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CHALERMCHART SAOWARAT : AUTOMATIC CLIMATE CONTROL
IN GREENHOUSE BY FOGGING SYSTEM. THESIS ADVISOR :

ASST. PROF. KRAWEE TREEAMNUK, D.Eng., 127 PP.

CONTROL/FOGGING SYSTEM/GREENHOUSE

The objective of this research was to develop and test the performance of
temperature and humidity control system for fogging greenhouse prototype. The cooling
process in greenhouse is a water evaporative process. The heat of air is removed in term of
latent heat by water evaporative process and the ambient air is flow into greenhouse during
the moist air is ventilated by electric fans. The modified humidity equilibrium equation of
air was programed with micro controller board ( Arduino Mega 2560) to control
the co-operation of fogging nozzles and ventilation fans. The controller uses DHT22 to
receive temperature and humidity inside and outside the greenhouse. The greenhouse
prototype is4 mx 8 mx 3 min W x L x H and the 12 Bar high pressure water pump and 8
fogging nozzles with hole of 0.1 mm diameter/ piece were installed in the fogging
greenhouse system. 2 circulation fans and 4 ventilation fans were installed for circulate the
air in greenhouse and vent out the moist air in the operation, respectively. Study the control
system in case of 1) the using of room temperature and cool water (approximately 15°C)
in the fogging process and 2) the using of plastic screen light shading on greenhouse roof.
The results showed that the non-shaded light greenhouse has inside temperature more than
40°C. The shaded light can assists the system to control the greenhouse temperature below
40°C. Fogging the room temperature water with shading the light gives highest COP at

5.64. The highest evaporative efficiency 99.36% resulted by the system without light



shading and the using of cool water in fogging system cause the highest electric energy

consumption at 0.72 kWh per day.
School of Mechanical Engineering Student’s Signature ( IAm'MWIClAaYT C.
Academic Year 2017 Advisor’s Signature Yawee Teerymie

Co-Advisor’s Signature T Treeamnu I’Q
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2.6.2  Psychrometric chart
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MINELINT n.1 udaswamsnadoy Tagldingungineslumswunuenuaz 155 oululiaanensiues 50% aquuurdan

E]

guwgl ANNTY gl ANNTU gl P _
9 @ v Y [ v J 90’:1‘ A Y ﬂ’)’]i‘%u Qmw{]u
nsznhzune  dudmsaeu  nsznhzuve  dwing USwanhi sseznen o asznhsuwe |, )
o , . e . o duiminas  nsznheui
a1 (W) AU Wunyen MEUDN MEUDN Wunwen  urhau HaInuy , I )
) ) wuriven i ld
nuon (%) T53i50U T53i50U (kg) (s) nuon
. . ] (%) C)
0 q© (%) 0
9.00 41.07 57.90 38.20 46.90 0.37 48.00 41.37 64.03 32.48
9.15 41.43 5423 38.40 48.70 0.41 53.00 41.43 59.13 31.88
9.30 4133 52.40 38.80 46.90 0.42 55.00 41.17 61.10 31.38
9.45 42.77 50.50 38.00 47.80 0.46 60.00 42.70 59.00 31.90
10.00 42.53 50.03 38.40 48.40 0.46 60.00 4233 60.27 31.63
10.15 42.00 50.47 38.40 46.80 0.45 59.00 41.67 60.27 31.38
10.30 41.50 53.93 38.90 47.80 0.41 53.00 41.50 63.87 31.86
10.45 4137 55.03 39.60 45.60 0.40 52.00 4137 62.83 32.03
11.00 41.50 54.43 39.10 46.50 0.41 53.00 41.47 62.60 31.98
11.15 4137 55.10 39.00 46.10 0.40 52.00 41.30 63.33 32.04
11.30 41.27 56.57 38.60 45.20 0.38 50.00 41.13 63.87 3231
11.45 40.97 57.97 38.40 46.10 0.36 47.00 40.97 63.50 32.42
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MINELINT n.1 udaswamsnadou Tagldingungineslumswunuenuaz 155 ou lufiaanens s 50% aquuuran (ae)

E]

guwgl ANNTY gl ANNTU gl P _
Y [ v 9 [ v J gol td‘ ti' Y ﬂ’)’]i‘%u Qmw{]u

nsznhzune  dudmsaeu  nsznhzuve  dwing USwanhi sseznen o asznhsuwe |, )

o , , s . o duininas  nsznhzuda

a1 (W) AU Wunyen MEUDN MEUDN Wunwen  urhau HaInuy , I )

) ) wuriven i ld

nuon (%) T53i50U T53i50U (kg) (s) nuon
. . ] (%) C)
O O (%) O

12.00 43.67 54.63 39.60 42.40 0.43 56.00 43.27 60.10 33.54
12.15 39.07 56.67 37.10 45.10 0.36 47.00 38.20 66.40 30.74
12.30 39.80 59.67 39.40 40.60 0.34 44.00 39.90 69.00 31.94
12.45 41.93 51.13 39.60 40.20 0.44 58.00 41.90 62.23 31.49
13.00 38.73 58.90 39.10 41.80 0.33 43.00 39.03 66.37 30.98
13.15 40.67 60.23 40.40 39.10 0.34 44.00 40.83 65.47 32.72
13.30 41.03 57.00 41.10 34.70 0.37 49.00 41.17 62.23 32.25
13.45 4133 56.10 42.80 32.40 0.39 50.00 41.43 62.93 32.25
14.00 43.67 48.23 43.50 28.40 0.50 65.00 43.50 59.73 31.93
14.15 43.20 50.43 42.50 31.00 0.47 61.00 43.13 59.80 32.18
14.30 42.93 44.40 42.70 28.70 0.53 69.00 43.00 56.67 30.51
14.45 43.40 43.93 42.30 28.80 0.54 70.00 43.43 53.27 30.68
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MINELINT n.1 udaswamsnadou Tagldingungineslumswunuenuaz 155 ou lufiaanens s 50% aquuuran (ae)

E]

guwgl ANNTY gl ANNTU gl P _
9 @ v Y [ v J 90’:1‘ A Y ﬂ’)’]i‘%u Qmw{]u
nsznhzune  dudmsaeu  nsznhzuve  dwing USwanhi sseznen o asznhsuwe |, )
o , . e . o duiminas  nsznheui
a1 (W) AU Wunuen Meuon MEUDN Wunwen  urhau HaInuy , I )
) ) wuriven i ld
nuon (%) T53i50U T53i50U (kg) (s) nuon
. . ] (%) C)
0 q© (%) 0
15.00 43.50 41.87 39.10 37.00 0.56 73.00 43.23 49.93 30.23
15.15 43.13 41.40 37.50 40.90 0.56 73.00 43.07 49.40 29.89
15.30 41.17 45.93 36.10 44.90 0.49 64.00 40.27 53.47 29.74
15.45 38.13 53.70 34.20 52.80 0.38 49.00 37.40 59.50 29.41
16.00 36.47 56.83 32.50 57.10 0.33 43.00 36.70 60.73 28.85
16.15 36.97 55.70 32.50 57.70 0.35 45.00 37.13 58.93 28.99
16.30 37.30 54.67 32.40 58.60 0.36 47.00 37.40 59.40 29.02
16.45 37.43 56.47 32.50 58.40 0.34 45.00 37.47 59.00 29.49
17.00 37.43 55.10 32.50 59.70 0.36 46.00 37.40 60.33 29.21
Mga 36.47 41.40 32.40 28.40 0.33 43.00 36.70 49.40 28.85
gage 43.67 60.23 43.50 59.70 0.56 73.00 43.50 69.00 33.54
nay 40.91 53.08 38.28 44.34 0.41 54.03 40.83 60.57 31.19
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1 WaIHIAAIIindN1e1eN 153501 (W/m)
9.00 500
10.00 788
11.00 856
12.00 937
13.00 796
14.00 637
15.00 663
16.00 345
17.00 315
e 315
gage 937
Inde 649
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{ 2 g A a 4 o 3 1 1 1
@]131\1W1«l’]ﬂ°ﬁ .3 Llﬁﬂwam'i‘l/lﬂﬁ’é]‘uTﬂﬂﬁl‘%}uuﬂuﬁqﬁ}%mmiaﬂ’qﬂ‘!‘ﬂi‘]wmmﬂ%’tN‘VHMHEJ‘Lﬂ‘L!ﬂHW‘LMiJ’OﬂI,Laﬂidﬁ’e)uulmdlmslﬂfmﬂxmﬁﬁ 50% RGEGTRY

