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KHACHONSAK SIMEK : REDUCTION OF HEAT FROM SOLAR
ENERGY FOR MISTING GREENHOUSE. THESIS ADVISOR :

ASST. PROF. KRAWEE TREEAMNUK, Ph.D., 136 PP.

GREENHOUSE/FOGGING SYSTEM/EMPIRICAL MODELLING

The objective of this research was to develop the automatic misting greenhouse
with a shading net covered roof cooling system and test the performance of air dry-bulb
temperature and relative humidity control of the prototype. Arduino model MEGA
2560 and DHT22 sensor were used to control misting system. The prototype has
4x8x3 meter in widthxlengthxheight and covered with double polyethylene sheets.
The curved roof was covered with a sun shading net and installed 10 water sprinklers
around the roof of the greenhouse for spraying the water to reduce the temperature of
the sun shading net. Two electric ventilation fans were installed on the greenhouse
and 18 fogging nozzles were installed inside the greenhouse too. Inside the greenhouse
two electric circulating fans were equipped on the wall. The prototype were tested in 4 case
experiments, Case 1. greenhouses operate only the ventilation fans. Case 2: Greenhouses
operate the ventilation fans and spray water on the roof. Case 3: Greenhouses operate only
the misting system. And Case 4: Greenhouses operate misting system and spray
water on the roof. The result found that the, misting system controlled by the relative
humidity of the air in the greenhouse was more suitable than the misting system controlled
by the dry-bulb temperature of the air in the greenhouse, In Case 3: Greenhouses operate
only the misting system is suitable for use because the average dry-bulb temperature of
the air throughout the day is 39.52°C, which is higher than the ambient temperature of

2.49°C and the average relative humidity in the greenhouse is 60.10%, which is 27.91%



higher than the environmental relative humidity. This temperature and relative humidity
are suitable for hydroponics planting such as green oak, red oak, butterhead and batavia
plant. The average energy consumption per hour is 0.2213 kW-h, which is lower than
other cases. The numerical analysis result of dry bulb temperature of the air after
fogging showed that the predicted value is 6.43% lower than the actual measured value

and the average fogging efficiency all day is 29.12%.
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Over all heat transfer coefficient

JaqUnngulssiseu — -
W/m'« C Btu/(h «ft « 'F)

Single glass, sealed 6.2 1.1
Single glass, low emissivity 5.4 0.95
Double glass, sealed 3.7 0.65
Single plastic 6.2 1.1
Single polycarbonate, corrugated 6.2-6.8 1.1-1.2
Single fiberglass, corrugated 5.7 1.0
Double polyethylene 4.0 0.70
Double polyethylene, IR inhibited 2.8 0.50
Rigid acrylic, double-wall 32 0.56
Rigid polycarbonate, double-wall 3.2-3.6 0.56-0.63
Rigid acrylic, w/polystyrene pellets 0.57 0.10
Double polyethylene over glass 2.8 0.50
Single glass and thermal blanket 4.0 0.70
Double polyethylene and thermal blanket 2.5 0.44

1 : ASAE (2003)
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New construction

double plastic film 2.1x10" - 4.1x10" 0.75- 1.5
glass or fiberglass 1.4x10" - 2.8x10" 0.5-1.0
OId construction:

glass, good maintenance 2.8x10™ - 5.6x10" 1.0-2.0
glass, poor maintenance 5.6%10" - 11.1x10™ 2.0-4.0

1 : ASAE (2003)
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VPD=VP_-VP_ (2.24)
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VP = 100 (2.26)
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2 . - 2 '
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A o 1 ?,’ { A 1 g
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(Argus Control Systems Limited., 2009)
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qaumigi (° ANIFUTHINT (%)

()} 95 100
0.09 | 0.00

0.09 | 0.00

0.10 | 0.00

0.10 | 0.00

0.11 | 0.00

0.12 | 0.00

0.12 | 0.00

0.13 | 0.00

0.14 | 0.00

0.15 | 0.00

0.16 | 0.00

0.17 | 0.00

0.18 | 0.00

0.19 | 0.00

0.20 | 0.00

021 | 0.00

022 | 0.00

0.24 | 0.00

0.25 | 0.00

0.27 | 0.00

0.28 | 0.00

030 | 0.00

0.31 | 0.00

033 | 0.00

035 | 0.00

0.37 | 0.00

039 | 0.00

0.41 | 0.00

043 | 0.00

0.45 | 0.00

0.48 | 0.00

Too high or Too low VPD

Borderline VPD

fn Argus Control Systems Limited. (2009)
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M3 N.1.1 HANITNAABINITAIVANMINUKNEN IABNIAIVANYUN

a

pinszhzutavesermanielulsauieumizalgn
M Adeudi G MUY ATy GLITTH GLITTH Ay Ay Aoy
sudanda | dviumwen | Aunaden | dning | ewmadeu | ewmanda | Snvingneu | dnininda | msmau
T39i50u Co) o) Saunaden | Wraen NUHNON NUMNON | Nurinen
(W/m’) (%) CC) CC) (%) (%)
9:00 . 280 24.8 33.40 43.00 41.00 40.73 39.10 39.27 MISTING
9:30 . 302 26.5 34.90 42.00 41.13 41.20 35.83 34.13 FAN OPEN
10:00 U. 397 27.6 32.70 45.00 42.40 42.43 33.53 32.70 FAN OPEN
10:30 . 434 27.7 33.60 43.00 43.43 43.40 33.40 34.47 MISTING
11:00 . 341 27.4 34.70 41.00 43.73 43.78 32.13 31.00 FAN OPEN
11:30 W. 445 275 35.30 40.00 45.60 45.63 27.83 27.90 FAN OPEN
12:00 U. 489 28.1 35.70 39.00 45.67 45.69 26.63 26.60 FAN OPEN
12:30 U. 80 27.8 34.90 40.00 36.67 36.17 70.93 74.40 MISTING
13:00 U. 384 26.3 35.10 39.00 40.37 41.03 36.93 34.80 FAN OPEN
13:30 U. 70 26.6 36.90 36.00 43.57 43.03 26.60 27.07 MISTING
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M15199 N.1.1 ¥aNINARINMIAILANMINUNYEN IasnsaruguaangiiniznhzuisvesoimaneluTsauseumizalgn (Ao)

