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Verification Experiment and Analysis for 6 kW Solar Water Heating System
(Part 2 : Modelling and Simulation)
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ABSTRACT: We have experimented an actual solar water heating system acquiring real
data for one year period. On the basis of the operation data, it is necessary to predict the
system performance such as collector efficiency and solar fraction, and to analyze the eco-
nomical efficiency for system optimal design. To estimate the performance of actual systems
through simulation, valid modelling for components consisting of the system should be accom-
panied. The present study is focused on the modelling for load patterns and operating control
conditions. We proposed two load models: concentration model which gathers real loads as a
meaningful group and distribution model which disperses real loads with time. If grouping of
the load distribution is suitable, the predicted values by the concentration model approaches to
those by the distribution model close to actual load pattern apparently. As a result, both of
them are in good agreement with those by experiment.

Key words® Solar thermal energy(El%<€ ol}z]), Water heating system(2F 5% Al&H®),
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Fig. 1 Schematic diagram of system (P: Pump,
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Table 1 System specification for solar water
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system
Size 1179 X 2228 mm
A 5m’
Collector re.a 25m
Unit 4
Slope 40°
Storage Capacity 430 L
tank UA 2.0 W/K
Type Shell and coil
I—}Ileat UA 370 W/K
exchanger : Shell: STS
Materials Coil : Copper
Ist Capacity | 60lpm (H: 4m)
Output 80W
Pump -
ond Capacity | 35lpm (H: 3m)
n
Output 40W
Control Tvpe Digital difference
module yp temperature control
. Material Copper
Pipe .
Diameter 20 mm
Auxiliary Type Electric geyser
heater Capacity 132 kW
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Fig. 2 Connected modules in Usibat.
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Table 2 Monthly experimental results from actual operation (Energy unit: M])

Total Month Aver-
March| April | May | June | July | Aug. | Sep. | Oct. | Nov. | Dec. | age
Irradition 4,281 | 4,040 | 5,040 | 3248 | 3,481 | 3,000 | 3,330 | 4,301 | 2,741} 3,226 | 3,769
Heat collected 2,022 11,997 12,1761 868 11,216]1,032]11,431 2,035} 943 |1,075| 1,480
Heat load 904 | 1,146 913 | 957 | 1,028 732 [1,305|2,633|1,864 {1,959 | 1,344
Aucxiliary energy 186 | 354 | 241 | 342 | 353 | 220 | 390 [ 1,240 962 {1,025}) 531
Load per man 6.2 50 { 33 132 |37 |26 |45 |65 74 | 90 53
Pump load 103 | 118 | 145 | 70 117 | 103 | 118 | 143 | 86 109 111
Efficiency (%) 472 | 494 | 432 | 267 [ 349 | 344 | 374 | 424 | 344 | 333 | 389
Solar fraction 079 069074 064 066|070 074|053} 048 | 048 | 0.65
Outdoor temp. (C) 78 1129196 219|242 (245|209 1135| 94 | 09 | 156
Room temp. 162 | 189 | 237 | 256 | 269 | 274 | 253 | 21.1 | 191 | 158 | 220
City water temp. 144 | 165 | 185 1 204 | 227 | 234 | 207 | 174 | 1568 | 135 | 183
Shower temp. 38.0 | 3711361 352|339 322|346 | 361 | 368 | 36.7 | 357
Supplied water at 60°C (L) | 327 | 274 | 189|192 | 239 | 168 | 309 | 366 | 398 | 46.2 | 29.2
Average time in shower (min)| 11.1 | 106 | 11.0 | 11.7 { 114 | 10.7 { 103 | 11.3 | 108 | 11.6 | 11.0
Average no. of people 47 | 74 |1 90 {97 | 89 | 82| 94 |130| 84 | 74 8.6




