAT g 23 Aoy &
< AAGDIZRE AAZF AFHALE ASARAA QAo HAAR ol ay:

Azd ol e e, A 2 AN FFS ASAA FAFn ZAET 5

=8|

Station Edit Wiew Contral Action Configure Help

|#ogamDDE®m- ®- @@ s v < X[ Qo o

\ g

08-Aug-05 12:27:22 A1 RT1_DCA RSHI U 00 PV ARRAY AMPERE 17.0833 A
[Honeywell [ 13.Dec05 [ 14.02:30 [ Aarm | Comms | [ [ localhost  2FEEm01 | Oper

Fig. 2-11 View of monitoring program in PV system
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goFgd Ryg 22132 NI(National Instrument)oll /] ¥+E Labview & ©] §-3}

of AA @ MEstdy. 22 F+8 7152 AGO(Animation Graphic Object) &

Abgstel theke MER ey etojue ek o] Ao ofn] FHol ddte B

Fo s dste Ao ® HAY AP Ao JAAA ojymHold WS &
9]

2% 7 J=E FAsAeY, & PCAAM yAE/obd=ae F 120,000782] 8 F

e sAdelHE 1M w9k Hagor WAANAFIL YA HelHELS 68 3t

Aoz 249 Ao HE AR Fabatel WaA AT

Weather Phote Voltaic Array Inverter Kepco
Global ~ Horizontal Outdoor Surface  Surface Active Active
Hour - ‘oltage Ampere Power Voltage Ampers Voltage Ampere
Irradiaition Iradiaiton  Temp Temp1 Temp2 Power Power
[kW/m’] [Kh/m2] [cl vl 1Al [W] [cl [c] v 141 [W] v [A] W]

23:00 | 7.3076850 63710828 6.6277%| -02842 025718 -00735 082863 0.04254 2146767 002882 -34.025(214.140 020028 17.2102
22:00| 7.0211320 55039268 6.68171|-03005 025711 -00774 028032 0.39246|213.6417 002830 -33.831( 21312 019986 16.0933
21:00 | 67913389 5167697 6.97163| -02707 025602 -00695 0.80113 0.89117|213.6951 002836 -34.152(213.168 019979 16.9202
20:00 | 6.6727619 46226354 6.41537| -026 025709 -0.066 074352 0.53041|214.3297 002873 -33.643 [ 213.807 020016 17.1768
19:00 | 7.2287927 5.2882977 5.88761|-02677 025712 -00687 032043 04736 |214.0557 00235 -33221|213.529 019977 17.09
18:00 | 59120065 4.8430305 4.76203| -02448 025712 -00632 -1.2834 -1.30823) 2135065 002828 -33.185|212.967 019942 16.8345
17:00 ( 59402118 4177165 295160562398 0.25050 150674 -3.03324 -3.14606|212.8605 002848 -33.043| 21233 0.19977 16.8278
16:00 | 63.160896 40.211399 277093 | 181.152 033052 57.7481 -1.69053 -1.86793|213.1978 002857 -32.831|212649 020072 17.133
15:00 ( 327.72174 219711 520009 | 295233 031056 91.6526 953309 9.01229\213.1283 002917 -32348| 2126 020091 17.6109
14:00 | 557.65155 30045654 876204235223 03119 898966 249029 233434 | 2126361 002864 -32565|212.126 020064 17625
13:00 | 71233734 52175452 11.0163| 283172 0.31274 885533 34 4149 3166092123206 002885 -33228|211.915 020058 17.5482
12:00 ( 790.34015 57339825 13.0508|2380.501 031179 87.4729 380573 354906 |212.2682 002949 -33731|211.809 0.19998 17.279
11:00 | 808.02669 58763959 151382 | 276.345 0.31248 86.3564 435041 4041312124882 003042 -34243|212.029 01999 17.1364
10:00 | 77043732 567.02954 16799 | 276103 0.31262 86.3259 430200 404224 \211.7509 003204 -34759|211.294 019994 17.2185
900 | 671.25612 50149292 177905 277612 03125 858437 390455 36.5131|212.2613 003243 -3512 |211.815 01596 17.44
8:00 | 478.94479 35143631 184312 2793 031251 872751 314852 208072|212.4007 003219 -35126|212.041 019937 17.3630
700 | 231.59868 163.09006 181375 |275.541 031245 BG.0637 215508 20451 |211.9085 003148 -34.824|211.4585 019947 17.0705
6:00 | 26.235132 19038395 153355 | 104.213 029540 327725 978785 0.32095|211.6499 003152 -33957 | 211175 019949 16.7365
5:00 | 8.0545492 62219048 122801 |-00875 025734 -0.022 598792 574812 2116 003171 -34399|211.109 019933 16.5055
4:00 | 82612652 6.4745812 118735 -02632 025707 -0.068 5209494 516302|211.9044 003183 -34042| 21141 020044 167122
3:00 | 82709838 61853628 10817%| -0.251 025703 -0.0843 433804 437564 2124232 003212 -33635 (211004 020118 16.667
200 | 85098295t be made w 963013 | -023668 025723 -00813 3341 3.25759|213.0997 003217 -33542 (212573 020139 16.883
1.00 | 8.0740719 it he made w §.89326| -0.2347 025703 -0.0605 3.03897 2.89629|213.0036 003134 -33.194 | 212477 020107 16.6796
0:00 | 7.5234325 the made w 8.34663 | -0.228 025706 -0.0588 264541 25578 |212.6835 003084 -32761|212.156 020039 17.0253
Max | 808.0287 G5B7.6396 18.431|29523 03305 91.653 43504 40422 21468 00324 -32.35 21415 02014 178625
Aver | 2306409 190434 10191 | 117.51 02825 36.738 13247 12424 | 212.82 00302 -33.73 (21232 0.2002 17.083
Total | 5635383 3995.114 24455 | 2820.3 67805 88171 317593 29819 | 5107.7 07245 -B09.5|5095.6 48039 410