na | ansdeuiithu QMH3 QMUHN My QMHA QMUHAI Ay Ay AU
([anéia Vi | Funeden | dning | ewmedeu | ewmanda | Suinideu | dninduss | msman
T59i50u Hiyen Co) Funadon | Wuwen | Wunwen | wWuwuen Nu¥don
(W/m') CC) (%) (0 (o) (%) (%)
14:00 U. 91 27.7 35.30 37.00 33.30 33.00 48.63 51.63 MISTING
14:30 U. 97 27.2 34.90 38.00 33.87 33.88 48.57 47.87 FAN OPEN
15:00 U. 71 27.2 34.60 38.00 32.63 32.33 65.13 72.20 MISTING
15:30 U. 34 24.6 34.00 39.00 34.53 34.73 45.13 43.87 FAN OPEN
16:00 U. 31 26.2 33.70 42.00 29.17 29.23 73.37 75.03 FAN OPEN
16:30 U. 71 25.3 32.50 46.00 29.47 29.53 76.07 76.73 FAN OPEN
17:00 U. 19 26.2 32.00 49.00 28.70 28.70 78.90 78.80 FAN OPEN
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a

M99 0.2.1 naMsnaaeIMIAILANMIHUNen TasmsnIuaugamginszinhentiwesmmeanelulseewmzilgn
M Adeudi G GLITTH Ay GLITTH GLITH Ay Ay Ao
sudanda | sviumwen | Suneden | @it | ewateu | ewmanda | dninddeu | Hninsuss | mamau
T39i50u Co) Co) Funadon | Wunwen | vummen | Wuwaen NUHNON
(W/m’) (%) CC) CC) (%) (%)
9:00 1. 260 24.4 26.9 59 39.37 39.03 40.97 44.53 FAN OPEN
9:30 1. 324 24.4 28.7 54 36.07 36.20 71.67 70.40 FAN OPEN
10:00 . 346 27.6 28.9 53 38.87 39.03 63.33 61.47 FAN OPEN
10:30 . 558 28 29.7 50 39.70 39.67 51.17 51.33 FAN OPEN
11:00 . 451 27.5 30.4 49 41.00 41.03 44.60 44.57 FAN OPEN
11:30 W. 425 28.2 31 46 41.67 41.73 49.80 51.63 FAN OPEN
12:00 . 375 27.9 317 44 40.77 40.67 40.93 4133 FAN OPEN
12:30 W. 464 27.6 33.6 42 44.40 4430 39.23 39.23 FAN OPEN
13:00 . 481 283 35.1 40 41.10 41.17 44.23 43.30 FAN OPEN
13:30 . 420 28.1 35.5 39 43.27 43.37 39.53 40.00 FAN OPEN
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1 Adeudi qmmﬁfm GG Ay GG QMUHAI Ay Ay aou
ddanda | vuvwen | Sunaden | @i | ewmaney | exmeawds | ingreu | Hninsuds | maman
T59i50u o) o) Faunadon | Wuwen Nuren NuNeN | NWuvinen
(W/m') (%) CC) CC) (%) (%)
14:00 U. 360 28.5 35.1 39 41.90 41.80 46.07 46.23 FAN OPEN
14:30 U. 345 28.2 34.5 40 39.37 39.47 4727 45.90 FAN OPEN
15:00 U. 291 28.2 34.2 40 37.03 37.23 55.30 53.63 FAN OPEN
15:30 U. 242 27.5 34.1 40 38.23 38.50 56.67 56.13 FAN OPEN
16:00 U. 138 28.3 34 40 35.93 35.80 58.80 57.93 FAN OPEN
16:30 U. 77 28.7 32.9 42 31.87 31.83 70.00 69.27 FAN OPEN
17:00 U. 20 28.2 31.3 43 27.13 27.23 80.73 80.00 FAN OPEN
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A A A a o
A1TWN N.3.1 HANITNAADINTUN 1 Tj\ui@uﬁ/ﬂgﬂgﬂ!ﬂﬂlﬂWWzWﬂaujgﬂ']ﬂ@']ﬂwﬁ

na anudourud | anndeumu qumgi | Aabudning | qamgfioma | anuzuduingly amuy
glssiSeu uenlsaisou Funaden Funadon TulseiSeu Tsa50u My
(W/m’) (W/m’) (C) (%) (C) (%)
9:00 U. 124 264 25.70 58.15 32.77 56.80 FAN OPEN
9:30 U. 179 366 26.75 56.50 32.73 55.67 FAN OPEN
10:00 . 233 485 27.25 55.50 34.80 49.40 FAN OPEN
10:30 . 280 572 28.95 50.60 37.33 43.97 FAN OPEN
11:00 U. 321 642 29.80 49.05 38.47 39.27 FAN OPEN
11:30 U. 413 779 30.90 47.60 38.80 38.20 FAN OPEN
12:00 U. 457 830 31.60 45.75 40.77 34.73 FAN OPEN
12:30 U. 473 816 32.60 43.30 41.53 33.00 FAN OPEN
13:00 U. 516 833 32,90 42.80 41.17 32.23 FAN OPEN
13:30 U. 475 791 33.80 39.50 42.13 29.93 FAN OPEN
14:00 . 363 699 33.70 38.50 42.53 28.30 FAN OPEN
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13197 N.3.1 WaN1TNAADINTUN 1 Iﬁﬂ!iﬁ]ulww‘lJQﬂlﬂﬂlﬂW?ZWﬂﬁMﬁ%UWﬂ@Wﬂ?ﬁ (919)

