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Abstract

In this study, new development of natural ventilation window was accomplished to control environ-
ment of greenhouse with no use of forced ventilation during hot season. The ventilation effect of devel-
oped ventilation window was investigated in experimental greenhouse which was designed using side
wall panel and folding type panel for natural ventilation. Folding panel type ventilation window was
designed to open upper part of the side wall and top of the roof using two hinges which are located bot-
tom of the side wall and the roof panel to grab one side of each panels and guide the other side along
with the guidance rail. Developed ventilation window has top ventilation part with maximum moving
distance X=/ (1—c0s8)=848.5 mm and side ventilation part with maximum moving distance Y =l/
2xsin=1,184.4 mm at 45° of theoretical opening angle. It took 4.5 minutes to open roof vent fully and
temperature at 1.2 and 0.8 m height decreased after 1 minute from starting opening and became equi-
librium state maintaining 3~4°C difference after 2 minutes from complete opening. Air exchange rate
was 15.2~39.3 h™! which was more than 10~15 h™! of continuous type and Venlo type greenhouse. The
descent effect of temperature by ventilation windows was two times higher than Venlo type greenhouse.
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Fig. 1. Opening locus of roof ventilation.
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Fig. 2. Outside view of experimental greenhouse.

Table 1. The specification of roof and side vent of experimental greenhouse

. Opening Moving distance  Rate of vent .
Type Panel size (mm) degree (%) (mm) area (%) Panel type Operation type
Side vent 2,400x1,485 0~29 0~420 50 Folding panel Rack & Pinion
Roof vent 3,350x1,485 0~23 0~266 50 Folding panel Rack & Pinion
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Fig. 3. Inside view of experimental greenhouse.

I Fig. 29} Fig. 3& AgeAe] 7134 d9 A8
olct.

3. g7isn A

3.1. g0l 2fEt 25k Zt

dAgede] #aHE 2AR] Hst 1S
&4 Aesl 24Ul 2EF 40°C oV AR &

e AR =181 12m, = AE FEFTH]
R 24m, 39 AFH F7IS 3.6m XHo]
L5414 (Thermocouple T-type)s 242t 1338 AA|8t
I 9Kl 1L HAEl H-25e i 24 =
T3S 23E B3 A 250 SRR Y
THEXE 2317 93 LxAME FRPH o
& od Axstn £HEdHe diside 1.2m ol
94 X3l o}y dleje] ZA(SOLAC-V NP092)
2 7z} Ao 255 A 12l )=
Ho} 28] Adso] 2 W2y 248G 126m,
Zo] 20 my3t A V| aHE vluAd SATh

3.1.2. 8|3l X

ZAgGuty o] 87348 Aliksl
LR dHog Fae YA 3UIEE
3 BrNGE, HEe 56 A2HE UudRd
AFxHo g FrEe ASAgP T A= €

—

[e]

9
ol

L o %

o

o) 23] 87)3E A=Y
S,=V+H+B 4}

o7V, S, AFH F4 AAMF (kealm™h™)
V: 8711EF (kcalm>h™)
H: HABFEH (kcalm>h™)
B: AFgH

5,8 SRR fshe UARE s,oh ARl 1
sl QA 59 A= epd 4 9k

S,=5i-S, @

Aq7A, 8, FH F5 YA (kealm2h!)
Sy AU Fr Y YA (kealm™h)
Sy 74 WAL DAL (kealm*h™)

2] (L1 7L vies
V=q,(iri,) 3)

o7)1M, v: B7)1AEHF (kcalm™>h™)
gs. THH7)E (kcalm™>h™)
iy iy 2 W - )R- ALY (kealkg ™)

2] (1.1 gadFds Fe
H=k(1~1,)B (4)

o714, H: HABFIH (kcal-m>h™)

k @BFE (kcalm2h'°C™

t, iAW - F- 2% (°0)

B: Aol Ti3l Ao vl B3>1)
21 (el A @)~)E Y RS ¢,

S,—S,-B-k(1;—1,)B

4,= 0 ®)
29 ARG 7120 & SFWNE g

4
g= ©)

oA7A, ¢ EHE7IE (m’m>hT)
T S5 F719) BIEH (kealm>h°CT)

