e

e

A L) *
LTBUL WIS LLA wquﬁmuuwaau
ENVIRONMENTAL GREENHOUSE

AY

T
eI =~
UNEIMAE  nepdl

ULRATUT  Taneue

S <X [} : a /LY
ﬂ?@@ﬂuwuﬁuLﬁuaauwﬁqﬂaqnwsﬁﬂuwmwunangﬂsﬂ?mmﬂ%ﬁ3ﬂ77uﬁ1aﬂ1umﬁﬂ
a o
AAIMVIANTIULANAT
o - [ [ -
soniuine TuTaguseanuind Saumsatensed

dnsd@men 2534

007699



2y B 4
UTmmwuwuﬁﬂnWTEnuw 2534
@ -
N1RIEY IHINTITULAURT
s [4 - L] v L ar
ANEIRINTTUAHRT ﬁnwuutnnTuTaﬂwisaautnaﬂtawqmnnﬂiawanvsuq

4 « v
L7893 |.‘mulwwﬁwuuumuquﬁmuu'maau

Yeas .
HiAnn
|
fo ¢ I's
1w wonliug NOBRIN
B o
2. wis &Rt Tammpe . . L gen
B 17 ¢
\ ety
3 s
Y . (d
..........:?%?g%f5??@?:.................awawTanﬂ?nuw

1 as -«
( 213178 ansdas  fage )

(o
S e e s enateciet it eesaseeeaten e res e ee.BITVITENUTARA

& a aQ o £
( 873178 Wi NRAUWN )

{d
v U .. 27978NUTNEN

4
¢ 76.1n78efn q1i1mTwﬁﬁ¥ )



#1711y

unAaAA
Abstract
d11ﬁq3ﬂn1u
17181519
umia
- s
mnosdea
]
4 \ w Jd . - - «4
unn 1 acu1aaaunuuan1snuaan11ta1mnau1anaquﬁ
4 ey 4
unn 2 u1uﬂun17uqutaaua1n1ﬁ1u Greenhouse
4 7] [ 74
unn 3 UAANITNINAIINTAY
4 4 .
unn 4 Evaporative Cooling
4 4
umn 5 9sTaruiaY Greenhouse
4
unn 6 #ulTenaunaY Greenhouse
4 ¢ )
unn 7 19674 Heat Loss & Heat Gain
4 g a
unn 8 ATLRANIUIANRRY
172 LABTIRIRMART Y
4
unn 9 1suu97uqun1a1u Greenhouse
4 v
unn 10 ﬁzﬂ ralduauue
A188UIN
- o
naaniTulIen e

2 -
18nd19819RY

10

22

31

34

38

48

55

60

62

66



5 Y
3 'mutmsﬂ’mum1unuﬁmwumaau

287WT  Tansue

b ¢ '
wamiiug ANHAIN
o a (d o
ansda fasr  a131TamiTam
- a o ¢ (d
WhR  DRARMN  A13178nUToen

' { ¢

76. LnI8vAne QQ17mTwEd? 8131 7ANUT N

inatdnmwr 2534

L - (ug ﬁ . b 4 4
UTggruwuealuy  LUunITaanuuy AT%Ia UALRTI9 Greenhouse LWA
[YIRE Y L] 4 w . | L T |
TAVTUINGIN VTN IIAITLARA TUNUTIY lwﬂ1utnvﬁ7n1ﬂ1n11nqusﬂgnwﬁ1naawq
o a 4 a 4 a
nlTsantawen T Greenhouse lﬁﬂT?Ql7auﬂ1§lw18ﬂ§nuﬁwaﬂﬁQﬂ11thQT
o 8 - g Vv w 4
Tnaun17ﬂ1uquﬁn1vsu1naau (qmuqu A1MuIua g MInNIsFunuUwtLasnag
LATgLATATANHE  UTqgatiwusaliunlfaanuuy Greenhouse LWaliinu sauiy
0441 - o -
ﬁnﬁwaﬂn1ﬁ1aunnqmnguﬂisuﬂm 28 - 35 C nwxanqmngunﬂa1u Greenhouse
. Ve ﬁ 4 v ] Iy
nTagltwaanTsugaInIdL uqunimisUﬁaaﬂnwﬁwauaanuanTioL1au waziy
3 - (l
Evaporative cooling Lﬁ%gﬂﬂ?ﬁlﬁﬂﬁ?ﬁuguaﬁnﬁﬁlﬁﬂ?% Greenhouse 79
8-: qﬂ- - J < «f qz .
nINN1TAKAIN LA —ﬁauquﬁatwaaaqmngu unwiaane1zuun1uqun11n101unae
-~ . . £ [ V) .
WAAN, Evaporative cooling uazuaimatida-Uadutisudyginagsanieawle
o oy 1 ( - - w 1
TaaaaTuuﬂuwuanqﬂnsma7vﬂ1aﬂ11u¥autﬂuaqdqﬁmmwunwavﬂdunﬂuqu

. . o4
(Digital Controller) Taandvuﬂ1uquasdcﬁmmﬁun1uquaan1ﬂn1uququn1&

1 4Q£ L
Ay 1M NRARYTI



Environmental Greenhouse

Chatporn Lohana

Pongpan Kritsighha
Pattarachai vichaiya Advisor
Pichit Kittinon Advisor
Kriengsak Suwanposri Advisor

Academic Year 1991

Abstract

The design and complete plan of control environment Greenhouse
construction is included in this Thesis:Ipe objective of the design
is to facililate the experiment on plant growing in controlled
environment (for example Temperature,Humidity). The design of
Temperature in the Greenhouse base on the concept of the 1°“law
of Thermodynamic (Energy Conservation). The inside Temperature
of Greenhouse can be controlled by Air Ventilation of Greenhouse.
The humidity inside the Greenhouse can be controlled through
Evaporative Cooling Unit. Light and Radiation Heat can be
controlled through Shading and Screen over the roof of the
construction. All of these controlling equipments will recieve
signals from Thermocouple sensor and through digital Controller,
the system will operate automatically according to the temperature

setting of each equipment
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179N 1 Radiation Power Distribution of Light sources per