ANNIOUHIU

b4 Y
ANNIOUMNY

A o ¢
AN HANNND

&' [y} Y
ANNBUANNNS 11

1 GLINTH MM IMA anu
1hglsusen uonlsaisou Funaden Funadon TulseiSeu 15350 My
(W/m’) (W/m’) (C) (%) (C) (%)
14:30 W. 435 738 32.75 38.45 36.90 34.33 FAN OPEN
15:00 W. 194 412 33.95 34.80 40.53 29.13 FAN OPEN
15:30 W. 188 391 33.90 35.40 39.70 29.33 FAN OPEN
16:00 U. 52 107 32.90 37.85 35.33 35.60 FAN OPEN
16:30 U. 114 220 32.95 38.85 34.67 37.53 FAN OPEN
17:00 . 24 52 32.20 41.20 34.03 39.17 FAN OPEN
Aunde 284.76 529.34 311.33 44.34 37.89 08.03 -
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$13190 n.3.2 mﬁﬁmﬂamwamu"lWﬂﬂumﬂmammmﬂ 1

92

msauasanasnulih kw-h)

a1
9:00 1. 0.00
9:30 . 0.23
10:00 . 0.47
10:30 . 0.70
11:00 . 0.94
11:30 u. 1.17
12:00 . 1.40
12:30 U. 1.64
13:00 . 1.87
13:30 . 2.11
14:00 . 2.34
14:30 . 2.57
15:00 . 2.81
15:30 . 3.04
16:00 . 3.28
16:30 . 3.51
17:00 . 3.74
minae 0.4681




A A a\ Y d ?:' A o A
n.4 WNANIINAADINITUN 2 Tiag‘mm‘wwﬂgmﬂﬂwmamzmﬂmmmmzmil‘ssmmﬁmmiimeu

13197 n.4.1 wamanaaesnsdii 2 TssdeumnzlgnidlaiaauszusomaazanlsihiindimIsaion
na anudoudie | AanuFeumu qumgii | mnudning | gamgiionma | anmudininglu amuy
1hglsuisen uonlsaisou Funaden Funadon Tulseiseu 15950 My
(W/m’) (W/m’) (C) (%) (C) (%)

9:00 . 173 353 30.30 60.70 39.33 57.20 FAN OPEN
9:30 . 242 505 31.75 56.00 39.37 55.93 FAN OPEN
10:00 U. 318 662 33.55 51.05 39.43 50.23 FAN OPEN
10:30 . 353 720 34.25 46.75 39.67 48.27 FAN OPEN
11:00 U. 395 790 35.50 48.55 40.33 44.93 FAN OPEN
11:30 u. 432 830 35.50 44.35 40.87 44.87 FAN OPEN
12:00 U. 467 820 36.50 42.85 41.13 41.63 FAN OPEN
12:30 u. 500 876.5 36.50 40.85 4137 39.67 FAN OPEN
13:00 U. 578 933 37.70 37.10 4227 38.03 FAN OPEN
13:30 W. 583 925 37.85 37.70 42.47 35.43 FAN OPEN
14:00 U. 385 740 37.80 32.65 42.43 32.00 FAN OPEN
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137197 N.4.1 NaN1TNAADINTUN 2 Tiﬂliﬁ]umwﬂgmﬂﬂwmuizmﬂmmﬁ wazaysdun

=1

[

andamIsaseu (as)
E ] Y v a &’ (v} o d a &' [y} Y
M ANNSOUNIY ANHITDUAY QRN ANNTUTIANG | Quunniionma | AN uaNNSlY aOUL

v v A A a v A v A A o

1glssiseu Honlsasou FunaaeN FunaaeN Tulsaiseu T53i501 MM
(W/m’) (W/m’) (o) (%) CC) (%)

14:30 1. 297 582 37.80 35.25 42.17 33.13 FAN OPEN
15:00 . 377 673 37.70 38.60 43.23 35.20 FAN OPEN
15:30 14 75 166 36.35 38.35 36.60 42.30 FAN OPEN
16:00 4. 293 488 38.30 32.35 39.43 36.33 FAN OPEN
16:30 1. 211 406 40.05 29.20 41.30 31.63 FAN OPEN
17:00 14. 137 292 40.05 28.60 40.47 31.93 FAN OPEN

ANy 342.12 633.03 36.32 41.23 40.70 41.10 -
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9M31M3 IHaveiszen NS U

ﬂ'J1N%'€)1«!ﬁﬁ]i$UU1ﬂi’)i’)ﬂ‘iﬂﬂ

o gaurniszanNN3ou gauHaiiszanNNZou
ma CC) maoen CC) maeen (kg/s) MWW (KW)
9:00 . 26.2 28.2 0.4423 242
9:30 1. 28.0 30.5 0.4411 3.11
10:00 . 30.5 33.5 0.4317 2.58
10:30 . 30.7 34.1 0.4316 3.26
11:00 . 32.0 35.5 0.4321 3.40
11:30 W. 32.2 35.6 0.4275 2.51
12:00 . 33.0 35.7 0.4417 3.30
12:30 W. 33.1 35.7 0.4299 1.33
13:00 . 333 35.8 0.4323 1.49
13:30 W. 335 36.0 0.4395 2.56
14:00 . 335 35.5 0.4474 2.82
14:30 . 335 355 0.4483 2.96
15:00 . 335 355 0.4395 1.64
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A 9 A [ A A 1
A5 19N N.4.2 MIsEeANNToUNaInve Isuseulunmsnaasinsain 2 (919)

gautgiiszuIen NI

gautigiiszenndou

9M31M3 IHaveiszen NS U

(K3
A o

ﬂ'ﬂN%i’)‘l«!ﬂ‘l—ﬂiz‘U‘lﬂﬂi’)ﬂﬂ‘iﬂﬂ

e ma CC) maoen CC) maeen (kg/s) MWL (KW)
15:30 . 33.2 34.5 0.4455 1.24
16:00 . 33.0 34.8 0.4504 2.90
16:30 . 33.0 34.5 0.4408 0.95
17:00 . 32.75 33.1 0.4498 0.08
Minag 32.06 34.35 0.4395 2.27
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msawdasanasnululih (kw-h)