=4
N=j (1)



q7)A, N: 8718 &)
h: 249] =] (m)

2 UeRd 5 ok

2HYEE FUEE duAE vlolH ZA(Data
logger LI-1000, Licon& ©]-83}] Hl=mlE}(Albedo-
meter, EKO-MR-22)2} <=*AFA|(Net Pyrradiometer,
EKO-MFIZ A T3 Sgsiden, A5e
2 dgEe dUAE 3317 Hall AFHEA (Heat
Flow Sensor, EKO-MR22)E A}&-815c}. =3 dlo]
E] 7|28 & - £A(HOBO HO08, Onset computer
cop )= AT2Ee}t HHEEE A 2]
dofQl Fortran® 2 23t 53714 % (Psychromatric
Chart) Z21% PSYCHE ©]83} 24 | - 9j%9]
g E At olgstgct.

4o o g

1. #7153

1.1, S22 M gl w2 24 255k g3t

BRE 7R7HA] YARo] B gl A ¢ 3]
E 3R gerhd & 7L 40-50°C AEE &
27t A4A] A=A 23] WiEd] 23 2
WS B3 A anE Hg o 244 71
< oRe}p v A 5 JAEE Slejok st

Z33) S o83 EI= 53] 249 dF
Fol] whebA] ZA] 2eEfAA] HEE o3t A%ks
#3le] Zhzte] aE A

(1) 3% 7ill 9§ 2% dast

23] IV anE ZARP| Sl Y 248 oA

Rl

3) Wasle] LA LES 40C ol SR F,
23 s 20 Lxo SEES 2ABE

Fig. 494 Be nje} o] Age2e] 3713 44
AIREE oF 4% A® caE|Qlon, Lugo] Fio)
Avky ZEo] AR H92l 1.2m AFH HE 4]
A 3L 0.8 m AHe 2= o] ¢ g
Zei7h E7] 18 ARE s Aldsle 28 S5
HE 97123e] 253} 2~3°C A=AA] 3Pdste] 3
FHEZ FAEAT, AW 3 B9 24 m AF
o] 25& 08, 1.2m AHREG AN Wzo] A
o= Aol 257} ] AR Alde] 1B AX

Full open
0 H height
: ——3.6m
H i 2 AN
545 i -@-1.2m
< ! -5 0.8m
€4 b —— outdoor
®
o
o
E 35
S
<
30
25 ISR I TSR S ST N SR B

0 5 10 15
Time after starting of vent opening (min)

Fig. 4. Temperature descent according to time after open-
ing of side vents starts.
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Fig. 5. Temperature descent according to time after opening
of roof vents starts.
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Fig. 6. Temperature descent according to time after open-
ing of side and roof vents starts.
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Table 2. Micro climate of experimental greenhouse

Time (Date : 14th. Sep.)
11:00(12:00| 13:0014:00
Wind speed (m-s™") L5105 0 3

Inflow radiation (kcal-m2>h™") |345.0{239.3| 190.41399.3
Heat transmittance (kcal-m>h™") 50.1 |26.9] 304 | 46.6

D.B. Temp. (°C) 41.2 |42.1( 439 439

Index

Inside RH (%) 38.6 {359 30.6 | 306
Enthalpy (kcal'kg™) | 21.8 |21.8| 21.4 |21.4
D.B. Temp. °C) | 33.6 |35.4] 37.3 | 36.4
Outside RH (%) 53.7 (479 423 | 43.4

Enthalpy (kcal'kg™) | 19.0 |19.2] 19.5 | 19.0

Ventilation amount (kg-m>h™") | 70-7 [ 52.0| 41.9 1108.7
Volumic ventilation (m*m™2h")| 60.6 |45.1| 36.4 | 94.3
Air exchange rate No-h™) 253 {18.8] 152 | 39.3
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Fig. 7. Temperature descent of folding panel type green-
house.
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1.3. I{d=3A0t HZE 2A0| Rr3lZt ot |