100 Watts Total Radiation

uv PAR+FR IR THERNAL TOTAL
Source 400 nm  400-850 nm  850-2700 nm 22700 nm  Radiatiom

¥ W W W W

FCW 2 36 1 61 100
HG/DX 3 19 18 60 100
HH 4 41 8 47 100
HPS 0.4 50 12 38 100
LPS 0.1 58 3 41 100
INC 0.2 17 74 9 100
SUN 6 59 33 2 100

Taaﬁ INC : Incandescent

HPS : High pressure Sodium

MH : Metal Halide
F : Fluorescent
HG @ Clear Mercury

LPS : Low pressure Sodium
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USHI NI syYuL Taua N e

1L Greenhouse

nwsnaueuqmwgﬁﬁgqﬁﬁﬂu Gréenhouse  Auiflpwinain  msudfedaadou
nemaag asdnsanidtes Msszuneendousangmenanisaifau  udfhdas
M3 mamedigamgldnndiainiemeuan  fia Sufoe ¥ Evaporative cooling
B wumsszsaIma flumsanguugidouannididn  Greenhouse uazifunsanaim
Lﬂ%ﬂﬂﬁsﬁﬂﬁﬂﬁuﬂﬁﬁusﬁaqunawnnwsgmLﬁﬂﬁﬁ TAuns L Rue b e L eawnd
ﬂﬂu%ﬁhwsszquawnwﬂ%ﬁuUUﬁssuﬂw(%ﬁauﬁﬁmwuﬁiiunw&)ua:uuuﬁhﬁn(ﬂﬁﬁhauLﬂﬁ)

wdd  fussvussneeimauvuiogy  fn¥aougiy  Evaporative cooling L&B

Weflazindasimsssuismudauaime uas (famshade Evaporative
cooling Wdmummdioems a4 fufiaeiinisiarsandedugariciumeiussuy
(Energy Balance) Bamuninftamdnmsmsinadtriamndnd anadautfasfoqii
fiuaawdauflgy. Supaniutsue 1ﬂﬂﬁﬂunmzﬁnﬁﬁﬁﬂa1smwagﬁuﬁﬁﬂadwLﬁuanwazLaﬂﬂs
(Steady State) tfugmiziumsenamdr  aadaumemsssneenYuIuts
130 .%ﬁﬁﬁnWiﬂawsmﬂﬂuvmznszgu (dynamic non-steady-state) Lﬁﬂtﬁunﬂi

RarsananuaEndgsu favnannnis L iz vasinusaanuusidas siadgy

2.1 ﬂNQRWﬁQQWH ( Energy Balance of A Greenhouse )



CONDUCTION HEAT
LOSS OR GAIN (q 4!
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4 EQUIPMENT HEAT {q,!

l }-u¢.runuacs HEAT (q,)

HEAT
RESPIRATION (q,) PHOTOSYNTHESIS(q,)

p SOLAR HEAT INPUT (q X)

THERMAL RADIATION
TO SKY (q,)

'
1
i
1

o HEAT OF

HEAT VENTILATH

e

W= E /i)

;
|
;

\ / o INFILTRAT
' HEAT (q;)
7 {—/$; = ey

HEAT LOSS OR GAIN
TO GROUND (qg)

Energy losses and gains in a ventilated greenhouse. ’

t
1

) ) 2
sV 1 tHumssrmdeeufl R ipafiudunandae 1wy Greenhouse filtasns

n*wuAli gamgilanMAly Greenhouse gindd gamglainidmeuan  AINFURIHANNIY

9@t First Law of Thermodynamic

N figure 1.

Q

+

Q@

E in
Q in
L1930
Q in
*Qr + Q

E out
E : Energy
Q out

Q : Heat

Q out

Qog + Qg + Qy + Q + Q + Q
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Solar Radiation Heat

Equipment Heat in Greenhouse ( lights , motors etc.)

Furnace Heat
WM Qe = 0 stWzﬁuHSzLﬂﬂ1wn1nﬁQQﬁn15&ﬂ§§

heater (fotpafian¥ouddufly  wvaeddneuse (nafd
s Buant fulipelimsnda

Heat of Respirations
aand  Huisdaeiimsmienalfioeen 0q WL Bt Hpa iy
ayn sz adeadioa vy usslinsieimdsausanin
Q, Lﬁuwﬁhqwuﬁiﬁhwnnwswnaﬂavaqﬁﬁﬁagﬂu Greenhouse 08
fiwdaaududiftdndmesnne o ey Qg Fafiude Uszanm = 0
Conduction Heat
LﬁaLﬁﬂﬁaﬁuumnﬁquaqqmwgﬂs:ﬂiwqﬂanﬁw%&ﬂaqﬁquaqﬁd
nRINENHIY (Gradient Temperature) zifianssNgny
s niififgomglganiiuiaiidgamgRdandt  weefinsun
anwdewinuinnaefl Buraauds  Wiite wihmanaBnis
Ground Conduction Heat
Vumsunmwdawuinaned Suffudy  fdfezannute fley
flunsuiR N dDURINAuINN 9

Ventilation heat
LAnwuvae lanmamevan aimdu $1usaaananiasewdnenes
Greenhouse u%aLﬂaﬂﬁq1uumnﬁ1quqﬁwuqmngﬁnnﬂﬁuLﬁa
Jeufumeuanszuy  wdswdaanadauiidunisdan e
iinan wSo 1 ENeR (M e L TeutaesnediEdiies) 99

p
zTuagdfivBamen s imaniansiamnvaeaind
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Q; : Infiltration Heat
LﬁﬂLﬂﬂawnwﬁawuwsntﬁéauﬁdwwusaﬂ%d #29t9A189 Greenhouse
3qu%§awn1ﬂtﬁﬁauﬁdﬂwuaananUizgﬁdﬂ
Qp : Photosynthesis Energy
tﬁuwﬁﬁawuﬁﬁuﬁﬁ§ﬂtﬂﬁua:aqaanﬁutﬂaquwawnnwsﬁqsﬁswzﬁuaq
%ﬁﬁtﬁaqawnnwsﬁhL951zﬁuaqnaqﬂn&aqﬂﬁWﬁhqwuiuaqwﬁq Uaz
Sndauntianus L ufivesnan L Bundvay TOHNINAZDY UYL
ANTDY
mug wason asnnmaiaeseiusasafimnnn iy
vllaeanmsmena ( Respiration Heat ) udi il
LWSBuL Uiy heat loss 3D heat gain Buuda
fifamnn Ussanm 2 - 3 % YBNNENUYNR
fe b nnRarsen g 58
WAL L NBNTBNENM SEN S oI I sa NS IR s T R davE weviadl
1utnauﬁﬁﬁ1ﬂaﬂu1ntﬁaLﬂﬂuﬁnLnauﬁuuﬁdQzaquSnﬁhﬁﬁlauﬁuwﬂaﬂsmﬁ (neglected)

