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A Study on Analysis of Indoor Thermal Environment
and Cooling Effects by Ventilation and Evaporative
Cooling of Single Span Plastic Greenhouses

Kang, Jeong-Yun

Department of Construction and Environmental Engineering
Graduate School of Industry
Cheju National University

Supervised by Professor Choi, Dong-Ho

Summary

As crops recently can be cultivated all the year in greenhouses, we need to
improve the environment in which crops are able to grow in the summer.
Therefore, in this study, we quantitatively got the cooling effects of 4 single
span plastic greenhouses in the following ways: by spraying mist or sprinkler,
or by opening the side window. and with those variables, we simultaneously
did experiments at 4 greenhouses under equivalent conditions to reduce the
temperature of the greenhouses in the summer. The results of the experiments
are as following: 1. the temperatures of the greenhouses were effectively
reduced by both spraying mist and sprinkler. 2. when the mist is intermittently
sprayed, the indoor temperature has decreased by 4 degrees centigrade,
meanwhile, in the greenhouse to make experiments using sprinkler, the
temperature of that has been reduced by 2 degrees centigrade. Therefore, we
can see the cooling effects of smaller mist in size as more effective than those
of sprinkler. 3. when the greenhouse is naturally ventilated by opening the side
window, we have to applv another cooling system because the indoor

temperature is higher than the outdoor one.
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Table 1. A suitable temp of birth and breeding
and their critical temp.

(unit : C)
\ltem Minimum of Ate?:]nta(l))fle Maximum of
Section - critical temp. groé\)rth. critical temp.
Tomato 5 20~25 35
eggplant Eggplant 10 23~28 35
Pepper 12 25~30 35
Cucumber 8 | 23~28 35
Watermelon 10 | 3~ 35
gourd Greerhouse 15 | 25~30 35
___Meon “Jr*--*' I
Melon 8 L 20~ 35
Pumpkin | 8 | 20~25 B
777777777 | Spinach 8 15~20 e
Leafy |  Radish | 8 15~ x5
vegetables| Cabbage | 5 13~ 18 3
and | Celery | 5 15~ 23
Root crops| Crown daisy | 8 | 15~ N
Lettuce 8 15~20 25
Rose | Suawbemy | 3 | 1sm | m

P2 o) AAE AFAA ARE Wl ssuzt

13) o8, Al Ulet, G} pp90~ol.
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(1) =R =y
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water pipe

Ju

—®shavings

-

cool air -
- /
-

— wire net

pu“iR_LJ/ \ L

L water tank ~ —

opn ar

NN

S\

Fig. 1 Diagram of pad and fan method
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(1) M2E
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PIHAE 2AURZ ERsE gy waohs) 98 vxE
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(b) Elevation views

{c) Vertical-section views

(unit :m)
Temperature

O Two measuring point. ( 0.8 and 2.0m above the ground.)
* Five measuring point. ( 0.4, 0.8, 1.2, 20 and 2.8m above the ground)

@ Six measuring point ( 0.4, 08, 1.2, 20, 2.8 and 4.0m above the ground.)
< Measurement of outdoor air-temp.
4 Measurement of globe temp. ( 1.0m above the ground.)
Solar radiation

V¥ indoor solar radiation. @ Outdoor solar radiation.
Relative humidity
» Indoor relative humidity ¥ Outdoor relative humidity

Fig. 2 Shapes and measuring points of green house models
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Fig. 3 An inner appearance of Fig. 4 An outer appearance of

plastic greenhouse plastic greenhouse

Fig. 5 Fan for ventilation

Table 2. Specification of fan

Fan blades Size 450 mm
Rated Speed 1,680 rpm

Power Consumption 490 W
Maximum Airflow 125 m'/min
Maximum Pressure 26 mmAg
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Table 3. Mist particle size