Fig. 2-12 Data report of PV system monitoring system
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Table 2-3 Excel address of measurement data

Measure data of O/M Measure data of site 1, 2, 3, 4 Measure data of site 5
Item address Item address Item address

Hour A5~ |Hour A5~ |Hour A5~
Golbal Irradiation B5~ |PVA Voltage B5~ |PVA Voltage B5~
Horizontal Irradiation C5~ |PVA Ampere C5~ |PVA Ampere C5~
Outdoor Temp D5~ |PVA Power D5~ |PVA Power D5~
PVA Voltage E5~ |PVA Surface Templ E5~ |PVA Surface Templ E5~
PVA Ampere F5~ |PVA Surface Temp?2 F5~ |PVA Surface Temp?2 F5~
PVA Power GH~ |Inverter Voltage G5~ |Inverter Voltage Gb~
PVA Surface Templ H5~ [|Inverter Ampere H5~ [|Inverter Ampere H5~
PVA Surface Temp?2 I5~ |Inverter Active Power I5~ |Inverter Active Power 5~
Inverter Voltage Jo~ [|Load Voltage J5~ |Kepco Voltage J5~
Inverter Ampere K5~ |Load Ampere K5~ |Kepco Ampere K5~
Inverter Active Power | L5~ |Load Active Power L5~ |Kepco Active Power L5~
Kepco Voltage M5~ |Kepco Voltage M5~

Kepco Ampere N5~ |Kepco Ampere N5~

Kepco Active Power 05~ |Kepco Active Power 05~
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Fig. 2-13 Schematic diagram of solar heater monitoring system
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Fig. 2-15 Schematic diagram of control panel circuit
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Fig. 2-17 Control box of solar heater system
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Fig. 2-18 Connect line diagram of solar heater system control box
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Table 2-4 Channel assignment in NetDAQ 2640A2)

FH NetDA
; ] NetDAQ No.1 NetDAQ No.2 NetDAQ No.3 Q
) 2 No.5
CHI 101 306 3 503 Solahart
F/W temp. F/W temp. S/T in temp. Flow M
CH? 1 102 - 307 Sola p Kangnam
D/W temp. ” D/W temp. hart wmp. power Flow meter
Sola 103 ) 308 504 Gwangju
CH3 N ] Jehin - ] .
hart S/T in temp. S/T in temp. H/M in temp. Flow meter
104 505 Korea
4 P
CH H/M in temp. wmp bower H/M out temp. | Flow meter
CH5 105 309 601 Jehin
H/M out temp. H/M in temp. F/W temp. Flow M
CH6 201 310 9 602 Moin
F/W temp. H/M out temp. D/W temp. Flow M
202 401 Solar 603 G & C
CH7 2 N .
D/W temp. F/W temp. max S/T in temp. Flow meter
Kangna 203 402 Solahart
P
CH8 m S/T in temp. 6 D/W temp. Hmp power Flow meter
CHY 204 Mo 403 604 Solar max
. H/M in temp. om S/T in temp. H/M in temp. Flow meter
205 605 Greenway
CH10 P
H/M out temp. ump. power H/M out temp. Flow meter
CH11 206 404 606 KIER
F/W temp. H/M in temp. F/W temp. Flow meter
207 405 607 211
CH12 3 10
D/W temp. H/M out temp. D/W temp. Out temp. 1
cHisle . 208 406 Green 608 212
wangju S/T in temp. F/W temp. way S/T in temp. Out temp. 2
209 407
14 P irradiati
CH H/M in tomp. 7 D/W tomp. ump power G irradiation
210 408 609
] o
CHIS H/M out temp. G&C S/T in temp. H/M in temp. H irradiation
CHIG 301 P 610 Air speed
F/W temp. ump power H/M out temp. mater
CHI7 4 302 409 506 Air flow
D/W temp. H/M in temp. F/W temp. meter
303 410 507
CH18| K 11
orea S/T in temp. H/M out temp. D/W temp.
304 501 508
CH19 KIE.
H/M in temp. F/W temp. R S/T in temp.
305 502
CH20 Pump power
H/M out temp. D/W temp.