I
9:00 1. 0.00
9:30 1. 0.45
10:00 . 0.90
10:30 . 1.34
11:00 W. 1.79
11:30 W. 2.24
12:00 W. 2.69
12:30 W. 3.13
13:00 W. 3.58
13:30 W. 4.03
14:00 W. 0.00
14:30 W. 0.45
15:00 W. 0.90
15:30 W. 1.34
16:00 . 6.27
16:30 W. 6.72
17:00 U. 7.16
Ainag 0.8955




dd‘ A = |
n.5 NaN1INAADINTUN 3 Tiag‘mm‘wwﬂgmﬂﬂiz‘uuwuﬂmn

A A A a v
A13719N N.5.1 WaNITINAABINTUN 3 Tsmaumwzﬂgmﬂmmuwuwmﬂ

na anudoudie | AanuFeumu qumgii | Amudning | qamgiionma | anazudning amuy
1hglsuisen uonlsaisou Funaden Funadon Tulseiseu TulseiSeu My
(W/m’) (W/m’) (C) (%) (C) (%)

9:00 U. 284 527 30.40 59.90 41.17 61.93 MISTING
9:30 U. 315 612 31.60 57.35 37.70 75.47 MISTING
10:00 . 376 768 32.75 54.70 39.07 75.99 MISTING
10:30 . 418 854 34.55 47.25 38.93 77.17 MISTING
11:00 U. 403 805 35.25 44.40 41.07 69.27 MISTING
11:30 U. 432 831 36.45 40.15 39.90 67.13 MISTING
12:00 U. 483 863 37.20 37.15 40.17 77.40 MISTING
12:30 U. 477 836 37.15 33.45 40.60 52.87 MISTING
13:00 U. 536 894 37.65 31.90 40.87 47.63 MISTING
13:30 U. 611 912 38.70 30.70 40.50 67.43 MISTING
14:00 . 425 802 38.75 29.35 40.47 59.07 MISTING
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ANNIOUHIU

b4 Y
ANNIOUMNY

A o ¢
AN HANNND

&' [y} Y
ANNBUANNNS 11

1 GLINTH MM IMA anu
1hglsusen uonlsaisou Funaden Funadon TulseiSeu 15350 My
(W/m’) (W/m’) (C) (%) (C) (%)
14:30 W. 469 809 39.00 28.20 41.63 73.77 MISTING
15:00 W. 432 632 39.40 27.85 42.40 55.07 MISTING
15:30 W. 374 577 38.65 28.55 41.37 56.97 MISTING
16:00 U. 289 514 40.85 28.35 36.37 71.03 MISTING
16:30 U. 214 478 40.60 26.35 35.42 55.77 MISTING
17:00 W. 102 227 40.50 26.65 34.25 62.67 MISTING
Aunde 390.65 702.41 37.03 37.19 39.52 65.10 -
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#13719N n.5.2 Qﬂ!ﬁgﬂﬂiglﬂ'lgllﬂ\isll@\‘l’f)"lﬂ']ﬁﬂlﬂullﬂUlﬂﬁﬁ\ifﬂﬁWlﬁ"iﬁJﬂﬂGlUﬂ']ﬁ‘VlﬂafJ\‘]ﬂi'ﬂWl 3

1 QMHNN | aMHieIMA | aauvigiiemea Ay Ay gaumaiinszihzufs | gamginszihzuvisves
Vviumaen | fewviumuen | waawunuen | dningdeu | duiniusa V990 1MAVINMSI 2IMAINMTIUATIZY
CC) CC) o) WUHNON (%) | WHHNON (%) | InnzHilaeiarsan Tag'lunorsansea
§iaa9eiiag (CC) a901Mag (C)
9:00 . 26.8 41.23 41.17 58.27 61.93 36.83 31.87
9:30 . 26.8 37.57 37.70 72.87 75.47 33.79 28.35
10:00 U. 27 39.10 39.07 75.77 75.99 36.35 29.83
10:30 U. 27.1 38.93 38.93 74.10 77.17 36.92 29.66
11:00 U. 27.1 41.07 41.07 66.97 69.27 38.75 31.72
11:30 U. 27.2 39.90 39.90 64.13 67.13 38.11 30.60
12:00 U. 27.3 40.13 40.17 74.80 77.40 39.23 30.82
12:30 U. 27.4 40.77 40.60 54.27 52.87 39.76 31.44
13:00 U. 27.4 40.90 40.87 52.57 47.63 40.93 31.56
13:30 U. 27.5 40.57 40.50 66.67 67.43 41.89 31.25
14:00 U. 27.6 40.47 40.47 56.80 59.07 38.56 31.15
14:30 U. 27.6 41.53 41.63 75.23 73.77 40.36 32.17
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A a Y A 3 Y o ] A [
#13719N n.5.2 Qﬂ!ﬁgﬂﬂiglﬂ'lgllﬂ\isll@\‘l’f)"lﬂ']ﬁﬂlﬂullﬂUlﬂﬁﬁ\ifﬂﬁWlﬁ"iﬁJﬂﬂGlUﬂ']ﬁ‘VlﬂafJ\‘]ﬂi'ﬂWl 3(99)

N qmwgﬁ% UHNNIMA | AT NIMA Ay Ay gangiinszihzuds | gamgiinszinhzutisves
WHHNON | POUWMHNDD | WaaWuviaen | duWnsneu | auimivias Y990 1MADINMI 2IMAINMTIATIZY
o) o) o) NUHNDN (%) | NWuHNED (%) | InTzHilagiiarsan TaeliRasansed
§iaa90110d (CC) 9o ag (C)
15:00 U. 27.6 42.37 42.40 59.60 55.07 40.55 32.98
15:30 U. 27.7 41.50 4137 55.47 56.97 38.69 32.14
16:00 U. 27.8 36.27 36.37 69.47 71.03 32.08 27.11
16:30 U. 27.8 36.40 35.42 53.10 55.77 30.92 27.23
17:00 . 27.8 36.53 34.25 61.53 62.67 29.12 27.36
Auade 27.38 39.72 39.52 64.21 65.10 37.23 30.43
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102

