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A Study on the Optimum Design for a Solar Domestic Hot Water System

Jeong Il Seoh and Young Soo Lee

Abstract

This paper presents a typical solar domestic hot water system and estimates their performances
with variance of collector size, storage volume, collector tilt and other factors. The analysis
is performed by the computer simulation for which conceptual system against 8760 hourly solar
intensities and ambient temperature for a model year stored in the computer has been running.
System performance is analyzed on hourly, monthly and yearly basis respectively and at the
same time, the economics of various systems are evaluated. And also, this paper shows how an
optimized design can be selected for any locality for which solar data and collector performance
are provided.

The results of this study are as follows,

(1) Storage volume of 45 liter per square meter of solar collector lead to the best design.

(2) Tilting the collectors to the same angle of the latitude is generally the best.

(3) Optimal size of collector is approximately 6.68~8.35m?, when the latitude is 37.6°N and
storage volume is 300 liter.

(4) The performance of a solar domestic hot water system does not depend on the hourly usage
but the daily usage.
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Table 1 Solar DHW system description

Collector | * Collector fluid=50% ethylene glycol

* Single glazed

* Collector area=1,67 3.34 5.01 6.68
8.35 10, 02(m?)

* Fr(ra)s=0.679

* FrUi=4,29(W/m*C)

* Two tank
* Collector orientation
Tilt angle=0° 20° 37.6° 45° 60°
Azimuth angle=0°
* Storage capacity =250, 300, 500(/)
* Heat transfer fluid=water

System

Load * Draw=260 //day

* Delivery temperature=55°C
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Table 2 Hourly printout after start-up of solar hot water system

PROGRAM TD EVALUATE FERFORMANCE OF SOLAR DOMESTIC HOT WATER SYSTEM

LATITUDE =
COLLECTOR AREA =
STORAGE VOLUME =
1 i 12 12
HOUR SH TA

1 0 -1.2
2 (o] -2.0
3 0 ~2.7
4 0 ~3.1
3 [ ~3.4
6 0 -3.8
7 [} -3.9
8 8 ‘309
9 78 ~4.,0
10 197 ~1.9
11 317 0.2
12 408 2.3
13 413 3.3
14 337 4.4
15 222 5.4
14 97 4.4
17 8 3.4
i8 0 2.4
19 0 1.9
20 0 1.4
21 0 0.9
22 0 0.4
23 0 .0
24 Q0 ~0.5
MON DAY DSKY
1 1 4965
1 2 13 13
HOUR SH T4
i 0 -1.2
2 0 -1,2
3 0 -1.2
4 0 -1.5
5 0 -1.8
6 0 -2.1
7 0 -2.2
8 3 =2.2
? 64 -2.3
10 178 ~0.,7
i1 292 0.8
12 400 2.4
13 13178 3.0
14 353 3.6
15 278 4.2

37.6 TILT = 37.46
b6.68 SQ.M.

300.00 LITER

-22.92 8,0

T8 TSNEW ST EFF SHITT KWl
8.0 8.0 0.0 0,000 0. Q
8.0 8.0 0,0 0.000 0. 0
8.0 2.0 0.0 0.000 0. 0
8.0 8,0 9.0 0,000 0. 0
8.0 8.0 0.0 0.000 0. 0
8.0 8.0 0.0 0,000 0. 0
8.0 8.0 0.0 0.000 0. 30
8.0 8,2 0.0 0.000 0. 30
8.0 8.0 0.0 0.000 0. 10
8.0 12.2 421,8 0.521 1468, 10
12.2 '18.4 617.9 0,538 2222. 10
18.4 25.8 766.9 0.931 2722, 10
25.8 32,46 772.5 0,496 2361+ 10
32,6 37.3 460.8 0,438 1935, 10
37.3 9.4 475.3 0.333 1059. 10
3?.4 38.3 0.0 0,000 0. 10
38.3 35.3 0.0 0,000 0. 30
35.3  32.46 0.0 0.000 0. 30
32.6 31.7 0.0 0.000 0. 10
31.7 36.9 0.0 0.000 0. 10
30.9 30.2 0.0 0.000 0. 10
30.2 29.4 0.0 0,000 0. 10
29.4 28,7 0.0 0.000 0. 190
Z8.7 28.0 0.0 0,000 0., 10

GSAUX nror F30L AR

. 9261, 14226, 0,349

-22.83 7.9

T8 TSNEW 8T EFF SHITT HWD
28.0 28.0 0.0 0.000 0. 0
28,0 28,0 0.0 0.000 0. 0
28,0 28.0 0.0 0.000 0. 0
28.0 28,0 0:0 0,000 0. 0
28.0 28.0 0.0 0.000 0. 0
28.0 28,0 0.0 0.000 0. Q
28,0 26.90 0.0 0,000 0. 30
26,0 24.2 0.0 0,000 0. 30
24.2 23,7 0.0 0.000 0. 10
23.7 25,7 379.9 0.346 879. 10
25,7 29.8 5467.8 0,434 14645, 10
29.8 35,7 750.2 0.46% 2320, 10
35.7 40.5 708.9 0,423 2005, 10
40,5 44.6 4686.4 0.3%91 1791, 10
44,6 47,1 S93.4 0.329 1306. 10