Particle size Number Ratio(%)
0~ 15m o 4 25 -
15~ 30 ¢m oz — 14.0
A 30~ 45 (m B - 43 a 274
. s-em o s
~ 60~75 m oy L 17.2
B 75~90 /m . = 16 ‘i 10.2 B
 0m ol4 E) 5 J 32
B B R
Table 4. Sprinkler particle size
Particle size Number Ratio(%)
. 0-3m0m I o7
o .3(& Sg) m 1 778 53.8 o
- 600~ 900 m 43 207
) Ww-1200m | 15 | w03
_ 1200~1500 umi R E Y
Wlsoo:lgum T 6 41 R
1800~2100 zm o o o7
sem s e
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Fig. 6 Location of mist in greenhouse

| z 3
q‘ [ ]
8[
33 ' B e Sprinkler nozzle
F4.0 L4 (unit : m)

Fig. 7 Location of sprinkler in greenhouse
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Fig. 8 Mist nozzle Fig. 9 Sprinkler nozzle
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Table 5. Temperture comparison of each greenhouse by pre-test.
(August. 1, 1999)

T
Time| 0:00~ | 300~ | 6:00~ | 9:00~ | 1200~ | 1500~ | 1800~ | 2100
tose L300 | 600 | ow | 1w 15w | sw | 2w | om
Model A | 0.1 0.1 16 40 3.1 19 0.2 -0.2
Model B 0.4 0.4 2.1 43 | 42 3.3 1.0 0.3
Model C | 0.1 0.1 19 42 40 34 06 01
Model D | -02 | 02 | 09 32 | 32 26 03 | 03
- - ModelA ModelB - Model C - — Model D——OAT
38
% — )
ol .\ .\ I e
e 7] I WAL\ S
S Model ABCD W A
2 30 | Model ABCD — o /N ’ a'd
m \
]
£ 2 -
e 24 |-
2 it
20

99-08-01 99-08-01 99-08-01 99-0801 99-0801 990801 99-08-02
0:00 4.00 8:.00 12:00 16:00 20:00 0:00

Time

Fig. 11 Comparison of IAT and OAT with time.

(IAT : Indoor air- temp., OAT : Outdoor air temp.)

% The vaule in this table mean temperature difference of indoor and outdoor
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Table 6. Experimental conditions

Condition %quking! Pguse Working Pguse
Item ; t"cr)]fe t":;? tim_e of m:fe
5::: S;ii Fan |Sprinkler | Mist sprinkler sprinkler [I;I;t] mistr
[min] | [min] {min]
o r17\/170del Al x ﬁ; X X x -
Case|Model B| x | x | O | x | x o
UMt cl 0 | 0 1 0] « | « - : B
ModelD| O | O | x | x | x -
Model A| x | x | x | x| x | - - | -
Case|Model B /% b0 oo | o eoni e a ol = 1 18 | 5
2 —Model C| x O x {s) X 1.5 5
Model D| X O_ x x x - - L
Meseral x| [ [ T e
Case| Model B| X ! O x X O - - 15 5
3 ModelC| x | O | x O x T 00 - - -
B U T A T I AR B R
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Table 7. Relative comparison of experimental results

Indoor Outdoor
Item 0.8m” a(i)ruii(r)no;. Globe rela_ti\_re re]a_ti\"e
[(c] (C] temp. [C] | humidity | humidity
[%] (%]
o Model A wBY 419 | AT 54.1 1T 60 M
wa* 42.5 2.1 545 62 31
N wB" 418 o7 - 65 a4
Case Model B | wa* | 358 2.1 - 53 31
o N 29.7 u7 | 435 43 o
Model € 7 wa* 29.1 %.1 405 42 31
mMod;]iD »ﬂVX‘BY 1Y, 7 45.4 43 4 7
wa* 29.2 2.1 424 4 31
wBY 39.3 187 | 541 60.2 20.0
FMOdel A war 42 | 197 | 579 54.677“#7 180
Vodel 5 | WE" 229 187 0l 372 60.9 00
Case WA* 187 19.7 34.4 83.2 180
2 Modes ¢ LB 281 | 187 k 37.1 50.6 200
i | VY[AX 19.7 197 | 243 100 180
Model D | wBY 23.3 187 | 371 50.8 20.0
wa* 25.1 19.7 46.1 49.1 18.0
wWBY 311 20.1 365 71.7 394
Mode A WaX 315 w2 | w1 | 750 | B
T we | w3 | w1 w1 | ms | a4
CasePMOde] ° vaQVA" 187 02 | 26 87.3 38
30 T we 26 | w1 | %7 | 707 39.4
Model € ;{IVA; 182 | 202 196 100 B8
SRR T A TR B TR TR )
L fwat [ s | w2 | 00 | 67 | BE