Al

2) F/W : Feed water, D/W : Drain water, S/T : Storage tank, H/M : Heat Medium
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Table 2-5 Design summary of monitoring program

Feed water controller Circulate controller
Drain water controller Circulate pump
manual on, off on, off
on set timeblock on set timeblock
set D.Volumeblock or set timeblock or
Auto off _ off _
set Tin=Tout set Tin=Tout
com off com off
timeblok : Test start time input
D.Volumeblock : Drain water flow input
Note )
Tin : Feed water temperature
Tout : Hot water temperature
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Table 2-6 Monitoring program input by each examination

Feed water controller Circulate controller
Division _ )
Drain water controller Circulate pump
e Drain start time input of over | ® Working time input(AM 6:30,
Continuous )
) time(on work) PM 6:30)
drain test
¢ Drain flow input(off work) ¢ Off input(Time or Tin=Tout)
e Working time input(AM &:30,
Agitation| ® Feed  water(Storage  tank
PM 4:30)
test packing) after manual off
o Off Input(Time or Tin=Tout)
drain e Working time input(PM 4:30)
e Manual off
type o Off input(Tout-Tin<2TC)
Daily
test . . .
Keepi * Working time input(21:00~
ceping |, Feed water(Storage tank
worm _ 06:00 3hour interval input)
packing) after manual off
test e Off input(Time or Tin=Tout)
Hot } . ) .
© e Working time input(anytime)
water _ ) * Manual off
o Off input(Tout-Tin<07TC)
used test
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Fig. 2-20 Screen view of experimental select
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g = Aul S0 AEE Fig. 2-213 #Zo] 21 Zro HAEy

o) ool AYFHAL APFEF/ EAHNA Bk AFE

a7 WM3lelx grex tolEHo)a TR A tolHE BAE £

th. Table 2-7¢] A
EF Ll 2L

GUR WHAsY Tgd 21Uz golge] Edo

= ooass wad dolgel 4 Wi we dolge 7

2E BEE) MH0) =SE(H

'|pataReadGounter =
Q2T 1 : 22.3

port 1 : 22.84863
port 2 : 22.78577
port 3 : 22.84491
port & : 437.3286
port & : 22.92893
port 5 @ 22.5396
DataReadGounter =
port 1 : 22.88517
port 2 : 22.787089
port 3 : 22.87813
port & : 437.55

port & : 22.93871
port 5 : 22.54265
DataReadCounter =
port 1 : 22.86671
port 2 : 22.77781
port 3 : 22.86815
port & : 437.767
port & : 22.94%17
port 5 - 22.5514

2083 Reading Time : 23:59:58.251
8527 Q|D| 2T 2 : 23.26278 IAIYALE : 22.80556 EOIQALEF : 22.17396

2684 Reading Time : 80:60:88.544

QI2E 1 : 22.40032 202G 2 : 23.27682 FAADILALZ - 22.83266 EIIYUALZF : 2216834

2085 Reading Time : 06:08:18.836

QI=E 1z 22.40228 202G 2 : 23.29742 FADISIALZF - 2283247 = EOIQUALRF @ 22.16026

d= A%
EESE
| b5 3o
= T E%
3
=10
Z= - 22,6087 Z
Z= - 22 6229 =
Z=| : 2261855 3

Fig. 2-21 Data format stored by monitoring program

B Microsoft Excel

0040401 . txt

E) TE) BIE 2

ST M) EXD HOEHD) =W E2H)  Adobe POF

TR NE N R o A e e 0 = T L) |
z T EIL W % 0 R S Oy Ik
Al = £ 12:00:08 AM
B :© | ¢ [ 5 [ e [ F e T m T e R e ] [N T &

1 0100108! 511 451 -1.69 -1.96 1.95 82,58 20.11 7284 81.14 5.37 418 0 a 0
| 2 | (000018 5.01 45 -1.65 -1.99 1.32 92.43 20.12 7283 81.13 5.38 a1 0 a 0
| 3 | 000:29 5.13 455 -1.34 -1.76 1.6 7.97 20.12 7281 81.12 53T 4179 0 i} 0
| 4 | 0:00:33 5.08 459 -1.46 =192 1.07 59,92 20,12 7282 81.14 5.38 a1 0 i} 0
| 5 | 0:00:49 4.91 4,65 -1.43 =18 1.46 83.72 20.11 7282 8118 5.39 41.81 0 a 0
| 6 | 0:00:58 5.04 453 -1.47 -1.88 1.18 93.38 20.11 7283 81.12 5.38 41.81 0 a 0
| 7 | 00109 5.1 457 -1.4 -1.79 0.63 91.89 20.11 7282 81.14 5.39 41.83 0 i} 0
| 8 | 001118 4.93 452 Gt T4 1 0.29 91.79 20.1 7281 81.13 537 4183 0 i} 0
| 9 | 0:101:29 5.01 456 -1.49 -1.93 1 124.49 20.09 7282 81.12 5.37 41,83 0 a 0
| 10| 0:01:38 4.95 4.48 -1.43 -1.91 1.69 97.45 20.11 7282 81.14 5.38 41,85 0 a 0
[ 11| 001:49 4.94 4.47 el 11 -1.88 1.64 80.66 20.08 7283 81.12 53T 41.85 0 i} 0
| 12 | 0:01:59 4.99 452 -1.41 -1.89 0.29 11413 20,08 726 81.1 537 4184 0 i} 0
| 13| 0:02:08 508 452 -1.44 -1.89 0.86 96.08 20.08 7281 81.09 5.36 41,85 0 a 0
| 14 | 0:02:18 5.01 453 -1.48 -1.93 1.4 103.58 20.09 7283 81.1 5.36 41,82 0 a 0
| 15 | 0:02:29 4.95 4.47 -1.43 -1.93 0.86 95.08 20.09 7283 81.1 595 41.82 0 i} 0
| 16 | 0:02:33 4.92 4.45 Gl 11515 o, 1 0.71 104.3 20,08 7283 81.1 5.85 4184 0 i} 0
| 17 | 0:02:49 5.01 4.45 s [ & -1.96 1.29 103.3 20.11 7285 81.11 5.38 41,86 0 a 0
| 18 | (0:02:58 5.06 4.42 -1.88 —2.24' 1.08 75.59 20.09 72,85 81.1 5.37 41,85 0 a 0
[ 19 | 0:03:09 4.99 45 -1.61 —2.1211.8 91.82 20.09 7284 81.09 5.36 41.83 0 i} 0
1 20 | 0:03:18 5.03 4.47 =198 —2.36 2.31 105,27 20.1 7283 81.1 535 41,82 0 i} 0
121 | 0:03:29 5.09 4.48 -1.8 2.2 224 101,22 20.09 7283 81.09 5.35 41,82 0 i} 0
| 22 |  0:03:33 4.98 4.47 -1.71 -2.18 2,41 111.6 20.09 T2.82 81,09 5.56 41,82 0 Qa 0
[ 23 | 0:03:49 4.8 452 S AT —2.28 222 94.01 20.11 7282 81.09 5.36 41,82 0 ] 0

