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ABSTRACT

This thesis aims to study the application of thermosyphons (T/S) as an energy
saver in aeroponic systems. The method involved the construction of mathematical
models for aeroponic systems, thermosyphon systems and aeroponic systems with
thermosyphons for energy saving with some parts of the models dependant on the
experimental data. An experimental unit was constructed to find the correlations or
parameters which have an affect on the program simulation and to compare the
experimental results and simulation results with the confiding indicate. Mathematical
models were considered to calculate the effect of the temperature of the greenhouse,
the nutrient solution, and the planting chamber length on the heat transfer
characteristics of a thermosyphon and on plant growth. Experimental results can be
used to construct the correlation for a simulated model of an aeroponic system as
follows: the correlation of the outlet air temperature of evaporative cooling which was

the function of inlet water and air of evaporative cooling as

T, = (-93.27+10.23T, —0.23T? )+ (5.14—0.48T, +0.01T2 )T, R*=0.76



the correlation of chamber temperature was the function of nutrient solution and

greenhouse temperatures, which was determined as follows

T, = (-56.42+6.753T, —0.177T2 }+ (2.111-0.15T, + 0.004T>JT,, R*=0.73

and the correlation of plant growth rate was the function of the fresh plant weight as

follows; fresh weight of Fancy Red

m :e[(5.13—0.21TS)+(—0.05+(8.62’3 )T)n] ’ R2=093

p

and the fresh weight of Okayama as

— e[(4.79—0.18T5 )+ (-0.03+(7.667 }T)n]’ R2=0.98

p

The correlation and mathematical model was considered to find the heating load of
the system. It was found that when the temperature of the greenhouse and nutrient
solution was controlled at 25 and 20 °C and the chamber length was at 300 mm, the
energy consumption of evaporative cooling and refrigeration system was at its
highest, 46.4 and 115 kW-h, at 31 days after planting. The results from the experiment
and the model agreed fairly well. So this model can be used to predict the heat
transfer characteristic of aeroponic system. The maximum heat load was selected to
be the condition for the thermosyphon design of the aeroponic system. The cost of
construction of a thermosyphon with a total heat transfer rate at maximum value, E/C,
was also considered in the design. Accordingly, the maximum E/C values of the
thermosyphon for the evaporative cooling and refrigeration system were 0.95 and
0.85 W/Baht. The greenhouse for the experiment and simulation was 4x12x3.7 m’
with a cover of polyethylene film, 0.25 mm in thickness. The appropriate
thermosyphons for evaporative cooling of the greenhouse and the refrigeration system
for the nutrient solution were as follows: Copper tubes with diameters of 22.3 and
12.5 mm, 60 and 36 tubes, evaporator and condenser section lengths of 800 and 200

mm for the thermosyphons for evaporative cooling, and evaporator and condenser
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section of equal lengths of 200 mm for the thermosyphon for the refrigeration system
of the nutrient solution, R134 as the working fluid at a filling ratio of 50 % of
evaporator volume. A simulated model of an aeroponic system with a thermosyphon
was created in order to find the energy saving of an aeroponic system by comparing it
to an aeroponic system without a thermosyphon. The optimal condition for growing
Okayama and Fancy Red lettuces was found to be at greenhouse and nutrient solution
temperatures of 25 and 20 °C with a chamber length of 300 mm. Thus, the
thermosyphon can reduce the energy consumption for evaporative cooling by 21.6 %.
From the experimental results it was found that the energy consumption was reduced
by 22.6 %. From the simulation results, energy consumption of the refrigeration
system for the nutrient solution was reduced by 20.21 %, and the experimental results
showed a reduction of 25.37 %. The economic analysis shows that the internal rate of
return (IRR) was about 10.31% and the pay back period was 5.7 years. These results
show that the simulated model of an aeroponic system with a thermosyphon can be

used to predict the energy saving under aeroponic system condition.