Hada
Qg ANV QUi ANV QuIvigl P _
Y [ v J 9 [ v J %’ ~ ~ Y ﬂ’)’]ll(’]fu Qmw@lu
nszinheune  dunwnsneun  nszhuvia TUNNGD Usunam szazian szl o e o W v
. , . . 9 . o Winsvas  nszzung
191 (W.) NOUNU NUNUDN NYUDN NYUDN NUNUDN Tuiau UGN , 2. v
w “ WUNUON amuala
Huon (%) T5ai50U Tsa50u (kg) (s) Huon
o o o (%) (OC)
(C) (o) (%) o)
9.00 35.00 71.77 31.00 89.50 0.19 25.00 34.87 75.07 30.53
9.15 40.43 60.93 32.10 86.80 0.33 43.00 40.13 65.50 32.70
9.30 39.70 62.27 32.10 84.10 0.31 41.00 39.57 66.13 32.44
9.45 42.67 53.07 33.40 80.00 0.43 56.00 42.40 59.37 32.46
10.00 39.70 63.27 33.10 83.30 0.30 39.00 39.57 67.77 32.66
10.15 39.90 57.57 33.30 75.50 0.36 47.00 39.83 63.50 31.55
10.30 38.87 59.63 33.30 75.00 0.33 43.00 38.77 64.03 31.24
10.45 40.93 56.20 33.60 73.80 0.38 50.00 40.57 62.40 31.99
11.00 36.57 67.27 32.10 78.90 0.24 31.00 36.43 70.07 31.00
11.15 38.50 60.63 32.80 78.90 0.32 41.00 38.73 67.83 31.17
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{ 2 g A a 4 o 3 1 1 1
@]131\1W1«l’]ﬂ°ﬁ .3 Llﬁﬂwam'i‘l/lﬂﬁ’é]‘uTﬂﬂﬁl‘%}uuﬂuﬁqﬁ}%mmiaﬂ’qﬂ‘!‘ﬂi‘]wmmﬂ%’tN‘VHMHEJ‘Lﬂ‘L!ﬂHW‘LMiJ’OﬂI,Laﬂidﬁ’e)uulmdlmslﬂfmﬂxmﬁﬁ 50% RGEGTRY

1aan (99)

Qg ANNTU QUi ANMNFU QuIvigl P _
Y [ v J 9 [ v J %’ ~ ~ Y ﬂ’JHJ"])"Ll Qmw@lu
nszinheune  dunwnsneun  nszhuvia TUNNGD Usunam szazian szl o e o W v
L , . 9 . . Winsvas  nszzung
a1 (4.) NOUNU WUHUDN NYUDN NYUDN NUNUDN Tuiau UGN , 2. v
w “ WUNUON amuala
Huon (%) T5ai50U Tsa50u (kg) (s) Huon
o o o (%) (OC)
(O (O (%) ®)
11.30 42.50 52.63 34.20 71.60 0.44 57.00 42.53 59.40 32.24
11.45 43.20 51.37 34.40 69.20 0.46 60.00 4333 58.27 32.41
12.00 44.40 48.17 35.30 68.90 0.51 66.00 4413 54.40 32.39
12.15 40.87 53.33 34.00 74.80 0.41 53.00 40.87 60.53 31.28
12.30 42.63 52.43 34.10 70.10 0.44 57.00 42.67 57.87 32.29
12.45 43.47 49.63 33.70 71.00 0.48 62.00 43.50 56.17 32.15
13.00 43.60 50.43 34.10 72.60 0.47 61.00 43.67 57.77 32.44
13.15 4443 49.00 34.80 66.80 0.50 65.00 44.60 54.00 32.63
13.30 42.70 50.17 34.30 68.20 0.46 60.00 43.00 57.03 31.77
13.45 43.37 47.17 34.10 69.00 0.50 66.00 43.47 51.03 31.47
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{ 2 3 A A 4 o 3 g 1 ' '
m’inujﬂﬁ .3 Llﬁﬂ\jWafnjWﬂﬁﬂuTﬂﬂﬁl%}u'llfluﬁulﬁj%']ﬂﬂ'ﬁaﬂqmwau%']ﬂlﬂ%@\j‘ﬂ']u']!aﬂuﬂl‘l:lﬂﬁlﬁwucﬁu@ﬂllagIﬁ\jl%@lllluﬁﬁ']m1ﬂw5']\1llﬁq 50% RGETRY

1aan (A9)

Fl F
gl ANNTY gl ANNTY gugl p -
v . ANVFU oUNNN
9 [ v Jd 9 [ 4 o A = Y E] Q
nsenhzure  dunnsneu  nsziizug AUNNT Yswnanihm - szezan  nssnhsuvs

v J o Y
gquiinivas  nszzung

a1 (1) AOUNY WunNon MU MEUON vurwen  dwihau HAINY , 4. )
B B wuvuen A ld
Huan (%) T5ai50U Tsai50u (kg) (s) Huon
° o o (%) (OC)
O O (%) O
14.00 45.23 39.53 34.30 67.10 0.61 80.00 45.20 41.27 30.69
14.15 45.97 40.43 34.40 66.50 0.61 80.00 45.37 49.13 31.35
14.30 44.30 44.77 34.30 66.60 0.54 71.00 44.17 50.60 31.46
14.45 44.30 44.77 34.30 66.60 0.54 71.00 44.17 50.60 31.46
15.00 40.83 50.43 33.90 67.00 0.44 57.00 40.40 56.43 30.57
15.15 41.27 51.67 34.30 67.60 0.43 56.00 41.17 52.73 31.16
15.30 42.50 46.03 34.80 64.70 0.50 66.00 42.47 53.60 30.63
15.45 41.90 48.20 34.80 65.10 0.47 62.00 41.70 54.07 30.76
16.00 38.87 55.60 34.00 66.30 0.37 48.00 38.60 58.87 30.36
16.15 36.27 61.40 33.50 67.90 0.29 38.00 36.23 63.83 29.62
16.30 35.63 63.93 33.60 70.50 0.26 34.00 35.53 68.53 29.61
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m’inujﬂﬁ .3 Llﬁﬂ\jWafnjWﬂﬁﬂuTﬂﬂﬁl%}u'llﬂuﬁulﬁj%']ﬂﬂ'ﬁaﬂqmwau%']ﬂlﬂ%@\j‘ﬂ']u']LfJuquﬂ1ﬁwu1’iaJ@ﬂllagIﬁ\jl%@lllluﬁﬁ']m1ﬂw5']\1llﬁq 50% RGEGTRY

