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Thermal Characteristics and Simulation Model Development
for Greenhouse Heating System with Heat Pump
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SUMMARY

The greenhouse heating system with heat pump was built for development of simulation model and

validation. The computer simulation model for the system to predict temperature of air and soil and moisture

content of soil in the greenhouse were developed, and its validity was justified by actual data. From the

analysis of experimentally measured data and the simulation output, following results were obtained.

1.

The expected values of inside air temperature for the heating system with heat pump were very much

close to the experimental values.

- In the heating system with heat pump, the expected values of day time surface temperature of soil by

computer simulation were very much similar to the measured values, but those of night time were higher

than the measured value by at most 2.0C.

. The simulation model predicted temperature of greenhouse film as of 1°C below than the mean value of

ambient air and greenhouse air temperature.

. Heat loss value of daytime was found to be larger than that of night time as much as 1.3 to 2.3 times

for the heating system with heat pump.

. In the heating system with heat pump, when the lowest ambient temperature was -8C~-7C the air

temperature of greenhouse was 5°C ~6C, thus the heat pump heating system contributed in greenhouse
heating by 13°C.
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Fig. 1 Schematic diagram of energy flows
in greenhouse heating system by
heat pump(daytime).
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Fig. 2 Complete thermal circuit simulation
model of the greenhouse heating
system by heat pump(daytime).
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Fig. 3 Schematic diagram of energy flows
in greenhouse heating system by
heat pump(night time).
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Fig. 4 Complete thermal circuit simulation
model of the greenhouse heating
system by heat pump(night time).
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Table 1 Specification of heat pump for
the experimental equipment

Component Interier unit ]Exterier unit
Electronic power 3 Phase 220 V. 60 Hz
Heating | 5500-9000kcal/h
Con-
denser . 5500~9000
Cooling keal/h
B Completely
Com-  |Type closed type
Pressor Net power - 3PS
Air heat exchanger | Copper pipe, Plate fin type
. 220 V, 0.6
Dehumidifier - kwx3 EA
Capacity 46 CMM
Evapo- |Net power _ 3¢ 0.2kW
6p
rator
size - 130cm X 50
cm X 20cm
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Fig. 5 Greenhouse heating system by heat
pump system.
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energy without heat pump.
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Fig. 7 COP of the heat pump with ambient
air temperature.
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Fig. 8 Comparison between the theoretical
and experimental values of the air
temperature variation inside green-
house heated by heat pump system.
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Fig. 9 Comparison between the theoretical
and experimental values of the soil
surface temperature variation inside
greenhouse heated by heat pump
system.
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Fig. 10 The theoretical values of green-
house cover temperature variation
in case of greenhouse heated by
heat pump system.
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