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Introduction

Root temperature is a crucial ecological factor that influences
plant growth. Low soil temperature near the root not only
directly affects the functions of hormone absorption and
metabolism in the root, but also impacts the photosynthesis
and respiration of plants, resulting in slow crop growth and
low yields. Therefore, maintaining the optimal temperature is
crucial for enhancing crop growth. Root-Zone system
technology is a way to reduce energy consumption and
increase plant productivity. Typically, this system heats the
soil bed using non-renewable energy. Solar water heating is a
highly effective technology that can significantly reduce fossil
fuel consumption and carbon dioxide emissions. Considering
the shortage of non-renewable energy sources, the production
of pollutants, and the high cost of this source, as well as the
advantages of using the Root-zone system in a greenhouse,
this research aims to investigate a greenhouse solar heating
system equipped with a linear Fresnel concentrator, an
auxiliary source, and a heat storage tank in Shahrekord.
Equipping the Root-zone system with a linear Fresnel
collector, in addition to reducing fossil energy consumption,
increases agricultural production. It should be noted that the
linear Fresnel has better solar energy absorption than other
solar collectors, allowing it to heat water up to 100 degrees.

https://dx.doi.org/10.22034/JRMAM.2024.14492.672
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Method

A combined solar heating system for a greenhouse was theoretically investigated in
Shahrekord (32 degrees latitude and 51 degrees longitude). The system in question features a
linear Fresnel concentrator that supplies the heat necessary to raise the roots to a temperature
of 26 degrees during the day. In this system, a tank for heat storage, a linear Fresnel collector
(a heat generation unit), and a pump are utilized to heat the plant roots. The hot fluid inside
the linear Fresnel collector is forcibly moved using a pump. Hot water pipes are placed on the
bed with uniform heat distribution, and after heating the roots of the plants, they return to the
tank and are placed on the collector path, where they are heated again and placed on the path.
On cloudy and winter days, the auxiliary heat source heats the tank water to prevent a
possible drop in temperature.

Results

In designing the Root-zone system, an attempt is made to ensure that the lowest temperature

required for the roots to reach the desired temperature is achieved. Some researchers have

sought the ideal root temperature for other crops. In general, most growers have found that an
average temperature of 26 degrees Celsius in the rooting medium is the optimal condition.

The heat required by the Root-zone system is affected by parameters such as the number of

pipes under the root (N) and the area of each section (A). In the first stage, the area (A) and

diameter (d) of the system pipes are examined, along with their effect on the required heat and
temperature. In the second stage, based on the heat required by the system, the number of
linear Fresnel glasses is examined in Shahrekord according to the radiation angle.

- The area change should be made according to W and N to meet the plant's needs. For seed
germination or other processes that require high temperatures, the distance between the
tubes should be reduced to prevent uneven seedling growth.

- As the diameter increases, the amount of heat required by the system increases. As the
diameter of the Root-zone pipes increases, the amount of temperature and heat required to
bring the root to the desired temperature increases. According to Newton's Law of Cooling,
as the diameter of the pipe increases, the amount of heat required to reach the desired
surface temperature increases.

- To minimize heat loss from the Pagrama pipes, we will insulate them with 3 cm thick rock
wool.

- Temperature and solar radiation are key factors in determining the number of solar panels
and the heat supply. Based on this value, the thermal efficiency and the amount of radiant
energy per square meter of collector were calculated.

- To provide the necessary heat for a 100 m greenhouse, 5898.07 mJ of heat is required.
Results show that the total mirror field area for December, the coldest month of the year, is
32 m2. The Fresnel reflector in question has 29 rows of mirrors, 3 x 0.36m. Results show
the required mirror field area for 12 months in Shahrekord. By combining the heating
system, i.e. the solar collector and the auxiliary source, the number of solar panels installed
can be reduced.

Conclusions

The results of the analyses performed are as follows:

- As the area of each section increases, the required temperature for it increases.

- As the diameter of the fluid-carrying pipes under the soil bed increases, the required
temperature for the Root-zone system increases. The increase in diameter should be made
according to the increase in fluid velocity in the pipe.

- This system requires an auxiliary source to prevent pressure drop on cold nights and days.



Journal of Research in Mechanics of Agricultural Machinery/ Vol. 14/ No. 1/ Serial No. 34/ Spring 2025 123

- Most greenhouse owners were dissatisfied with the high energy consumption and
production of pollutants by the Root-Zone system. With the necessary studies and
installation of solar collectors, the cost of energy consumption and production of pollutants
can be minimized.

- The developed model, with the obtained results, is applicable to various linear Fresnel
reflectors. This model can be used for fast and accurate evaluation of linear Fresnel
reflectors. Additionally, it can be used for optimization by utilizing the initial relations as
optimization variables.

- The system has an average thermal efficiency of 56 percent, which is a suitable value and
competitive with other similar technologies. While the construction and maintenance costs
are much lower than those of competitors.
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