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A Stud’y on the Solar Water Heating System
in the Military Facilities

Doo Chun Kim, Jin Seok Seo

ABSTRACT

The performance of two typical types of solar hot water heating system was tested in
Seoul . Types of systems studied are single-tank indirected external heat exchanger system
and single-tank internal! heat exchanger system. Comparing to experimental results,a transi-
ent system simulation prbgram was made to analyze the performance of the selected system.

The climate data, St;mda.rd Weather Year for Seoul, required for the simulation was provided.
Computer simulations were used to estimate the effect of significant parameters upon system
performance. The followings are obtained.

1. In the domestic solar water heating system, the value 20~40 kg /n? i for flow rate
through the collector is much better than the recommended value 72kg,/#f h in the solar
heating system.

2. The effectiveness of collector heat exchanger and storage tank size are found to have
only a small effect upon system performance.

3. The hot water draw pattern has a significant effect on system performance. A higher
system efficiency achieved when draw-off occurred around noon than when it occurred around
early morning.

Using the above results, the reference solar hot water system which provides 3004 of hot water
per day, was selected as a guide for designer. And simplified graphical method was developed
based on the modified'f-chart method to determine required collector area. When the system
design parameters of the proposed system differs from the reference system, required collec-

tor area can be calculated from area adjustment factors.
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NOMENCLATURE
A : collector area (m )
Cp : fluid specific heat  ( kcal /&g C)
Fg : collector heat removal factor (—)
Hp ! total radiation on an inclined sur-
face (kcal /7 h )
Mg ! mass of water in the storage tank
(kg )
ML : mass flowrate of supply hot water
Ckg/h )
m : mass flow rate of fluid (k¢,/h )
QL . rate of energy loss from the
collector (kcal /" h )
éT : rate at which collected energy is
delivered to the tank (kcal /h )
Qu : rate of energy collection by the
colletor ( kcal /h D
Qw : water heating load ( kcal /'h )
T, . outside air temperature ¢ °Cc)
T opy : temperature to which storage tank
energy loss occurs C °Cc>O
TM . temperature of mains supply water
¢ °C)H
T, ! temperature of the fluid at the
collector inlet C °C)
Tg . storage tank temperature ( °C )
Tset . set temperature of water heating
systems auxiliary heater ( °C )
Uy, : overall heat transfer coefficient
(kcal /m h)
(ra)n : transmittance-absorptance product
at normal radiation incidence (—)
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Table 1 Technical Data of Collectors used in System A and B

Model Yazaki, SC-201S (System B)

S.H.(System A)

Type Flat plate with selective surface Black paint
Absorber Construction Tube - in - sheet Tube - in -sheet
plate Material Ultra low carbon ferretic stainless | Aluminium

steel (18 Cr~- 2 Mo)

Effective area (n2) | 1.91 3.0
Plate Absorptance ( a ) 0.92 0.97
sur face Emittance (¢ ) 0.11 0.97

Max. temp. (C) 250 -

Number 1 1

Type Tempered glass, clear Plain, clear
Glass cover | Thickness (mm) 3 4.3

Transmitance 0.876 0.806

Type Fiber glass and Teflon sheet
Back thickness (mm)| 50

Side thickness (mm)| 15

Insulation

Glass wool & styropol
50
15

Dimension LxWxD (mm) 2002 x 1002 x 75

2040 x 1540 x 80

Fig.2 Photo of Solar Water Heating Systems.
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Table 2. Simulated system performance compared with experimental one

