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Fig.1. A schematic veiw of the components of the designed solar greenhouse heating system: 1- Lean- to greenhouse, 2-
Parabolic trough solar concentrator, 3- Storage tank, 4- Flat plate solar collector, 5- Pump
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Table 1- Specifications of different components of the presented solar greenhouse heating system
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Maximum Temperature: 110
°Cc
10 5les ay
Maximum pressure: 10 bar
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Fig. 2. a- The solar greenhouse heating system, b- The solar collector and heat storage tank inside the greenhouse
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Table 2- Analysis of variance of the effect of flow rate and mode of heating on stored heat and energy consumption

from the heat storage tank and the auxiliary heater
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Introduction

Greenhouses provide a suitable environment in which all the parameters required for growing the plants can
be controlled throughout the year. Greenhouse heating is one of the most important issues in productivity of a
greenhouse. In many countries, heating costs in the greenhouses are very high, having almost 60-80% of the total
production costs. In recent years, several studies have attempted to reduce the heating costs of the greenhouses
by applying more energy efficient equipment and using the renewable energy sources as alternatives or
supplementary to the fossil fuels.

In the present study a novel solar greenhouse heating system equipped with a parabolic trough solar
concentrator (PTC) and a flat-plate solar collector has been developed. Therefore, the aim of this paper is to
investigate the performance of the proposed heating system at different working conditions.

Materials and Methods

The presented solar greenhouse heating system was comprised of a parabolic trough solar concentrator
(PTC), a heat storage tank, a pump and a flat plate solar collector. The PTC was constructed from a polished
stainless steel sheet (as the reflector) and a vacuum tube receiver. The PTC was connected to the tank by using
insulated tubes and a water pump was utilized to circulate the working fluid trough the PTC and the heat
exchanger installed between walls of the tank. The uncovered solar collector was located inside the greenhouse.
During the sunshine time, a fraction of the total solar radiation received inside the greenhouse is absorbed by the
solar collector. This rises the temperature of the working fluid inside the collector which led to density reduction
and natural flow of the fluid. In other words, the collector works as a natural flow flat plate solar collector during
the sunshine time. At night, when the greenhouse temperature is lower than tank temperature, the fluid flows in a
reverse direction through the solar collector and the stored heat transferred from the collector surface to the
greenhouse.

The evaluation tests were conducted at three levels of fluid flow rate through the solar concentrator (0.44,
0.75 and 1.5 Lmin™) and two different working modes of the heat exchanger.

Results and Discussion

The variation of thermal efficiency of the PTC at different flow rates has been illustrated in Fig 3. As shown,
thermal efficiency increased with flow rate mainly because the fluid convection coefficient enhances with raising
the velocity of the fluid inside the tubes.

The heat storing process began from 9 am and the highest amounts of the stored heat during sunshine time
occurred between 10 am and 2 pm. Fig 5 showed that the stored energy in the tank enhanced when the flat plate
collector was employed beside the PTC. Also, increasing the fluid flow rate from 0.44 to 1.5 Lmin™ improved
the index of stored heat by 32.14%. Energy consumption during the night time was also significantly changed
with flow rate and the mode of heating. Fig 7 indicated that the electrical energy consumption was lower with
flat plate solar collector and it is possible to save the electrical energy by 26.67% using the flat plate collector.
Bouadila et al., (2014) concluded that the electrical energy consumption reduced by 31% employing a natural
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convection flat plate solar collector system equipped with phase changed heat storage material for greenhouse
heating.

Since increasing the flow rate enhanced the thermal efficiency of the solar concentrator system and led to an
improvement in stored thermal energy during the sunshine time, solar fraction increased with raising the flow
rate from 0.44 to 1.5 Lmin™. A maximum solar fraction of 66% was achieved at the highest flow rate when using
the flat plate solar collector beside the PTC.

Conclusions

An experimental comparative study was conducted to investigate the performance of a novel solar
greenhouse heating system at the different fluid flow rates and two modes of heating (with and without flat plat
solar collector). The results can be summarized as follows:

A maximum thermal efficiency of about 71% was achieved at the flow rate of 1.5 Lmin™.

Raising the flow rate from 0.44 to 1.5 Lmin™ improved the index of stored heat and solar fraction by 32.14%
and 21%, respectively.

The highest value of solar fraction was found to be 66% at the highest flow rate when engaging the flat plate
solar collector beside the PTC.

Keywords: Flat plate solar collector, Greenhouse heating, Solar concentrator