24 0:03:59 4.82 453 =172 —2.18 1.8 89,55 20,09 7281 81.09 5,54 41,79 0 ] 0

o Y wa a'e B TRE araianna e ot'no SRR A e a A a

Fig. 2-22 Experiment data changed to excel
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Table 2-7 Excel data format in solar heater monitoring system

A | Time AV | Feed water temp.
B | Out temperature 1 AW | Drain water temp.
C | Out temperature 1 AX | Storage tank temp.
D | Global irradiation Common data AY | Pump power .
- - . " - Moinenergy
E | Horizontal irradiation A7 | Solar collector inlet temp.
F | Air speed meter BA | Solar collector outlet temp.
G | Air flow meter BB | Integration flow
H | Feed water temp. BC | Instantaneous flow
I Drain water temp. BD | Feed water temp.
J Storage tank temp. BE | Drain water temp.
K | Solar collector inlet temp. . BF | Storage tank temp.
. Solarhart(N)
L Solar collector outlet temp. BG | Pump power G&C
M | Reserve BH | Solar collector inlet temp.
N | Integration flow BI | Solar collector outlet temp.
O | Instantaneous flow BJ | Integration flow
P | Feed water temp. BK | Instantaneous flow
Q | Drain water temp. BL | Feed water temp.
R | Storage tank temp. BM | Drain water temp.
S Solar collector inlet temp. BN | Storage tank temp.
- - Kangnam
T Solar collector outlet temp. BO | Pump power Solarhart(F)
U | Reserve BP | Solar collector inlet temp.
V | Integration flow BQ | Solar collector outlet temp.
W | Instantaneous flow BR | Integration flow
X | Feed water temp. BS | Instantaneous flow
Y | Drain water temp. BT | Feed water temp.
7 Storage tank temp. BU | Drain water temp.
AA | Solar collector inlet temp. . . BV | Storage tank temp.
Gwangju
AB | Solar collector outlet temp. BW | Pump power Solarmax
AC | Reserve BX | Solar collector inlet temp.
AD | Integration flow BY | Solar collector outlet temp.
AE | Instantaneous flow BZ | Integration flow
AF | Feed water temp. CA | Instantaneous flow
AG | Drain water temp. CB | Feed water temp.
AH | Storage tank temp. CC | Drain water temp.
Al | Solar collector inlet temp. . CD | Storage tank temp.
KoreaSolar
A]J | Solar collector outlet temp. CE | Pump power .
AK | Reserve CF | Solar collector inlet temp. Greenway
AL | Integration flow CG | Solar collector outlet temp.
AM | Instantaneous flow CH | Integration flow
AN | Feed water temp. CI | Instantaneous flow
AQO | Drain water temp. CJ | Feed water temp.
AP | Storage tank temp. CK | Drain water temp.
AQ | Pump power ) CL | Storage tank temp.
AR | Solar collector inlet temp. Jehin CM | Pump power
AS | Solar collector outlet temp. CN | Solar collector inlet temp. KIER
AT | Integration flow CO | Solar collector outlet temp.
AU | Instantaneous flow CP | Integration flow
CQ | Instantaneous flow
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Table 3-1 Process parameters for experiment set up