6kWH HYE 2434

AZ ol 4%54 H71&¢71e dEAgyg =
T FAStd dutdoz AL HE A
719] AEdH FAtEE AAS v gl gt
A AlE#HAY RzEIHE AVE&4rnde
2388 dWtHoR AlgslE JtASFI)E 2dY
P AoZA 2R FFLE7F 4T o8t
HH BRI/ AFHEE sxn, RE3E
EFF2E7F 40T A 288 -8 44
Eig A=

2.8 djolH 2 H(Type 9b data reader)

AEoldel ot 7]ddeolHE ¢loiEele
BEE2A 1AL 1402 A&dE 2003d £9 A
ol 7|ddelHRE, ATLE, dAH HFUss
T, T&, Aol £3H o2 Type 9boll
A %ﬁi e ATk, dUEE, dAE, F
g F& AeFgY £og WAF F AR YT

2.9 A A2 2| (Type 16a radiation processor)

714 730lA AFste +3E ddYAgog R

AAIE dAlEg Aatste REolt HA7)
AZAH P‘W}Zli Ak A 40°
AAE Aoz YdHsAY. 9= AEE F
A 71AAe FHEY 37.16°, 1266°2, BF
Ao} A FEste 22 el E shift in solar
timeS A7 7]Fo g —84°% HASH

e

210 dloje &3 =&

°é g AlEHol e A Type 25b 8 E3
Z2(0.014]) 8oz AFAANE FHaqUo 2
4Z]l_ A Ui, 5L, H3, R2d@
9 Ay 2EHR FIdZ WHEY 22 Y
e 5¢E9x 22 IF, J¥97] dEF LE, 549
Z 4T EE YEE A" UyReE 2
FoE 79 £¥sdd. I aFFHe dx
2 Aded 4%E Jehdle S#HYZ on/offE
SYHIIEE HAsAT
4 A EyolHe A9 AEHolM 7| A
3 437178 Fd3E Type 558 ol &8t ¢
A%, B5d3, Y, RRdEs 19 99=
2o} Type 25b2 &3t}

G Azde] 4F0Y 2 B4 561

3. MEdolMd A 2
3.1 fshg neg

AP A Reulgd g Bolma 19 A& o]
B 2003¢ 109 159182 AH&)e AA 2%
53E Fig.5(a)ell Btk ol & <kt g&gAA
Type 14hE F3] AlEdold Az Hos)
HCHFig. 5(b)). ey olzfd We 54 19
of W] Huse R 7t F0Y 4%
o Eo] Gl BATe ), weld R
92 uS dedAEd garh do AgaTe
A Tﬁﬂ-‘a AFAEANA Y FFR3E gAz 3

ol BEAAZ AFHI AF QAHANZ
ot Jddo] AAFe HAANNNY L A&
Aol F8HE o]Fo YA B8 Y= A
g Bt

g Aade A #dd NEgEe g9
E&T BYY d&%7r 2ol AgHEd, A
2 dAES drid g53=xE Jelwe 19
&, AAEs 5 HId=z FFIH
gEE/ EFE 7% SAA
a2 g F gk @%%{%‘—l Az
AIMM AT A3 JFL
o, Jded %9 %3}% gl 9
mEe wgow uige] R3] &
7} ded 259 HIe Idaed
Fog Ao 4%E vAA o &
227t Astd Hd 197 4FeEs
AD2EH AdEE © 5GP 7
gk olm Ryt deA HA 9z
2=t WolA FAdEE ¥ 859%0 FleA
Hol Ajagle] $xAdFol Folx WEgoE 3}
43 A |

A eAe] AFEY Ao Az 39 2%
7 ARLE(E A7 F$ 40T) olFeld B
2449 #FF glo] AFd d=v RIE A3
g 5 ook oy dd IAdgdel A=

Fdx AA7 422 0] FEx2e gA
EF A HH AR 2t AHRXE o]
32 "olx Ryt AW RzddE Zaw
A gk & f83A £ £ U AUt
ATl e EFsan £ 93 718 dy=Ae
AR MN2de] 58 F U o9& A3