Z0‘8m " Indoor air temp. at 0.8m height on the ground
YWB : Working Before
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*WA : Working After
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Fig. 12. Variations of indoor air temp. at each models (Case 1)
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Fig. 13. Variations of globe temp. with time (Case 1)
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(a) Model A

Elevation contour before Elevation contour after
fan operation (13:44) fan operation (14:14)

(b) Model B
Elevation contour before Elevation contour after
fan operation (13:44) fan operation (14:14)
(c) Model C
Elevation contour before Elevation contour after
fan operation (13:44) fan operation (14:14)
(d) Model D

Elevation contour before
fan operation (13:44)

Elevation contour after
fan operation (14:14)

Fig. 14 Vertical air temp. distributions in plastic greenhouse (Case 1)
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Fig. 15 Horizontal air temp. distributions in plastic greenhouse

(Case 1)

23 Adely 9 srFA pw

2.
L&Al vl A= o9 (Case?)

(1) Add7lEex

7t seae AYELEE Fig
o33 AdgA 9 aa yE

WM E VEAITR] e

129

17, Table 79l
';us Heste] W AR

Al A%, AU

H R R R i S |

e AT

]

F2R:= 9

Z]R-NMG 215T 7 ¥ A12C2A 3o Ay Ao 2HE o] 2 A A

-28_



e B3e QHRAG. 2R
N Fejol A v2EE d&H oz 2EA7) 312 AR A7)
TEELE NAEV EXga A0l FA3) 7338 3T uAERE

°f A& FAel &xi= whda7] Al&tsle] A|zto] A o] w

Ho
flo
1
N
W
X
oz
Jot
o
rir
>
=
1A
or.
i

g HEAE AFHY 2&x AEsAnh. 1 3, A3 uAE7}
gl Mt dUZ|EeEE oF 187~227TCE uehulo] of 4T
o 2EWSES YUl 8$ABY mAE HEalg 93
AN 929 QlFe] & xxggejs FEA 7 FLACH
B AxYEY ey FAo 2t FH8 sRsigy. Ax
B AEF AduUrEexs of | 214TE Yedo] d&d

9.4~

8H5-2B(R2E F-FA))9 Q-E?SVJ%J 4THY A& of 279
TESZES YA ojRAe REQA 2 Amegzy 3k
Aol LA vl Fo) oa # ?JZ}«] 3t & %7t Frtstal Yz}
A WAES] Feut Fugriele] HEAHZ W W) o] IA 7}
A% W, "aE9 P BYoxi pmgl Al ooz
(Aeroso) dEl & FAFo 2N FWYPziztgol B} 257 o
TOoR Foldrh mF, FAAY AWrFzen: Augyges
e & 2C7t M AEE BFE 59 ABRT 9wE] Assts

2.2 YR o)A =& A 2 AxTe %A
A= B ARG AMFozA FAARFAE Zuwyzio]
ALHA7] Loz FHAG, nrE BERA o=
M wE 2Edes Yehdoz 928 dPNLoz &
371 fAsiE v2E REAZL @ FAARY o] 29 o
e & Aoz FAHAUY nAE 2R n2ZHd SR
SHS Bo A3 AaF L fA57) YEME naAE B
‘33 PEAI R FAAZLE A selsjol che), 2§ o)

P gztasg AES] 48 892D A Auyrizen

of
Jn’.

o
2

(¢
|

16) 123, #5535, YFTE, MEL199). bl2E P2 R FAAIG Wale) ge #9
2 WA BE, GAEBER2EYEERY, 8(2), pbl.