UszansmnvesmsnunuenaIn UszanEmuveImsnuruenaIn
na MANlagiiasen mynnzilaglufiaisen
$iaa901Mng (%) $iams01ming (%)
9:00 U. 31.81 51.08
9:30 Y. 35.52 58.35
10:00 U. 28.47 58.49
10:30 U. 23.02 59.17
11:00 U. 22.01 54.69
11:30 U. 17.22 53.75
12:00 U. 11.74 59.20
12:30 U. 8.10 47.13
13:00 U. -0.24 44.97
14:00 U. -17.69 53.79
14:30 U. 15.83 49.85
15:00 U. 13.43 57.02
15:30 U. 14.02 47.76
16:00 U. 35.86 56.11
16:30 U. 35.61 49.16
17:00 U. 46.31 52.11
e 20.12 53.02
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I msaunlaeandaanlaih w-h)
9:00 . 0.00
9:30 . 0.09
10:00 1. 0.19
10:30 U. 0.26
11:00 1. 0.33
11:30 U. 0.39
12:00 1. 0.44
12:30 U. 0.50
13:00 1. 0.55
13:30 U. 0.59
14:00 1. 0.63
14:30 U. 0.67
15:00 1. 0.70
15:30 1. 0.74
16:00 1. 0.79
16:30 1. 0.84
17:00 W. 0.87
e 0.1092
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137197 N.6.1 NAN1TNAABDINTUN 4 Tsmamwwzﬂgmﬂmmuwuwmmmzmﬂiaumwmﬂﬂimau

na anudoudie | AanuFeumu qumgii | Amudning | qamgiionma | anazudning amuy
1hglsuisen uonlsaisou Funaden Funadon Tulseiseu TulseiSeu My
(W/m’) (W/m’) (C) (%) (C) (%)

9:00 U. 290 602 31.30 58.65 41.53 66.97 MISTING
9:30 U. 368 766 32.15 56.15 35.97 79.60 MISTING
10:00 . 357 760 33.20 51.95 36.63 76.90 MISTING
10:30 . 422 844 34.70 49.15 36.70 77.17 MISTING
11:00 U. 420 824 35.30 46.05 37.17 73.30 MISTING
11:30 U. 433 833 36.40 45.05 36.90 78.87 MISTING
12:00 U. 482 860 37.15 43.20 37.20 76.57 MISTING
12:30 U. 551 918 37.35 40.65 37.57 76.50 MISTING
13:00 U. 558 914 36.75 40.30 35.83 77.47 MISTING
13:30 U. 517 861 38.10 39.05 36.23 75.73 MISTING
14:00 . 580 935 38.20 36.15 37.90 76.13 MISTING
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ANNIOUHIU

b4 Y
ANNIOUMNY

A o ¢
AN HANNND

A o w ¢
ANMNTUHANNND

1 GLINTH MM IMA anu
1hglsusen uonlsaisou Funaden Funadon TulseiSeu TulseiSeu My
(W/m’) (W/m’) (C) (%) (C) (%)
14:30 1. 418 819 39.30 34.15 37.43 78.33 MISTING
15:00 1, 363 740 38.75 33.05 37.87 75.33 MISTING
15:30 W, 311 580 39.40 33.45 37.87 75.00 MISTING
16:00 1, 287 496 41.80 31.95 36.10 79.37 MISTING
16:30 1, 189 358 41.35 3115 35.42 76.00 MISTING
17:00 W, 157 271 40.25 30.45 34.25 75.20 MISTING
Aunde 394.29 728.294 37.14 41.21 36.97 77.44 -
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5ﬂ§1ﬂ1’i‘11‘iﬁﬂli’)~‘iﬁ1ﬁxﬂ1ﬂ

ﬂ'J1N%'€)1«!ﬁﬁ]i$UU1ﬂi’)i’)ﬂ‘iﬂﬂ

o gaurniszanNN3ou gauHaiiszanNNZou
ma CC) maoen CC) ANNSouMIDn (ke/s) MWL (KW)
9:00 . 27.8 29.1 0.4465 1.56
9:30 1. 30.2 32.5 0.4500 3.83
10:00 . 30.8 33.4 0.4433 3.44
10:30 . 31.2 34.8 0.4277 3.00
11:00 . 313 34.9 0.4350 4.06
11:30 W. 31.4 35.2 0.4140 1.33
12:00 . 31.6 35.5 0.4209 2.48
12:30 W. 319 35.8 0.4356 4.65
13:00 . 325 36.0 0.4311 3.20
13:30 W. 329 36.1 0.4264 1.91
14:00 . 332 36.0 0.4315 1.92
14:30 . 333 36.5 0.4258 1.78
15:00 . 33.1 36.2 0.4269 1.77
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é}ﬂ§1ﬂ1’i‘11‘iﬁﬂli’)~‘iﬁ1ﬁxﬂ1ﬂ

(K3
A o

ﬂ'ﬂN%i’)‘l«!ﬂ‘l—ﬂiz‘U‘lﬂﬂi’)ﬂﬂ‘iﬂﬂ

o gaurniszanNN3ou gauHaiiszanNNZou
ma CC) maoen CC) ANNSouMIDn (ke/s) MWL (KW)
15:30 . 33.0 35.5 0.4298 1.15
16:00 . 33.0 35.2 0.4358 1.49
16:30 . 32.8 34.8 0.4306 0.39
17:00 . 325 33.8 0.4381 0.22
Minag 31.91 34.78 0.4323 2.25
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M13719N N.6.3 Qﬂ!ﬁgﬂﬂiglﬂ']gllﬂﬂsll@\‘l’f)"lﬂ']ﬁ‘l’]HJ‘Llll‘l]Ulﬂﬁﬁ\iﬂWﬁWlﬁ"iﬁJﬂﬂGlUﬂ']'i‘VlﬂafJ\‘]ﬂi'ﬂWl 4