( ): Simulation
Date Flow Solar{l) {Collection| Tank Temp. ( C) Total Solar
Rate Insolation | Efficiency Initial Final Load Fraction
a
(kg /nh) |(Mcal,/day) (-) (Mcal “day) (-)
10 /13 22.10 23.6 0.427 21.7 55.0055.7) 11.49 0.869(0.887)
10 /14 22.60 18.7 0.410 20.8 46.7(46.1) 11.76 0.661(0.645)
10 /15 18.12 14.7 0.422 21.1 41.0(41.7) 11.67 0.512(0.529)
10716 15.00 26.3 0.390 20.3 53.5(54.4) 11.91 0.836(0.858)
Note ; .{1) 52°tilt and 7.5° west from south
*  Storage Capacity = 3001, Heat Exchanger Effectiveness = 0.5
* Collector Fluid =Water
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Influence of collector fluid flow rate on collector outlet temperature, C

Oct.,16,1982

Heat-Exchanger Collector flow rate Hour
Effectiveness Ckg/nt h)
9 10 it 12 13 | 14 | 15 | 16
10 57.981.2160.9 | 94.5(108.9(102.6|/77.9| 69.4
o5 20 42.8159.2150.7|71.6| 84.3| 83.7|71.5| 65.6
) 30 36.3]49.4|45.5 | 61.4| 72.7] 74.6/67.8| 63.9
50 30.6140.3140.2 | 51.7( 61.2] 65.1]63.1] 61.3
10 51.4170.2]52.3|85.4] 95.8} 92.3|71.8] 70.1
o8 20 38.3151.4]44.5 | 65.1| 74.7| 76.2|67.2| 66.5
) 30 33.1143.7(41.1{56.8| 65.7{ 69.1/64.7| 64.5
50 28.7136.9137.6 | 48.9| 57.0] 61.8(61.2| 61.6
Note ; * Ti= 20.3C
*+ U= 2.0 keal /nth
Journal of the S.A.R.E.K. Vol.l1,No.4 —12— Dec. 1982
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Table 4. Influence of storage tank fluid flow rate on the ratio of solar fraction
collector flow rate:30kg /nih
Date Solar Insolation storage tank fluid flow rate, kg /'t h
(Mcal /¢ day) 15 20 25 30 35
10 / 15 (cloudy) 14.7 0.888 0.942 0.978 1.000 1.000
10 / 16 (clear) 26.3 0.881 0.948 0.980 1.000 1.000

LNote;simulated with system B. heat exchanger effectiveness = 0.7, U= 2.0 kcal /' k
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Table 5. Influence of storage tank loss coefficient on the ratio of solar fraction
Date Solar Insolation U, kcal /m &
(Mcal /nt day) 0.36 0.60 _ 0.80 1.00 1.22
10 / 15(cloudy) 14.7 1.000 0.989 0.981 0.972 0.962
10 / 16(clear) 26.3 1.000 0.990 0.983 0.975 0.967

Note; simulated with systemB. m = 30kg/n’ 4. heat exchanger effectiveness = 0.7

18¢C
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Table 6. Influence of hot water draw pattern on the ratio of solar fraction
Date RAND Const. Early Morning Early Afternoon | Once Draw
(Fig. 2. | (144./0) 9h-11h: 140 ¢ 13h-15h:140¢
10~ 13(clear) I.QOO 1.002 0.973 0.985 0.758
10/ 14(cloudy) 1.000 0.995 0.991 0.977 0.755
10/ 15(cloudy) 1.000 0.995 0.984 0.984 0.773
10 / 16(clear) 1.000 0.997 0.985 0.976 0.750

Note; system B with heat exchanger effectiveness = 0.7, m = 30kg,m' h, U= 2.0 kcal /7 h
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TABLE . 7 Solar DHW Reference System Description
*  collector fluid =50 % ethylene glycol
*  single glazed
collector *  flat back absorber
*  Fr (ra), =0.85
*  Fr UL =4.0 kcal /'t - C
*  one tank
*  collector orientation
tilt angle = latitude
azimuth angle =0°
system *  storage capacity =175 4 /i
*  heat transfer fluid =water
* draw= 300 ¢ / day
* delivery temperature = 60 °C
load *  water main temperature = 20 °C
* draw profile (as shown Fig 2.4)
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Fig.9 Annual load fraction by solar energy.
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