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Abstract

In this study was the solar collector testing for bond conductance (Cp) and the thermal efficiency of solar collector including
types of materials and contact surface model of fin and tube of thermal collector. The experiment of solar collector was tested
by the single tube on the collector and there were three types of fins consist of small zinc fin, large zinc fin and aluminum fin.
The experimental conditions were tested and calculated the average C;, between fin and tube of each type collector (small zinc
fin, large zinc fin and aluminum fin) that were performed 8.40, 5.31 and 9.60 W/m.°C, respectively. The average thermal
efficiency of solar collector was shown that the small zinc fin of solar collector was highest as 0.93, the aluminum fin of 0.77
and the large zinc fin of 0.76. On the reverse side of the solar collector, the thermal efficiency was slightly changed based on
the original solar collector. The small zinc fin of solar collector was an easy to find on local material, cheap and do it yourself

(DIY). Also, the small zinc fin of solar collector had the potential to be a part of component in a solar water heater.
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INTRODUCTION

Solar energy was a renewable energy that was natural source, clean pollution-free and highly energy efficient [1-2]. In Thailand, the annual average daily
solar radiation of the country was 18-19 MJ/m2-day, indicating that Thailand had the potential to utilize solar energy in various ways [3]. In general, solar energy
was used in a variety of ways that could be classified into two main forms: the solar energy to generate electricity and the solar energy to produce heat. In the
present, solar energy was used to instead of other forms of energy by using solar radiation to produce heat. The use of solar heat to produce hot water was very
popular in household consumption. Also, in the industry used very high quantities of hot water consumption [4].

Solar Water Heater (SWH) could be divided by working classification as follows active solar heater and passive solar heater. The active system used an
electric pump to regulate the flow of liquid in the heat transfer. The passive system was not had pump, that was the natural motion of the liquid to transfer heat. For
hot water producing depend on the type and size of the system. In addition, the various solar radiations, the angle and the direction of installation of the collector
also affected the amount of hot water producing, too [5]. The considerations in characteristics of solar water heater might be split into open systems or sometimes
referred to as open loop or direct and closed systems sometimes referred to as closed loop or indirect. For the open system, water was passed through the heat trap
to be used. In the other side, the closed system, the liquid was used to transfer heat that might be the treated water to prevent slag and low freezing point of liquid
that was suitable for cold weather locations. The heat of transfer fluid transferred to the heat exchanger, which was transferred to the water for usable hot water [6-
7].

At present, there were more solar water heater manufacturers, distributors growing up and a relatively high price [8]. The production of some equipment in
different systems of solar water heater affected to change the overall system performance. One of the issues was the bond conductance (Cb) estimation of the solar
collector joints. In general, it was not possible to immediately determine the Cb values. The Cb value estimation was 30 W/m.°C or more that indicated the Cb of
the joints was too great [9].

2. Objectives:

The researchers interested to study the bond conductance between fin and tube of the various solar collectors and the thermal efficiency of the solar collector
in the solar water heater system. In order to apply for local solar water heater producer, that had system efficiency, local materials as well as able manually
producer.

MATERIALS AND METHODS

3.1. Materials and Equipment Preparation:

The preparation of materials and equipment testing of the thermal collector between fin and tube in solar water heater with black metal plate on the surface
operated as the thermal absorber plate. The copper tube was a 0.5 inch diameter and the fin and tube hold together by using a copper wire every 30 mm. The tested
collector used a clear glass 0.5 mm thick to prevent heat loss from air convection on top. The 25 mm thick polyethylene jacket was used to prevent heat loss in the
bottom and sides of the solar collector. The experiments used a solar collector size of 2.00 x 0.18 m? For this research tested 4 types of solar collector for water
heater: 1.) a small zinc fin 1.86 m long, 0.035 m wide 2.) a large zinc fin 1.86 m long, 0.07 m wide 3.) an aluminum fin 0.8 mm thick, 1.86 m long, 0.115 m wide,
the aluminum was applied to the groove with 8.0 mm depth for placing of copper tube 4.) a single copper tube without fin 1.86 m long in the tested collector to
compare with other conditions of solar collector.
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Fig. 1: The tested solar collector and temperature recorder.
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Fig. 2: The types of solar collector in the solar water heater.

3.2. Methods:
For solar collector testing considered the temperature distribution around the tube on the absorber plate. The collector testing of bond conductance between
fin and tube as well as the thermal efficiency of solar collector in solar water heater were as follows.

The installation of the equipments and measuring instruments i.e. Thermocouple Type T, accuracy®0.1°C of various positions on the fin were tested in both
parallel and perpendicular directions at least 3 points of the inlet, middle and outlet tube of the fluid. The Pyranometer, KIPPA & ZONEN, Model CM11 was
installed in the same plane of solar collector for radiation intensity measurement. All signals were connected to Data Logger, Yogogawa, Model DX2000 for data
collecting. The front of the solar collector was turned to the south-west, tilted at 14 degrees to ensure uniform radiation from 11.00 a.m. to 4.00 p.m. testing
duration.