Specimen
P 01 02 03 04 05 06 07
No.
Change 2000w 1800w 1600w 1500w 1400w 1200w 1000w
1m/min 1m/min 1m/min 1m/min 1m/min 1m/min 1m/min
power z=0 z=0 z=0 z=0 z=0 z=0 z=0
Specimen
b 21 22 01 23 24 25 26
No.
Change 2000w 2000w 2000w 2000w 2000w 2000w 2000w
£ 0.6m/min | 0.8m/min 1m/min 1.2m/min | 1.4m/min | 1.6m/min | 1.8m/min
speed z=0 z=0 z=0 z=0 z=0 z=0 z=0
Specimen
b 31 32 33 01 34 35 36
No.
Change 2000w 2000w 2000w 2000w 2000w 2000w 2000w
£ 1m/min 1m/min 1m/min 1m/min 1m/min 1m/min 1m/min
focus z=-3 z=-2 z=-1 z=0 z=+1 z=+2 z=+3
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Fig. 3-14 Infrared thermal image for plume form
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i . Transmit glass

Sealing
//

-~ Solar collect plant

— Solar collect pipe

Thermal insulation material

Fig. 3-2391 49} Zo] JLIdFE Heo|Adsgrivetz Hd3 2y T4 £45
2
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Fig. 3-23 Discrimination of defect part in solar collector
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(a) Direct storage type(open type)

Bt DK -_“.'1.[..‘.,:

(c) Horizontal type(close type)

(b) Indirect storage type(close type)

No. Name No. Name

1 | Case 8 | Drain water channel

2 | Case 9 | Hot water channel

3 | Case 10 | Safe pipe

4 | Body 11 | Heat medium recovery channel

5 | Thermal insulation material 12 | Heat medium supply channel

6 | Heat exchanger 13 | Assistance heat source equipment
7 | Feed water channel

Fig. 3-24 Each part name by kind of solar storage tank
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Site 5

271.52

3.066

Site 4

2091

3

Site 3

27.825

3

Site 2

2541

2.992

Site 1

26.27

3.18

O/M

21.2

Array area

(m?)

PV rated voltage

(kW)
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Fig. 4-1 Quantity of solar radiation change distribution
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Fig. 4-2 Output power of array
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Fig. 4-3 Output power of PCS
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Fig. 4-4 Conversion efficiency of array

2003.08.12

Day

Fig. 4-4v Bl SFFLHA 28l 949 ofdo] ®igas s #3xX& Yeg Q. ¥HE
852 11% FolH 2003 49 o] F =2 273%7F ZAHATE o] AL A|AEH %
2 Qg ojgo] A5 Astel ddS Fi 3l
;\3100%
g 90%
|
8 80%

70%

60%

50%

40%

30%

20%

10%

0%

2002.10.15 2002.11.23 2003.01.10 2003.02.21 2003.03.30 2003.05.06 2003.06.11 2003.08.14

Day
Fig. 4-5 Diagram of PCS efficiency

Fig. 4-5v B3 ddA2d 2o PCS ¥za s ¥ E Yelya Qv #sa
2 90% F-elm 20039 69 o]¥=E &S fFAasta vk PCS M S o
o] M3lg &= FHe 90%olde WHIEEo] aFHI oy 1 o]ste wWEg
&S YEWE o]l ©@ol YEeY PCS A 9ol 5o AstES & 5 ATt

.89 .



14

Generation efficiency(%)

0
2002.10.15 2002.12.15 2003.02.17 2003.04.11 2003.06.03 2003.08.22

Fig. 4-6 Generation efficiency of system
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Fig. 4-7 Coefficient utilization of system
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Table 4-2 Analysis result of operating property in operating room 1

Measurement )
O/M . Measurement and analysis result
composition
Oct. 2002 68,749 Nov. 2002 105,794
Dec. 2002 89,534 Jan. 2003 96,610
Feb. 2003 824,962 Mar. 2003 1,781,001
| Global solar
Conditi o
radiation Apr. 2003 3,714,518 May. 2003 7,480,551
on
(unit : Wh/m?)
Jun. 2003 15,241,187 Jul. 2003 60,529
Aug. 2003 30740,342 Sep. 2003 128,321
Total 49,143,029
Oct. 2002 192,283 Nov. 2002 312,959
Dec. 2002 267,218 Jan. 2003 219,167
Feb. 2003 319,882 Mar. 2003 90,766
Array power
] 5 Apr. 2003 404,357 May. 2003 425,195
(unit : Wh/m")
Jun. 2003 2,147,358 Jul. 2003 155,676
Aug. 2003 324,324 Sep. 2003 294,222
Total 5,153,407
Solar
Oct. 2002 10.15 Nov. 2002 10.85
Dec. 2002 10.95 Jan. 2003 10.46
Feb. 2003 11.4 Mar. 2003 10.95
Array
efficiency Apr. 2003 10.283 May. 2003 10.28
it © %
(unit %) Jun. 2003 10.28 Jul. 2003 114
Aug. 2003 10.09 Sep. 2003 10.06
Total 10.6
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Table 4-3 Analysis result of operating property in operating room 2