282 )1 2407 W2y 249 HAh
Al &S HIwERE W Fig. 79 8ollM He
Hie} o] FdFH ] P} 249] A2 9)7]R9
HIgY 3~4°C A= E}ou H=E 24L& 7-8°C 3
= A veh) didEda] 8013 &40 saap)
29 o] ESITH Kim 52000y #7117 Bt &
717e] W) wet S| APdda sjgen
2 7]E 49 &1 2o 31 o] aiy

QA% - A

Yot

- @It

E B dgEdy @1 240 &aWt =4
et Ao wekEn

Literature cited

1. Boulard, T., A. Baille. 1993. A Simple Greenhouse
Climate Control Model Incorporating Effects of Venti-
lation and Evaporative cooling. Agricultural and For-
est Meteorology 65:145-157.

2. Kim, HH., S.Y. Lee, H. Chun, Y.I. Nam, and Y.S.
Kwon. 1996. Improvement of ventilation method in
greenhouse. Rep. of NHRI, RDA 96:538-540 (in
Korean).

3. Kim, J.H., C.S. Kim, G.H. Koo, and K.M. Lee. 1995.
Fundamental Study for the Automatic control system
in greenhouse using microcomputer(Ill). J. Kor. Soc.
Agr. Mac 20(2):162-172 (in Korean).

4. Kim, M.K,, K.S. Kim, and H.J. Kwon. 2000. The cool-
ing effect of fog cooling system as affected by air
exchange rate in natural ventilation greenhouse. J. Bio.
Env. Con. 10(1):10-14 (in Korean).

5. Lee, GM. 1994. Management during hot season of
fruit production in greenhouse. the Korean Res. Soc.
for Protected Hor. 7(2):23-31 (in Korean).

6. Lee, S.G., HW. Lee, YH. Kim, JH. Lee, J.W. Lee,
H.S. Nam, Y.C. Yoon, and WM. Seo. 1998. Optimum
design of greenhouse structure for efficient environ-
ment control and energy saving. MAF. report: 126-133
(in Korean).

7. Nam, S.W., 2000. Application of heat balance model
to design of ventilation and cooling greenhouses. J.
Bio. Env. Con. 9(4):201-206 (in Korean).

8. Suh, WM. and Y.C. Yoon. 1996. Analysis of green-
house thermal environment by model simulation. J.
Bio. Fac. Env. 5(2):215-235 (in Korean).

9. Taeke de Jong. 1990. Natural ventilation of large
multi-span greenhouse. IMAG-DLO report 113.

10. Woo, YH,, J M. Lee, and Y.I. Nam. 1995. Forced ven-
tilation number of air changes to set point of inside air
temperature in summer glasshouse. J. Bio. Fac. env.
4(2):223-231 (in Korean).

—10-



AaEREA $71% 249 Bolaz

SR #7135 249| 2|25

Ty - OlA I UHEH - M 5. ROl
g QTIABATA AR AR, (hell AT, SoplA o

A 8

B a7E o ge 32U 9Reny) 24 Yol AU 257} go| Aedhs Bk 2e Al
7)o LAY 1 BV|E 9RE A& SEAA FADNE AHESHR gas AU 84S 22
3 2= e P2 D AL Adshed 23S T st gz 238 Aud 7t
o o] g 3o MWL T Hd ANt 21 R9RRE sls ddS wEt ERES 145
o] A S1ET, HFL 3 R AHS T Svie F g ARt rlol= HYE ot A
AR RS mel sERlES 1Ak 718 371F0] AR e & AR &3 299 vk
Bo} EES St 2 wde] AR AALAelE X=L(l-cos®)E UERd 5 A3 FH 7Y A
= y=LA2xsin02 VERd 4 vk A3 AR 48 202 AfEeH MY AR 2F FRE 25
7} s ARk, 9 A 2F IREE o713 253} 3-4°C AEE KA B
2 gxElgt. HaZay 3714 249 %S AFHEY|E0) 22.3~943 mim2hollom, $7]
312 152~39338) 02 UER} QubAQ) A58 A% 10~158) 0 Azl viE AR & AL
2 Jehtth 18)n 92d eanke] AAMHA LS wwsie W $Edt 24 ol w2 A
o7 AdEin)

FAo] : YATH, 24, W, ALY

—11-