[

ANEtu @a¥BuL BN smEAAYeNlY ( Heat of Respiration ,Q fiapann

r)
z )

b 1 1
wfltflovanuares 1flafly B uEN gungl  Beflduszana 1710 veewdvau
WNSELATILIEN ( Photosynthesis Heat | Q, ) (RN AR Ty (TR SRR Ve OO
msfuessiusy  AfefuSinuiise sy voamdesuiduidn uas guidueanty Sediviy

1
fiapnnuae #unsofeiN 118y
" B ar

mesduaNdauI N udu (Qg) sansatBwidiienmsdanas: Suaadowtd

- gbb o b7 t
wYou 2w nQﬁﬁannu qmwgﬂnwnﬁu%sqL%audﬂazgqniw pomgRitufu win'l  Befudu

U [
1Nase L Suawavatuns  fundesuanudawidd udwnsfieBuauan  nsdednu
L7 ]

anudputasmsumnanndeunnfasiizrann o flouty  msdenumInedaurnag

2
DRI UAEMANAY Greenhouse MBI Greenhouse $NIH S liwunRansen
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911u€auﬁutﬁaqawnqﬂnsdﬁtﬁy (Q) aztﬁﬂﬁﬁsﬁaﬁnwsLﬁuLﬂéaqwgaqUnidﬁﬁ
0 ez Buwan veaeti upLAad N Lﬁaﬁauquanwazuaaﬁbuwwuﬁbqnws

ﬁaﬂuébuﬁntﬁaqawannsdﬂﬁh11u§au (Q;) LﬁuﬁqﬁLﬁuﬁﬂﬂﬁﬁﬁbqnwsqmngﬁ
ApuinedpuSE L e Jaewuna uﬁnwsﬂﬁtﬁuﬁazﬁwaﬁﬁnawu%ﬁnadszvn AMST NI

ﬂaqLﬂéaqﬂﬁhqwu§buﬁbqawﬁbﬁbyaawn gwﬁmqﬂnidﬁu 1 #in

2.2 msudandauanaaeiagd ( Solar Radiation Heat Gain )

W s fad Sudausdgiuns cady Butevaefly  uduvas L §uiuln
wieuifssunn Aunan fu - Adseondinutiusnt Sufaewiesuannanea fad
%qﬂuizwi1qngwuwaua:qg%auﬁwwﬁdqwuﬁﬂnﬁaqnwsﬂauiﬂLﬂwﬁu il favanannaad
USENBUNINGSTIHTNE 210 13w viwsn edafupIme 89 BWUAREE29 1287157

FINTIRNEAIWANYIY s nea el diey sunns

Qr = T x Igx Ag
Solar Radiation Heat Input
Lﬁﬂ T : Transmittance of the Greenhouse cover to Solar
Radiation y, dimensionless

Ig Intensity of Solar Radiation , kW/ m2

A . Greenhouse floor area s m2
1)

Qg = Tx (1-r) x I
lﬁﬂ

T : The light transmittance of the Greenhouse

r : The average reflectivity of the Greenhouse

I : Solar Irradiance . W/m2
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ﬂ1i1ﬂﬁ 2 Transmissivity of Glazing Materials.

TRANSMISSIVITY
Solar Infrared
Temperature of Radiation Source (°F) 10,000 80

Wavelength of Radiation (nanometers)  380-2,000 4,000-10,000

MATERIAL
Window Glass 0.85 0.02
Fiberglass 0.88 0.02
Acrylic 0.92 0.02
Polycarbonate 0.85 0.01
Polyethylene 0.92 0.81
Acrylic,double layer extrusion 0.83 <0.02
Polycarbonate ,double layer extrusion 0.77 <0.01

2.3 MsW\IMIBY ( Conduction Heat Gain & Loss )
[} *
LlainmauendNyaegam)l (Gradient Temperature) Sewinafawiiing
speinezasina ey s Aemsdedemdenuanniiifigamgiigend tuseifg

pamgldnnd Taesfimswenadewhuiana e fuewle  wiife wiuwensfns

ch = Ux Ax AT

: Conduction Heat
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1ila u Overall Heat Transfer Coefficient, BTU/ £t2.hrs.F
A : Area Cover Greenhouse s £t2 wia n2
aT Temperature Difference |,

Inside Temperature Design -Outside Temperature

asd 3 Heat Loss through Various Greenhouse Covering

Covering Material U , Heat Loss (BTU/ ftz.hrs.F)
Glass 1.13
Glass ,double layer 1/4 in. space 0.65
PVC. 0.92
Fiberglass reinforced panel ( FRP ) 1.00
Acrylic single 1/8 in. ( Plexiglass ) 1.00
Acrylic double layer rigid panel 0.56
Polycarbonate double layer rigid panel 0.62
Polyethylene Film, single layer (2,4,6 mnm.) 1.15
Polyethylene Film, double layer 0.70

1 b 73
Swavaesnnunefidiansoseen i mﬁ‘lﬁmnmwﬁmmﬁu‘tﬁ’ﬁqmn
WRz AU W nUnBuiefinega  Greenhouse Ixifiutigld  SamsiHuawiuilian
nsifsanadautesniswnaiudout fudusdgiumsfansananadauresssuy 1 fafl

zaam g feanadou
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wanildeimanwiiofu 2 use 3 Husztududun 199 Greenhouse 18
Fagfi fusmufuae  wlaauiuRiey awunBmsgy Seanndaut fasanmsun
madauaz L AR aa N edsnnn i na s Tunefliws e REMORNME W Greenhousse
fNMiNBIMAMBUBN NSV Evaporative Cooling SMNSORARAMOAMEY
Greenhouse av'l¥  fuwdeanflifinanmawaadousanse  unldfpsms

mMsurausawinuinataud

2.4 wuLlanmstheaudsu  ( Heat of Ventilation )

