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ABSTRACT

This research aims to develop the mathematical models of evacuated tube solar
water heater system with thermosyphon by using Explicit Finite Difference Method
(EFDM) and thermal resistance method to investigate the thermal efficiency at different
thermosyphon dimensions and number of evacuated tube from the best themoeconomics
analysis. Then, the mathematical model results are validated by the experimental results.
Finally, the mathematical model result is compared with the electric water heater using

the economics analysis.

From a study of the effect dimensions of thermosyphon, the evaporator section
length and the condenser section length are made varied. Explicit Finite Difference
Method is employed for the modeling of the solar hot water system based on Thailand’s
climatic data of Chiang Mai province. The solar radiation and ambient air temperature
on February 27, 2014 during 9:00 a.m. to 4:00 p.m. are used as the input data of system
modeling program. It is found that the length of evaporator section is increased while
temperature of evaporator, condenser, and water outlet at storage tank are nearly
constant and increased non-significant. As a result, length of the evaporator section
reaches 1700 mm since the maximum length of evaporator has an area to obtain the
highest thermal energy from inner evacuated tube. For the condenser section length, it is
found that length of condenser section is increased, the evaporator temperature is nearly
constant while the condenser temperature is increased and water outlet temperature is

decreased. Therefore, the water outlet temperature is decreased because of the water



volume in manifold is increased by the condenser length. For this reason, the suitable
condenser length is occurred in the range of 50-100 mm. Moreover, the effect of
number of evacuated tube and the thermosyphon diameter on the net saving are also
investigated. These parameters are considered at the temperature of hot water over
65°C. It is found that the maximum value of heat rate of water is obtained from 8
evacuated tubes, 15.88 mm (1/2 inch) of evaporator diameter, and 22.22 mm (3/4 inch)
of condenser diameter. The solar water heater system is obtained reaches the maximum
net saving at 98,078 Baht. Thus, the evacuated tube solar water heater system at optimal

parameters is constructed and tested for the prototype of the system.

For the experiment, the solar water heater system consists of 8 evacuated tubes
and the water storage tank volume of 100 liters. The solar water heater system is tilted
at 18° from horizontal and facing to south. The experiments are carried out from 8:00
a.m. to 4:00 p.m. during August to October, 2016 on a partly cloudy day and a clear sky
day under the climatic conditions of Chiang Mai province, Thailand.

In order to validate the mathematical models, the solar radiation, ambient air
temperature and wind velocity of the experiment data on August 18, 2016 for a partly
cloudy day condition and a clear sky day condition on October 14, 2016 during 8:00
a.m. to 4:00 p.m. are inputted to the mathematical models for predicting the results of
the solar water heater system. It is found that the mathematical models results can be
used to predict the temperatures, heat transfer rate and thermal efficiency which shown
in good agreement with the experimental results and previous research. That is to say,
the experimental results and the mathematical models results show that the thermal
efficiency are 58.28% of the experiment, 60.11% of the EFDM and 60.67% of the
thermal resistance method for a clear sky day condition while the thermal efficiency of a
partly cloudy day condition are 31.73%, 32.57% and 41.69% of the experiment, EFDM
and thermal resistance method, respectively. Furthermore, the maximum temperature of
hot water occurred at 4:00 p.m. which 65.25°C of the experiment, 71.66°C of EFDM
and 75.58°C of the thermal resistance method for a clear sky day condition. Conversely,
for a partly cloudy day condition, the maximum temperatures of hot water are 52.45°C,
55.04°C, and 58.00°C for the experiment, the EFDM, and the thermal resistance
method, respectively.



In terms of economics analysis, the experiment result on October 14, 2016 is used for
calculating the water heat rate by converting the heat energy compared to the electricity
consumption of electric hot water heater. The operation of electric water heater is
6.8 hours/day and the electric consumption at 1 kWh. As a result, the average electric
cost for producing hot water considering electric rates is equal to 3.35 Baht/kWh,
referred to Provincial Electricity Authority of Thailand. It is also found that the simple
payback period of the evacuated tube solar water heater system is 3 years and 11
months. The net present value is positive at 23,312.13 Baht which indicates the solar
water heater system earnings generated by investment exceed the anticipated costs.
Therefore, the Internal Rate of Return is a discount rate that makes the NPV of all cash
flows from a solar water heater equal to zero. It is shown that the Internal Rate of
Return is calculated at 22.35%. It means that interest rate of investment cash flow is
lower than an IRR, so the evacuated tube solar water heater will be beneficial for the

investments.
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