1aan (A9)

guwgl ANNTY QUi ANNTY gl p -
9 [} [y Jd 9 9 e./ 4 3o’ d‘ d' 9 ﬂ’g’]j\]%u qmwfﬂ]u
nsenhzure  dunnsneu  nsziizug AUNNT PSanhn szeznan  asziahsung o, )
o , . e . o qunniras  nszzug
a1 (1) AOUNY NUKYDN NIUDN NIUDN NUKYON S1ETRRRRLY HAINU , 1. )
) B wurwen  nemuaald
Huan (%) T5ai50U Tsai50u (kg) (s) Huon
o o o (%) (OC)
0O (0 (%) O
16.45 34.83 68.77 33.40 72.00 0.22 28.00 34.73 71.23 29.86
17.00 33.60 78.37 32.80 71.70 0.14 18.00 33.50 80.27 30.42
Mg 33.60 39.53 31.00 64.70 0.14 18.00 33.50 41.27 29.61
eh L) 45.97 78.37 35.30 89.50 0.61 80.00 4537 80.27 32.70
nae 40.88 54.87 33.70 7235 0.40 52.48 40.78 59.98 31.42
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MINAUINNT N4 LLﬁﬂ\‘lﬂWWﬁQﬂmeﬂTﬂﬁEJGUENﬂﬁ“I/lﬂﬁﬂﬂiﬂﬂi‘b’ﬂ%ﬂu‘ﬂllﬂ%WﬂﬂiiaﬂqmﬂgumﬂLﬂiEN‘I/ITLHLﬂuqluﬂﬁwuﬁu’f)ﬂngiﬁx‘ilﬁﬂulluu@]ﬁlm

WINLTFI 50% ﬂQMUHWﬁQﬂW

[ a J A 2
WAL ULAAIDINATNIBUDN 15UTOU (W/m")

a1

9.00 156
10.00 228
11.00 609
12.00 1112
13.00 912
14.00 833
15.00 536
16.00 429
17.00 117
fga 117
gega 1112
méa 548
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M3NHUINT 0.5 udaswamsnadon Insdlaiaanszuigeimanase lulimswunuenuaz 15aGou lulin1iens 9ues 50% AguuuURaIn

a Y
gaminsznizunanely

tg v o
ANuTUANHNSAe 1Y

gaurgiinsznhzuieneuen

9
ANUFUFUNNE Mouon

a1 (W) Tsa5ou T5950U Tsa50u Tsa5ou
) (%) o) (%)
9.00 40.37 55.17 30.30 90.50
9.15 40.63 52.17 30.10 89.70
9.30 40.40 51.73 30.20 89.60
9.45 40.30 50.63 30.80 87.00
10.00 40.90 48.83 30.70 85.80
10.15 40.57 50.03 31.30 83.00
10.30 41.10 48.63 31.80 81.80
10.45 40.07 50.83 31.90 79.00
11.00 41.20 45.30 32.00 75.70
11.15 42.37 42.27 3230 74.70
11.30 41.47 4530 32.50 77.50
11.45 42.33 4147 32.60 71.90
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M3NHUINT 0.5 udasnamsnadon Inallaiaanszuiseimanase lulimswunuenuaz 15aGou lulia1iens e 50% AgUUURAINT (910)

a Y
gaminsznizunanely

tg v o
ANuTUANHNSAe 1Y

gaurgiinsznhzuieneuen

9
ANUFUFUNNE Mouon

a1 (W) Tsa5ou T5950U Tsa50u Tsa5ou
) (%) o) (%)
12.00 42.87 4243 33.30 73.30
12.15 43.33 39.90 33.30 71.40
12.30 43.57 39.27 32.90 71.10
12.45 43.13 39.17 32.80 71.70
13.00 41.83 41.50 32.80 73.60
13.15 43.90 40.77 33.50 68.80
13.30 44.50 36.83 33.80 63.00
13.45 44.83 35.87 33.80 65.80
14.00 44.97 33.43 34.00 64.80
14.15 4543 33.67 33.30 66.20
14.30 45.27 34.50 33.70 68.50
14.45 45.53 3457 33.60 69.40
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M3NHUINT 0.5 udasnamsnadon Inallaiaanszuiseimanase lulimswunuenuaz 15aGou lulia1iens e 50% AgUUURAINT (910)

a Y
gamginsznhzunaneluy

t&l v o J
ANUTUTNNNSN 01U

a Y
Qﬂ!ﬁ{]hﬂi%&ﬂ%!tﬁﬂ

Pl
v v
ﬂ')’]ilglﬂ)'uai]wm‘ﬁﬂ']ﬂu@ﬂ

a1 (W) T5ai50u T5950U Meouenlsusou T5ai50u
O (%) C) (%)
15.00 44.03 35.40 33.80 66.30
15.15 44.57 33.10 33.70 64.00
15.30 43.90 36.57 33.60 67.80
15.45 41.13 39.70 33.30 68.60
16.00 39.57 4433 33.50 67.40
16.15 32.87 64.60 29.10 87.70
16.30 31.10 72.40 28.00 91.10
16.45 30.63 74.17 27.80 91.70
17.00 30.30 76.37 27.60 92.30
e 30.30 33.10 27.60 63.00
gega 45.53 76.37 34.00 92.30
mag 41.18 45.79 32.05 76.08
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{ 1 [ a d a o 1 1 1 ]
ATNRUING 1.6 LAAIMNAINULEIDINATVINTNadeU laslanaauszuisoniAnasa thﬁﬂ?ﬁwuﬂuﬂﬂllazIﬁ\?ﬁf’)ul‘lﬂﬁﬂ'lsll']ﬂWTI\?!Lﬁﬂ 50% QU

VURAIA
nal NasULaRIeINaineuen 15asou (W/m))
9.00 610
10.00 620
11.00 915
12.00 905
13.00 885
14.00 770
15.00 540
16.00 350
17.00 130
@%’1@:{@ 130
gaga 915
mae 636
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MINELINT 0.7 udaswamsnadou Tasldihngungineslumswuruenuaz 1595 oulimUnens 19a 50% AQUUUHEIN

E]

guwgl ANNTY gl ANNTU gl P _
9 @ v Y [ v J 90’:1‘ A Y ﬂ’)’]i‘%u Qmw{]u
nsznhzune  dudmsaeu  nsznhzuve  dwing USwanhi sseznen o asznhsuwe |, )
o , . e . o duiminas  nsznheui
a1 (W) AU Wunuen Meuon MEUDN Wunwen  urhau HaInuy , I )
) ) wuriven i ld
nuon (%) T53i50U T53i50U (kg) (s) nuon
. . ] (%) C)
0 q© (%) 0
9.00 38.73 62.70 31.80 83.10 0.30 39.00 38.63 67.30 31.79
9.15 38.50 63.70 32.00 82.70 0.29 37.00 38.27 70.90 31.82
9.30 39.30 61.90 33.00 77.40 0.31 40.00 39.27 66.00 32.05
9.45 38.87 61.83 32.90 78.10 0.31 40.00 38.73 69.00 31.71
10.00 38.80 60.73 32.90 75.00 0.32 41.00 38.53 67.50 31.42
10.15 38.97 61.37 33.50 75.50 031 41.00 38.87 65.77 31.69
10.30 39.00 59.30 33.60 73.30 0.33 43.00 38.77 67.23 31.26
10.45 38.53 59.87 33.50 73.30 0.32 42.00 38.27 65.57 31.04
11.00 40.07 56.37 33.90 69.40 0.37 48.00 39.97 61.90 31.40
11.15 40.03 56.50 33.90 69.70 0.37 48.00 39.97 63.63 31.41
11.30 39.90 56.50 34.10 71.00 0.37 48.00 39.80 63.53 31.31
11.45 38.80 59.30 34.30 69.30 0.33 43.00 38.77 64.43 31.11

