

  An Experimental Study of the Solar Collection Performance of Liquid-Type Solar Collectors under Various Weather Conditions




An Experimental Study of the Solar Collection Performance of Liquid-Type Solar Collectors under Various Weather Conditions







Energies 2018, 11(7), 1626; doi:10.3390/en11071626




Article



An Experimental Study of the Solar Collection Performance of Liquid-Type Solar Collectors under Various Weather Conditions



Youngjin Choi





Platform of Inter/Transdisciplinary Energy Research, Kyushu University, Fukuoka 8128581, Japan; Tel.: +81-92-642-3348







Received: 10 May 2018 / Accepted: 19 June 2018 / Published: 21 June 2018



Abstract:



To design and use a solar heating system properly, it is very important to evaluate the performance of its solar collector. Because the solar collection efficiency of a solar collector depends on the amount of solar radiation, the conditions of the heating medium (e.g., flow rate and inlet temperature), and the outside air temperature, it is necessary to consider the performance of the solar collector in actual weather conditions that are likely to prevail when using the system for heating and hot water. In the present study, test equipment was manufactured to measure the efficiency of solar collectors. Using this equipment, the heating characteristics of seven types of solar collectors were measured. In addition, the amount of solar heat collected per unit area was calculated for seven regions in Japan to compare the solar collection performance for different weather conditions, such as the outside temperature and the amount of solar radiation. In addition, the amount of solar heat collected per unit area was calculated for seven regions in Japan to compare the solar collection performance for different weather conditions, such as outside temperature and the amount of solar radiation. The results show that the solar collection performance is climate dependent and that it is necessary to select a suitable collector for each region through a preliminary examination of the solar collection in the initial design stage.
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1. Introduction


The rate of energy self-sufficiency in Japan is very low (7.0%) when nuclear power is excluded [1]. By contrast, a great deal of energy is consumed by heating, especially in the northern regions, despite improvements in housing insulation. In China and South Korea, it has become popular to use solar energy to heat water, and more such solar heating systems are expected to be used for heating in the future. In Japan, the Tohoku region (which was affected by the Great East Japan Earthquake of 2011) has been demanding heating that uses natural energy, thereby reducing its dependence on fossil fuels and power lines [2].



Studies of various forms of natural energy (e.g., geothermal, wind, and hydroelectric) are progressing, but the main interest is in solar energy, because it is abundant and efficient [3,4]. However, in the case of solar energy, because it is available only during the daytime and the available energy changes depending on weather conditions and regions, proper design is required for efficient utilization. To design and use a solar heating system properly, it is very important to evaluate the performance of its solar collector. Because the solar collection efficiency of the solar collector depends on the amount of solar radiation, the conditions of the heating medium (e.g., flow rate and inlet temperature), and the outside air temperature, it is necessary to consider the performance of the solar collector in the actual weather conditions that are likely to prevail when using the system for heating and hot water [5,6,7].



For these reasons, various studies have been conducted to assess the performance of solar collectors. Fan Zhou [8] presented and validated a mathematical model with a prototype experiment of a flat-plate solar collector. Amer [9] measured the performance of a flat-plate solar collector experimentally for different inlet temperatures of the heating medium. In particular, the amount of solar heat collection was calculated from the difference between the average temperature of the heating medium and the outside temperature and from the heat lost from the entire solar collector to the surrounding air. The inlet temperature of the heating medium was set between 30 °C and 80 °C, and the results were compared for different measuring times (11:30–12:30 or 10:30–14:30) and time intervals (1 s or 60 s). Kanayama [10] calculated the heat balance among solar collector components (e.g., transmission material and absorbing plate) and calculated the convective heat conductance of the air space, the transmittance of the material, and the absorption rate of the solar collector. Michaelides [11] measured the performance of a solar collector attached to a hot water tank. The experiments were carried out with a 2.72-m2 flat-plate solar collector inclined at an angle of 42° and with a 68-L (600-mm-tall) hot water storage tank insulated with 50 mm of polyurethane. From the measurements, the amount of solar collection, its efficiency, and the temperatures of the upper and lower parts of the tank were represented by simple formulae.



