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Effects of Circulation Fans on Uniformity of Meteorological Factors
in Warm Air Heated Greenhouse
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Abstract. This study was conducted to investigate the effects of horizontal air flow produced by circula-
tion fans on horizontal and vertical profiles of meteorological factors. The three-dimensional distributions of
air speed, air temperature, relative humidity and carbon dioxide (CO,) concentration were measured with
and without the fans in operation. The uniformity of the spatial distribution of meteorological factors
decreased as the outside air temperature decreased. In “fans off” condition, spatial variations of 4.7°C in air
temperature, 19% in relative humidity were detected. When the fans were operated, these variations were
reduced to 2.2 and 6.3%, respectively. As the fan capacity increased, the difference in air temperature among
sampling points decreased. The fan capacity of 0.0104 m*+s™!-m™2 was enough to obtain a reasonable air
flow in greenhouse. The vertical profiles of air temperature and CO, concentration were reasonably uniform
regardless of measurement height and fan capacity. Further researches on the position of fans to reduce the

difference in air temperature along the width and the effects of using a larger number of smaller fans are
required.
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Fig. 1. Plan view of the experimental greenhouse. The fan
locations (1 to 12) and sensor locations (A to R) are
shown. The height of the fans was at 2.4 m. The arrows
show the direction of the airflow from the fans.
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Fig. 2. Sensor locations (a to e) for measurement of envi-
ronmental factors along the height.
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Fig. 3. Air velocity along the fan axis at the maximum run-
ning speed.
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Fig. 4. Horizontal distribution of air temperature at 1.2 m
height of measurement; distances of (a) 6 m, (b) 21 m, (c)
36 m from warm air heater. Fans were running at the
maximum speed.
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Fig. 5. Horizontal distribution of relative humidity at 1.2 m
height of measurement; distances of (a) 6 m, (b) 21 m, {¢)
36 m from warm air heater. Fans were running at the
maximum speed.
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Fig. 6. Horizontal distribution of air temperature at 1.2 m
height of measurement by fan speeds; distances of (a)
6 m, (b) 21 m, (c) 36 m from warm air heater. The values
are given relative to the lowest measured values.
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Table 1. Horizontal distribution of air temperature by height of measurement.

Height of Fans off Fans on
measurement (m)  mean (°C) min. (°C) max. (°C) mean (°C) min. (°C) max. (°C)
0.6 18.3 15.8 19.7 18.5 21.3
1.2 18.6 16.2 19.7 18.6 21.0
1.8 18.9 16.3 20.0 18.8 21.2
*The height of canopy was 0.8m.

~294 -



10
g . ®0.6n
gﬁ 9 u.2m
g; . s 41.8m
SE 8 .
5% oo
52 78 L
@€ "
£z ‘ H
Lo
28 s
gg ¢ [ ]
b |

§ [
Eg 5 . .
E®
1
3 . . . ,
4] 2 4 6 8 10 12

Outside air temperature {°C)

Fig. 7. Maximum differences of air temperature among the
measuring points A to R (Fig. 1) along the outside air
temperature.
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Fig. 10. Vertical distribution of CO, concentration; dis-
tances of (a) 3 m, and (b) 9 m from fan No. 5. The values
are given relative to the lowest measured values.
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Fig. 8. Vertical distribution of air velocity; distances of (a) 3 m, and (b) 9 m from fan No. 5.
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Fig. 9. Vertical distribution of air temperature; distances of (a) 3 m, and (b) 9 m from fan No. 5. The values are given relative

to the lowest measured values.
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