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The Fluid Flow and Heat Storage Performance in Thermal Storage Bed using Gravel
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ABSTRACT

Fossil energy is needed for a whole year greenhouse cropping due to climate in South Korea. Because the most of the fossil energy
resources is imported, it is necessary to develop technology to be able to reduce the energy cost in order to manage greenhouse
profitably. The greenhouse commonly consume less amount of energy as compared to other industrial sectors. Replacement of fossil fuel
with solar thermal storage, therefore, can be an economical as well as environmentally sustainable option for greenhouse heating. The
fluid flow, heat storage and radiation characteristic of the gravel bed model were analyzed to provide basic data for design of the
experimental solar heated greenhouse with underground thermal storage using gravel. The air flow velocity in the gravel storage bed
was proven to be affected from the capacity of circulation fan and the circulation method and the positive pressure method was proven
to be the best among the different air circulation methods. The initial air temperature of the thermal storage bed of 1.2 m widex9 m
longx0.9 m deep was 10 C. After the thermal storage bed is heated by air of the mean temperature 41 ‘C during 9 hours, the temperature
has increased about 20.3 C and the storage of heat was about 33,000 kcal. The important factors should be taken into consideration
for design of the solar heated greenhouse with underground thermal storage using gravel are insulation of rock storage, amount of

storing heat, inflow rate and direction of inlet and outlet duct.
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Fig. 1 View of construction of gravel thermal storage model
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Fig. 2 Fan location and air flow route in plan of thermal
storage bed
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Fig, 3 Location of sensors for measuring air flow velocity in
thermal storage bed(side view).
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Fig, 4 Location of sensors for measuring temperature
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Table 1 Average air flow velocity for each height when the fan was installed at the middle of rock storage model,

(cm) 80 55 2 80 55 25 80 55 25
Left inlet 0.39 0.12 0.25 0.23 1.62 0.63 0.19 1.20 0.51
¢ +0.021 +0.004 +0.004 +0.006 +0.030 +0.007 +0.003 +0.011 +0.004
velocity of flow average 0.25£0.017 0.82+0.082 0.63£0.059
(m/s) Richt inlet 0.76 0.90 0.16 0.90 0.12 0.24 0.64 0.08 0.19
st e +0.014 +0.005 +0.004 +0.017 +0.003 +0.004 +0.007 +0.002 +0.003
average 0.60£0.046 0.42£0.049 0.30£0.034
* CASE 1 : The space under circulation fan was vacant.
CASE 2 : The half of space under circulation fan was filled with gravel.
CASE 3 : The all space under circulation fan was filled with gravel.
S 2A4ste] . o= §&F HIBFO] 9415 AN 4 Table 2 Flow velocity variation in the rock storage model
e Aog etEl Iy|aslul o] RS Jox| ke according to air circulation method,
75 0( cas el)oﬂ 31_ %_ i Tor i_—rl _4 J_7] 5 Al j%_ %_ Circulation method Positive Negative Composition
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Fig, 5 Variation of air flow velocity according to measuring
location,
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