N qmwgﬁ% QMU GG Ay Ay gaurniinszihzuds gaunginszihzuvs
WuHNOD | oANRM | @IMAYaY | duWnEneM | auimiviaa VDI IMAINMS VDIDIMAINNS
Co) NWUHNON WUHNON | WHHNON (%) | WuHNN (%) | anzdlegiaisan | Innsilaglinaisen

o) Co) §iaa19010d (CC) §9aar9eiiag (CC)
9:00 U. 27.8 41.90 41.53 66.97 72.67 37.60 32.53
9:30 U. 27.8 35.97 35.97 79.60 76.87 33.15 26.82
10:00 U. 27.8 36.60 36.63 76.90 78.57 33.58 27.43
10:30 U. 27.9 36.70 36.70 77.17 77.30 34.79 27.53
11:00 U. 27.9 37.10 37.17 73.30 78.17 35.16 27.91
11:30 U. 27.9 36.87 36.90 78.87 79.77 35.15 27.69
12:00 U. 27.9 37.27 37.20 76.57 28035 36.39 28.08
12:30 U. 28.0 37.53 37.57 76.50 79.60 37.84 28.33
13:00 U. 28.0 35.97 35.83 77.47 81.03 36.41 26.83
13:30 U. 28.0 36.07 36.23 75.73 80.00 35.81 26.92
14:00 U. 28.0 37.87 37.90 76.13 79.87 38.68 28.66
14:30 U. 28.1 37.33 37.43 75.93 78.33 35.35 28.14
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1 qmwgﬁ% QMU GG Ay Ay gaurniinszihzuds gaurniinszinhzuds
Wurinen | exAneM | emAnas | dwiinsnen | durinsnas VDI IMAINMS YDIDIMAINMS
Co) NUviNen WUHNON | WUHNON (%) | WHHNON (%) | anziilasioisan | Ianzilaglufiorsan

Co) Co) §iaa390110d (CC) §iaa9011ad (CC)
15:00 U. 33.1 37.83 37.87 74.20 75.33 34.89 28.62
15:30 U. 33.0 37.97 37.87 74.20 75.00 34.13 28.75
16:00 U. 33.0 36.68 36.10 76.80 79.37 32.45 27.51
16:30 U. 32.8 36.11 35.42 71.20 76.00 30.21 26.96
17:00 U. 325 35.05 34.25 77.20 75.20 28.63 25.94
Aunde 31.91 37.11 36.97 75.57 77.44 34.72 27.92
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A1319N 1.6.4 1UsLANTANVININUNVON IUMTNAADINTAN 4

UszanEmmnvesmsnunuennnms | UYszanimmuesmsnunenaInms
A Innzlaeinsaniaaeind | Iinnzileeluinsaniidalseriag

(%) (%)
9:00 U. 36.25 56.37
9:30 U. 29.95 59.20
10:00 U. 32.25 60.10
10:30 U. 2237 59.38
11:00 U. 23.06 59.84
11:30 U. 21.65 60.77
12:00 U. 10.68 57.20
12:30 U. -5.11 60.63
13:00 U. -7.90 61.55
14:00 U. 4.03 60.95
14:30 U. -14.56 60.77
15:00 U. 23.44 59.90
15:30 U. 29.73 58.19
16:00 U. 40.62 60.54
16:30 U. 47.19 58.71
17:00 . 49.16 58.38
Mo 22.26 59.44
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I msaunlaeandaanlilih w-h)
9:00 . 0.00
9:30 . 0.33
10:00 1. 0.69
10:30 U. 1.02
11:00 1. 1.36
11:30 U. 1.71
12:00 1. 2.04
12:30 U. 2.37
13:00 1. 2.70
13:30 U. 3.03
14:00 1. 3.36
14:30 U. 3.66
15:00 1. 3.96
15:30 1. 425
16:00 1. 4.56
16:30 1. 4.86
17:00 W. 5.18
Aunae 0.6480
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Abstract. The objective of this article is to evaluate the inside temperature
of greenhouse and efficiency of fogging system under the influence of solar
power. A 50% off sun shading roof was selected to test in this study. Testing
is divided to 2 cases. Case | Measuring all of parameters without operate the
fogging system and ventilation between 9.00 am to 5.00 p.m. (Thailand's
time zone). Case 11 Measuring all of parameters with a fogging system that
was controlled the relative humidity below 80% all day. The results show
that the highest temperature in greenhouse is 50.13°C mo fogging and
ventilation). the developed empirical model has an error 6.33% between
numerical results and measured air temperature. In case of neglected solar
power, the model showed that the fogging system can reduce the
temperature in greenhouse in range of 7.05°C (18.44%) and the efficiency of
fogging system is quite high (value is 57.36%). The important factor that
influents on the air temperature in greenhouse is solar power. If we need to
control the atmosphere in greenhouse by fogging system than the reduction
of solar power is the most important controlling factor.

1 Introduction

At present, the use of greenhouses is becoming increasingly popular because it is the safest

way of vegetable and fruit production, enabling the control of pathogen contamination and
the effective destruction of pests. The weather conditions in the greenhouse are directly

influenced by solar radiation, atmospheric temperature and relative humidity (1). During the

day, the heat from solar power causes the greenhouse effect in the greenhouse which can
affect the growth of many plants, resulting in low productivity or not being cultivated

[21Many researchers have tried to study and reduce the effects of these conditions. The

common method is shading the sun light by covered the greenhouse roof with shading net

and fogging water in greenhouse to reduce the inside air temperature. This method can result
in a lower air temperature with high relative humidity that is suitable for plant growth (11.