6L



Y
o

A Y3 A
AT NWNUINN N.7 mewamsmﬁaﬂﬂaﬁl%uma

E]

avginoslumsnuruenuaz 155 euUTin 0w 1E 50% AQUUUHAIAT (7A0)

guwgl ANNTY gl ANNTU gl P _
9 @ v Y [ v J 90’:1‘ A Y ﬂ’)’]i‘%u Qmw{]u
nsznhzune  dudmsaeu  nsznhzuve  dwing USwanhi sseznen o asznhsuwe |, )
o , . e . o duiminas  nsznheui
a1 (W) AU Wunuen Meuon MEUDN Wunwen  urhau HaInuy , I )
) ) wuriven i ld
nuon (%) T53i50U T53i50U (kg) (s) nuon
. . ] (%) C)
0 q© (%) 0
12.00 39.27 57.60 34.10 68.90 0.35 46.00 39.20 65.63 31.09
12.15 38.60 60.50 34.40 70.40 0.32 41.00 38.33 67.10 31.22
12.30 38.53 59.50 34.90 67.30 0.33 42.00 38.30 65.70 30.96
12.45 37.87 61.33 33.50 71.20 0.30 39.00 37.57 67.07 30.84
13.00 36.97 64.30 33.90 69.70 0.27 35.00 36.93 67.30 30.74
13.15 37.90 62.47 34.60 67.70 0.29 38.00 37.90 68.47 31.10
13.30 38.60 59.27 34.30 69.10 0.33 43.00 38.27 65.67 30.96
13.45 36.80 63.67 34.20 69.70 0.27 36.00 36.80 68.93 30.48
14.00 36.83 64.33 34.00 70.00 0.27 35.00 36.73 68.63 30.64
14.15 36.50 64.97 33.90 70.10 0.26 34.00 36.27 69.80 30.50
14.30 37.27 63.97 33.90 69.50 0.27 36.00 37.07 67.77 30.91
14.45 37.70 62.73 33.90 69.70 0.29 38.00 37.67 67.97 31.00
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AT NWNUINN N.7 mewamsmﬁaﬂﬂaﬁl%uma

E]

avginoslumsnuruenuaz 155 euUTin 0w 1E 50% AQUUUHAIAT (7A0)

guwgl ANNTY gl ANNTU gl P _
9 @ v Y [ v J 90’:1‘ A Y ﬂ’)’]i‘%u Qmw{]u
nsznhzune  dudmsaeu  nsznhzuve  dwing USwanhi sseznen o asznhsuwe |, )
o , . e . o duiminas  nsznheui
a1 (W) AU Wunuen Meuon MEUDN Wunwen  urhau HaInuy , I )
) ) wuriven i ld
nuon (%) T53i50U T53i50U (kg) (s) nuon
. . ] (%) C)
0 q© (%) 0
15.00 38.80 58.10 34.70 66.20 0.34 44.00 38.60 64.40 30.86
15.15 38.77 57.57 33.90 66.50 0.35 45.00 38.77 60.67 30.71
15.30 39.03 57.47 34.70 67.70 0.35 46.00 38.97 64.37 30.89
15.45 37.93 59.33 34.00 66.70 0.32 42.00 37.90 64.70 30.47
16.00 37.53 60.43 33.80 68.00 031 40.00 37.27 66.43 30.39
16.15 35.57 67.23 33.30 67.90 0.23 30.00 35.57 68.43 30.18
16.30 35.20 67.67 33.10 70.60 0.23 30.00 35.10 70.93 29.96
16.45 34.00 71.47 33.00 70.00 0.19 25.00 33.90 74.47 29.64
17.00 33.53 74.13 33.20 70.20 0.17 22.00 33.50 76.23 29.69
Mga 33.53 56.37 31.80 66.20 0.17 22.00 33.50 60.67 29.64
gage 40.07 74.13 34.90 83.10 0.37 48.00 39.97 76.23 32.05
nay 37.96 61.76 33.72 71.06 0.30 39.30 37.83 67.07 30.95
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H 1 @ a o 90’ §
MINHUINT 0.8 UAAIMINAINULFIDINRdVBININadeU Tagldiing

U

aungineslumsnuruonuaz T5aSoulininens19uae 50% AQUUUNAINT

[ a J A 2
WAL ULAAIDINATN8UDN 15T DU (W/m")

al wasnuuasoiadnelulsusou (Wm)
9.00 525 170
10.00 810 310
11.00 881 314
12.00 1138 392
13.00 1002 383
14.00 850 255
15.00 520 170
16.00 348 100
17.00 389 119
A1ga 348 100
gage 1138 392
mag 718 246
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{ 2 g A A 4 o 3 1 '
@131qwu3ﬂﬁ .9 !Lﬁﬂ\jwaﬂ1§1/]ﬂﬁﬂuIﬂEJGI,%I:H'llfJuﬁllﬁl%']ﬂﬂ'ﬁaﬂqﬂ!ﬁg1]%']ﬂlﬂtéf’)\ﬁ/]']u'llﬂuclufnﬁWuwu@ﬂllagIﬁ\jl%@“ﬁﬂ1sll']ﬂw3']\ulﬁq 50% AQNUU

LRGN
guwgl ANUTY QUi ANUTUY gl p -
Y [ o g Y [ U 4 %’d‘ d' Y ﬂ’g’]u%u Qmwan
nsznhzune  dudmsaeu  nsznhzuve  duins USwanhi szeznen o asznhsuwe |, )
o , . e . o quWnsras  nszinhzuns
a1 (1) NOUNUY WUNNON MEUDN NMEUDN WUKNBN Tushau NAINU , 1. )
) B Wuvinen  Afuanla
Huan (%) T5ai50U Tsai50u (kg) (s) Huon
o o o (%) (OC)
{©) {©) (%) {®)
9.00 35.70 81.67 30.20 93.90 0.13 16.00 35.57 83.90 32.79
9.15 35.37 83.17 30.30 92.70 0.12 15.00 35.23 83.13 32.72
9.30 35.13 81.37 30.40 92.20 0.13 16.00 35.07 82.77 32.24
9.45 35.63 78.77 30.90 90.70 0.15 19.00 35.50 81.63 32.26
10.00 34.77 88.50 32.20 85.80 0.08 10.00 34.77 88.37 32.94
10.15 38.83 71.97 33.10 81.60 0.22 28.00 38.73 75.20 33.76
10.30 39.13 63.93 32.80 77.70 0.29 38.00 38.87 70.80 32.36
10.45 37.30 70.30 32.80 77.50 0.22 29.00 37.20 74.10 32.17
11.00 37.40 68.17 33.00 78.90 0.24 31.00 37.30 73.43 31.84
11.15 36.70 66.80 32.50 80.40 0.25 32.00 36.60 68.50 31.01
11.30 36.43 76.27 32.60 78.40 0.17 22.00 36.37 71.80 32.53
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@131qwu3ﬂﬁ .9 L!,ﬁﬂwam’i1/1ﬂﬁﬂ‘uTﬂt’lﬁl%}u1Lt’Ju‘ﬁ"lﬁjﬂ1ﬂmiaﬂQﬂmg3J%1ﬂLﬂ%EJWHLHLﬂuﬂlum’iwuﬁuﬂﬂuaﬂﬂﬁ’ﬂuﬁmﬂnﬂwﬂmﬁﬁ 50% ARNUU

1aan (A9)