Dong Zhang [12] proposed a solar collector with a dual function for air and water heating based on a flat-plate solar water collector. Huang [13] developed a formula for energy efficiency by calculating the amount of the solar collection, its efficiency, and the heat loss to evaluate the performance of a solar collector. Nie [14] measured the performance of an evacuated solar collector by using a solar simulator to change the amount of solar radiation, the outside temperature, and the flow rate. Wei [15] suggested a way to improve the solar collection efficiency by changing the structure of a flat-plate collector. Zukowski [16] measured the collection performance of ceramic collectors in relation to the flow rate. Chen [17] investigated traditional full-scale metal solar collectors and solar collector specimens fabricated from polymeric materials. S. Tamvakidis [18] examined a hybrid solar system for heating a farrowing house. The research results indicated that the proposed system contributed to energy savings to a great extent. Y. Gao [19] measured the thermal performance of a U-pipe evacuated solar tube collector and suggested a model of the heat transfer between the U-pipe and fin in detail. In addition, the validity of the heat transfer model was examined by comparing the efficiency of the collector according to experimental conditions. Through the proposed model, a design for the collector was suggested. Jie Deng [20,21,22,23] suggested a dynamic thermal performance prediction model for predicting the performance of solar collectors. Although various studies on the performance of solar collectors have been carried out, these have usually involved performance tests in different geographic locations, using different measuring techniques. Therefore, it is difficult to compare the performance of different collectors based on disparate research results. To compare the performance of solar collectors objectively, it is necessary to subject them to the same experimental conditions in the same location. In a study by D. Sowmy [24], the efficiency of a solar collector was tested using a solar simulator under the same conditions. In addition, the validity of the experiment was evaluated through an uncertainty analysis. In this study, the performance of a collector in laboratory conditions was evaluated to show uncertainties depending on the measurement conditions. E. Azad [25] designed three types of collectors and analyzed their performance through experiments. It was proposed to increase the number of heat pipes and to increase the effective absorber area as a method of increasing the performance of the heat pipe collector. As a study on the performance differences of a collector according to regional characteristics, Fan [26] has experimented on the change of the thermal efficiency according to the solar radiation intensity, flow rate, wind speed, and so on. Also, by calculating the average collection efficiency for each of the 10 cities in China, the difference in the collection performance according to the local climate was shown. Furthermore, Zheng [27] analyzed a mathematical model for the change in the solar collection efficiency by surface area, solar radiation intensity, outside temperature, wind speed, and so on. Based on these results, the possibility of using solar heat in cold regions was examined.



In the present study, test equipment was manufactured to measure the efficiency of solar collectors based on the test method of ISO9806-1 [28] and the ASHRAE (American Society of Heating, Refrigerating and Air-Conditioning Engineers) standard [29,30]. Using this equipment, the heating characteristics of seven types of solar collectors were measured. In addition, the calculated annual collection amount of each solar collector under seven different sets of weather conditions were compared. In this study, the experiment was conducted to compare the performance of the collectors according to the external weather conditions. Based on the results, the differences of application effects in different climate conditions are shown. This study is a basic study for designing a solar collector suitable to a specific climate. The contents of this study are as follows. First, an experiment was conducted to understand the performance of the collector under the same conditions. In addition, differences in the solar heat collection performance in a region where the outside air temperature and the solar radiation intensity are different were determined. In the future, the relationship between the characteristics of each type of climate and the performance of the collector will be analyzed to design a solar collector suitable for the region.




2. Methodology


The solar collector experiments were carried out on the roof of Engineering Building 1 at the University of Tokyo. As shown in Figure 1, the system used in this study was designed and constructed according to the ISO (International Organization for Standardization) standard and was installed to examine the effects of outside temperature, solar radiation, wind speed, and wind direction on the solar collection performance. Furthermore, the heating medium inlet temperature of each collector was controlled to be the set point of the heat exchanger for heating or cooling. In particular, a resistance thermometer (PT100), a non-wetted electrode electromagnetic flow sensor, and an impeller-type flow sensor were used to make precise measurements of the heating medium temperature and flow rate. The heating medium used in this study was Nybrine NFP (propylene glycol, specific heat 3.45 J/kg∙K, specific gravity 1.03 at 40 °C), which is composed mainly of propylene glycol. To control the flow more accurately, a needle valve was installed on the inlet side of each collector.