254,

80,
427,

TOTHT

0.
G
0.
0.
O

1641,
1641,
547,
S47.
S47.
347.
547
547,
547,
547
14641,
1641,

547,
547,
G547,
G47.
547,

FSOLAR

0.000
0,000
0.000
0,000
0.000
0,000
0.000
0.000
0.000
0,000
0,089

0,222

0.380
0.524
0.624
0,668
0.4644
0.581
0,523
0,505
0.489
0.+472
0,457
0.441

FSOLAR

0,000
0.000
0.000
0.000
0.000
0.000
0.427
0.385
0.346
04335
0.377
0.464
0.591
0.693
0.77%
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Fig. 2 Computer plot of hourly results



BE -~ FXFH

522

T . *

3 w X

. ) “- - }

T

I

i .

R T R e e B . Rl G B S Jomrmmm JOTRS QORI TR Lo e e o

ol

i

I 1

ks 4

Py \,

& 1

I ¢ HH

¥ el

ks ¥JI 3

I . * I

T + X 1

I W I

I X I

1 I

I I

I 1

1 .

I *

T k3

I kS

i &

IS *

: : /i *

Ml....-.;.r...-...IH:..:r.... - i.v:le.;,.-l'l|lMI|ll..llll.l B e bttt el lnn.lH lllllllll Hll‘l..\ll. lHl\llll.l.ll.Hl.K!l\.lIllanll.ll!.rnl_:H.l\_.l.iz."l..s!.H\...:!...:x....r....xnwu

1 ’ “k ¥

i =] g 8 *

I o 5 & X

I *

I *

1 X

T *

1 X

i

I

1

I

I

I

1 & X

I ES

I X

1 X

T *

1 %

X M 0T %

TS CENERIFS S ST TS S LR B T R T LT R R LG T Temmmmm ek
2 s o ° g . R 8 s © .

431171 00°00E = 3IWNTON JIYNCLS
‘H'DS B9'9 = ¥3¥Y M0L337700
o.hmnhth c.hmrunD»HPCJ

WILGAS M31VUM LOH JILSIWOT ¥PI0S 40 3INVWNOAN3D 3LVATYAT 0L HONOOMd

Fig. 3 Computer plots of hourly results with lines drawn between data
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Table 3 Solar DHW hourly usage
unit: liter
Hour ’ 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
#1 ’ 0 0 0 0 0 O 30 30 10 10 10 10 10 10 10 10 30 30 10 10 10 10 10 10
#2 1 0 0 0 0 0 0 40 40 10 10 0 20 10 5 5 10 25 25 20 10 25 5 0 0
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Table 4 Monthly performance of solar hot solar
hot water systems for different demand
cycles illustration for latitude=tilt=37, 6°,
collector area=6, 68m?, storage volume=

300 liter
Fraction solar
Month
Demand cycle #1 |Demand cycle #2

Jan. 0.519 0.519
Feb. 0.577 0.578
Mar. 0.700 0.702
Apr. 0.752 0.754
May. 0.843 0. 845
Jun. 0. 899 0.902
Jul. 0. 467 0. 468
Aug. 0.780 0.780
Sep. 0.832 0. 833
Oct. 0.770 0.772
Nov. 0.687 0.690
Dec. 0.571 0.573

Table 5 Monthly Sums Program to evaluate per-
formance of solar domestic hot water
system

Latitude=37. 6° Tilt=37.6°
Collector area=6. 68 m?

Storage volume=300. 00/

Month | Mshw | Maux ‘ Mstot ‘ Fsolar ‘

1 231349, | 214534.| 445882. 0.519

2 230889. | 169588, 400477. 0.577

3 296173.] 127190.| 423363. 0.700

4 283736.| 93761.| 377498. 0. 752

5 297321.| 55390.| 352712. 0. 843

6 279480.| 31468.| 310948. 0. 899

7 142233.1 162210, 304443. 0. 467

8 239369.| 67363.| 306731. 0. 780

9 263779.| 53152.| 316930. 0. 832

10 278103.] 83010.| 361113. 0.770

i1 264923. 120674.| 385596. 0. 687

12 245079, 184355, | 429434. 0.571
Months Yssh | Ysaux | Ytot Fsolar | Value

12 (3052434, 1362695, 4415128, 0.691 2.16
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Fig. 6 Effect of tilt angle of Collectors on the per-
formance of domestic hot water system
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