The tested collectors were measured the temperature of hot water tank in 15-liter size at the lower, middle and top positions of the tank. The temperature was
monitored to close the ambient temperature before starting next step.

The inlet water of solar collector was controlled the water flow rate 0.02+10% kg/s-m2, which was the optimum flow rate for the solar collector testing [13].
The slowly water flow rate adjustment was determined in mass flow rate per square meter. The water in the tank was closely controlled the stability of water
feeding rate entered the test collector to maintain an all time constant state of testing system.

The testing system was held to steady state that came into the same temperature at each position.

The data was collected from every point of measurement set up.
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Fig. 3: The installation and testing equipment.

3.3. Bond conductance (Cy) [9,12]:

The bond conductance (Cy) varied according to the contact area of the joints between fin and tube and depending on the exposure such as welding, soldering,
wire or clamp. The all heat utilization was considered that transferred thought the joint between the surface of tube and the base of fin. It was equal the product of
the temperature difference per the thickness of the joint and the thermal conductivity between the joints and the heat transfer area (Q = -kA dT/dx) as follows.

Qu = kBL/IS(tp-t)
Oor Q= CbL(t’p-tb)
While, Cy = kB/S

Q, = The amount of heat that flows through the joints, W (The amount of heat that can be utilized when there was no heat loss below)
t'p = Temperature on the surface of the tube contacted with the fin base, °C
t, = Base temperature

In experimental testing of t', position was a difficult measurement of the temperature-sensitive position. Therefore, in case of no temperature difference
around the tube, it was possible to select the temperature position on the surface of the tube at t,. Therefore, the steady state of the bond conductance between fin
and tube could be obtained equation.

Q

Cp=— 92 —
b
L(ty -t
o ty) )
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From equation (1), it could be shown that if the heat utilization of system was high or the difference temperature on the surface of the tube and the fin base
was low, it indicated that the thermal resistance of the joint was low.
3.4. The Efficiency of Solar Water Heater (Whillier, A. and G. Saluja, 1965; Ariyawiriyanan, W., 2013):
Tro — T

ne =Qu/AJd=m'C 1 @)
C u/£c p Al

A
While, © € = Area of the solar collector, m?

C
P_ Specific heat capacity of water, J/kg °C
I = Incident radiation intensity, J/m2hr

U = Energy utilization per time, W

M = Mass flow rate, kg/s
T
O = Temperature of outlet water of solar collector, °C

T
fi - Temperature of inlet water of solar collector, °C

e = Efficiency of solar collector

The energy utilization during the daily testing in solar water heater system was divided into two types: the energy utilization and the energy accumulation in
the tank at the end of testing.

The energy utilization of each time could be as the following.

qy = MCp(TSt _Tsf)+ rh'Cp(TSO -T

S1 ©)
While, M = Hot water transfer rate for utilization, ka/hr
The water was used n times as the following.
n .
Qu =MCp (Tgp ~Typ )+ 20 (Tgo ~ Ty ) o

While, qu = The amount of energy utilization of solar water heater, kg/hr

T
sf = The average temperature of the hot water in the storage tank in the last hour of the testing, °C
n = Number of hours tested each day, hr
The daily average of system efficiency = [(The amount of energy utilization + The amount of energy storage) / The amount of incident energy of solar
collector]

_ Zr11r'n'Cp(Tso _Tsi)+MCP(Tst _Tsf)

n
S
I,A
tHc ©)
Ng :—qu
ILA
thc (6)
. Ac )
While, = Area of the collector, m
C

P_ Specific heat capacity of water, J/kg °C

St = The inlet temperature of the cold water in the storage tank at the last hour of the testing, °C
si - The inlet temperature of the cold water in the storage tank, °C

SO = The outlet temperature of the cold water in the storage tank, °C

It = Incident radiation intensity of solar collector on the day of the testing, MJ/m?-day

M = The remaining hot water in the storage tank at the end of the testing, kg

!
M = Rate of hot water utilization in hot water storage tank per hour, kg/hr

ng = Thermal efficiency of solar water heater system

RESULTS AND DISCUSSION

The temperature profile of fin in solar collector:

The various temperatures any points were in this case parallel with flow direction of fluids to study the heat transfer on fin at different points. The
temperature measurements were installed at end of the fin from the inlet to outlet of the fluid. And the various temperatures any points were in this case
perpendicular with flow direction of fluids on the fin from the end to the base of fin.