L

[}

FN.&I*NH_D_!EH}E‘@EOMO

20
&maﬂﬁpgw
H‘lm.%lo l £ 0 go o
Jﬂﬁ-i)

o
X o o oge

ProHr o M R v ool ooff T fok

o
N



562 HE4 - 44
kW] :
o Wl
° L o

0 4 8 12 16 20 24

(a) Measured data from experiment

[kw]

10 ¢

oLy ol uh 1wl
0 4 8 12 16 20 24

(b) Input data for simulation

fkw]

10

S I B |

0 4 8 12 16 20 24
(c) Concentrated input data

{kw]

O S e I S 1

0 4 8 12 16 20 24
(d) Distributed input data

- experiment
— simulation

5
0
pump on/off
S
1 N e —— | |
0 4 8 12 16 20 24
(e) Acquired heat and pump on/off

[°cl -

— experiment — real load
60 _ concentrated load — distributed load
50 upper
40
30
20
10 r
0 1 L

0 4 8 12 16 20 24
Time [hr]

(f) Timewise variation of temperatures

Fig. 5 Typical load pattern.

£ 280 37
g zus B =9 Aded Vo F92 4
$7h 44LE o3 Woln 4T TP 3
2ot ARLENA H2Bo2W FRAAE
£ oo ve), ool 9 FAEH] o FA
AFels As AFLEANEEH SEAAF 5
t ARE AT ARl Hold THAS
2 ol%oizl Gt F1%AA AT vEue @
ol ol L& Aol LARHE WALH
BER FReA gon AP 45dIol 2
Stk FHAA AR = A4 TSR o

HAESE A ojHMo® wrl GEdAd = ).

Fig. 5(c)lle HEEA Az AF9 A4Az
giet FAAZY 2 ofBAIZUE EIE HAFA
A vesiAz 2y ZRE 2Aio)s
FREdolet £8) olu FHEF uix iy
2E BAHO e RHIE ©Td HolE
2A Rt FHo] ZEE AT ole #2
89" Baeck et al.9) ATCNNE g3
o] o Add FEFEIT GdEA
A% NHFHQA AL FAsl FHEE F 9
HRjolth, AFAZ BIEEE ¥mAl Aal Al
|A 2A gAY He+ flen fi 3o
7F vdete H3te) @ AAAFNE Adgdde
A 9FE Fx Fevh gx AUy A AFEA]
& A sH ¥ AX AFHE FHsie

P}

3]

O
i}

&
i o &t Jo lo

0

Aok Fatslig e Hoy dAAgAzez FF
A71E WAl 143k ZH AFAAE AF5E A
=88 Ao (F, 459% JEEE e 1%
oW o] o}F Mg Aolntell ] gkt
Y3 FE3 gol el s dsto] AlE
golAdsfor & wol= TYPE 14 thale] TYPE
516& AM&3stA Hewl, o] ZES TYPE 14%
g7 N D92 f§Ee dgsior st Akl
At EE FLE 21L& dEEHA HA o] =
o] Ase @ds dAFY. A7|HNE HY
TYPE 5169 98 A#xkg A A4
AIZE R AR Y WEFE T3 Fig. 5(d)
o} Zo] YHIe o] /MY Rustd WHeR
A ARGl HE AdzAl §& T AE}
A doieldt EAFaEdelzst FF). € /A9
IR B2 AFFsrdd 2y FEAA
el FarFg A& Fosof ste HARE
3 PatEe WA FLE T