Fl F
gl ANNTY gl ANNTY gugl p -
v . ANVFU oUNNN
9 [ v Jd 9 [ 4 o A = Y E] Q
nsenhzure  dunnsneu  nsziizug AUNNT Yswnanihm - szezan  nssnhsuvs

v J o Y
gquiinivas  nszzung

a1 (1) AOUNY WunNon MU MEUON vurwen  dwihau HAINY , 4. )
B B wuvuen A ld
Huan (%) T5ai50U Tsai50u (kg) (s) Huon
° o o (%) (OC)
O O (%) O
11.45 36.63 71.73 33.20 80.90 0.16 21.00 36.57 73.93 32.96
12.00 37.60 73.80 33.80 75.60 0.20 25.00 37.57 69.53 33.08
12.15 37.00 74.17 33.20 79.10 0.19 25.00 36.80 75.13 32.64
12.30 37.43 74.10 33.50 77.10 0.19 25.00 37.33 74.80 32.99
12.45 36.67 70.77 33.30 78.00 0.21 28.00 36.67 70.37 31.74
13.00 38.17 72.63 34.10 75.10 0.21 27.00 38.17 72.63 33.33
13.15 39.00 70.57 35.40 71.00 0.23 30.00 38.50 69.30 33.62
13.30 39.07 63.43 34.10 72.20 0.29 38.00 39.07 64.00 32.20
13.45 40.10 62.83 34.80 68.60 0.31 40.00 39.30 65.60 32.87
14.00 40.80 69.03 35.10 68.30 0.26 34.00 40.60 57.23 34.76
14.15 41.23 56.30 35.90 66.30 0.38 50.00 41.17 56.37 32.23
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@131qwu3ﬂﬁ .9 L!,ﬁﬂwam’i1/1ﬂﬁﬂ‘uTﬂt’lﬁl%}u1Lt’Ju‘ﬁ"lﬁjﬂ1ﬂmiaﬂQﬂmg3J%1ﬂLﬂ%EJWHLHLﬂuﬂlum’iwuﬁuﬂﬂuaﬂﬂﬁ’ﬂuﬁmﬂnﬂwﬂmﬁﬁ 50% AQNUU

1aan (A9)

Fl F
gl ANNTY gl ANNTY gugl p -
v . ANVFU oUNNN
9 [ v Jd 9 [ 4 o A = Y E] Q
nsenhzure  dunnsneu  nsziizug AUNNT Yswnanihm - szezan  nssnhsuvs

v J o Y
gquiinivas  nszzung

a1 (1) AOUNY WunNon MU MEUON vurwen  dwihau HAINY , 4. )
B B wuvuen A ld
Huan (%) T5ai50U Tsai50u (kg) (s) Huon
° o o (%) (OC)
O O (%) O
14.30 35.97 70.40 34.30 68.80 0.21 28.00 35.97 70.17 31.09
14.45 37.67 71.73 34.60 68.20 0.21 28.00 37.63 64.50 32.75
15.00 38.37 69.30 34.80 69.50 0.24 31.00 38.10 68.93 32.85
15.15 37.07 70.97 33.90 69.70 0.21 28.00 36.93 65.23 32.11
15.30 40.40 64.20 35.20 68.00 0.30 39.00 40.00 65.27 33.40
15.45 37.70 70.10 34.00 72.60 0.23 29.00 37.03 73.70 32.46
16.00 37.20 67.13 34.30 68.20 0.25 32.00 37.17 68.03 31.48
16.15 35.73 72.83 33.30 71.60 0.19 25.00 3533 72.83 31.34
16.30 34.53 74.07 33.30 71.00 0.17 23.00 34.53 73.63 30.53
16.45 35.30 76.67 33.80 78.40 0.16 21.00 35.10 77.73 31.62
17.00 35.13 78.87 33.20 81.50 0.14 19.00 34.83 80.27 31.84
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{ 2 g A a 4 o ¥ g 1 1
@]131\1W1«l3ﬂﬁ .9 Llﬁﬂ\jWaﬂ']i1/]ﬂﬁﬂuTﬂﬂﬁl%}u1lﬂuﬁulﬁlﬂ'lﬂfnﬁaﬂQﬂ!ﬁg1]%1ﬂlﬂ%a\TV]']u']!»ﬂuquﬂﬂlﬁwucﬁiJaﬂllagiﬁqG@u%ﬂ1m181"|51\ulﬁq 50% ARNUU

1aan (A9)

F F
gl ANNTY gl ANNTY gugl p -
9y [ v Jd Y [ v d gol A A Y ﬂ’g’]u%u Qmwau
nsznhzune  duWnsaeu  nsznhzuve  dwing USwanhin sseznan o aswnhsuve |,

qUNNINQ ﬂﬁmﬂ"lzllﬁlﬂ

a1 (1) AOUNY WunNon MU MEUON vurwen  dwihau HAINY , 4. )
B B wuvuen A ld
Huan (%) T5ai50U Tsai50u (kg) (s) Huon
° o o (%) (OC)
O O (%) O
Gh’sjﬂ 34.53 56.30 30.20 66.30 0.08 10.00 34.53 56.37 30.53
gga 41.23 88.50 35.90 93.90 0.38 50.00 41.17 88.37 34.76
naY 37.31 72.20 33.39 76.65 0.21 27.33 37.14 72.21 32.44
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H 1 @ a o 90’ §
MINHUINT .10 UEAIMNAINULEIDINAdVBININAdeU Tag]dinng

U

angineslumsnuruonuaz T5aSoulininens191ae 50% AQUUUNAINT

@ a J A 2
WAIULEAIINATNIBUDN 153I50U (W/m")

an naanunaeiagnelulsaFeou (Wm
9.00 300 110
10.00 310 115
11.00 324 123
12.00 420 159
13.00 750 258
14.00 550 200
15.00 300 90
16.00 100 34
17.00 80 27
dge 80 27
gage 750 258
mae 348 124
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M3NHUINT N.11 udaswamsnadon Insllaiaanszuigeimanase lulimswurnenuas 15950UNMUIBNT WS 50% AQULUNAIN

a Y
gamginsznizunanely

tg v o
ANuTUANHNSAe 1Y

gaurigiinsznhzuieneusn

9
ANUFUFUNNE Mouon

T5950U
a1 (W.) T5a50u T5a50u Tsa50u
(%)
) {®) (%)
9.00 32.50 82.20 29.60 87.50
9.15 32.03 85.77 29.70 90.20
9.30 33.43 81.20 30.40 86.90
9.45 34.87 72.27 30.70 84.00
10.00 34.97 70.90 30.70 83.70
10.15 36.30 66.20 31.40 81.70
10.30 38.23 58.77 31.80 82.00
10.45 36.73 59.07 31.30 80.00
11.00 38.33 58.00 3240 79.70
11.15 37.03 57.70 31.50 79.10
11.30 37.77 55.00 31.40 77.80
11.45 38.60 55.27 32.30 78.90
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M3NHUINT N.11 udaawamsnado Insllaiaanszuigeimanase lulimswunuenuaz 15350ULMUIBNT TS 50% AGUUUNAINT (AD)