Linusasfiaimamevanivafiadiu 1mSpaanan1ATedEINIBN  Greenhouse
wiatiaflanauandremaefugamplaeutfas faviumenanseuy wivawSaaudoy
fEsumsten Teadionu Wi dieaN (5 e L Teutasamedeiia ey ) $eas
4 or os ar ar 4
Buagiufiemenis ireuiamsiianueseime  Susdnnandglunsawaninudaudliha
1.7 1 1
Tumelu Greenhouse Bamasufignseinupanazysenaufiemuipuusn (Latent

Heat) udeANSoufuly (Sensible Heat)

._
4
=

=}

]

1]

sensible heat , kd/s

latent heat y ki/s

_Q
—
]

[l v
aaﬁu?auﬁawaLﬁudauwﬂQﬁaqwaquuﬁa1u§buﬁaana1nSzuuiﬁynwdeHLnﬂaﬁu§aunqﬁ

1 L
tflavanms L Ruduvavgamgiueime

Qg = Sensible heat

x 2T

Mx Cp

v
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) M : Air Mass Movement by Ventilation , kg/s
Cp : Specific Heat of Air , ( 1.007 kJ/kg.K )
AT : Temperature Difference
Inside Temperature Design - Outside Temperature
v : B8pecific Volume of Air at Inside Condition for
Exhaust Fans and at Outside Condition for

Pressure System, m3/kg dry air

1 Evaporative Cooling qmwgﬂaﬂnwﬁnwnuanﬁsﬁﬁuwﬂu Greenhouse %1 URHY

LBusasunms il

T'y = Ty - eff Evap Py Tyb)

*
#NUNE Evaporative Cooling el eff Evap 85 % 6NUU

N & % T, - eff Evap (T, - T.)
= 0.15T, + 0.85 T,
1 T, : }wpflanafiaanaan Evaporative Cooling
Tub : wet bulb Temperature UDNDINIENIBUDIN

Ao s Suaru¥ouindi Rans s s nenane Huwte s Busnifnn 552 L wevpedd
WA usenssevereiuiin - #ansoaEgngENms
q; : Latent Heat

= Ex Fx QI
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the ratio of evapotranspiration to solar radiation
the portion of Greenhouse space actually in plant

Solar radiation Heat

Sensible heat

VAxDx Cp x (T; -T,)

Ventilation rate per unit floor area , (m3/s.m2)
Specific Heat of Air ,( 1.007 kJ/kg.K )
Density , kg/m°

Temperature inside and outside Greenhouse

Latent heat

ExTx (1-r) x I

The light transmission of the Greenhouse
average reflectivity of the Greenhouse
Solar irradiance > W/m2

Fraction of absorbed Solar radiation

autuaad R nwsiztﬂﬂﬂaqﬁﬁaﬁniuiﬁgqﬁu  fiusn ong

] [} L} T,
findpan 3 (laasamwidifieaian ussunsbiiauBugenisss iwvasiasgonseny

1epmsuieduasaeanfed @1 E Fuuewndnd o 0.5

= 0.5xT x (1-r) x I
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2.5 waeuilaans favansanunnuaztaq Dadng % ( Infiltration heat )

flagaudafit Budrumievaandanndigu Suaantesmsdisineadon  msunsnda
wasadout fluns afuianaseImad utaeidn W Greenhouse Structure
Batfoadiauiy AMUANA A INNARUYENEINA URe QREREHLRNRRBEN

ssoanidiaensdatas Daynaauifvue Lﬁunwsuﬁjq%nbwﬁﬂuszanﬁnﬂwsau

tems1doniifidgiased¥efll  B9dn Infiltration Heat snansoumsiéfainensiedl 4

59l 4 NATURAL INFILTRATION AIR EXCHANGE FOR GREENHOUSES

Construction System Air Exchanges per hours
New construction Glass or Fiberglass 0.75 - 1.5
New construction Double layer Plastic film 0.5 - 1.0
0ld construction 1 -2
0ld construction Glass poor condition 2 -4

2.6 MsudiNdamiouszwinieg  ( Thermal Radiation Exchange )

tHuntstaL ey puiuseninawiNge Greenhouse A USSHINASBUUDN
ﬁqLﬁﬂﬁumﬂuun&ﬁwﬁquaqihqaaqﬁﬂﬁazﬁnwsuﬂ%ﬁﬁawnﬂauﬁa1ﬂﬁ§5nﬁaﬁﬁq%ugvﬁ§u
Audeu  unzas fulaawanfeamnadn witeti iy Polyetylene Bafinsausnu

AT IUIE  dansaanaidann

Qp = Eg * Ty* Apx p( T4i = Eza.T40 )
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tilp Eg average emissivity of the interior surface
Ty : thermal transmittance
Agf : Greenhouse floor area
B : Stefan Boltzmann’s constant (5.67*10"8 W/mz)
Eg apparent atmospheric emissivity from table
T interior temperature
T, ambient temperature
R1S1Qﬁ 5 APPARENT EMISSIVITY OF THE ATMOSPHERE
Dewpoint Temperature ©C Ey
-17.8 0.73
-6.7 0.775
4.4 0.818
15.6 0.858
26.7 0.883
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VIANAISNINA1INSTD Y

GREENHOUSE ~nu i luanumisnsenwas 1 faflaenmif Aemana mneausag
anwazuqﬂﬁauﬁgwuwzanﬁnnWiwazﬂgnﬁﬁuaznnsLaﬁmtﬁuimnaqﬂﬁ UREUTE THETIE
Sutfunawaoe ¥ #p wavosan Wi S nwsLﬁuﬁﬁnaqqmwgﬁnWHﬂu Greenhouse & fiu
HRINAINMsuTRvageee e wdduiuivSaruiifinnsunSedanaiee ndlen
1 fiudoefl heater La%uLﬁaﬂﬁan1qzn131unuuwzauﬁﬁnwsLQ%@L&uimﬂaqﬁuﬂﬁ