PCS

Oct. 2002 174,754 Nov. 2002 281,586
Dec. 2002 237,480 Jan. 2003 194,449
Feb. 2003 281,328 Mar. 2003 80,961
PCS power
) 5 Apr. 2003 356,773 May. 2003 371,432
(unit : Wh/m~)
Jun. 2003 1,890,810 Jul. 2003 127,657
Aug. 2003 270,665 Sep. 2003 246,985
Total 4514 830
Oct. 2002 89 Nov. 2002 90
Dec. 2002 88 Jan. 2003 87
Feb. 2003 88 Mar. 2003 89
PCS efficiency
) Apr. 2003 88 May. 2003 87
(unit : %)
Jun. 2003 87 Jul. 2003 82
Aug. 2003 83 Sep. 2003 84
Total 86.8
Oct. 2002 176 Nov. 2002 286
Dec. 2002 253 Jan. 2003 231
Feb. 2003 297 Mar. 2003 308
Work time
) Apr. 2003 297 May. 2003 341
(unit : hour)
Jun. 2003 198 Jul. 2003 176
Aug. 2003 308 Sep. 2003 308
Total 3179
Oct. 2002 43 Nov. 2002 40
Dec. 2002 34 Jan. 2003 31
working ratio |  Feb. 2003 44 Mar. 2003 41
of system Apr. 2003 41 May. 2003 46
(unit : %) Jun. 2003 28 Jul. 2003 24
Aug. 2003 43 Sep. 2003 43
Total 32
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Table 4-4 Analysis result of operating property in operating room 3

Oct. 2002 9.1 Nov. 2002 9.74
Dec. 2002 9.68 Jan. 2003 9.56
Generation Feb. 2003 8.63 Mar. 2003 9.17
efficiency of
Apr. 2003 8.32 May. 2003 8.65
system
(unit : %) Jun. 2003 8.63 Jul. 2003 7.82
Aug. 2003 8.15 Sep. 2003
PV Average 8.86
system Oct. 2002 15 Nov. 2002 14
Dec. 2002 13 Jan. 2003 12
Feb. 2003 14 Mar. 2003 16
Capacity factor
] Apr. 2003 17 May. 2003 17
(unit : %)
Jun. 2003 17 Jul. 2003 13
Aug. 2003 13 Sep. 2003 13
Total 145
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Drain start

——
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v
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Drain end

Y
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Agitation start

v

AMO08:50
Agitation end

Y

PMO03:40

Y

PMO04:00
Agitation start

v

Y

AMO00:20
Agitation end

PMO04:20
Agitation end

Y

Y

AMO03:00
Agitation start

PMO09:00
Agitation start

Y

v

AMO03:20
Agitation end

PMO04:20
Agitation end

Y

Y
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Agitation start

3day root start to
insulating test

Y

Y

AMO05:20
Agitation end

AMO00:00

Y

AM 5:30 test end

Solar collector close Agitation start

Fig. 4-8 Control algorithm of agitation test
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Fig. 4-9 Control algorithm of drain test
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Table 4-5 Drain time and drain ratio in continuous drain test

Drain time patten Drain ratio (%) Note
07:00 15

30%
08:00 15
11:00 10

20%
13:00 10
15:00 12.5
16:00 12.5

50%
17:00 12.5
18:00 12.5

491 7M=& 7IF o8 ot 2 AME dl"lS Table 4-50] vERWY Lo
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1day-Initial water after
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C Test 1day - 6day )

Agitation start
AM 6:30

v
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Drain time pattern
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Drain control start
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Flow meter value

v

Drain pattern condition

Com )
¢

Agitation start
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Drain control start

V‘

\

Flow meter value

‘YES

Drain control end

!

A

¥ YES
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v

Drain time stand by
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PM 6:00 = TIME

Drain pattern condition 4T

Drain control

NO

YES "‘

Drain control

v

Drain Tem. - Initial Tem
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‘ YES
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Fig. 4-10 Control algorithm of continuous drain test
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Table. 4-6 Analysis result of heat loss factor in company A

Test day | [Tradiation | Outlet temp. | Initial S/T temp. | Last /T temp H?zzti‘;ss
keal/m () () (C) KA
2002.08.27 3285.57 24.39 59.70 57.80 3.86
2002.10.31 2841.09 10.62 43.03 41.15 4.17
2002.11.22 4724.07 1.70 57.46 54.64 3.62
2003.01.09 244374 0.32 39.52 38.12 2.54
2003.02.12 6073.01 -5.97 64.90 61.85 3.07
2003.02.15 908.40 4.38 31.33 29.80 4.08
2003.02.22 153.93 5.83 25.92 24.44 5.34
2003.02.25 5354.97 5.43 58.23 55.80 3.29
2003.02.28 3744.93 5.48 54.96 52.46 3.62
2003.03.02 3526.67 5.87 37.81 36.10 3.84
2003.03.06 553.82 3.62 17.41 16.70 3.69
2003.03.08 2668.42 -1.82 27.75 26.31 3.48
2003.03.14 2248.26 2.92 23.22 22.25 3.42
2003.03.18 5906.94 2.58 55.54 52.88 3.60
2003.04.23 307.90 11.55 19.73 19.29 3.86
2003.07.11 1195.50 21.90 34.59 34.02 3.21
2004.02.24 4260.52 20.70 70.98 67.14 5.54
2004.04.03 2069.03 0.90 27.84 26.75 2.88
2004.07.02 776.55 24.36 56.03 53.73 5.26
2004.10.19 1374.08 17.40 37.53 36.04 5.36
2005.05.31 4565.92 15.23 81.16 76.86 4.70
2005.10.12 5053.65 14.23 91.53 86.59 4.61
2005.10.15 5539.95 9.60 86.84 81.77 4.74
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Table. 4-7 Analysis result of heat loss factor in company G