a Y
gaminsznizunanely

tg v o
ANuTUANHNSAe 1Y

gaurgiinsznhzuieneuen

9
ANUFUFUNNE Mouon

a1 (W) Tsa5ou T5950U Tsa50u Tsa5ou
) (%) o) (%)
12.00 39.43 50.40 31.80 77.00
12.15 39.90 49.73 32.30 76.50
12.30 39.13 51.00 31.80 77.90
12.45 36.80 56.13 31.40 80.10
13.00 38.10 56.10 32.40 78.80
13.15 38.17 53.93 32.00 81.80
13.30 39.37 51.87 32.40 79.60
13.45 40.10 50.13 32.40 78.90
14.00 38.97 51.83 32.20 80.10
14.15 36.57 55.47 31.20 81.90
14.30 35.33 59.57 30.60 84.00
14.45 35.03 61.43 30.90 82.40
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M3NHUINT N.11 udaawamsnado Insllaiaanszuigeimanase lulimswunuenuaz 15350ULMUIBNT TS 50% AGULUNAINT (AD)

a Y
gamginsznhzunaneluy

t&l v o J
ANUTUTNNNSN 01U

a Y
Qﬂ!ﬁ{]hﬂi%&ﬂ%!tﬁﬂ

Pl
v v
ﬂ')’]ilglﬂ)'uai]wm‘ﬁﬂ']ﬂu@ﬂ

a1 (W) T5ai50u T5950U Meouenlsusou T5ai50u
O (%) C) (%)
15.00 35.20 61.30 30.90 82.70
15.15 35.20 62.67 31.00 84.70
15.30 35.33 62.70 31.20 85.50
15.45 37.77 56.57 32.10 80.40
16.00 37.40 55.40 31.70 83.50
16.15 35.63 60.27 31.70 81.50
16.30 33.63 67.23 30.70 85.60
16.45 33.07 70.13 30.70 86.60
17.00 32.43 70.63 30.10 87.20
e 32.03 49.73 29.60 76.50
gega 40.10 85.77 32.40 90.20
mag 36.47 61.12 31.35 82.07
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AT HUINT N.12 LEAIMNaINULEIINadvaInsnadeu laslanaaussuigenaaaoa lliJﬁﬂTﬁWHTTN@ﬂllagIﬁﬁl%ﬂuﬁ@]']ﬂl”lﬂ“l"lﬁ']\ulﬁﬁ 50% AU

VURAIA
an waanuuaaseiadmeuenlsaiou (Wm')  wdanuasenadnelulsadeu (Wmd)
9.00 300 110
10.00 310 115
11.00 324 123
12.00 420 159
13.00 750 258
14.00 550 200
15.00 300 90
16.00 100 34
17.00 80 27
@%’1@:{@ 80 27
gage 750 258
mae 348 124
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HAAIBNMIAIHIMYDITZUL

o a v
1. wilSnannnlFlumsnunaen
9y 93 Ay ' A 1o
TaglddoyavoinamananosIasldinigungiveslumsnunuenuas Tsasou Tul
AMUIBNILAINGY 1381 9.00 .
4
mmualiguugligunginsznhzuianeununuen T, 41.07°C anududuinsnou
WUHUBN RH, 57.9%

ad o

1 AMUIUMIANNAY JBDUAINATUMTA 1

2 3
ln pws = Cl / Tdry * C2 + C3Tdry + C4Tdry * CS’Tdry * C61n Tdry

I ' £y
uas T, Wuniiae K 9214 T, = 41.07 + 273.15 = 314.22K
UNUT, a9l T,

unuluaumsezld p, =7.82 Pa

3 A
ﬂ1u'3i1!°ﬂ1ﬂ311|@uUlf]uﬁ]i\ﬂufﬂﬂ'lﬁiﬂﬂﬁllﬂ'liﬂ 5

¢:p_w

p

WS

wld  p,=(0.579)(7.82) =4.52 Pa

4 H
ﬁm’;mmé”ﬁim’mmm%umﬂﬁumm 3

Py
x=0.62198 ——
P—P,

T p 31 101.325 Pa 921 x, = 0.029 ke, /ke,,

° a = A
ﬂ'lu'Jﬂ‘lW’nJﬁll']myﬁ']uﬂ']aﬂﬂ']ﬂﬁilﬂ'ﬁm 4

h= 1.OO6Td +x(2501 + 1.805T )
ry dry



wld h, = 1162 k/kg,,

MUIUMYTNIATTUNIZV0I0IMANINTNNITN 7

V= O.2871(TClry +273.15)(1 + 1.6078x)/p

918 v, =0.932 m'kg,,

MumigavginsznizdlennounuruenINauNITN 2

1/2
T = waatan[0.151977(¢ +8.313659) " ]+

atan(TdIwa ¢) - atan(¢—l.676331) +

0.00391838(¢))"“atan(0.023101 () — 4.686035

Y o
1wld T,,=33.51°C
?.’, 9 a dal [ v J o [ 1 dy
nnuulggungll T,, 1agANNFUAUNNT 100%RH MUIBUIOATIAIUANNIY X,
, .
(Faumsn 1 3 uag s)

Aamanuau ledud1naun1sn 1
2 3
In P.= Cl / Tdry+ C2+ C3Tdry+ C4Td}y+ CSTdry+ C61n Tdry

ulaa T, 1lumsiae K218 T, = 33.51 + 273.15 = 306.66 K
unu T, U T,

unuluaumsezld p,, =518 Pa

4 v
ﬂ”l‘L!’JmWWﬂ’NiJﬂulli’)u”lfl]S\ﬂﬂﬂ”lﬂ?ﬁ%”lﬂﬁﬂﬂﬁ“ﬁ 5

b P
pWS

wld  p,=(1)(5.18)=5.18 Pa

Y v
ﬁ1u’3m°ﬁ1§ﬁi1ﬁ")uﬂ’ﬂu%uﬁ]1ﬂﬁhﬂﬁ‘ﬁ 3
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p,
x = 0.62198 ——
p—p,

Y J 2
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Preliminary Study of Grapes Bunch Pre-Cooling by Use Cool Water Spaying
ERNEE wade ulFun withdndsed 35an q':zufu'l.ﬂ' nsxd efdussa uas wafed aadvussa’

Chalermichart Sacwarat . Manaschanick Wangphithakwong ", Adchara Juymrunwai ' Krawes Tresamnuk and Tawarat Tresamnuk”

Abstract

This research cbjective was fo preliminary study the performance of direct cool water sprayved in pre-
cooling system. The grapes bunch was selected fo be the sample in this study. The developed system consist of
the insulated pre-cooling chamber with @ 38 em x 81 cm x 71 com (W x H x L) and circulating water pump
pressurize fhe cool water spraying for the sample tempersture reduction. Testing the system by contain a 5 kg of
grapes bunch in pre-cooling chamber and after that, spray the cooled water in 2 levels of tempersture (room
temperature 23°C and cooled water by ice mising 1 °Crand 3 levels of spraying rate (1.5, 2.2 and 3.2 literimin).
The results showed the cool water at spraying rate of 3.2 literimin can reduces the grapes bunch rapidly in 3.2

minute of half-cooling time. The maximum of temperature reduction of grapes bunch in pre—cooling is 36°C and
the system has a 1.637 kW of heat reducing performance when use the cool water in pre-cooling system.
Keywords: Pre-cooling, Water spray, Grapes bunch
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Table 1 Effect of Volume flow rate on Half-cogling time and Guantity of heat

Volume flow Ful-cocling time  Half-cooling time Gluantity of heat, Cluantity of heat,

rate (miin) (rmin) Full-cooling time Half-cooling time
[Literimin) (k) (k)
Wafer lca Water loe Water lce Water lce
supiply meit Supply melt supply mlt supply melt
158 30 &0 85 T 0.093 0285 0238 0843
22 16 225 15 4 0.169 0432 0.577 1.515

32 16 275 35 35 0.161 0400 0586 1.637
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Figure 2 (a) The rate of cooling at various volume flow rate for water supply.
() The rate of cooling at vanous volume flow rate for ice malt.
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Abstract