* Corresponding author: khachonsak simek(@gmail.com

© The Authors, published by EDP Sciences. This is an open access article distributed under the terms of the Creative
Commons Attribution License 4.0 (http://creativecommons.org/licenses/by/4.0/).
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Fogging is spraying high pressure water through nozzles to produce a mist with droplet
diameter of 2-60 micrometers, increasing the air-water contact surface [31. The fog is sprayed
over the planting area to allow the fog to fall freely and come to contact with air in the
greenhouse (4]. After fogging, ventilation of the greenhouse is necessary to allow new air to
replace the moist air. For maximum efficiency of the fogging system, it must take no more
than 1 minute for ventilating 1 air change (51 The purpose of this article is to present the
numerical technique for analyzing temperature in a fogging greenhouse with shading net
covered on its roof. This technique can be used to evaluate the effect of solar power on air

temperature in the greenhouse and the fogging greenhouse efficiency.

2 Materials and methods

2.1 The testing of greenhouse

The greenhouse was 4 meters wide, 8 meters long and 3 meters high, and made from
galvanized steel pipes as a structure and covered with polyethylene sheets. Two 14-inch

electric ventilation fans (ventilators) were installed on the greenhouse font wall. Inside the
greenhouse, 18 fogging nozzles (foggers) operated with a 12-bar water pump (total mass flow
rate 7.73%103 kg's) were installed overhead and two 10-inch electric circulating fans were
equipped on the wall. Three DHT22 sensors (ASAIR model AM2302) (2% of RH and £0.5°
C of air temperature) were installed to measure dry-bulb temperature and relative humidity of
the air inside the greenhouse. Data collection was controlled by an Arduino board model
MEGA 2560. All equipment installation is shown in Figure 1.

T

T
m i i ' 3 Symbol | Equipment| Quantity
| 1 * P I:‘:» g [ e
: i % 'f Sensor "
= ‘ 2 /| Fogger 18
4 -
' % y ? 7= [Ventilation
" ¥ 1 | D - Fan 2
=D (2, b % i P g Cromm
{ D & e .Y [Fan
1106, ] Unit in Meter
f ’ 1 J
8
4 T
|
I
i o

Fig. 1. Position of all equipment and sensors in greenhouse.

2.2 Air properties

Humidity ratio is the ratio of mass of vapor in air and mass of dry air. It can calculate from
Equation 1 (6]:
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x = —= (1

where x is humidity ratio, m, is mass of vapor in air (kg and m, is mass of dry air (kg). In
addition, humidity ratio can be calculated from the relationship between partial pressure of
water vapor in moist air and atmospheric pressure of moist air as in the Equations 2 and 3 (6):

x = 0.62198 F ()
P =P,

w

P =101.325(1 - 225577x10°2) 3)

where P, is partial pressure of water vapor in moist air, Pis atmospheric pressure of moist
air (Pa)and Zis altitude (m).

Relative humidity is the relationship between saturation pressure and partial pressure
of water vapor can be calculated by Equation 4 (6]:

P
= )
d Fo

where ¢ is relative humidity and P, is saturation pressure (Pa). The saturation pressure
over liquid water for temperature range of 0 to 200°C is given by Equation 5 (6):

C‘ 2
InB s = ROMHCT, &+ CITR 4 C,T% CInT, 5)
db

where 7y is airs dry-bulb temperature in the kelvin unit and C are constants with the
following values, C;=-5.800221x10%, C>-1.391499, C3--4.864024%102, C,~4.176477x103, Cs

=1.445209%10* and C5-6.545967.

2.3 Mass and energy balance in greenhouse

!

vy i b, \cV} m,h,

Fig. 2. Changing of air properties after exposure solar energy.
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The operation of fogging system begins when dry-bulb temperature (7, ) and enthalpy 2.1
of air inside the greenhouse is heated by the solar power and the air receives the mass of
water that has been spray from foggers for a period of  second. After that, 7, and Aq
changes to 7,2 and 4,2 The entropy of the air in the final state can be analyzed from Equation
6I

. m, (h”_: ~h,, )

O+ h, = - ©
[ 4

w'hw

where Q solar 18 heat generation rate due to solar power (Watt). In this research, the solar power
was measured by Solar Power Meter brand TENMARS model TM-206 & 038 W/m?), is a
spraying time of the fogging system (s). When the air temperature is influenced by only
fogging process, the term is neglected from the empirical equation. The entropy of the air in
the final state for this case can be analyzed from Equation 7:

m, (hm2 —=H )
t

mh, = )
Once the value of /.. is known from Equations 6 and 7, 7., can calculate from Equation 8
[6):

h,, —2501x,

T, R 2 8
271,006 +1.805x, ®

2.4 Efficiency of fogging system

(2] Proposed a method for determining the efficiency of fogging system greenhouse via a
relationship of air temperature before and after fogging process as in Equation 9:

n, = Tu’h‘l N Tdh.l ©)
7://,.1 =

wh,2
where 7], is efficiency of fogging system greenhouse and 7,5, is wet-bulb temperature of
the air in the after fogging.

2.5 Experiment

The greenhouse in this experiment was covered with a 50% sun shading net on the roof. Dry-
bulb temperature and relative humidity of the air inside the greenhouse and surrounding were
collected. Solar power was collected both inside the greenhouse and surrounding every 30

minutes. Testing was divided to 2 cases. In Case I, all of the parameters were measured
between 9.00 am. to 5.00 p.m (Thailand’s time zone) without operating the fogging system
and ventilation. In Case 11, all of the parameters were measured with the fogging system
turned on controlling the relative humidity below 80% all day. The data were analyzed with
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empirical equations to determine the dry-bulb temperature of greenhouse and efficiency of
fogging system with and without solar power. The experiments were conducted at Suranaree

University of Technology, Nakhon Ratchasima, Thailand, with locations, latitude
14°53'32.5'N, longitude 102°00'18.1" between November 17-21, 2019.