Test day | Imadiation | Outlet temp. | Initial $/T temp. | Last /T temp H?Z;:;SS
keal/m (C) (C) () o
2002.08.27 3285.57 24.39 64.93 62.77 5.60
2002.10.31 2841.09 10.62 52.85 50.49 5.88
2002.11.22 4724.07 1.70 60.21 55.13 9.29
2003.01.09 244374 0.32 45.46 42.06 8.01
2003.02.12 6073.01 -5.97 36.09 23.77 35.12
2003.02.15 908.40 4.38 19.20 16.19 23.14
2003.02.22 153.93 5.83 14.22 13.31 11.74
2003.02.25 5354.97 543 41.90 32.15 31.58
2003.02.28 374493 5.48 35.46 26.80 34.55
2003.03.02 3526.67 5.87 30.60 24.19 30.48
2003.03.06 553.82 3.62 13.18 11.79 16.05
2003.03.08 2668.42 -1.82 22.68 16.34 30.42
2003.03.14 2248.26 2.92 22.48 18.10 25.81
2003.03.18 5906.94 2.58 40.50 29.40 35.09
2003.04.23 307.90 11.55 23.49 22.83 5.82
2003.07.11 1195.50 21.90 32.69 32.01 6.66
2004.02.24 4260.52 20.70 57.85 51.97 17.59
2004.04.03 2069.03 0.90 0.00 0.00 0.00
2004.07.02 776.55 24.36 26.54 26.76 -9.83
2004.10.19 1374.08 17.40 28.53 26.99 15.21
2005.05.31 4565.92 15.23 67.72 55.42 27.17
2005.10.12 5053.65 14.23 34.01 28.80 31.05
2005.10.15 5539.95 9.60 42.21 32.14 37.37
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Table 4-8 Result table of continuous drain test in A

Result of continuous drain test
Division A Test day 18 Jun 2003
Collector area 553m’ Storage tank 300liter
EXPOSURE
test time irradiation sum irradiation outlet temp.
hr W/m' kcal T
06:00 07:00 77.84 66.83 19.70
07:00 08:00 113.59 97.42 21.57
08:00 09:00 165.66 142.14 23.47
09:00 10:00 267.45 229.40 25.95
10:00 11:00 302.62 259.40 26.61
11:00 12:00 374.71 321.09 27.47
12:00 13:00 394.16 337.70 27.33
13:00 14:00 191.74 164.22 26.73
14:00 15:00 170.66 146.46 25.04
15:00 16:00 255.21 218.80 26.48
16:00 17:00 135.21 115.79 25.32
17:00 18:00 47.42 40.56 23.74
total 208.02 2139.81 24.95
DRAIN
drain ratio| drain flux flux feed temp. drain temp. |output energy
% liter 1/min T (¢ kcal
15.0% 45.25 10.14 22.52 56.78 1929.34
30.0% 90.95 10.22 23.05 56.22 1516.28
40.0% 122.34 10.23 23.78 54.24 956.49
50.0% 153.61 10.14 24.44 56.19 992.95
62.5% 191.27 10.08 23.98 53.86 1125.03
75.0% 228.93 10.23 23.23 52.82 1114.29
82.5% 266.54 10.21 23.03 51.58 1073.68
100.0% 304.19 10.09 22.73 50.22 1016.29
heat collect efficiency 82% output of total energy| 9724.35kcal
heat collect performance| 4108.94kcal/m’ effectivity energy 9724.35kcal
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ARE WPOoE ENFHY
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APPENDIX

