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Abstract. This study was carried out to investigate the effect of side vent heights on temperature and relative humidity
inside and outside the single-span plastic greenhouse (W: 7 m, L: 40 m H: 3.9 m) during natural ventilation. Four
different heights (120, 100, 80, 60 cm) of the side vent were used as an experimental condition. Variations of
temperature and relative humidity inside and outside the greenhouse and the differences between heights were
compared by using one-way ANOVA. In the daytime, the difference in temperature between inside and outside the
greenhouse was dropped from 14.0°C to 7.1°C as the side vent height increased. The temperature difference in the
nighttime was less than 0.2°C regardless of the height. One-way ANOVA on the temperature difference between
heights presented that the statistical significance was founded between all of the combinations of height in the
daytime. The difference in relative humidity between inside and outside the greenhouse was grown from —13.8% to —
22.2% with a decrease in the side vent height. The humidity difference in the nighttime was less than 1% regardless of
the height. One-way ANOVA on the humidity difference revealed that most of the side vent heights showed
significance in the daytime but between 100 and 80 cm was not significant. It seemed because the external air became
cooler during the experiment with a height of 80 cm. Conclusively, this study empirically demonstrated that the higher
side vents resulted in the decrease of differences in temperature and relative humidity between inside and outside the
greenhouse, and also the effect of side vent height was statistically significant. This study may be helpful for deciding
the height of the side vent effective for controlling temperature and relative humidity in a single-span greenhouse

during natural ventilation.
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Fig. 1. Layout of sensor locations for measuring temperature and relative humidity. P stands for sensor point, and subscripts ‘in

inside and outside the greenhouse, respectively.
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Table 1. Date of data acquisition and average values of the exogenous environmental factors.

Height of sides (cm) Date (mm/dd) Average wind speed (nvs) Average radiation (W/m?)
120 9/9-9/15 1.32 4782
100 9/16—9/22 1.70 460.5
80 9/23-9/29 1.46 3754
60 9/30—10/6 1.62 550.9
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Fig. 2. Comparison of average temperature differences between
different heights of the roll-up sides.
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Table 2. Average air temperatures inside and outside the greenhouse at day and night times according to height of the roll-up sides.

Height of sides Time T, (°O T O 4T (°0)

Day 35.0 279 7.1

120 cm
Night 18.6 18.8 —0.1
Day 38.5 29.2 9.3

100 cm
Night 20.0 20.3 —-0.2
Day 37.1 26.6 10.6

80 cm
Night 173 175 ~02
Day 43.1 29.1 14.0

60 cm
Night 18.0 18.3 —-0.2

Table 3. One-way ANOVA on the day-time 4 7" between heights of the roll up sides (¢=0.05; SS: sum of squares; df: degree of freedom; MS: mean

square; F: F-value; p: p-value).

Items SS

df

MS

p
Between groups 3171.4 3 1057.1 176.9 <0.001™
Within groups 2772.2 464 5.975 - -

Total 5943.6 467 - - .

ok <0,001.
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Fig. 3. Comparison of average temperature differences between
different heights of roll-up sides.

Table 4. Turkey’s HSD test on the day-time 4 7 between heights of the roll up sides (¢=0.05; SE: standard error; p: p-value).

Comparison . 95% confident interval
Mean difference SE P
Group 1 Group 2 Lower Upper
100 cm —2.158 0.333 <.001™ -3.016 —1.300
120 cm 80 cm —3.446 0.333 <.001™ —4303 —2.588
60 cm —6.892 0311 <.001™ —7.695 —6.090
80 cm —1.288 0.333 0.001" —2.146 —0.430
100 cm s
60 cm —4.734 0311 <.001 —5.537 -3.932
80 cm 60 cm —3.446 0311 <.001™ —4.249 —2.644

**: <0.01; *+*: <0.001.

Table 5. Average relative humidity inside and outside the greenhouse at day and night times according to height of the roll-up sides.

Height of sides Time RH;,, (%) H,; (V) ARH (%)
Day 375 51.3 —13.8
120 cm .
Night 933 922 1.1
Day 325 492 —16.8
100 cm .
Night 93.6 91.6 1.9
Day 372 54.9 -17.7
80 cm .
Night 91.8 89.8 2.0
Day 28.8 51.0 —222
60 cm .
Night 96.2 94.7 1.5
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Table 6. One-way ANOVA on the humidity difference between heights of the roll up sides (0¢=0.05; SS: Sum of squares; df: degree of freedom; MS:
mean square; F: F-value; p: p-value).

SS
45717.1
11768.5
16345.6

df
3
464
467

MS
1525.7
25.36

Items

Between groups 60.15 <0.001"™
Within groups
Total

ek <0.001.

Table 7. Turkey’s multiple comparison test on the day-time temperature between heights of the roll up sides (¢=0.05; SE: standard error; p: p-value).

Comparison 95% confident interval

SE

Mean difference p

Lower
1.229
2.104
6.717
-0.891
3.722
2.846

Group 1 Group 2
100 cm
80 cm
60 cm
80 cm
60 cm

60 cm

Upper
4.763
5.639
10.02
2.643
7.028
6.152

<0.001™
<0.001™
<0.001™
0.578
<0.001™
<0.001""

2.996
3.871
8.370
0.876
5.375
4.499

0.685
0.685
0.641
0.685
0.641
0.641

120 cm

100 cm

80 cm
**k <0.001.
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