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Performance Evaluation of Domestic Hot Water Supply System
using Solar Collectors and an Auxiliary Boiler
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Abstract
This paper describes the performance evaluation of a domestic hot water supply system using solar collectors
and an auxiliary boiler. First, the specifications of solar collectors, measurement items and experimental conditions at
each site were mentioned. Second, laboratory experiments by using the modified M1 mode were carried out. It was
showed that an introduction effect was high in both moderate climate and cold regions. As a result of field
measurements, the annual system coefficient of performance and the coefficient of primary energy consumption

became 5.4-10.9 and 0.19-0.38, respectively.
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Table 1 Specification of DHW systems using solar collectors Table 2 Specification of DHW systems using solar collectors

(Model A) (Model B)

Solar collectors Solar collectors

System of heat collection Forced-circulation System of heat collection Forced-circulation

Total area of collectors 3.8m’ Total area of collectors 3.88 m’

Number of panels 2 Number of panels 2

Panel size (mm) 1954x1054%56 Panel size (mm) 2026x1032x67

Type Flat plate (Selective absorption film) Type Flat plate (Selective absorption film)
Absorptance 0.954+0.02 Absorptance 0.95+0.02

Emissivity 0.054+0.02 Emissivity 0.1240.02

Brine Propylene glycol solution Brine Propylene glycol solution
Hot water storage unit Hot water storage unit

Tank 200 L Tank 90 L

Electric Maximum 225/255 W Electric Maximum 310/310 W

consumption [Antifreeze heater [126/126 W consumption |Antifreeze heater [197/197 W

Boiler Boiler

Gas Maximum 50.0 kW Gas Maximum 50.0 kW

consumption |Minimum 8.4 kW consumption |Minimum -

Type of gas 13 A/LP Type of gas 13 A/LP

Table 3 Conditions at each site

Laboratory (Model A) Laboratory (Model A and B)
Site Hiroshima Hokkaido
Installation location| Aki gun Kaita cho Sapporo
Latitude 34°22'N 43°07'N
Longitude 132°32'E 141°35'E
Tilt angle 20° 31°
Azimuth 0° 0°
Field measurement (Model A) Field measurement (Model B)
Site Toyama Chiba Hiroshima Fukuoka Shizuoka Fukuoka
Installation location|Toyama Matsudo Higashi Hiroshima [Fukuoka Shizuoka Fukuoka
Latitude 36°43'N 35°47'N 34°28'N 33°38'N 34°58'N 33°38'N
Longitude 137°13'E 139°54'E 132°47'E 130°28'E 138°22'E 130°28'E
Tareet house Two stories Two stories Two stories Two stories Two stories Two stories
& 2 adults, 2 children |2 adults, 1 child 2 adults, 1 child 2 adults, 7 children |2 adults, 1 child 2 adults, 2 children
Tilt angle 33° 30° 22° 29° 24° 29°
Azimuth 0° 0° +40° +40° —24° +5°
' T14 T2
T16 @ Outdoor air temperature T20 ® Outdoor air F3 ! [0 —T @
temperature | Boiler JT13 Heat exchanger | Hot-water
Ay Solar collectors T12 supply
Sl‘»’«> . 14 T2 SL)‘:, Solar collectors T7@ 0L
Insolation %—GH ! TS® 231
T4 Ti2 Hot-water -
T7@ 0L supply T4 19 3 T
g ETIO. 68 L thedk valve 4[4+ 1
T6 Water supply
T9® 100 L El E2 + Heat ¢éxchanger
¥
& B TioeisoL TEL = :
6T15 F4
« ;6 T11@200 L — e Heating supply Heating supply ]l;g6
T15@Room air temperature A A Water supply (high temp.) (low temp.) Heating return Healing return
Measurement interval 2 [sec] El E2 Measurement interval 2 [sec] (high temp.) (low temp.)
|® Temperature MFlow rate A Electric power] ‘.Temperature B Flow rate A Electric POWCT‘ T19@Room air temperature
Fig. 1 System diagram of experimental equipment (Model A). Fig. 2 System diagram of experimental equipment (Model B).
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Table 4 Measurement items (Model A)

No. Measurement items Sensor Point |Accurary
T1-T6 Fluid temperature Pt-100 6 +0.3C
T7-T11 Tank temperature T thermocouple |5 +0.5C
T12-T14 Fluid temperature Pt-100 3 +0.3C
T15 Room air temperature T thermocouple |1 +0.5C
T16 Outdoor air temperature | T thermocouple |1 +0.5C
F1.F2 Flow rate Flow meter 2 +2%

F3 Gas consumption Flow meter 1 +0.3%
El,E2 Power consumption Transducer 1 +2%

S1 Insolation Pyranometer 1 +2%

Table 5 Measurement items (Model B)

No. Measurement items Sensor Point |Accurary
T1-T6 Fluid temperature Pt-100 6 +0.3C
T7-T11 Tank temperature T thermocouple |5 +0.5C
TI12-TI8 Fluid temperature Pt-100 7 +0.3C
T19 Room air temperature T thermocouple |1 +0.5C
T20 Outdoor air temperature | T thermocouple |1 +0.5C
F1,F2,F4,F5 |Flow rate Flow meter 4 +2%

F3 Gas consumption Flow meter 1 +0.3%
El,E2 Power consumption Transducer 1 +2%

S1 Insolation Pyranometer 1 +2%
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Fig. 3 Specification of modified M1 mode.
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Fig. 4 Dependence rate (Hiroshima laboratory).
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Fig. 5 Energy conservation (Hiroshima laboratory).
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Fig. 6 Dependence rate (Hokkaido laboratory, Model A).
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Fig. 8 Dependence rate (Hokkaido laboratory, Model B).
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Fig. 9 Energy conservation (Hokkaido laboratory, Model B).
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Fig. 10 Dependence rate (Toyama, Chiba, Hiroshima and Fukuoka).
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Fig.11 Energy conservation (Toyama, Chiba, Hiroshima and Fukuoka).
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Fig. 12 Dependence rate (Shizuoka and Fukuoka). Fig. 13 Energy conservation (Shizuoka and Fukuoka).
Table 6 Operating results (Model A and B)
Laboratory |Field
Model Model A |Model A Model B
Site Hiroshima | Toyama Chiba Hiroshima __ |Fukuoka Shizuoka Fukuoka
DHW load GJ/year 15.65 29.69 10.70 20.42 21.94 11.87 11.09
Average outside temperature C 16.03 14.98 15.78 14.98 17.43 17.46 17.51
Average water supply temperature  |°C 19.62 16.75 17.04 16.75 19.05 18.33 18.65
Amount of insolation GJ/year 17.88 17.21 13.23 17.21 15.56 15.88 14.09
Collecter efficiency % 39.18 42.21 45.25 43.86 42.43 40.73 38.94
Dependence rate % 34.67 28.13 41.37 37.42 32.29 38.25 30.52
SCOP ND 5.86 10.85 5.62 7.58 8.06 6.33 5.37
CPEC ND 0.34 0.19 0.36 0.27 0.25 0.32 0.38
Amount of primary energy reduction
compared with standerd gas boiler Gllyear 66 10.0 64 96 87 73 58
Amount of cost reduction compared "
with standerd gas boiler *10'yen/year 29 43 21 41 33 34 20
Amount of primary energy reduction
compared with condensing gas boiler Gllyear 24 20 33 41 28 43 28
Amount of cost reduction compared 4
with condensing gas boiler *10 yen/year 11 08 1.0 18 11 18 1.2
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