Solar Radiation L fumsaesnuaadauainaieefadteeandon sundeld
ﬁawu%huﬁuaﬂaquwawnwﬁhq1uﬁawu§auﬁaqaanuwﬂugﬂaﬁuaawu%ﬁu faasuandnaiiniy
Ay latitude vnudRsiifuaeannsEIY  uRzLaafiannsemtudas Sy udas
| Bauflannsevufiufatan uﬁﬁiﬂ%&wuﬂnaqaﬁuwﬁﬁq1uﬁawu§auﬁﬂnnszwu GREENHOUSE

sduL I WU indaussgnasTeusan Uwqaqugn@ﬂifiﬂaaauﬁunﬁgu
BYFIUUBNTBNTATIHE I sasdurasmsivinusfignunnd Lesiziiu Sasiaens
\Banuisqunagaan it mnssfusn s ifioamsin By fellioefansaniety

(Hou wazildp

3.1 MS3NEANNEBUBANI N GREENHOUSE
LwguaEmdiidaefimsszinamAsenan GrEENHOUSE Fifle

3.1.1. LﬁanwsnauauqawgﬂnWHﬂu GREENHOUSE ﬁﬁbgﬂuﬁnwazﬁﬂnﬁbqnws

3.1.2. (emumnSinadt i mnssaiumnenudsen syl

3.1.3. Lﬁaaauguu%uwm Cop Whmneiiumsdaasiziudauasiy

ﬁqsﬁutﬁ@waﬂﬁﬁmﬁnﬁﬂﬁ Greenhouse #AHL NN WNTATSIDY 1B RY
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3.2 Mgy emaNeua1uipusanatn GREENHOUSE
[] v
W9 NoUIEPNAIN  Greenhouse LSIEMNTOAANTH ATEE Fafl
(DM VUIAYEN Greenhouse Heater fwaivunzivmna iy  msfansannisina

(ByAuTauilonnaIn Greenhouse FNsoRaNRaIsaNEaNWLdY 2 nv @

'3.2.1 1eEnsuIenoud Nt

3.2.2 N3 WRTaNAINEaURBNMIN TN L DadneY

“udp

Q = Qe + @

NSNS DU UNTIN

>
a

the conductive heat loss ( W/m2 )

Q; : M IRYaNANTausanmeta L da

the loss by air infiltration ( W/m% )

L P
ar

il 515 0a81NEAENNETEN  the conductive heat loss 108

fNNS
Q@ = kx (A sAg) x (T3 - T, ) W/m2
Iag A - the area of greenhouse cover , m2
Ag - the ground area of greenhouse ’ m2
k - the overall heat coefficient of cover , W/mzK
T:~T - temperature difference between inside and outside
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uddhunsifiuiiefiuunegs  greenhouse WiMAETquaL finfusaaafidnansonmune

A kU Buiusedl

k = 1/ (R; + R, + Ry ) W/ n?K
\fla

R; - thermal resistance of inner surface

R, - thermal resistance of the material forming element

R, - ‘thermal resistance of outer surface

15 6 Thermal Resistance of Greenhouse Covering Material ( R, )

Covering Material mZK /W
Single Glass 0.01
Single plastic sheet, corrugated 1 mm. thick 0.01

Rigid double layer with air space : 15 mm. 0.24

12 mm. 0.11
6 mm. 0.09
Single Plastic film sheet , PVC ,PE 0.01
Double layer Plastic , Air space : 12 mm. 0.15
5 mm. 0.08
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A5l 7 Inner Surface Resistance of Greenhouse Cover ( Ri )

Heating system m2K / W
High level pipes 0.09
Pipes on walls and stanchions 0.09
Pipes under benches 0.10
Pipes on floor 0.12
High level air heaters 0.09
Ducted air heating 0.10
Mixed pipes and air heating 0.10

[ 7]
MuRFUUBNTDN  Greenhouse  AIINIBUILPNUMINIGY  NTWIAINEDULULTIAY

( Forced Convection ) W8z msudsedaituiou ( Thermal Radiation )

A1 Nfl 8 Outer Surface Resistance of Greenhouse Cover ( Ro )

Exposure to wind Wall Roof (m2 K/W)
Sheltered 0.08 0.07
Normal 0.055 0.045

Exposed 0.03 0.02
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nsga Sam it dlasannms inasaeanadpuasnmeta i da

Q = (ARXxV/Ag)DxCpx (Tj - Ty) /3600  W/u?
1l ACR -~ The Rate of Air Exchange s h-1
v - Volume of Greenhouse , m3
D - The density of Air , kg/m3
C

- The Specific Heat of Air at constant temperature

INFUNTVAN  NITUIARNINTBY  uas NS WRTaNAl NS auannnetas L de §IuNsaun
aswiu Jusants L feaMcidtes  uiReAY Coefficient of  heat loss by air

infiltration %641

ki = ACR x V.x D x CE

3600 x A,

59 total Heat loss “\¥ifiu

(k+kj )A; (T; -T,) W / n?

Ag

ms tdantfliminzanlunse e Mass & Heat Transfer
AL AU Iawiedes azdeaiienisifusetemiiunsade weziinae

2
anBasIAseNdIN  uezgunsddne 9 sewrangdngameaandon uszewBuneu
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L 7
159138% Greenhouse NFNANTIIVNR fRaglumsasnuuy  #p

1. Interior Design condition
efazAnsmeudiasmsmssennsomea Susnidosaseivgs maainse
AUANREMYANMEIM  Greenhouse LﬁaﬁazwwqmwgﬂﬁLWNW:auﬁvnﬂsLwﬂzvgnﬂﬁuﬁnﬁaﬂ
uszTaan sanim e LATEI RS E %Qﬁﬂqwuﬁaqnﬁsqmwgﬁ%u Greenhouse WAN
meiwvlinmneeaud  vlevesfis ggnia U euuendrevaegunglReunaneu
ﬁﬂﬁaunQWQQuﬁﬁBQﬂﬁﬁqﬁqLﬁuﬁuzﬁﬂﬁazﬂﬁaﬁuwsnLwwzvgn1QN1nuwnﬁqnﬁnuﬂﬁaqqmwgﬁ
" 10 - 28 °c unpiilL AR Greenhouse  ax | Andnfine 13t anauiudil
MAuINlE - fhszuumsseinanadhisenasawiisnansoaagangiasidian iy
#a9l Evaporative Cooling tHudntizasgamph
faudfigomgiaz | Budrduusingefidesantiefeadnennfionn avadufi Susuusd
daafinflemugiuty - wnsiflmndudondy 70 1 senifaL e unadun SANE
paniety  Bea fulpensms Liumnafdifuseoy  Seilfiteunas Evaporative