6KWE BUd S4E ALY 42 X BA 563
2% A% TYPE 516& Al-&3ic) MJZ Agn 5d3A HdASGAT B4R d
o] AdAIE HARNE RAF AP AY &
32 Uzt Alg3 ol M A3 g 2o, Az AFRIEd o9
Al & dA A ZF5AE Byd g o
FeEsle) 18-S g8 mdgste Aad Al & HolE Bol7|&E 3}, o] Ao IIEA
=2 LIPS éﬂri/ﬁ, Y5493 9 £3HE o/ A& Fyrs 7ol FHAHs wEolrh A
off 4%& TFig.5(e)ol Yelddtt. AFrsnd wHoz A¥Ae AlgHolNe Adyes 49
o BARSEDS 74 ALEste Al Bl 3 wExyE FEOZ JAEH, By B
Aste A9 AEFA IXsY Fig. 5e)de 439 HPAL 9T 5 Ytk o9} 2L =
I Ao)lE ¥ 4 glon 4% nE HAF¥F a3 HAgAgde] dsiME 5 1de) o,
ol Fz A Hwo) AL st Ade)d o dg Yoz B4
HkE Fig. 5()9h #o] £9x WRe Azt o 3 ngtow Ao Hlxd FFEo2 AXFTE F
2 LRI E Fate Az diXd we ta s R
AelE et AZAFddA Hdz UR9 FERaie e AgEEe 9x &A sHgst
SEE FUYRE Eo] UFoE MR 3FE e A% A2 ez AgdgolAsiie.
sln 449} FAA G Adolth. A& wd RFIHoEL &3y AL A VEAE
oMM RESFY LEE 602 UFFAY AAste Hd AAEAZRE 2™ 6~74, &%
iAoz 658z 79 WELEE 21~2AN 2 28 2Fo ARNESFE 24 7t
7Y oz ARG, 4EEZRY |, 3 59 & Fola Adsl 2 A3 547 81.8M], 224
ZE FHAZ Aolmz AYdae A v F 453M], FEREE 395%, HEE =% 067
E st A BHeldr Ay s 2 22 Table 39 Aoy 43 xe]d Bl
EZA o] ol ol A& A HolX =g A £3 24z 2xrl A5 LFAgg et
A L BARIELE JHSG A 483 AY 7t AR go} 5L FHo] A Ao FH o
e ARE B AFErt 24z dRE 54 F2 #gdt olzRE RIEL HEIA
H7l WEd R Y drig gz R AAEA Rale AS AAEANA Bojd &4
H Addez 227 §7seE e #UAE £ A5g AFEE % Fi=
ek, ool HlE BAEEHEANME AY 54
A Hud guret gz dojaiA "o HF 33 Y7t AlEallolH
32 d(Fig. 5(c)N M= 2dFxo 2E& 7o) —rﬁ}
£ WA A Aol 9 A|EHA Hed, HE & Hid 19 B ARA AFEQIYel wdEtx
SEXE A& Ao Fdan Ay He Az g9 dolgrt dAHoly ALdol Qe
d&g 93 Exogys gz EAHA gl 20039 12€9S widoE Y3 A EHIAE T+
Table 39 853 dF3 pzdded 289 sl o,
4% 2 AdEE, HYd &2 HysUoh AARSZ THE A|EHlAY dHEXE AL

FAE YA 1983MJ, #¥FEe 1372 &3tE A A Evbssin, 2003d 12€9

Table 3 Daily simulation results according to load models (Unit: MJ)

Simulation
Experiment Real load Concentrated load | Distributed load
(Type 14h) (Type 516) (Type 516)
Heat collected 90.3 927 92.7 92.7
Auxiliary energy 38.0 372 374 37.0
Efficiency (%) 455 448 44.8 4438
Solar fraction 0.72 0.73 0.73 0.73
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Table 4 Monthly simulation results according to load models (Unit: M])

Simulation
Experiment Clgzéergg?jt;d Difference {%] E)I:SHE:ES Difference [%]
Irradition 3,226 3,289 2.0 3,289 2.0
Heat collected 1,075 1,106 2.9 1,119 4.1
Heat load 2,007 2,005 -0.1 2,002 -0.3
Auxiliary energy 1,025 997 —2.7 975 —49
Efficiency (%) 33.3 336 0.9 34.0 2.1
Solar fraction 0.48 0.50 5.4 0.51 76
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