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Verification Experiment and Analysis for 6kW Solar Water Heating System
(Part 3 : Optimum Design and Economic Evaluation)
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ABSTRACT: The goal of the present paper is to show the optimum design and operation
conditions on 6 kW solar water heating system by using computer simulation with verified
modelling, As the object functions, we took not only the amount of acquired and auxiliary
heat but LCC, which has a relative importance and decisive role in economy. As expected,
the maximum heat is acquired at the slope of collector with the equal degree to the latitude,
facing the south. The capacity increase of the circulation pump and the storage tank lead to
the increase of acquired heat and the decrease of auxiliary heat, but do not necessarily give
economical advantages owing to additional electrical power consumption. In the present
system, the minimum LCC can be obtained at the storage tank volume of 450 L and the
mass flow rate of 0.344 kg/s.

Key words : Solar thermal energy(ei4® o|X]), Water heating system(2F+TFZA A=),
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Fig. 1 Schematic diagram of system. (P : pump,
F : flowmeter)

Table 1 Specifications for solar water heating

system
size 1,179%2,228 mm
area 25 m*
collector - - -
unit 4 in series
slope 40°
storage capacity 430 L
tank UA 20 W/K
Ist capacity | 60 Ipm(H: 4 m)
output 80 W
pamp 9nd capacity | 35 Ipm(H: 3 m)
output 40 W
auxiliary type electric geyser
heater capacity 13.2 kW
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Fig. 2 Load distribution.
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Table 2 Simulation results using actual experimental conditions as input

[unit: GJJ

raation | el [ e T auglery [ efigepes [ soer

spring 14.1 3.7 33 0.6 264 0.83
summer 119 2.8 2.1 0.2 238 0.91
fall 105 3.3 4.1 14 312 0.65
winter 8.8 2.3 6.3 43 26.6 031
total 45.2 12.1 15.8 6.5 26.8 059
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Table 3 Effects of load variation
[unit: GJ]
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Table 4 Cost list of basecase

service
item cost | ynit | life
[WOI'I] [y e ar]
collector 450,000 4 20
storage tank 550,000 1 15
1st 470001 1 15
pump
2nd 33,000 1 15
auxiliary heater 550,000 | 1 10
construction _ _
and the others 3,400,000
total 6,380,000 | 1 20
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Fig. 9 LCC vs. storage tank capacity.
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Table 5 Variation of life cycle cost according to
mass flow rate
(unit : thousand won)

ratio of mass
flow rate 0.2 0.8 1.0 1.1
total cost 6,349| 6,366 6,389 | 6,402
LNG 2887 2808| 2998 3,79
vt 318 361 411 664
cost L]
electricity | () 602) | (1,102) {(1,204) | (2,092)
OM&R 105 105 105 105
replacement 313 322 334 341
residual ~2101 -216| -224| -228
8,761 8644 8708 | 8,987
total LCC | (9 444) | (9345) [(9,602) |(10,415)
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