Protected Horticulture and Plant Factory, Vol. 22, No. 1:7-12, March (2013)

DOI http://dx.doi.org/10.12791/K SBEC.2013.22.1.007

pISSN 2288-0992
elSSN 2288-100X

CliES EatAE 249 Xjeisb|ds Tot

Evaluation of Natural Ventilation Performance
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Abstract. Environmental measurements in the many different types of horticultural farms were carried out to eval-
uate the ventilation performance for multi-span plastic greenhouses according to the eaves height, the number of
spans, the existence of side wall vents and the position of roof vents. Hydroponic tomatoes were being cultivated in
all experimental greenhouses, and ventilation rates of the greenhouses were analyzed by the heat balance method. It
showed that the ventilation rate in the greenhouse with 4 m eaves height increased about 22% compared to the green-
house with 2 m eaves height. The ventilation rate in the greenhouse with 9 spans decreased about 17% compared to
the greenhouse with 5 spans. In the greenhouse with 9 spans, if there were no side wall vents, the ventilation rate
showed about a third of the case that side wall vents were open. Overall, as the eaves height was higher and the num-
ber of spans was smaller in multi-span greenhouses, the natural ventilation performance was better. And the ventila-
tion performance was best in the greenhouse which the eaves height was high and the position of roof vents was
ridge, not gutter. Therefore, in order to maximize the natural ventilation performance, multi-span plastic greenhouses
need to improve their structures such as that make the eaves height higher, place the roof vents on the ridge, install
the side wall vents as much as possible, and the number of spansis limited to about 10 spans.
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Table 1. Dimensions of multi-span plastic greenhouse for experiments.

Dimension of greenhouse i
ltem . g . Locatlhon of Data set?
Number of spans Height (m) Width (m) Length (m) greennouse

9 20 5.6 95 Nonsan S2-9

Eaves height 9 30 7.0 100 Nonsan S39

9 40 7.0 0 Buyeo S4-9

5 30 8.0 100 Nonsan S35

Number of spans 9 3.0 7.0 100 Nonsan S39
14 3.0 7.0 80 Boeun S314

9 30 7.0 100 Nonsan S39

Sidewall vents 9 30 7.0 100 Nonsan N-3-9

5 30 8.0 100 Nonsan S35

5 3.0 8.0 100 Nonsan N-3-5

Ridoe vents 5 5.0 7.2 98 Hwasun S55
9 13 50 7.2 98 Hwasn S513

ASide wall vents or None - eaves height - number of spans.

Protected Horticulture and Plant Factory, Vol. 22, No. 1, 2013



T Sekew L4 AAIIES B

(1-EySA = UA(L 1) + 28t -1) ()

A71M, Be A, Cie 3719 M9 kgt °CY
ola, U= (17 2t}

A 2= washE, (h-h) = Cyt— to)o] ==
a=1-E 3do] tE ¥ FYsIt & A= 1S
E A rlEow giAela 18-S $)3eE
o] e A(AF sk, o A1 olgsle] 7%
APgslgith,

tlo

_(A-B)SA-UAt -t
Qv - vag(ti - to)

(60)v, ©)

o714, Q= &3 87134 (volumes - min™), S&= AW
ARHW - m?), Vg= 2419 A& (mi)elct.

A Al o] 7128 SAIS Adgkolar,
719] ¥gx} HAAL AS3el deshes F37] 54

fo > 2 o

Avel & dAJehe ZeE BHawar gt} o] WhHolA
83 wiig~= 2] WG HEAle] %
F&o|th. Nam(2000b)y> €% Rl s 4 4
¥ Uzt Boh Eglel © oYld Aog Huslth. Egt
2 ZEo] 7S Axe wEt tE2n A3 ARk
ZME9] 79 05-0.99 HMHE Hola, 249 $r)dA
M= 055 ARSI Atk (Tachibana, 1979; Hellickson
7} Walker, 1983; ASAE, 2003). Nam 5(2011)& En}
EAN] 240l Ae A9 48] 0.39~0.859 W
Az JeRda 06 FHSAL B AFelME 062
g3ttt Uk 9duE ZekE BEC] 62W-
m2.°C{ASAE, 2003)5 Z-&3ldth. £ A+= tids
22 fEdz AUEQl ES Frlsle Aol &
Zo|B= ulj7fHg=e] delo] T8A] TSR oF

g Aktes paia, siEu, viehds, eanoje ulmalel] AMg dlolElE 94 104%E 9% 5
Aol FAozRE Ads B IFANE o8 X 108 ez AZY dolHg Wit tFew
sl S7)Rks FAskE WS Fernandez®} Baily(1992),  wsted ARESIATE HIZE & 29 HlolEe A4
Willits 5(2006)01 2J3le] tracer gas method= =43  AQAIATE Table 2= AE7|7F Boto] a0 {3
Table 2. Average wesather conditions for analyzed data by experimental treatments.
Outside Inside i
Data st _ _ _ Expenmental
Temperature (°C)  Humidity (%) Temperature (°C)  Humidity(%) Radiation? (W - m™) period
S2-9 334 404 35.7 40.8 188.6 6/23~6/30
S35 27.1 67.0 294 62.1 3121 6/5~6/13
S3-9 31.2 73.4 332 68.2 248.4 8/1~8/22
S3-14 31.9 48.0 34.4 49.0 2722 6/15~6/23
S4-9 27.9 514 312 43.2 453.6 6/15~6/22
S55 26.0 - 26.9 84.3 571.0* 6/5~6/28
S5-13 26.2 - 28.1 70.8 474.0* 6/5~6/26
N-3-9 25.8 89.9 28.9 785 148.1 8/23~8/29
N-3-5 32.2 64.3 317 62.5 - 8/1~8/7

2 js outside solar radiation (400~1,100 nm), and the rest isinside global solar radiation (300~2,800 nm).

Table 3. Air temperature difference between inside and outside of the greenhouse and ventilation rate by experimental treatments.

Temperature difference between inside and outside (°C)

Ventilation rate (volumes - min?)

Data set
Average Standard deviation Average Standard deviation

S29 22 14 041 0.27

S35 23 13 0.54 0.49

S39 20 13 0.46 0.36
S-3-14 25 16 0.46 0.50

S4-9 33 13 0.50 0.38

S55 0.9 0.7 - -

S5-13 19 11 - -

N-3-9 32 14 0.15 0.26

N-3-5 30 21 - -

Aol - A23H, M22A M5 20134 9
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Fig. 1. Ventilation rate and temperature difference between inside
and outside of the greenhouse by eaves heights (number of
spans=9).
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