Figure 1. Schematic of experimental arrangement.
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To maintain constant inlet temperatures (T1 and T3) of the heating medium entering the solar collectors, two heat exchangers were used for cooling and heating. For example, if the set point of the inlet temperature was 40 °C and the outlet temperature was 50 °C, then the heat exchange with the cooling water at 25 °C would lower the heating medium temperature by 35 °C. Thereafter, the heating medium would be heated to its set temperature of 40 °C by heat exchange with hot water at 50 °C. Table 1 lists the various measurement targets and the equipment used to achieve them.


Table 1. Measurement targets and measuring equipment.





	
Item

	
Measurement Target

	
Equipment Used

	
Range

	
Accuracy






	
O1

	
Outside temperature (°C)

	
Composite meteorological equipment

	
−50–60 °C

	
±1.0%




	
Outside humidity (%)

	
Composite meteorological equipment

	
0–100%RH

	
±1.0%




	
O2

	
Wind direction (°)

	
Anemometer

	
0–360°

	
±5.0°




	
Wind velocity (m/s)

	
Anemometer

	
0–40 m/s

	
±0.3 m/s




	
O3

	
Direct solar radiation (W/m2)

	
Direct solar radiation meter

	
0–4000 W/m2

	
±0.2%




	
O4

	
Inclined solar radiation (W/m2)

	
Solar radiation meter

	
0–4000 W/m²

	
±0.5%




	
O5

	
x-axis wind speed (m/s)

	
Ultrasonic anemometer

	
0–40 m/s

	
±1.0%




	
O6

	
y-axis wind speed (m/s)

	
Ultrasonic anemometer

	
0–40 m/s

	
±1.0%




	
O7

	
z-axis wind speed (m/s)

	
Ultrasonic anemometer

	
0–40 m/s

	
±1.0%




	
T1

	
Solar collector A inlet heating medium temperature (°C)

	
Pt100

	
−200–500 °C

	
±0.15 °C




	
T2

	
Solar collector A outlet heating medium temperature (°C)

	
Pt100

	
−200–500 °C

	
±0.15 °C




	
T3

	
Solar collector B inlet heating medium temperature (°C)

	
Pt100

	
−200–500 °C

	
±0.15 °C




	
T4

	
Solar collector B heating medium outlet temperature (°C)

	
Pt100

	
−200–500 °C

	
±0.15 °C




	
T5

	
Cooling solar exchanger inlet temperature (°C)

	
T-type thermocouple

	
−40–133 °C

	
±1.0 °C




	
T6

	
Cooling solar exchanger outlet temperature (°C)

	
T-type thermocouple

	
−40–133 °C

	
±1.0 °C




	
T7

	
Heating solar exchanger inlet temperature (°C)

	
T-type thermocouple

	
−40–133 °C

	
±1.0 °C




	
T8

	
Heating solar exchanger outlet temperature (°C)

	
T-type thermocouple

	
−40–133 °C

	
±1.0 °C




	
F1

	
Solar collector A flow rate (L/min)

	
Impeller-type flow sensor

	
1.5–20 L/min

	
±5.0%




	
F2

	
Solar collector B flow rate (L/min)

	
Impeller-type flow sensor

	
1.5–20 L/min

	
±5.0%




	
F3

	
Solar collector A flow rate (L/min)

	
Electromagnetic flow sensor

	
0.25–5 L/min

	
±1.0%




	
F4

	
Solar collector B flow rate (L/min)

	
Electromagnetic flow sensor

	
0.25–5 L/min

	
±1.0%










2.1. Measurement Conditions


In addition to a general plate-type solar collector, measurements were made of six other types of solar collectors. The experiments were carried out under conditions of the same flow rate and heating medium inlet temperature to compare the performances of the two solar collectors. Each case was measured for about one week. Each collector was measured for about a month with different heating medium inlet temperatures (40 °C and 60 °C) and flow rates (0.01 kg/s∙m2 and 0.02 kg/s∙m2). Figure 2 shows the collector performance testing equipment.


Figure 2. Collector performance testing equipment.



[image: Energies 11 01626 g002]






Each experiment was carried out for 24 h with a heating medium inlet temperature of 40 °C or 60 °C, a south-facing inclination of 35 °C, and a flow rate of 0.01 kg/s∙m2 or 0.02 kg/s∙m2. The performance of each solar collector was evaluated from the data for which the solar radiation was higher than 630 W/m2 and its variance was less than 50 W/m2.



For each collector, measurements were made over roughly a month using four different sets of inlet temperatures and flow rates, as listed in Table 2. The measurements were taken at 1-s intervals and were subsequently gathered into 5-min averages. Figure 3 shows the auxiliary experimental equipment.


