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ABSTRACT

This thesis considers applications of thermosyphon as heat exchanger in solar
pond heat extraction. The solar radiation at Khon Khan Province, North East of

Thailand, latitude and longitude of (16°27°N 102°E)is taken into account.

Mathematical model for calculating the heat extraction of solar pond is established
and subsequently verified by experiments. The mathematical model consists of 4
parts. The first part is to determine the solar radiation at every 10 minutes over day-
night time of a year. The calculated solar radiation is in the second part used to
calculate the heat storage and solar pond temperatures in the entire year. In the third
part, the optimized dimension of the heat exchanger is evaluated. The thermo -
economic of the solar pond and heat exchanger are finally determined in the fourth
part. Solar radiation from mathematical model is 230 W/m’, The optimized size of
solar pond of 1,800 m’ on heat pipe heat exchanger area of 22.81 m?” are obtained with
net saving of 15,500 USS$.

However, in this study, the area for experimental solar pond and heat
exchanger construction are limited. We, therefore, select the closes suitable calculated
condition from mathematical model. At solar radiation is equal to 230 W/m’, solar
pond is obtained as a cylindrical shape with diameter of 3 m, height of 1.5 m, area of

2 . . .
7 m” and layer thickness of upper convective zone, non convective zone and lower



convective zone of 0.2, 0.7 and 0.6 m, respectively. The highest temperatures of solar
pond from mathematical model and experiment are 45°C and 42°C, respectively. The
heat from solar pond is extracted by controlling solar pond temperature to be 40°C.
Mathematical model based on the principle of net saving is used to determine a set of
optimize size of the heat exchanger to extract heat of 230 W. A set of the optimized
size consists of inner diameter of copper tube of 0.022 m, evaporator section length
and condensation section length of 0.8 m and 0.20 m, respectively, number of tubes of
60, and using R134a as working fluid with 50 percent filling ratio of evaporator
section volume. This heat exchanger is installed at lower side of solar pond.
Evaporator section of solar pond receives heat from lower convective zone layer of
solar pond. Air is used to transfer heat from condenser section of heat exchanger with
5 air flow rates of 29, 58, 87,116 and 145 ms/hr, and the extracted heat are 28, 59, 70,
72, and 71 W. The effectiveness and NTU from the mathematical model are close to
those from experimental results with the error to + 28.35%. The highest effectiveness
of 43% is obtained at air flow rate of 29 m’/hr. Increasing of 500 % in air flow rate

results in decreasing of effectiveness of about 27 %.
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