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Abstract

Natural ventilation in a four and one-half span, double polyethylene commercial
greenhouse was investigated with actual data collected at Quailcrest Farm near
Wooster, Ohio. Moreover, a computational fluid dynamics (CFD) numerical technique,
FLUENT V4.3, was used to predict natural ventilation rates, thermal conditions, and
airflow distributions in the greenhouse. The collected climate data showed that the
multi-span greenhouse was well ventilated by the natural ventilation system during
the typical summer weather conditions. The maximum recorded air temperature
difference between inside and outside the greenhouse was 35T during the hottest
(347TC) recorded sunny day; the air temperatures in the greenhouse were very
uniform with the maximum temperature difference between six widely dispersed
locations being only 1.7C. The CFD models predicted that air exchange rates were
as high as 0.9 volume per minute (A.C.-min™) with 25 m-s™ winds from the west as

designed.
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Fig. 1. A sketch of the four and one -
half span commercial greenhouse in Quailcrest
farm located near Wooster, Ohio.
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Table 1. Constant input values for the
case file of the two-dimensional

CFD model.
Factor Value Unit
Roof vent opening (vertical) 0.76 m
Side vent opening {vertical) 091 m
Wind direction West (left to right)
Polyethylene cover temperature 308.16 K
Glass wall temperature 309.16 K
Inside ground temperature 313.16 K
Quiside ground temperature 309.16 K
Sky temperature 3036 K
Temperature of inlet air 3036 K
Relative humidity of inlet air 49 %
Oensity of inlet air 11477 kp m™?

Viscosity of infet air 1.85E-05 kg m™

Thermal conductivity of inlet air 00263 Wm™
K-
Specific heat of inlet air 1007 J kg™
K=
CO02 concentration of inlet air 350 pmol
mot™*
Turbulence intensity 5 %
Turbulence length of greenhouse 35 m
Porosity of plants canopy 2 %
Sky emissivity 080
Cover emissivity 0.93
Glass emissivity 0.90
Outside ground emissivity 095
Inside floor_emissivity 0.80

Fig. 2. Two-dimensional geometry file
of a multi-span, double polyethylene covered
greenhouse in the preBFC model.
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Fig. 3. Two-dimensional CFD predicted
vectors of the multispan greenhouse without
plants when the wind of 25 m-s™ came
from west.

Fig. 4. Two-dimensional CFD predicted
vectors of the multispan greenhouse
with plants when the wind of 25 m-s™
came from west.
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Fig. 1 A sketch of the four and one-half span commercial greenhouse
in Quailcrest farm located near Wooster, Ohio.

Fig. 2 Two—-dimensional geometry file of a multi-span, double polyethylene
covered greenhouse in the preBFC model.
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Fig. 3 Two—-dimensional CFD predicted vectors of the multispan greenhouse

without plants when the wind of 2.5 m-s™ came from west.
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Fig. 4. Two-dimensional CFD predicted vectors of the multispan
greenhouse with plants when the wind of 25 m-s™ came from west.
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