Figure 3. Auxiliary experimental equipment. (a) Hot water tank and pumps; (b) Heat exchanger; (c) Data logger; (d) Control panel; and (e) Needle valve.
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Table 2. Measurement conditions.





	
Measurement






	
Measurement 1

	
Inlet temperature: 40 °C; flow rate: 0.01 kg/s∙m2




	
Measurement 2

	
Inlet temperature: 40 °C; flow rate: 0.02 kg/s∙m2




	
Measurement 3

	
Inlet temperature: 60 °C; flow rate: 0.01 kg/s∙m2




	
Measurement 4

	
Inlet temperature: 60 °C; flow rate: 0.02 kg/s∙m2











2.2. Solar Collectors


The performances of the seven solar collectors (including a general flat-plate one) were measured for different heating medium inlet temperatures (40 °C or 60 °C) and flow rates (0.01 or 0.02 kg/s∙m2). In these measurements, each case (1–6) was measured alongside the base case for comparison under the same weather conditions. Table 3 gives details about the solar collectors used in the experiments.


Table 3. Solar collectors used in the experiments.





	
Case

	
Type

	
Dimensions (mm) Test Period

	
Weight (kg)

	
Appearance

	
Remark






	
Base

	
Flat plate

	
2002 × 1002 × 60 (2.01 m2)

14 September 2012–3 February 2013

	
37
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-




	
1

	
Evacuated tube

	
1980 × 980 × 140 (1.94 m2)

14 September 2012–30 October 2012

	
53
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12 55-mm pieces of thin vacuum tube




	
2

	
Evacuated tube

	
2825 × 866 × 179 (2.45 m2)

1 November 2012–2 December 2012

	
60
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6 115-mm pieces of thick vacuum tube




	
3

	
Evacuated tube

	
2130 × 856 × 116 (1.82 m2)

4 December 2012–6 January 2013

	
30
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Inlet/outlet located on the lower

10 pieces of vacuum tube




	
4

	
Evacuated tube (compound parabolic concentrator (CPC) reflector)

	
1390 × 1640 × 120 (2.28 m2)

8 January 2013–3 February 2013

	
37
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Condensing plate behind vacuum tube




	
5

	
Flat-plate

	
2070 × 1145 × 90 (2.37 m2)

5 February 2013–14 March 2013

	
46
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Argon gas inclusion between glazing and collector




	
6

	
Flat-plate

	
2151 × 1215 × 110 (2.61 m2)

16 March 2013–10 May 2013

	
48
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AR coating ⟶ transmittance 96%
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The solar collector of case 1 had 12 thin 55-mm evacuated tubes and a total area of 1.94 m2. The solar collector of case 2 had six evacuated tubes and was longer (2825 mm long and 115 mm wide) than a typical solar collector. A wider evacuated tube affords the advantage of a larger area with which to absorb solar radiation but has the drawback that the tube-exchanging cost increases when cracking occurs. Case 3 was an evacuated tube collector characterized by the inlet and outlet being placed under the panel. This made it easier to install this collector on a roof but runs the risk of reducing the solar collection efficiency because of heat convection.



Case 3 had 10 evacuated tubes, a total area of 1.82 m2, and a mass of 30 kg, making it the lightest of the featured systems. Case 4 was an evacuated tube compound parabolic concentrator (CPC) solar collector that had a reflective plate behind its evacuated tubes. The CPC reflector has the advantage of reducing the influence of the position of the sun, because it reflects solar radiation onto the evacuated tubes. The total area of case 4 was 2.28 m2, which was comparable to that of other common solar collectors while being shorter (1.39 m) and wider (1.64 m); with a mass of 37 kg, it was reasonably light.



Case 5 was a flat-plate solar collector that limits heat loss by having argon gas between its glazing and collector. Case 6 was also a flat-plate solar collector, in this case with a high transmittance of 96% owing to an anti-reflection (AR) coating. At 2.61 m2, case 6 had the largest area of the featured systems.




2.3. Calculation of Amount and Efficiency of Solar Collection


The amount and efficiency of the solar collection of each collector can be calculated using the following equations, which involve the horizontal and inclined solar radiation and the heating medium inlet and outlet temperatures of the solar collectors. The amount of the solar collection is calculated from the inlet/outlet temperature difference and the flow rate, and the efficiency of the solar collection is calculated from the ratio of the amount of the solar collection to the amount of the solar radiation.