2.6 Empirical equation of dry-bulb temperature

Dry-bulb temperature analysis in the final state (after fogging) start by calculating the
saturation pressure (Py) after that, calculates the partial pressure of water vapor in moist air
(Pws and enthalpy in the first state. Then considering that mass of dry air inside the greenhouse
nothing changes. The changed part will have only the mass of water vapor in the air, therefore,
ma,l - ma,2 - ma. It will be able to calculate the humidity ratio of the air in the final state of

the greenhouse and also leads to find the entropy from the energy balance in Figure 2 which
is in the form of Equation 6. In the case calculate without solar power in the empirical

equation, Equation 7 will be considered instead of Equation 6.

3 Results and discussion

3.1 Temperature of greenhouse without fogging system and ventilation

From Figure 3, the dry-bulb temperature of air inside the greenhouse (TDB) increased with
the highest value of 50.13°C while the relative humidity decreased. The increase in air

temperature by accumulative solar energy in greenhouse caused the air to expand and raised
the ability to hold more moisture. This effect caused the relative humidity (RH)in greenhouse

to decrease and the solar power during the day shown in Figure 4.

60 100
50 N - <
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£ ‘ 3
S 0d5e % 03
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- == TDB"S o5 - - BA

Fig. 3. Dry-bulb temperature (TDB) and relative humidity (RH) of greenhouse without fogging system
and ventilation.
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Fig. 4. Solar power (heat flux, W/m? under the greenhouse roof without fogging system and
ventilation

From Figure 4, heat from the transmittance of solar power into the greenhouse tended to
increase until 1.30 p.m. After that, it began to decrease. The temperature of the air in the
greenhouse will be vary directly to the solar power inside the house. At 1.00 p.m during the
experiment, the clouds overlay the sun. Resulting the solar power into greenhouse being
reduced, which is in accordance with Figure 3. At the same time the dry-bulb temperature of
the air in the greenhouse will decrease for a period and the relative humidity of the air will
increase during that time.

3.2 Temperature of ventilating fogging greenhouse

From Figure 5, TDB of the air in the greenhouse during which the relative humidity was
controlled below 80% was lower than TDB from the past topic (Temperature of greenhouse

without fogging system and ventilation) because of the heat of air loses to the fog. However,
the heat from the solar power transmit through the greenhouse roof was quite high (Figure 6),
causing higher TDB and lower RH in the greenhouse. It can be said that the resulting fogging
could not alleviate the heat from the solar power.
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Fig.5. Dry-bulb temperature (TDB)and relative humidity (RH)in ventilating fogging greenhouse.
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Fig. 6. Solar power (heat flux, W/m? under the greenhouse roof with fogging system and ventilation.
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Fig.7. Dry-bulb temperature (TDB,) from empirical equation.

Figure 7 shows the TDB of the air in the greenhouse that controlled relative humidity at
80% compared with the dry-bulb temperature of the air by calculation included the solar
power (TDC with Q) and neglected the solar power (TDC without Q) in empirical equations.
Found that the TDC with Q was closed to the measured temperature (TDM). with an average
discrepancy of 6.33%. The highest TDC 47.27°C) with Q occurred at the same time of TDM.
The shape of TDC without Q - time curve and TDM are similar and they are related to the
intensity of the solar power entering the greenhouse. The average solar power in the
greenhouse is 326.84 Wm? throughout the day. The solar power is the main influence
according to Equation 6 that causes TDM to rise. The numerical analysis results of neglecting
solar power found that the fogging technique in greenhouse can reduce the dry-bulb
temperature in the house with the highly efficiency. The temperature can be reduced
throughout the experimental range about 7.05°C or equal to 18.44%. The TDB is related to
the amount of water added to the system. When the air receives more moisture, it will lose
heat in form of latent heat and causing the air temperature decrease.
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Fig. 8. Efficiency of fogging system.

Figure 8 is a comparison of the efficiency of the fogging system between calculated with
and without solar power in empirical equations. It was found that the efficiency of the
greenhouse after fogging in case of solar power (Efficiency with Q) was quite low. For certain
periods, the efficiency of fogging was negative which means the latent heat that the air loses
to the fog was less than the heat that the air received from the solar power. This behavior
resulted in the TDB of the air after fogging during that time higher than TDB before fogging.
In case of neglected solar power (Efficiency without Q), the efficiency of fogging system is
quite high at the average value 57.36% because of the air in greenhouse does not receive more
heat from solar power. Considering the results, the important factor that influents on the TDB
in the greenhouse is solar power. It causes the greenhouse effect by the heat from solar power.
If we need to control the atmosphere in greenhouse by fogging system than the reduction of
solar power is the most important factor. However, the important thing to cultivate with
greenhouses is sunlight. The selected method to control solar energy must not reduce the
intensity of sun light that plants need as well. The method that may be applied is to absorb
some heat energy from the roof without losing light intensity, such as using water as a coolant
to reduce the roof temperature.

4 Conclusions

In this research the study is divided into 2 cases. Case I study of air's dry-bulb temperature
and relative humidity inside the greenhouse without using the fogging system and no
ventilation. Case II study airs dry-bulb temperature and relative humidity inside the
greenhouse with a fogging system that was controlled the relative humidity inside not much
more than 80%. The results show the air temperature in case [ is highest at 50.13°C and the
air temperature in case Il are lower than case I in all day of'study. Although there is a fogging
system in case II, but the heat from solar can still pass through the greenhouse all times and
affected on the error of numerical studying result at 6.33% when compare to the experiment
values. The neglectable of solar heat in calculation affected on the predicted temperature in
greenhouse and had 18.44% of error. In term of fogging efficiency, if the solar heat was
included in the calculation in some period time the efficiency are minus values because the
values of inlet of solar heat is higher than the loss of latent heat in moist air. In case of

negligible solar heat, the greenhouse efficiency is highest at 57.36% which can be said that

the important factor that makes the temperature inside the green house higher is the heat from
the solar. If we want to reduce the air temperature of the green house and increase the

greenhouse efficiency, it is necessary to find a way to absorb some energy from the solar.
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However, it must not be affected by the amount of light that plants need to get enough to
grow as well

The author would like to thank the School of Agricultural Engineering, Institute of Engineering,
Suranaree University of Technology and for support this research.
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