» U
cooling et Ruanufuifiscuunissevnasinednnig

2. Exterior Design condition

BIMEAMEUBN Greenhouse ¢ futflapvdusempurumsfansm  (wszudae
sonufiaaflgamgluandnaiuly  Efumssd1e Greenhouse Kovanflefagunglanne
mpuandi  uszifiel¥  Greenhouse fedrafusnansonawidkadnanantied ufu

Fauflmsiniays maimnezsumegamglansuandas

3. Characteristics of the Glazing Material
INFUGAMIHAN R L fiu 1 1D G RRRED) LHueamdgenniunmsas

AuANdBY dansgrnuuaanieuanuae ing Besnansouteeanidilu 2 dou ds
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3.1) Transmission of Solar Radiation wﬁhqwuﬁ1ﬁ§ﬁa1nﬂaqanﬂﬂﬁ
Lﬁumuaﬁﬁruﬁm’hﬁﬂma%mmum udfiaeuSinafing Lmne i Shading compound
qunuﬁuwﬂﬁﬁhLﬁaﬂBQﬁnnﬁsuﬂﬁﬁﬁﬁuwntﬁuiu ung¥eu  Wiflseudns¥  Shading

compound LﬂwﬁuﬁhﬁQQﬁﬁﬂqﬁQia@qUnsdﬁﬂﬂﬂunwswﬁwﬁqﬁaﬂ
msseiuaadausnsaL i M3 UM SURSIEIANASY (direct Solar
radiation)ﬁqguﬁwnnSznuﬁﬂa1uaﬁﬁmaﬂ1qu1nﬂunwsaqﬂwuwﬁhqwu URZNISUANSEI

duLlaeannisunsed ( Diffuse Solar radiation )

3.2) Transmission of Thermal Radiation euUndidaudaednisudsyd

j 73
Awsusewielufy Hufly il @en fiu faedh ussenasauuan

ﬂ1$10ﬂ5» APPROXIMATIONS OF HEAT TRANSFEER COEFFICIENTS FOR GREENHOUSE

GLAZING METHODS AND MATERIALS

Greenhouse Covering W/mé OC Btu/h ©F f£t2
Single glass (sealed) 6.3 1.1
Single plastic 6.8 1.2
Single fiberglass 6.8 1.2
Double plastic,Polyethylene 4.0 0.7
Rigid double wall acrylic 3.0 0.5
Double glass (sealed) 3.0 0.5
Single glass & Thermal Blanket 3.0 0.5
Double plastic & Thermal Blanket 2.5 0.4
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4. Conduction Heat Transfer Coefficient

AduyseRnBmsdenuanden U wenfnsnmswenadawinufiuin B
8131509 @7 Heat transmission coefficient unmiléudd f1¥anmsamuinasiion
nimsifdr v ﬁﬁﬁlﬁhwnnwsﬁﬁuamlnLﬂﬂquﬁaﬁuwsnﬂszuwmﬁwnwsgmLﬁﬂﬁ11u§buﬁu
Lﬁaqawnnwsuﬁaawu%ﬁuﬂwuwﬁqLﬂw%ﬂuﬂﬁhwuﬁﬂﬂqnwiuﬂ%hﬁuanLﬂéﬂuanaawuibuﬁdﬂ
%@ﬁéwﬁNUszﬁnénnsuﬁnqnu%auawuwsnLﬁaniﬁawnﬁwsﬁqﬁw U %Eﬁtﬁanaﬂniagﬁuﬁm1

UNARN Greenhouse i Befivfidnmsunaudaufluandreiriuudaz slauas aadan

5. Solar Radiation Intensity
wﬁhqwuﬁawu§auaauuﬂnﬁaﬁtﬁuﬁhqszuwﬂaanLﬂﬂuwawnwﬁﬁqwuawnﬁqqawﬂﬁﬂ
%quwdq931u§au§azuusLuﬁﬂu1Uuﬁaz§uuazLaawmﬂuﬂﬁn1Qﬂaqaaqaﬂﬂmﬁuazyuﬁ%ﬂuaq
ﬁhﬁhﬂﬁiﬁi&ﬁwwﬁhqqu1naaqawﬂmﬂ fatfuitmne famsndeainadon aonan
Greenhouse %@ﬁﬁnuunmsswuﬁ ASHRAE LﬁﬂnﬂaQQiﬁﬁwazaaﬂuﬁaqéhuﬁ
1322 - 1358 W/m? Svtenundiutieiae feedu AN UA N BUBENN R
feandndaaueiadaud i fudminwnseansseneenadausen 151

AansnandA L Tl us 1 dautay
I=(C+sinP)xAxe (-B/sin B)
I a7 fuusdeannrivafing

A, B, C ihudeasdl :nnmse

B fiu solar altitude
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ﬂ??ﬂﬂﬁ 40 Solar Radiation Intensity and Calculation constants
Month A (W/m2) B c
January 1230 0.142 0.058
February 1214 0.144 0.060
March 1185 0.156 0.071
April 1135 0.180 0.097
May 1103 0.196 0.121
June 1088 0.205 0.134
July 1085 0.207 0.136
August 1107 0.201 0.122
September 1151 0.177 0.092
October 1192 0.160 0.073
November 1220 0.149 0.063
December 1233 0.142 0.057
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Evaporative Cooling

MSWY  Evaporative Cooling Iufluasufiunielumvdassgaanduasfu
1 ] b7 ) 1 )
fufls fuflu o iivus Lafllonmeudennn . 89 Evaporative Cooling snansaw iy
L 7 ¥ . [l b 7 1
Aad 1 TuTs L SauflL Beadnd  usx Greenhouse 1fiBLBugunsdiaeiumsusudnin