The geanhouse systam is an alternative in crops planting bacausa this system have ability to
control the water and fentiizer, reduce the rsk of contamination with pathogens, insect and wead and the
important advantaga of this sysem is the capability in dlimate contral to suit the plantngs. The purpose of
this research was o analyze the cooling effciency of the climate contral greenhouse used the fogging
systam ([ Evaporative system) by thamodynamics axact calculation mathod. The Analysis of Makhon
Ratchasima provinca atmasphare found that the average solar intensity was 185 W m* and relative hurmidity
of air in tha greanhousa is not over 90% RH. Tha maximum air smpamatire reducing in the greenhouse is
9.80eC companad with the outside air tamperature. The madmum waker flow rate of fogging is 2.2 kg K’
mi at 14,15 PM of the day. The coaling afficiency of the systam is betwean 9% - 7% and tha diffarence
of dry bulb and the wet bulb temparature influences on the increasing of cooling efficiency.
Keywords: Evaporation rate, Fogging system, Climate control, Greenhouse
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Abstract - A climate conirolled greenhouse system is a best cheice in planting because it has many advantages such as
reducimg the risk of contamination with pathogen:, insect pests and also cootrol the climate to sust the growth of plans. The
purpose of this research was to study the mathematical model for use in the conmelling of fogging climate comtrol
reenhouse and the cooling efficency of fogging system was evaluated in terms of numenical caloulation. The location in
this stady is Nakhen Ratchasima, North-East of Thailand. The results showed that the fogging system was able to reduce the
inside temperature of presnhouse to lower than the outside temperatare by ©.630C and the inrreasing of intake air flow rate
of greenhonss influences on the nzing of cooling efficiency and the fopging ratz in presnhouse.

Keywords - Evaporative Eate, Fozging system, Climate Conmol, Greenhonse

I INTRODUCTION

A weather-controlled zreenhouss system iz the best
oppormnity for growing crops because it has many
advantages, such as reducing the risk of
contamination with pathogens, insect pests and also
control the weather to suit the growth of plants. The
weather inside greenhonse are influenced by the solar
radiztion, temperatore and humidity of air thar
affacted on the srowing rate, yield and quality of
plants production Many plants are growing well in
suit climate but they need enomzh sunlight too.
Therefore, the solving of hizh temperamre problem
inzide the greephomse by shade the sunlight is not
always necessary. Evaporafive cooling greenhouse
system was developed for use in tropical. The
advantage of this system are it can reduced the mside
Ereanhouse Air temperamures by the water evaporation
process, reduced the level of inside air energy and
especially made the higher ar humidity in the
gresnhouse. Possibly, it has a high cooling efficiency
more than mechanical cooling systems [1].

The operation of the fogzing cooling greenhomse
system iz based on the water spraying through the
nozzle The foz droplet was sprayed by a diameater
arpund 2 pm - 60 pm for increase the comtact area
with air [2]. In the fogging process, it necessary to
spray the foz over the plants bedding im the
gresnbouse becanse the fog should See-fall slowly
and essily merge with the air inside the greenhouss.
The fog droplets can be produced in several ways. A
fog that have a diameter less than 30 pm usually
produces by using a high pressure pump and a fog
nozzle [3]

In the past, many researchers reported about the
fopging systemn, Arbel et al [2] found that the
fopging cocling systern was maore effective in
nniformly distributing the temperature and humidity
in the greenhouse than the cooling pad-fan system.

AWM Abdel-Ghany etal [4] tested the cooling
efficiency of the water fogging system in a closed
systemn. The water were sprayed by a flow rate of 10
gs-1 ar 32-350C with five difference fogging
duratdon. They found that the system have a cooling
efficiency around 30%. Kittas et al [5] tested the
indoor temperanwe and bumidity conmmel systems.
Found the highest cooling efficiency is 80 and the
system can reduces the indoor temperatures by 10oC
of the difference compered to outside femperatures.
Ha:an [9] mmvestizate the efficiency of fozging
system, found that the foggms efficiency increased
linearly with evaporative flow rate and sbsolate
bumidity difference between the mside and outside
amr.

However, the achieving of desired temperamre and
bumidity of ar in climate gZreenbouse system
necessary ta conTol 3 Two important warables such as
intske Air Flow Rawe (AFR) and the water
Evaporative Flow Fate (EFE) in the fogging process.
In the present. the fozzing time period control (open
looped cootrol type) was commonly used m
commercizl greenhouse becamss it is easy and
practical operation buf its wezkness is 3 lack of
precision and excessive in water consumption.

The pupose of this research iz to apply a
mathematical model of energy and mass balances in
fogzing greenhouse system for comtrel the fogging
process in the system. The model were tested and
evaluated in term of mumericsl to determine the
cooling efficiency of the system snd to study the
feasibility of the applying with the prototype in the
furre.

IL MATERIALS AND METHODS
a. Mathematical Aodel: of the System

The :chematic of fogging greenbouse system in this
study was shown in figwe 1 It comsists of

Matharstical Model for Exact Sclution Methed of Fopging Process Control & Climate Gresabouss Systam
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Volume- §, Tsme-1,

Eresnhouse, measuring sysiem, ventilaton fan and
fopging system. The size of sreenhouse is 2mx2m
xXm (L xH=x W) and it was covered by the
wanslocent fype of polyethylens plastic sheet A
temperamre and humidity of air outside and inside a
creenhouse, mass flow rate of air twough the
zresnhouse, mass fow of water in fogging process
and solar radistion heat on the gresnhouse wers
investizated as a variables in mathematical model.

Lo sensor
]
" fogeer
[
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a I e |
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Figure 1: Schemaric of fogging climate greenbouze
Air flow rate equation is considerad in term of
a steady-state condition and depended with the

temperature and relative humidity of air. It can be
expressed by equation 1. [6]

fra-U(T, -T,) /
& T, "
Where q is the ventilation flow rate (kg s-1 m-2},
Iis the sunlight invensity (W m-2), 1is the coefficient
of radiation wansmittance of the greenhouse, a is the
propordon of the solar radistion entermg the
greenhouse  influemces om  the incressing  of
gresnhouse air enthalpy, U is the overall heat loss
coefficient of the greenhouse (W m-2 C-1), Tg is air
temperature nside the greenhouse (o), Ta is the air
temperanuwe gutside the greenhouse (oC), he is the
enthalpy of air inside the greenhouse (T kg-1 dry air)
and ha iz the enthalpy of air outside the presnhouse (7
kg-1 dry air).

a is depended on the area ratio of glowing plants per
bedding and its value is between 0.3 — 0.T[7]. The
values of U7 for single cover plastic gresnhouse is in
the range of 5.0 — 8.0 W m-2 oC-1 [§]. In this study,
the values of o, Tand U were specify a5 0.5, 0.5 and 7
W m-2 ol-1, respectively. Evaporation flow rate can
e expressed as eguation 2.[9]

m, =q(x, =)

Jan -2018, Betp:ima in
Where mw is evaporation mass flow rate (kg
5-1 m-2), xz is the sbsolute bumidity of the air inside
the greemhouse (kg kg-1 dry air) and =o is the
absolute bumidity of the air outside greenhounze (kg
kg-1 dry air).