Q = C × ρ × m × (Tout − Tin)



(1)







Q: amount of the solar collection (W);



C: specific heat of the heat transfer medium (J/kg∙K);



ρ: density of the heat transfer medium (kg/m3);



m: flow rate (m3/s);



Tout: outlet temperature of heating medium of the solar collector (°C);



Tin: inlet temperature of heating medium of the solar collector (°C);


η = Q/(I × A)



(2)







η: the solar collection efficiency (-);



I: inclined surface solar radiation (W/m2);



A: area of the solar collector (m2).



The instantaneous efficiency of the solar collector is defined as the ratio of the amount of the solar collection to the amount of solar radiation. It is possible to predict the efficiency of the solar collection by a characteristic diagram of the solar collection efficiency.


η = b0 − b1 × (ΔT/I)



(3)







ΔT = (Tw − Ta);



Tw = (Tin + Tout)/2;



ΔT/I: the solar collection efficiency (m2 K/W);



Tw: average temperature of the heating medium in the collector (°C);



Ta: outside temperature (°C);



b0: overall solar absorptance (-);



b1: overall collector heat-loss coefficient (W/m2 K).





3. Experimental Results for Solar Collection Efficiency


Figure 4 shows the amount and efficiency of the solar collection of the base case and case 1 for an inlet temperature of 60 °C and a flow rate of 0.02 kg/s∙m2. Case 1 is compared with a general collector (base case) in relation to the outlet temperature, the amount of the solar collection, the solar collection efficiency, and the characteristic diagram of the solar collection efficiency.


Figure 4. Results of the solar collection performance (base case and case 1). (a) Weather data; (b) Inlet and outlet temperature; (c) Solar collection; (d) Solar collection efficiency.
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The outlet temperature of case 1 is raised by roughly 13 °C at most for the 60 °C inlet temperature, which is roughly 6 °C higher than for the reference collector (base case). In the case of vacuum tubes (case 1), the efficiency of the solar collection remains approximately constant because less heat is lost to the surrounding air.



The solar efficiency curve is expressed by the linear equation or the quadratic equation of the parabola. In this study, the linear equation is used for the convenience of comparing the performance of the solar collectors [28]. As shown in Figure 5, the maximum solar collection efficiency of case 1 (b0), 0.48, is lower than that of the base case, 0.70. However, the solar collection efficiency of case 1 is better than that of the base case when the solar collection efficiency is high, such as when it is cold outside or the solar radiation is low, because the overall collector heat-loss coefficient (b1) of case 1, 0.57, is lower than that of the general collector, 5.62.


Figure 5. Comparison of the solar collection efficiency (base case and case 1).
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From the results for both inlet temperatures (40 °C and 60 °C) and flow rates (0.01 kg/s∙m2 and 0.02 kg/s∙m2) of the seven types of solar collector (i.e., the general collector and the six types of advanced solar collector), characteristic diagrams of the solar collection efficiency can be created. Because there were conditions under which no adequate results were measured, namely, low solar radiation (less than 630 W/m2) or high solar radiation variance (higher than 50 W/m2) [28], the characteristic diagrams of the solar collection efficiency are drawn based only on valid data. Figure 6 shows the characteristic diagram for each collector.


Figure 6. The solar collection efficiency characteristic diagrams of seven types of solar collectors and amount of the annual solar collection. (a) Base case; (b) Case 1; (c) Case 2; (d) Case 3; (e) Case 4; (f) case5; (g) Case 6.
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Table 4 lists the results for the characteristics of the solar collection efficiency (b0 and b1) and the root-mean-square error (RMSE) of linear regression. The average uncertainty of this solar collection efficiency experiment was 0.9–2.8%. From the results in Table 4, there are no significant differences in b0 or b1 despite changing the inlet temperature (measurements 1 and 2) and flow rate (measurements 3 and 4). The collectors with evacuated tubes (cases 1–4) have a higher slope (b1) but lower maximum solar collection efficiency (b0) than those for the flat-plate collectors (cases 5 and 6 and the base case). This means that the performance of the collectors may be changed depending on the installed climate.


Table 4. Solar collection efficiency characteristics and root-mean-square-error (RMSE).