..29_



Relative Humidity [%]

05-30 05-30 05-30 05-30 05-30 05-30 05-30
13:20 13:32 13:45 13:57 14:10 14:22 14:35

Time

Fig. 16. Variations of relative humidity (Case 1)
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Fig. 17 Variations of indoor air temp. at each models (Case 2)
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(a) Model A

Elevation contour before sprinkler
and mist operation (13:50)

Elevation contour after sprinkler

and mist operation (14:25)

(b) Model B

Elevation contour before sprinkler Elevation contour after sprinkler

and mist operation (13:50) and mist operation (14:25)

(c) Model C

Elevation contour before sprinkler Elevation contour after sprinkler

and mist operation (13:50) and mist operation (14:25)

Elevation contour before sprinkler Elevation contour after sprinkler

and mist operation (13:50) and mist operation (14:25)

Fig. 19 Vertical air temp. distributions in plastic greenhouse (Case 2)
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Plan contour after sprinkler

and mist operation (14:25)

(a) Model A

Plan contour after sprinkler

and mist operation (14:25)

(c) Model C

Plan contour after sprinkler

and mist operation (14:25)
(b) Model B

Plan contour after sprinkler

and mist operation (14:25)

(d) Model D

Fig. 20 Horizontal air temp. distributions in plastic greenhouse

(Case 2)

Sir o 58~832%W AR A HnHAYFR e Aol of

g e
25%E Yo

, AEAET oF 22% ¥A et A e

BYE e AUGEANuT Fe odgd oA £rol o

M EA 9EE wa

o o a

il

-—

AEe FACl W dgE 256 nEo
AR A2 7] wye] AwrA o 40~90%H

lolH= 2 g

o

IS
& A F JONRID uAE RPYo ©E 34O gt Ao

el -

|=]

wotd ~xydge s

AT B AA, o6,

A5 B ACH Hulant i 5

17) & E401993). MAFMA B4 gu), wal FYHA Aol A Aol g e A 3

_34_



Fedtd ddEE 100%9 2HEF e el
%‘%}Ei deolA BEE EQA7F vl A WAz A

FAle] AA R HAF ¥ ot YA (P¥s A
Btz A, AA AdsreEg x4 Axd 3&051 Foldt}. o
A3 YL 22y gFol Fog IoE AR Y
T} %‘—%‘6}7177}11( Tol WALHZ sHi=d dEgs AhE %
£5a gdeong AR FEEAHS YuAE AR Fupyy
& JA F dv AAES dAEE 59 A} yAS Bt
ojol 3 Ro 2 Agy}

—Nbdeer—-—Nbgng—NbdelC —— Model D —— Outdoor

Relative humidity (%

it X Iah NN Y 1l |

10 | S [ S ,,,4:,, ——— I i [ S

1003 1003 1003 10-03 1003 1003 1003 1003 10-03

1350 135 1402 1408 1‘%_14 1420 1426 1432 1438
Ime

Fig. 21 Variations of relative humidity (Case 2)
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Fig. 22 Vanations of indoor air temp. at each models (Case 3)
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Fig. 23 Variations of globe temp. with time (Case 3)
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(a) Model A

Elevation contour before sprinkler Elevation contour after sprinkler

and mist operation (13:30) and mist operation (13:56)

(b) Model B

Elevation contour before sprinkler Elevation contour after sprinkler

and mist operation (13:30) and mist operation (13:56)

(c) Model C

Elevation contour before sprinkler Elevation contour after sprinkler

and mist operation (13:30) and mist operation (13:56)

(d) Model D

Elevation contour before sprinkler Elevation contour after sprinkler

and mist operation (13:30) and mist operation (13:56)

Fig. 24 Vertical air temp. distributions in plastic greenhouse(Case 3)
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Plan contour after sprinkler Plan contour after sprinkler
and mist operation (13:56) and mist operation (13:56)
(c) Model C (d) Model D

Fig. 25 Horizontal air temp. distributions in plastic greenhouse
(Case 3)
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