Adiabatic saturation process is a process for reducing
the temperanre and mcreazing the humidity of air in
greenhonse by the fogging in gresnhouse. When the
fog was sprayed into the greenhouss. the final
condition of the air that was depended on the amomt
of evaporation shifts from position 1 to position 2 by
the constant wat bulb process in the Psychometric
chart (Figure 2).[10]

Figure 1: Adisbatic samuration process

The thermodynamics processes of this system are
adisbatic cooling =and bumidification =and the
calmlation conditions are controlled by equation 3.
and 4.

hg =ha 3

The enthalpy of the air inside the gZreenhouse must be
greater than the outside

XE FuE 4

The absolute humidity of the air inside the
greenhonse must be grester than that outside the
greenhouse.

b. Efficiency of the Fogging Svitem
Efficiency of the fogzing system can be expressad as
equation 5 [9]

Loy o = Tam o - 100
Towa = Towt. i

Ef = £

Where Eff iz efficiency of the fogging system

(%6), Ty, is the dry-bulb temperature gutside the
greephouse (0C), Ty, . is the dry-tmlb temperanire
after fogging inside the greenhouse (0C) and Twe uy is
the wet-bulb temperanme after fogging inside the
sreenheouse ()

Mathematical Modal for Exact Soltion Metbed of Fogging Process Control & Climats Gresahouse System
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Figure 3: Mathematical model flow chart

«. Climate Diata Meazurement

The DHT22 sensor from Aecsong Electronics was
nsed in dry bult tempersture (Ta) znd relative
bhumidity (Fha) measuring system. The semsor is
installed at 0.6 m hizgh from ground equal to the
height of planting bed in zreenhouse (Figare 1). The
data is recorded every 15 minutes during August
2017 and stores data by the data logger. The average
sunlight intensity in Makhon Ratchasima, Thailand in
Augmst was 185 Wm-2.

d. Calculations Process

The caloulation of the air flow rate and evaporstion
flow rate is follow as a flow chart (Figure 3). In the
input of the precess, the value of U, 7 and @ was
specified by the general propertiss of zreenhomse
material and planting. The all-day measured values of
temperatures Ta and Felative bumidity Fha is used in
the time domain calculations and the desired climate
in greenhouse (Ta, Fha) were set as the reference in
calculations.

Coredilen 1o alflled

-

IOI RESULT AND DISCUSSION

The results of the mathematical model test with real
weather data during the period of 7.00 AM - 19.00
PAL of the day, under the desired condition that the
relative humidity within the bouse is not higher than
20%, the results are as follows.

a. Capability of Temperature Reduction

Temp. (°C)
i = Durzice Temaeranrs
= Inzde Tempermure
5000
i e prrauee Bfieres
oo
a1 e
0o
1000 -
L s

oo =

Malmi® B w T KA NT NE N

Tirme (&)

Figure 4: Owuczide and izside greeshouse temperatzre
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From figure 4, the air temperature after fogzing
inzide the greenhouse are between 25.50C — 28.5 ol
The aversged value iz 27.03 ol while the air
temperature putside the sreenhouse was between 26.0
of — 38.13 oC and the averaged wvalue is 32.05 o
The air temperanmrs difference after fogging mside
and outside the greenhouse are berwesn 013 °C —
963 °C and the averaged value iz 592 oC. The
difference temperature between inside snd outside
gresnhouse iz low in the moming and evening
becanse the ambient humidity is almost sanurated and
the temperabwe is low. Accordingly, it result the
efficiency of the fogging system iz low too. In the
afternoon the incressing of difference temperamme
between inside snd oufside greenhoumse result the
rsing of efficiency of the fogzing system. The
decressing of air tempersture mside the greenhomse
was resulted by the heat ransfer from air in the form
of sensible and latent heast to the cloud of water
droplet, affer that it wa: moved ont from the
gresphouse by the ventilator Under these
calculations, it found that the fogging system had
capability to reduce the inside air temperamre of
gresphouse to 9.3 ol when compsred to outside
TEmMEra e,

Evaporative Flow Eate

5 A

apaioe Flowrale (g m]

] 200 anc L] a0
Abr Elgvr Mmta g h'® )

Fimwre A Air flow rate V. Faapmrative finm e
From fizure 5. it chows that when the air flow rate
(AFF) increases, the flow rate of the mist system
(EFE) is nising too. Due to the humidity of cutside air
is less than the air nside the greenhouse and the high
rate of venfilstion then the fogging system can be
sprayed in the massive fow rate teo. The evaporation
flow rate iz directly depended with the air flow rate
and the difference of humidity ratio of air berween
inzide and outside greenhouse.

«. Air and Evaparative Water Consompfion
Jhame
33001

3 0nmdi
P
T oo

Ty oo
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Figure 6: Air and evaporative water cenrumptien darmg the
daxy

Fizure 6 shows that the air flow rate was between 116
kg m-2 k-1 - 572 kg m-2 b-1. The minimum of air
flow rate was 116 kg m-2 h-1 at 9.30 AM in the
moming and the maximum of air Sow rate was 572
kg m-2 b-1 at 14.15 AM in the affernoon that was
resulted of the difference batween inside and outside
temperamres. The evaporation flow rate was 82 g h-1
m-2 -2,177 gh-1 m-2 and the minimum evaporation
flow rate was 82 z B-1 m-2 at 7.00 AM in the
moming. The maximum flow rate was 2,177 g b-1 m-
2 at 1415 AM in the aftemoon because the air
temperamure outside the gresnhouse is beight in that
time This resmlts iz consistence with Arbal et al. [6]
and Hasan [9] experiments.

d. Cooling Efficiency

Form fimre 7, the cooling efficiency of fogging
system is high over 80% when evaporation flow rate
wa: higher than 516 z b-1 m-2. The tendency of
cooling efficiency is increassd and depended by the
nising of evaporation fow rate with an exponential
relation curve.
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Figure 7. Cooling efficiency V3. Evaporative flow rate

The comparison cooling efficiency of the fogging
system and the difference humidity ratdo between air
outside and inside the gresnhouse found that the
rising of humidity rado influence on the increasing of
cooling. Because at high humidity ratio the ar inside
the greenhounse can absorb more water fom the
fogzing process. The comsistent snd trend line is
similar to Figure 8.
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Figure §: Cooling eficiency V5. Different of humidity ratie
bermeen ounide and inside the greenhomse

CONCLUSIONS
The evzluation of foggzing climare sreenhouse contral

by mathematical model found that the meximum
capability of foggzing cooling system in temperatrs
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reduction is .430C. The system cooling Efficiency  [3]
(%) Different of Humidity rato (g g-ldry ai)
efficiency is more than 80% and the tendency of ]
cooling efficiency is increased and depended by the

rizsing of evaporation flow rate
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Abstract

This research ohjective was to test the air cooling performance of greenhouse foeging systern controlled by
the developed equilibrium hurmidity equation. The cooperation of fogging and ventilating systern in cooling process
was used to removes the heat from the air in latent heat form by the evaporative cooling process. Foeging water
purnp and electric fan were controlled by micocontroller board used the develoged mathermatical models. The
models were written by applying the eguilibrium humidity aquation for the prototype greenhouse systern. The
greenhouse size Wx L x His 2 mx 4 mx 2 minstalls the 12 bar of hich pressure water purmp, 4 foggers of 0.1 mm
in hole diameter and 2 ventilating fans. The test results showed that the systern can reduce 4.60°C of the masimum
difference temperature between outside and inside air of geenhouse. The cooling effidency was between 2,708
- 25.00% ard 11.61% in average. The coefficient of performance (COF) was between 2.72 - 19.00 and 9.27 in
average. The systern consumes an electric energy and water at 0.012 kwh day™ and 1.88 kg day™ respactively.

Keywords: Greenhousa, Fogging Systern, Egulibrium Humidity Equation
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Figure'2. Experimental greenhouse.
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