@
REMPAN BTV S DUy

¥ANN15UBY EVAPORATIVE COOLING

tHannmeusmwisBusa ( non-Saturated Air ) SEAUlDIBs=H AR
M35z v lasanmsuaadoueraImd  Insteiusew e e zaaa
s e udwiave el BsssgeninueseimatsiBusiaann ﬁﬁasgndqﬂﬂuluﬁqﬁaﬂaq
Pntfiemauandessewilaiuiae mssedinuil foadasiums  ulsmusesntus
gwivvasinn fiwte Sean Budisemsanadevamummtetuns ufiassonus L uta
uazagwu%buﬁtaqLﬁuﬁ11u§buﬁuﬁa (Sensible Heat)uaN 2 meuazit  Jumanadf
punglaimeuaziaaag LﬁﬂtﬁuqmwgﬁnawqﬁtﬁﬂLﬂaqawnaauwauﬁaq1aﬂﬁuazawn1ﬂ
( Air-Vapor Mixture ) MsiuSnunneainouilifadul Susaanainns vluuwag
udz L ARduRNN LD S Triawnfing

waeth e wfeumenant ansumunseniums  wisuaadaugaiipas
W AemsLufeuuua et Sunns LUREWURIIIY Adiabatic TBNANYBUANTENNS
Lufeyuvaesonus  Safuand fens idwuasiivianedauaesy nmsiudou
wiaEN Uz 1N gumgfiuaaiaffus e (Air Vapor Mixture)

[} 2 2
nsevaum 3l infiullanansoaBuneidteee s Psychrometric Chart NgU
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fham A umu 2IMAMBUBN (Outdoor Air) LﬂﬁauﬁsﬁwﬂwunﬂswﬁﬂawuLﬁu(aﬂqmwgﬂ)
feartaffoufiunuidu vet Bulb wilifuwmanan Adiabatic System NTWMANI Y
asdl nwstﬂﬁuuuﬂaqﬁtﬁﬁﬁﬁazﬁﬁtﬂu1Un1uLﬁuwﬁhqwuﬁqﬁ ( Enthalpy ) asfl aui
99 B fuifugeioimatiuif Enthalpy use Wet bulb 1
udtuA I BuaseudamstioimeassBuinsysdmanansaadwiiiay sl
ﬂﬁnwﬁﬁaanaﬂnaquaﬂqmwgﬂnﬁﬁqwuLﬁuﬁqnﬁiﬁtﬁﬂquﬁ 30 C vt 4 Wet Bulb i
asft ud Dry Bulb JranaRsA B uRimd (Relative Humidity) AL fufugan
Evaporative cooling for Greenhouse
WILVUVAN  Greenhouse N9 Evaporative cooling gﬂ’l‘fﬂﬁﬂﬂﬂé}mﬂ{]ﬂ
uazndion e indus ﬂﬁazLaﬁmsﬁuimiﬁﬁxﬁaﬁawuﬁugq LHSIEMIS5E L ety
sene e uduifudaenis@a 70 - 85 LUt unzqamgiilimngsn @ 21 oC
e 27 oc %@ﬁ%ﬁaﬂﬁh sedua Turaaus LlemsfLass i use oiafly
W Greenhouse (il 1duAudBIRINUENE" Al gumgRmeuaz L faanniiug
mufudiimd st e imeanas  Inmsmanaeeadudiing 90 1ediudtinanan
pad RARNLYSD 80 1Uad1ud wivantadouily 3 LS
U Greenhouse AIAMYATBNMITANEDIMANRISAY Uszana 3/4 T 1 189
SosamsiuiswaeeIma do wfl TesfuTuseifieefudid 3/4 vaesnsims
LviﬂuuuaﬁannwﬁaﬂuﬁsnnﬁﬂﬁqmwgﬁLuéauuanlu 6 B9 upefl 1 1hvBedsINs
LuﬁﬂuuanaﬂnwﬁawuwsnnﬁﬂﬁgmwgﬂLuﬁuuuuaqiu 5  aventivannmaiinaussn
NN
WMTARR Evaporative Cooling 37t Buffpefimsamnnssrznmshndaifia

[ T 7
fpafiun151fn Stagnant Hot Spot vinilieeifduns

vV = 5.5 v . anuL§endLflasaniisas

pl/2 D T FEHEINTEWINNNARNUERZE
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Evaporative Cooling.

Given initial air DB =985 F
WB = 70 °F
vater humidifies air to 90% RH
Find VB

Moisture added

Heat added

The air absorbs moisture without a change in total heat (Adiabatic )
The wet bulb temperature of the air remains constant
therefore toun = i, =70 WB

locate condition of final air = WB =70 "F , RH =90 %

From Psychomelriec Chart

V.. = 70 gr. V.. = 107 gr.
h__, = 34.09 Btu. h,_, = 34.09 Btu.
h,, = -0.22 Btu. h,, = -0.02 Btu.

Moisture added = 107 - 70 = 37 gr per 1lb of dry air

h_ (at top of chart for 37 gr. and 70 °F) = 0.2 Btu.

i}

h 33.87 Btu.

1)

34.09 +(-0.22)

34.07 Btu.

h

1a

34.09 +(-0.02)

Heat added = 34.07 - 33.87 - 0.2 =0 Btu. per 1lb of dry air
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Ut 5

YsSs=ILPHEUI9Y Greenhouse

1
Y5 epiiuas Greenhouse fnninpvaBYsEMSINMITINMS uszfugsia

fasnansonda iudoug o al

5.1. vszlamifumstuaiimasasmeingmisndnsineas

msifispfaimiainieyss Lnatinan s e ﬁu&aqﬁnwsnﬂaauﬁhgﬂﬁ f
pafnan Uik QRE R RPELRMRRE MV (R RRVSVERE (TR

MsAsIasBULRE LAUFEREN TN Greenhouse funBafiaBa s fiusnwiugity
W Greenhouse UBNANAEIANMNLIANDUL MNzANAUNTLa30 L Ay tavaeisui e iu
mataaiumsundnssaavasi fatsa vSndnsfyiaduiianavsansnivigfvion i
wawyinfiefiuns e ddagnde . fnsngesiasavasnmandaidnendt Tanfidng il
SN souns g 11 e ua:tﬁﬂwudwﬂvﬁuvsﬂﬂawnﬁhgﬂﬁu&ziﬁﬁuﬁdﬁﬂuﬁazuﬁiuwaz
UQnLﬁauw%ﬁuéﬁﬂﬂﬁwﬁqaﬁgﬁuﬁaqaﬁsaanaui1ﬁuﬁ§u 9 famwglonmeiula 151829
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Heat Loss & Heat Gain

TTT N :

NWUAH

#EE Qg

NRUALH

Qcd

N NITATUIARN

Solar Radiation Heat Input

TXI gXAg

T = 0.92 95N 2 wa8fin Acrylic.

