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DECHO PHUEAKPHUM : EXPERIMENTAL ASSESSMENT OF SOLAR
THERMAL ENERGY STORAGE IN ROCK FILLS. THESIS ADVISOR :

ASSOC. PROF. KITTITEP FUENKAJORN, Ph.D., PE., 222 PP.

SOLAR ENERGY/STORAGE SYSTEM/ROCK FILL/SOLAR COLLECTOR/

THERMAL CONDUCTIVITY/SPECIFIC HEAT

The objective of this research is to experimentally assess the performance of
the solar thermal energy storage system using rock fills. The thermal energy stored
during the daytime can be used to warm up housings and agricultural facilities during
the night time which may result in a reduction of the required energy during the
winter. Here over 10 rock types commonly found in Thailand have been tested to
determine their specific heat and thermal conductivities. The results suggest that
Burirum basalt is the most suitable rock for heat storage, as indicated by the highest
specific heat value. The basalt fragments have been used in the pilot scale of the solar
thermal storage system, comprising rock fills, housing model and connecting tubes.
Temperatures have been monitored at various points in the system for two winter
seasons. The results indicated that the storage system efficiency depends on the level
of energy, size and inclination of hot-air tube, the heat loss through the pit and
housing model. The most suitable connection between the housing and the pit is a
10.2-cm diameter hot-air tube with an inclined angle of 30°. The top of the pit should
be covered with an isolation sheet. This results in a temperature increase in the
housing model of 5°C over the ambient temperature. At 9:00 am of any day the

temperature of the rock fills however remains higher than that of the housing model.



This indicates that the heat circulation within the system has not reached its top
efficiency. The efficiency of the storage system is about 35 percent. The gained heat
energy in housing model with 10.2 cm diameter hot-air tube is equivalent to the
electrical energy of 203.3 kJ-hr.

The mathematical equations are used to improve the system efficiency by
producing comparable temperatures in the housing and storage pit, during the heat
transfer time. The heat transfer is simulated to compare with the actual temperature
measured in the model. The calculated results agree with the measurements which can be
concluded that the mathematical equations are reliable and suitable for the temperature
predictions under different physical parameters. The heat loss from the housing model is
calibrated at 10 percent of the total heat energy transfer. The variables from the
sensitivity analysis including volume of the housing model, packed rock volume,
collector area, and size of the hot-air tubes are considered for the design
recommendations. The design guidelines of the rock-fill system have been developed
under the assumptions that no heat energy leaks from the housing model and that the
lowest surrounding air temperature at 6:00 pm is 0°C. The results indicate that the larger
rock-fills volume and collector area give the higher temperature increase due to the rock-
fills could store more heat energy. The suitable thickness of rock fills should be 30-70
cm. The user can apply the required temperature increase (AT) in the housing on the
recommendation charts. The provided size of hot-air tube can be selected, and the

housing volume to packed rock volume (Vn/V)) ratio can be obtained.
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