K#FE RES BRAHALY BAR

Development of Nutrient Solution Cooling System

in Hydroponic Greenhouse
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Summary

Since it is difficult to expect the normal production of plants in greenhouses during hot
summer season in Korea, certain provisions on the control of extreme environmental fac-
tors in summer should be considered for the year-round cultivation in greenhouses.

This study was carried out to find a method to suppress the temperature rising of nu-
trient solution by cooling, which is able to contribute to the improvement of the plant
growth environment in hydroponic greenhouse during hot summer season.

A mechanical cooling system using the counter flow type with double pipe was devel-
oped for cooling the nutrient solution efficiently. Also the heat transfer characteristics of
the system was analysed experimentally and theoretically, and compared with the exist-
ing cooling systems of nutrient solution. The cooling capacities of three different systems,
which used polyethylene tube in solution tank, stainless tube in solution tank, and the
counter flow type with double pipe, were evaluated. The performance of each cooling
system was about 41%, 70% and 81% of design cooling load in hydroponic greenhouse
of 1,000m? on the conditions that the flow rate of ground water was 2m¥hr and the tem-
perature difference between two liquids was 10°C.

According to the results analysed as above, the cooling system was found to have a
satisfactory cooling capability for regions where ground water supply is available. Fer
the other regions where ground water supply is restricted, more efficient cooling system
should be developed.
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Table -1. Thermal performance of nutrient
solution cooling system

Feu Fo | Ta |EpwtEu| Qo |COP

06 | 153 | 7.8 | 1029.6 966.0 | 0.9
0.9 | 144 | 83 | 1544.4 | 22335 | 14
1.1 | 16.6 | 85 | 2574.0 | 4690.0 | 1.8
1.6 28 | 9.3 | 2831.4 | 34238 | 1.2
2.0 57 1 89 | 1719.4 | 22829 | 1.3
24 | 136 | 87 | 1884.2 | 5286.9 | 2.8
24 | 14.2 | 9.7 | 2141.6 | 6454.2 | 3.0
3.3 | 145 | 107 | 1462.0 | 6346.0 | 4.3
4.2 31| 95 | 2399.0 | 66405 | 2.8
44 7.6 { 9.2 | 1544.4 | 5908.5 | 3.8
46 | 167 | 82 | 15444 | 6081.0 | 3.9
7.2 | 13.0 | 88 | 1544.4 | 8907.0 | 5.8
7.3 | 142 | 82 [ 1112.0 | 5698.1 | 5.1
7.5 7.3 | 81 | 1029.6 | 3840.0 | 3.7
7.6 26 | 9.1 | 1204.6 | 3657.4 | 3.0
8.8 7.4 | 95 | 1204.6 | 5962.3 | 4.9

Note : Fp,,

: Flow rate of groundwater(//min)

<

@

: Flow rate of nutrient solution
(!/min)

Tuif : Mean temperature difference bet-

ween nutrient solution and ground

water
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Table -2. Cooling Capabilities of heat exch-
ange methods

Heat exchange | Cover ratios?

rates” (kJ/hr) (%)

Heat exchangers

PE tube in tank| 38,574 40.6
Stainless tube 66,252 69.7
Double pipe 76,745 80.8

Note; 1) Conditions of estimation

Greenhouse floor area : 1,000m?

Tank capacity of nutrient solution :
20m®

Flow rate of ground water : 2m%/hr

Heat-exchanger area 9.4m?

Temperature difference between solu-
tion and ground water : 10°C

2) Maximum design cooling load : 95,000
kJ/hr
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