The results were shown as Figure 4 that the temperature of the fin at various positions. The parallel with flow direction of fluid changed the temperature of
the fin at the closest point of the outlet water from solar collector that was the maximum temperature. The temperature of the fin was gradually reduced in a
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position away from the outlet to inlet of flow of the solar collector. The lowest temperature was at the closest point of the inlet water in the solar collector. As
Shown in Figure 5 the temperature of the fin in the perpendicular with flow direction of fluid had different temperatures at various positions. The highest
temperature was at the end of the fin and the temperature at the next point was slow down until the lowest temperature at the base of the fin. Due to the increased
temperature on the fin of the solar collector, it was sensitively caused the absorption of heat from the solar radiation and the heat transferred to the tube as well as
fluid. The change of solar intensity was shown in Figure 6 and it was found that the change of solar intensity immediately affected to the temperature of the fin and
fluid.
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Fig. 4: The variation of temperature and time in parallel with flow direction.

The bond conductance (Cyp):

The testing and evaluation of bond conductance (C,) between fin and tube had measured the temperature at the base of fin, which was closely point at the
tube of fluid. And the tube temperature of fluid at the position was closely measured the surface contact of fin to calculate the bond conductance between fin and
tube. It was measured three main points of the tested collector i.e. the entrance, central and the end of collector at the repetition three each point. The average
values were obtained for the bond conductance between fin and tube in the solar collector that were shown in Table 1. The bond conductance of surface contact of
fin and tube in the solar collector was shown that the highest bond conductance value of aluminum fin was 9.60 W/m.°C. The next order of bond conductance
value in small zinc fin was 8.40 W/m.°C and then minimum bond conductance value of large zinc fin was 5.31 W/m.°C. The consideration of surface contact
between fin and tube of aluminum and small zinc fin were more than large zinc fin and bond conductance value, too.

The efficiency of solar water heater:

The average thermal efficiency of the tested collector was assessed by the temperature measurement in the solar collector i.e. inlet and outlet of water as well
as the solar intensity at the tested time in each type of solar collector. The highest thermal efficiency of the solar collector of small zinc fin was 0.93. The next
order of thermal efficiency of the solar collector of aluminum fin was 0.76 and then lowest thermal efficiency of the solar collector of large zinc fin was 0.77 as
shown in Table 2. In the other hand of these experimental results of solar collector were turned upside down as shown that the thermal efficiency of solar collector
in both small and large zinc fin slightly changed to 0.83 and 0.61, respectively. The thermal efficiency of solar collector of aluminum fin slightly increased to 0.77.
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The solar collector of small zinc fin had a high performance of thermal absorber from solar intensity. The heat of solar was transferred to the fluid as well and a
high thermal efficiency. In terms of the thermal performance of other solar collector slightly changed due to the good surface contact between the fin and tube as
well as the different thermal conductivity of materials utilization in the tested collector.
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Fig. 5: The variation of temperature and time in perpendicular with flow direction.
Table 1: The description of bond conductance (C,) between fin and tube of various types of solar collector.
Types of Solar Collector Cp (W/m.°C)
Inlet Mid Outlet Avg.
Small Zinc Fin 8.50 6.84 9.84 8.40
Large Zinc Fin 5.03 451 6.39 5.31
Aluminum Fin 11.17 7.98 9.64 9.60
Conclusions:

The bond conductance between fin and tube of the various solar collectors and the thermal efficiency of the solar collector in the solar water heater system
was investigated. The various temperatures of fin and tube at any points was studied the parallel and perpendicular with flow direction of fluid. According to the
parallel fluid flow direction, the temperature at the inlet water was the lowest temperature and then higher following with a length of solar collector until the outlet
of solar collector was highest. Also, the perpendicular fluid flow direction, the temperature of final fin was highest and down to the lowest temperature at the base
of fin. The bond conductance (C,) between fin and tube was found that the solar collector of aluminum fin had the highest C, of 9.60 W/m.°C, next the solar
collector of small zinc fin of 8.40 W/m.°C and lowest the solar collector of large zinc fin of 5.31 W/m.°C. In terms of the thermal efficiency of the solar collector,
it was found that the highest thermal efficiency of the solar collector of small zinc fin of 0.93, next the solar collector of aluminum fin of 0.77 and the solar
collector lowest the solar collector of large zinc fin of 0.76. The use of local materials in small zinc fin was cheap, affordable price and own producer. It had a
potential to be used a solar collector as well.
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Fig. 6: The variation of temperature and solar intensity.
Table 2: The description of thermal efficiency of various types of solar collector.
Types of Shape Thermal Efficiency
Solar Collector
Small Zinc Fin 0.93
Large Zinc Fin 0.76
¢ PO "
Aluminum Fin O 0.76
Solar Collector (Turn Upside Down) Shape Thermal Efficiency
Small Zinc Fin ' 0.83
Large Zinc Fin : 0.61
"\*}(}_/’
Aluminum Fin : 0.77
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