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Application of Heat Balance Model to Design of
Ventilating and Cooling Greenhouses”
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Dept. of Agricultural Engineering, Chungnam National University, Taejeon 305-764, Korea

Abstract

A certain system to overcome high temperature should be introduced for the stable year-round cul-
tivation in greenhouses. There are efficient methods to overcome high temperature such as ventilation
system with shading screen, fan and pad system with screen, and fog system with screen. This study
was carried out to find a means to determine the capacity of such systems. Heat balance equations for
each system were established and verified by experimental results. The calculated ventilation rates
from heat balance equations showed a good agreement with the measured ones. The evapotranspira-
tion coefficient was the most important parameter affecting the ventilation reqgnirement among input
parameters except weather data. When the evapotranspiration coefficient increased 1%, the ventila-
tion requirement decreased 1.3%. Therefore the data of evapotranspiration coefficient should be accu-
mulated by various experiments, and then design standards and selection guidelines should be
provided. The simulation results for same design conditions showed that air exchange requirement
and evaporating water of fan and pad system were 5.1~7.7% and 6.8~9.3% larger than those of fog
system, respectively.
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Fig. 1. Dimension of experimental greenhouse and opening
widths of roof and side vents (unit : cm).
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Table 1. Design conditions for application of heat balance model.

Outside weather data for design

Inside air

Case Solar radiation Dry bulb Wet bulb Relative temperature (°C)
(W - m®) temperature (°C) temperature (°C) humidity (%)
1 900 33 26 577 32
2 900 35 26 49.3 32
3 900 35 27 54.1 32
4 1,000 33 26 5717 32
3 1.000 35 26 49.3 32
6 1,000 35 27 54.1 32
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Fig. 2. Change in mean square error of ventilation rate(m® -
m2 + min™) with evapotranspiration coefficient.
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Fig. 3. Comparison of calculated and measured ventilation
rates.
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Fig. 5. Changes in required ventilation rate for the increase
in U and E value from its base value.
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Fig. 4. Comparison of calculated and measured ventilation rates in the greenhouse with a fog system operated(Aug. 14,

2000).
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Table 2. Comparison of ventilation rate and evaporating water requirement for various design conditions between fan and pad

and fog systems.

Insid Fan and pad system Fog system
side
Case humidity (%) Ventilation rate Evaporating water Ventilation rate Evaporating water
(m® - m? - min') (mL - m™ * min) (m® - m? - min') (mL * m? - min™)

1 719 3.09 8.82 291 8.22

2 71.1 3.51 12.89 327 11.84

3 752 4.29 14.08 3.96 12.77

4 71.9 342 9.77 3.24 9.10

5 712 3.87 14.18 3.60 13.02

6 75.2 4.74 15.49 4.38 14.05
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Fig. 6. Comparison of air exchange requirement between
fan and pad and fog systems.
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Fig. 7. Comparison of evaporating water requirement
between fan and pad and fog systems.
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