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Investigating the Possibility of Water Production from humid Air in the
Greenhouse Model Equipped with Heat Exchanger
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Abstract

About 90 percent of the water used in greenhouses is allocated to the two processes of evapotranspiration and cooling of the environment. A large
amount of water used in greenhouses is driven out useless in the form of humid air by the fan, which is recyclable and can be reused in the greenhouse
water inlet cycle by condensation. Therefore, the purpose of this study is to investigate the possibility of water production from humid air exiting the
greenhouse. In the next step, the effects of heat exchanger length and inlet air velocity were investigated on the amount of recycled water. This study
was conducted in 9 experimental treatments with three lengths (0.5, 1 and 1.5 m) and three inlet air velocities (0.5, 0.8 and 1.2 m/s) inside a
greenhouse model with dimensions of 2x1.5 x 2 m®. The measurements were done with dimensions of 1.5 x 1 x 2 m®. The results showed that
increasing the heat exchanger length and inlet air velocity increase the water production and the highest condensed water achieved at heat exchanger
length of 1.5 m and an air velocity of 1.2 m/s. Also, the amount of water produced was about three times higher than normal condition without
condensation, up to a maximum of 60 liters at a length of 1.5 m and velocity of 1.2 m/s. The results showed that about 10 to 30 percent of the water
used for irrigation and cooling (fan and pad) the greenhouse can be recovered by using a heat exchanger.

Keywords: Air velocity, Condensation, Greenhouse, Humidity.
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Figure 1. Trend of research
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Table 1. Properties of experimental treatments

Treatment 1 2 3 4 5 6 7 8 9
Length of heat exchanger (m) 0.5 1 15 0.5 1 15 0.5 1 15
Air velocity (m/s) 0.5 0.5 0.5 0.8 0.8 0.8 1.2 1.2 1.2
Greenhouse
Collector of Produced model

Sensors

Heat exchanger

Exited air

Length

Inlet air

K

Fan and

Figure 2. Schematic shape of the greenhouse model
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Table 2. Water qualitative parameters used for irrigation

. EC H Na Cat+Mg SAR
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Table 3. Properties of different treatments

Treatment Length Inlet air velocity Inlet air temperature RH AH DP Heat exchanger temperature
(m) (m/s) (S (%) (9/9) (S (S
1 0.5 0.5 25 50 0.01189  16.72 5
2 1 0.5 25 50 0.01189 16.72 5
3 15 0.5 25 50 0.01189 16.72 5
4 0.5 0.8 25 50 0.01189  16.72 5
5 1 0.8 25 50 0.01189 16.72 5
6 15 0.8 25 50 0.01189 16.72 5
7 0.5 1.2 25 50 0.01189  16.72 5
8 1 1.2 25 50 0.01189 16.72 5
9 15 1.2 25 50 0.01189 16.72 5
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Table 4. Exited air and produced water properties for different treatments

Treatment  Exited air temperature (°C) RH (%) AH (g/g) Difference AH (g/g)  Water produced rate (g/s)  Water produced (lit)
1 18 34 0.00358 0.00831 0.9141 19.7
2 17 31 0.00295 0.00894 0.9834 21.2
3 15.5 29 0.00241 0.00948 1.0428 22.5
4 14 27 0.00309 0.0088 1.5488 335
5 13 25 0.00245 0.00944 1.6614 35.9
6 11.9 23 0.00204 0.00985 1.7336 374
7 10.9 20 0.00271 0.00918 2.4235 52.3
8 10.2 19 0.00208 0.00981 2.5898 55.9
9 9.1 17 0.00145 0.01044 2.7562 59.5
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