	
Cases

	
b0

	
b1

	
RMSE




	
Measurement 1

	
Measurement 2

	
Measurement 3

	
Measurement 4






	
Base case

	
0.59

	
−3.43

	
0.023

	
-

	
0.016

	
-




	
Case 1

	
0.46

	
−0.43

	
0.023

	
0.016

	
0.022

	
-




	
Case 2

	
0.54

	
−0.71

	
0.021

	
0.020

	
-

	
0.020




	
Case 3

	
0.44

	
−1.74

	
0.014

	
-

	
-

	
0.014




	
Case 4

	
0.46

	
−0.13

	
-

	
0.024

	
0.012

	
0.021




	
Case 5

	
0.66

	
−4.06

	
0.018

	
0.017

	
-

	
0.009




	
Case 6

	
0.66

	
−2.55

	
0.024

	
0.028

	
-

	
0.019










Based on the extended Amedas weather data (for the standard year 2000) [31] of seven cities in Japan (Sapporo, Sendai, Tokyo, Osaka, Hiroshima, Fukuoka, and Okinawa), the annual solar collection per unit area of the collectors was calculated to investigate the changes in the solar collection owing to outside temperature and solar radiation. The collectors were installed at an angle of 30°. An average temperature of the heating medium in the collector (θw) of 40 °C was assumed, and there were no shadows from the surrounding buildings. Figure 7 shows the average outside temperature and the sum of global solar radiation on the inclined surface of each of the seven cities. Equations (4) and (5) are the solar direct/diffuse decomposition and the slope-side solar radiation equations, respectively [32].


Kc = (205163 + 0.333 sin h + 2022803 sin2 h) × IO × sin h



(4)






Figure 7. Outside temperature and global solar radiation on inclined surface of each city.
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Kt = IG/(IO × sin h)



Id = IG − Ib × sin h



IG < KG



Ib = IO × (2.227 − 1.258sinh + 0.2396sin2h) × Kt3



IG ≥ Kc



Ib = IO × (−0.43 + 1.43 × Kt)



Kc: contact point of linear and cubic equations (-);



IO: extraterrestrial solar radiation (MJ/(m2 h));



IG: global horizontal solar radiation (MJ/(m2 h));



h: solar altitude or elevation angle (°);



Kt: clearness index (-);



Ib: direct-beam solar radiation (MJ/(m2 h));



Id: diffuse horizontal solar radiation (MJ/(m2 h));


Iv = cosθ × Ib + φsky × Id



(5)







Iv: global solar radiation on inclined surface (MJ/m2 h);



θ: solar incident angle on inclined surface (°);



φsky: view factor against the sky on inclined plane (-).



Figure 8 shows the results of the solar collection per unit area based on the calculated solar radiation. In general, the order of the solar collection by collector type is similar in each region. However, case 4 has a larger solar collection than case 5 in cold regions, such as Sapporo and Sendai, because it has relatively low heat loss. By contrast, case 5 shows a larger solar collection in hot regions, because its reference heat efficiency (b0) is larger than that of case 4. In the conventional base case, less heat is collected in general than in case 1 or case 4. However, in hot regions such as Okinawa, the base case collects more heat than in case 1 and 4, because there is less heat loss. As described above, the solar collection performance varies depending on the outside temperature and solar radiation, and therefore, a preliminary examination is required when selecting a collector.


Figure 8. Amount of the solar collection per unit area under seven different weather conditions.



[image: Energies 11 01626 g008]







4. Conclusions


In this study, an experimental system that was compliant with ISO standards was prepared to evaluate the performance of seven liquid-type solar collectors. By using this experimental apparatus, the solar collection efficiency was measured for different heating medium inlet temperatures and flow rates, and the values were calculated for indices b0 and b1 of the solar collection performance of each collector. In addition, the amount of solar heat collected per unit area was calculated for seven regions in Japan to compare the solar collection performance for different weather conditions, such as the outside temperature and the amount of solar radiation. The results show that the solar collection performance is climate dependent and that it is necessary to select a suitable collector for each region through a preliminary examination of the solar collection in the initial design stage. For this consideration, it is necessary to carry out an experiment on the differences in solar heat collection according to region and to study the regional characteristics through a comparison with the calculated results. In addition, the design method for solar collectors for each climate should be presented through an analysis of the economic evaluation and characteristics of heat collection for selecting a suitable solar collector for each region.
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