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Abstract

Introduction: In recent years, underground heating systems are one of the cleanest and best
types of heating systems which these techniques have been used in many greenhouses. In this
method, a source of thermal energy, which is often a gas or diesel, is used to heat the fluid. Then,
the heated fluid is transferred to the entire greenhouse through the pipe networks that are placed
on the floor of the greenhouses and under the soil, and creates a pleasant heat. During the cold
months of the year, having a proper heating system for the greenhouse is essential. A standard
greenhouse heating system could improve the temperature inside the greenhouse and spread it
evenly on the entire surface of the greenhouse and finally, it is very effective on the growth and
quality of plants and products in all months of the year. Today, fluids play a very important role
in industry, especially in heating systems. Common fluids such as water, ethylene glycol and
motor oil have a limited conductivity coefficient. Therefore, using the above-mentioned fluids at
high temperatures causes heat transfer problems. Nanofluids consist of very small particles
(usually less than 400 nm) dispersed in a base fluid. The conducted research shows that due to the
high thermal conductivity of nanofluids compared to common fluids, in the future nanofluids will
become a new type of fluid used in advanced heat transfer for engineering applications.
Therefore, according to the importance of this topic, in this research, the heating system of the
greenhouse floor is simulated and analyzed using CFD technique.

Materials and Methods: In this research, in order to simplify the process of simulation, the
inhomogeneity in the fluid flow is ignored and the single-phase flow is considered. In order to
investigate the effect of each of the nanofluids on the fluid behavior and heat transfer of the
pyramidal greenhouse, analysis and simulation of the greenhouse was performed based on three-
dimensional computational fluid dynamics. First, the geometry of the control volume of a
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greenhouse was designed in Solidwork software, and in order to check the simulation, a
pyramidal geometry was considered. The boundary conditions for the coldest day and night
temperature in the year were extracted according to the environmental conditions by measuring
the data of temperature, humidity and air flow. Two parameters of pressure drop value and
Nusselt number were selected as target parameters in this research. The flow friction coefficient
in the floor heating section was calculated through the pressure drop along the section and its
hydraulic diameter. Single-phase fluid pressure drop in all pipes inside the thermal cycle was
modeled in this section. Finally, the parametric analysis of the results and the comparison of the
heating efficiency of the greenhouse floor for two types of nanofluid alumina and titanium
dioxide in volume percentages of 1%, 2% and 3% were used. Besides, the effect of the
mentioned parameters on the Nusselt number and in the flow of floor heating was investigated.
Results and Discussion: Based on the obtained results, it was concluded that an increase in
Reynolds number in all volume percentages leads to an increase in Nusselt number and alumina
nanofluid has a higher Nusselt number than titanium dioxide nanofluid. Also, in both nanofluids
assuming a constant inlet temperature of 40 and a diameter of nanoparticles of 5 nm, the Nusselt
number also increased with an increase in the volume percentage of particles at a constant
Reynolds number. According to the results obtained with the increase in the diameter of
nanoparticles, the Nusselt number decreased for both alumina and titanium dioxide nanofluids,
which is greater for titanium dioxide nanofluids. Considering the findings related to the pressure
drop, with the increase in the volume percentage of nanoparticles in both nanofluids, the pressure
drop increased, and this drop is more severe in the alumina nanofluid, and it could be attributed
to the higher density and viscosity of the alumina nanofluid compared to the titanium dioxide
nanofluid. The results related to the pressure drop showed that, with the increase in the volume
percentage of nanoparticles in both nanofluids, the pressure drop increased, and this drop is more
intense in the alumina nanofluid and this factor is attributed to the higher density and viscosity of
alumina nanofluid compared to titanium dioxide nanofluid. On the other hand, the increase in
Reynolds number in both nanofluids has resulted in an increase in pressure drop. The results
related to the changes in the friction coefficient in terms of Reynolds number in different volume
percentages show that the coefficient decreases with the increase in Reynolds number, and these
changes are more intense at lower Reynolds numbers. By comparing the performance coefficient
between alumina nanofluid and titanium dioxide nanofluid, it can be concluded that the average
value of this coefficient is 14% higher than other nanofluids for alumina nanofluid. But, the
sensitivity of the performance coefficient of titanium dioxide nanofluid compared to alumina
nanofluid is more intense to the changes of Reynolds number.

Conclusion Due to the production of greenhouse products in all seasons and the necessity of
precise greenhouse control, it can be concluded that dealing with new and advanced methods in
the management and optimization of the country's greenhouses is importance. The results of the
present research show the fact that the simulation of heating from the greenhouse floor and its
various aspects can be a suitable measure to check the uniformity and proper distribution of heat
inside the greenhouse. In order to improve the efficiency of thermal equipment, using nanofluids
with higher thermal ability is essential. Besides, comparing the performance coefficient of the
system due to the use of nanofluids indicated the high efficiency of the use of nanofluids in
comparison with pure water in the greenhouse floor heating system.

Key words: Simulation, greenhouse, underfloor heating, nanofluid, computational fluid
dynamics (CFD)
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Figure (1) (a) greenhouse plan, (b) Pyramid greenhouse dimensions (m) in Solidworks software
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Figure (2) Meshed model of a pyramidal greenhouse in Ansys Fluent software
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Figure (5) Variations of average Nusselt number of alumina nanofluid in terms of Reynolds number in
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Figure (6) Variations of average Nusselt number of titanium dioxide nanofluid in terms of Reynolds
number in different volume percentages at the inlet temperature of 40 degrees Celsius and particle
diameter of 5 nm.
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Figure (7) Variations of average Nusselt number of nanofluid according to the dimensions of
alumina nanoparticles in different Nusselt volume percentages at the inlet temperature of 40 degrees
Celsius and Reynolds number of 100
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Figure (13) Variations of Performance evaluation Criteria (PEC) for alumina nanofluid in
terms of Reynolds number in different volume percentages
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Figure (14) Variations of performance evaluation Criteria (PEC) for titanium dioxide nanofluid in
terms of Reynolds number in different volume percentages
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