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Development of f-chart for the Design of Solar Heating Stystems
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ABSTRACT

The new f-chart capable of estimating long-term thermal performance of solar space
and water heating systems was developed. The system comprise a flat plate solar collector,
heat exchanger, storage tank filled with water, auxiliary fuel fired heater, and a house
structure. The information obtained from many simulations of solar heating systems has
been used to develop this f-chart. Actual hourly meteorological data collected in Seoul,
Daejeon, Kwangju and Daegu, Korea from 1979 to 1983 have been utilized in these simula-
tions.

The new f-equation is as follows: .

f=1.034Y — 0.0968X — 0.2235Y2 + 0.0043X2 + 0.0144Y3,

The system performance estimates obtained from the developed f-chart are in close
agreement with the results of experiment.

plied by solar energy

NOMENCLATURE
FR ’ :  collector-heat exchanger efficiency
. collector area, m? factor
Cmin ‘minimum capacitance in the load H : total radiation incident on a hori-
heat exchanger, KJ hr't°C™! zontal surface, KJ hr™t m™
E : integrated total auxiliary energy Hb : beam radiation incident on a
required during the period at, KJ. horizontal surface, KJ hr'! m™
f : fraction of the heating load sup- Hd . diffuse radiation incident on a
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(mCp)c :

(mCp)w :

horizontal surface, KJ hr™! m™

total radiation incident on the

(tilted) collector surface, KJ hr’!
-2
m

monthly average of the daily
radiation incident on the collec-
tor surface, KJ m™ day™!

solar constant, KJ m™
hourly clearness index

integrated total (space and water)

heating load during the period

at,KJ

mass of water in the storage tank

collector fluid capacitance, KJ

°c™* hr!

capacitance of the water extracted

from the tank to supply the water
heating load, KJ °C™* hr!

number of days in a month

day of the year

auxiliary space heating load, KJ
hr!

auxiliary water heating load, KJ
hr!

space heating load, KJ hr!

energy collection by the flat-plate

. collector, KJ hr™?

water heating load, KJ hr!

ratio of the direct radiation in-
cident on a tilted surface to that

on a horizontal surface

slope of the collector, degrees
storage tank temperature, °c
ambient temperature, °C

monthly average of the daily
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ambient temperature, “C

T m : temperature of mains supply
[+
water, C
. s [

Tmax :  boiling temperature, C

Tpef reference temperature, 100°C

Tp : indoor temperature, °C

TW :  minimum acceptable temperature
for hot water, °C

At : one month time period, hours

(UA)B constant characterizing the space
heating load, KJ hr? °C™

UL . collector overall energy loss co-
efficient, KJ hr'1°C'm™2

¢ . latitude, degrees

EL : effectiveness of the space heating
load heat exchanger

P : ground reflectance

(r o) : product of the cover transmitt-
ance and the absorptance

w . hour angle, degrees

6 : solar declination, degrees
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Fig. 1 Schematic diagram of solar heating
system
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Table 1, Values of main design parameters

Design parameters Values
Ae Various
(mCp)e Ac 210KJhrmiC
M/ A 75 kg /'nt
Uy Various
134 0.9
(ra) Various
S 45°
¢ Various
Tw 60C
Tr 20C
Tonax 100°C
Tnin 30°¢C
(UA)SB Various
gy 280 kg, day
€1 Crin/ (UAdB 2
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Fig. 2 f-chart for solar heating system
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Table 2 Specification of solar heating system

A 2T mt
S 45 degree
0 0.2
Fr @a), 0.77
COLLECTOR| FrlUL 23KJMhr C
(mCp)e /A 193KJ Ahr C
e/ Ae 54 kg /nihr
ta/(ta), 0.93
FR/Fr 0.95
STORAGE Storage (Water) 1
TANK M/A, 75 kg /nt
(UAs 605KJ/hrC
Tr 22°¢C
HEATING |&1Cmin(UA)s| 2.01
LOAD ey, 250kg/ day
Tw 60 C
Tm 10.2¢C

Table 3 Comparison of the estimated performance with experimental results

Items| Hr(MD QLMD QwM/]) LM Qr(M)) £ (%)
year &\ |esti- |experi-lesti- |experi-jesti-~ jexperi-jesti— |experijesti— |experi-esti~_ |experi-
month \| mated|{mental|mated|{mentalimatedlmental [mated|mental imated|mental matedimental

82. 9] 11,171{14,461 38) 147 1,168] 586 | 1,206 733 | 1,206 733 | 100 | 100
10 ] 11,548|12,318 | 2,084| 1,913 | 1.343| 644 | 3.427| 2,557 | 2.834| 169 | 87| 663
11] 9957| 8605 | 5031 5835 1,473| 791 | 6504 6.626 | 2.732{ 1,563! 420 | 236
12 | 10,2541 7,228 { 8,651} 8939 ! 1,703| 1,210 {10,354] 10,209 | 2,733 2,195 | 264 | 215
83 1]10,602] 8413 |10,246| 9,706 | 1.825{ 720 |12.071| 10,426 | 2,825| 2,001 | 234 192
2] 9987)10,087 { 8329 9006 | 1,691| 527 {10,020 9533 | 2.836| 2.288| 283 | 240
3112375/11,401 | 6,492 6,103 | 1.829(1 285 | 8321| 6,388 3,753| 3,692 451 | 6578
4111,280|13,155 | 3,231} 3181} 1,624| 126 | 4,855) 3,307 3,107| 2,975| 640 | 90
Total | 87,171 85,668 | 44, 102) 44,890 | 12,656 4,889 |56,758) 49,779 |22,026) 17,142
Average| 10,896 10, 708 7095 6222 2,753| 2142| 388 | 344
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Table 4 Comparison of f-chart

Hr L £(%)
(M)) | (M]) |Present | Klein*
9 20.3| 11,171 1,206 100 100
10 13.4| 11,548; 3,427 82.7 83.1
11 6.3]1 9957 6,504] 42.0 50.0
12 |- 1.2110,254/10,354] 26.4 34.3
1 }-49]10602/12,071] 234 310
2 |- L9| 998710020 283 35.9
3 3.6(12372) 8321 451 52.8
4 10.5]11,280| 4,855 64.0 70.0

Month | T,

Total 87,171}56,758
Average 5.8 38.8 45.8
* f=1029Y —0.065X—0.245Y24 0.0018 x?
+0.0215y2
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