Test day A B C D E F G H I J K
2002.10.31 | 4.17 3.26 4.59 4.58 4.27 15.7 5.88 421 | 10.86 | 2691 -
2002.11.22 | 3.62 3.29 4.93 451 8.85 6.93 9.29 479 | 82.89 | 9.34 9.68
2003.01.09 | 254 2.18 413 347 9.34 391 8.01 3.62 - 9.84 7.18
2003.02.12 | 3.07 3.25 4.85 432 | 1343 | 713 | 3512 | 4.87 | 47.02 | 9.89 5
2003.02.15 | 4.08 1.56 4.42 3.23 7.95 264 | 2314 | 227 |104.32| 1.14 -
2003.02.22 | 534 0.19 4.01 2.77 5.67 1.77 | 11.74 | 1.12 | 48.89 - -
2003.02.25 | 3.29 277 4.57 3.98 5.82 6.38 | 3158 | 4.23 | 98.85 | 9.69 8.98
2003.02.28 | 3.62 3.21 5.01 4.35 5.1 6.16 | 3455 | 4.06 88.6 9.18 7.43
2003.03.02 | 3.84 2.08 0 3.2 4.09 485 | 3048 | 345 | 6277 | 742 6.3
2003.03.06 | 3.69 1.17 0 1.73 8.72 344 1 1605 | 097 | 36.18 | 0.51 -
2003.03.08 | 3.48 2.27 412 3.15 | 15.89 4.8 3042 | 3.16 | 54.32 | 538 2.96
2003.03.14 | 3.42 1.45 0 2.22 9.57 376 | 2581 | 245 | 4464 | 3.87 2.17
2003.03.18 3.6 2.99 4.83 412 0.08 7.09 | 35.09 | 445 | 9473 | 1063 | 895
2003.04.23 | 3.86 153 |149.64 | 2.49 2.67 3.59 5.82 292 | 4981 | 2.35 2.38
2003.07.11 | 3.21 2.87 - 512 | 11.77 6.6 6.66 0.44 | 11449 | 3.96 4.97
2004.02.24 | 554 7.46 - 8.11 846 | 16.34 | 17.59 | 10.59 - 24.7 194
2004.04.03 | 2.88 364 | 11.81 | 3.66 3.38 5.62 0 4 104.22| 5.16 2.6
2004.07.02 | 5.26 2.69 - 3.73 - 4.19 - - 0.73 3.5 3.92
2004.10.19 | 5.36 3.46 8.85 4.61 3.77 - 1521 | 391 4.65 5.75 7.51
2005.05.31 4.7 399 | 1038 | 494 2.26 373 | 2717 | 2.56 3.2 12.92 | 12.08
2005.10.12 | 4.61 347 | 11.31 | 5.87 1.92 296 | 31.056 | 2.12 1.84 5.25 | 23.88
2005.10.15 | 4.74 | 21.17 - 28.35 | 247 446 | 37.37 | 281 51 [11794| 482
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Regression analysis result Heat collect HeaT: .collect Expect hot
performance | efficiency | water temp.
a, (m') a2, (MJ/K) a;(M]J) ) (%) (C)
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Regression analysis result Heat collect | Heat collect | Expect hot
performance | efficiency | water temp.
a,(m") a,(MJ/K) a;(M]J) el ) (%) (C)
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Regression analysis result Heat collect | Heat collect | Expect hot
performance | efficiency | water temp.
@, (m") a,(MJ/K) 43(1\/[]) ) (%) (C)
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Regression analysis result Heat collect | Heat collect | Expect hot
performance | efficiency | water temp.
2,(m) 2,(MJ/K) aMD |t %) ()
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T 16,000
g —o0—— Ted dorage energy === Analysis sorage energy
)
& 14,000 o
c
L
12,000 A \ /R }/
6,000
4,000 v y g
2,000
0
1 6 11 16 21 26 31 36 41 46
Day
%72000 AT e ar o ar (10) ;; j: — = -dT(10) --oe-- daT (0) dT (10)
% 6,000 §

o
8
s

500 1,250

2,000 2,750

3,500

4,250 5,000

Solar radiation(kcal/ ar)

500 1,250

- 134 -

2,000 2,750

3,500

4,250 5,000

Solar radiation(kcall ar)




vh EQIA 94T 24

23t

Regression analysis result Heat collect | Heat collect | Expect hot
performance | efficiency | water temp.
a, (m') a,(MJ/K) a;(M]J) el ) (%) (C)
2.811 194.734 -542.598 153 3.01 17.88
/_E?? 18,000
i, ‘ —o0— Ted storage energy ——oe—— Analysis sorage energy ‘
S 16,000
c
L
oo || E\\ﬁ A R /;;A @
e N VL] /i\l | A NM il
RIZ'RN \ ‘|
A \/ /ﬁ\ TR
6,000 |
IR |
4,000
2,000 [9)
0
1 6 11 16 21 26 31 36
Day
§ i:::: TTATeg o T 10 g ) = dT(10) dT (0) dT (10)
§14,000 %50

10,000

8,000

6,000

4,000

2,000

30

20

500 1,250

2,000

2,750

3,500 4,250 5,000

Solar radiation(kcal/ ar)

- 135 -

2,000 2,750 3,500

4,250 5,000

Solar radiation(kcall ar)




H}.

FA 445 24

23

Regression analysis result Heat collect | Heat collect | Expect hot
performance | efficiency | water temp.
gl(m) gZ(MJ/K) 43(1\/[]) ( é{ﬂ/iﬂz) (%) (C)
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Regression analysis result Heat collect | Heat collect | Expect hot
performance | efficiency | water temp.
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Regression analysis result Heat collect | Heat collect | Expect hot
performance | efficiency | water temp.
gl(mz) dz(MJ/K) 43(MJ) ( ,écg/ﬂfz) (%) (ec)
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73? 16,000
:; ‘ —o— Ted storage energy =—e-— Analyss storage energy
© 14,000 |
c
L
12,000
10,000

8,000

6,000

4,000

2,000

0
1 6 11 16 21 26 31
Day

§ 14:000 — = dT(10) --oe- a7 (0) dT (10) % s
g 12,000 ;é °

10,000

8,000

6,000

4,000

2,000

500 1,250 2,000 2,750 3,500 4,250 5,000

Solar radiation(kcal/ ar) Solar raciasonteal )

- 138 -



A JHA A

o3

- oB
E/%]'o_ ?:}H

SIEE

Regression analysis result Heat collect | Heat collect | Expect hot
performance | efficiency | water temp.
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