1]

= 1,322 w/m2 aandadsaina fuusveased

P
1

(0.92)(1.322 kW/m2)(32 m2)
(1.21624 )( 32 )

38.9 kW.

Conduction Heat

Ux Ax AT

U =1 BTU/ ft2.hrs.F 30m5 Wi 2 398 Acrylic

(1 BTU/ ft2.hrs.F )( roof area + 2 side area +

front area + back area )( AT )

W e
fublvas Greenhouse
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12.885 m2

front area
= 138.6 ft2

back area = 12.885 mn?
= 138.6  ft2

19.2  n?

side area
= 206.4 ft2
roof area = 39 m
= 419.25 ft2
suiluifewn = 2(12.885) + 2(19.2) + 39
= 103.17  m?

= 1109.29  ft2

Qg = (1 Btu/ ft2.hrs.F )( 1109.29 ft2 )( aT )
= ( 1109.29 Btu/hrs )( aT )
= ( 1109.29 / 3.413 )( &T ) W.

= 0.325 aT kW.

#H#H Q, : Ventilation heat

Mx Cp x AT

(M kg/s )( 1.007 kJ/Kg.K )( AT K )

L
1

1]

(M kg/s )( 1.007a8T kJ/kg )

1.007 &T * M kW.
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Qg : Infiltration Heat
9105790 4 ¥0R  New Structure Fiberglass n-mund
infiltration heat = (0.5-0.75) Air Exchange /hours
M M  kg/s (Air Change Rate)
M kg/hr #3600 (Air Change Rate)
spacific volume = (.88 m3/kg. t1#3n Psychometric chart

[ L 73
tdanmusdnzanasfl

guwgilanmenelu  ~ 35 - 40 OC
paRgloINAMEUBN 28\, 85 (¥Fc

A udu 40 - 45 %

Alr change Rate / Hours (3600*M kg/h)( 0.88 m3/kg )

3096%M m3 / h

Q; = 3096 x M x (0.75)

Llasandfiamwaidiaendn 1% 199 M udifoasmnesnde ~ 1 2 M
L 73
NI Q, + Q = (1.017#M)(aT) kW.

37N Heat Balance

NwuaK

o
o
n
o
m
n
o
"
]
=
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2163
Q = Qq +Q +Q
WNUEN
Qq = 38.9 kW,
Qq = 0.325 AT kW.
Q, +Q = (1.017%M)(4T) kW. NS
N Q = Qgq *+Q, +Q;
21
38.9 = (0.325 2T ) + (1.017%M)(AaT)
38.9 = (0.325 + 1.017M)( aT)

38.9 R ar

(0.325 + 1.017M)

Ansumsendinedin Jusunisusenaudiussening
M ( Air Mass Change Rate ) s [kg/s]
sT ( Temperature Difference )
WIRINENTUSANNEIITY  plot Graph “Waamndgy 2
VL9 tilpeani Sususanuuedaeaduns assume AIWIAIY iteration

LRz fonauidns v BONUNANGY
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f1seil 10 usaHEMIATINE Fidnaadfitadsewing ar fu M
(kg/s) {cfm) Time (sec.) AT
3 5462.5 41.9 11.522
3.5 6372.9 35.9 10.014
4 7283.4 31.4 8.855
4.5 8193.8 27.9 7.936
5 9104.2 25.1 7.190
5.5 10014.6 22.8 6.573
6 10925.0 20.9 6.052
6.5 11835.4 19.3 5.608
7 12745.9 17.9 5.225
7.5 13656.3 16.7 4.891
8 14566.7 15.7 4.597
8.5 15477.1 14.8 4.337
9 16387.5 14.0 4.104
9.5 17298.0 13.2 3.895
10 18208.4 12.6 3.706
11 20029. 2 11.4 3.379
12 21850.1 10.5 3.105
13 23670.9 9.7 2.871
14 25491.7 9.0 2.671
15 27312.6 8.4 2.497
16 29133.4 7.8 2.343
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uUnyl 8

DS LADNUUINNEANST=UIISINIE

PINNTINEIIUNURUS 527N 4T AU M ANENNS

38.9 = AT

(0.325 + 1.017M)

WA M (kg/s) tfu  cfm (Cubic foot per minutes)

(it kg/e Alu n3/s e

M (kg/s) * Specific Volume ﬂﬂﬁﬂ1n1ﬁﬁﬂn113ﬁu 7 (m3/kg)

N A 1w - (3.28%3,28%3.28)
= 35.287 ft3

HURN n3/s v cfm.

Tep)

m3/s % 60 % 35.287 = m3/s * 2117.22  cfm.
%30

M [kg/s] x Specific Vol. x 2117.22 = cfm.

NN INLEDNTINANNUANAINGUMIRNEWMREANEUBN Greenhouse VUSz3NM
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Uszanm 35-42 °C Tty %«Lﬁuqmwgﬂﬁgquﬂn
WwNaandINgaugl 2 - 6 avd  guupglioNIEMElY Greenhouse

wagiussane 30-35 oc  eliinindautAwly L Heana Wils L a3 futeag &

ﬁﬁawuumnﬁwqqmwgﬁnwﬂﬂuuaznwﬂuanUSzuﬂm 6 BNFD
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L Su 2,400 11
2, #fuiued 1 WU 10 cu.ft

tfuidu 3,000 1N
3. Rutwad 3 MU 10 cu.ft

L Su 3,000 1N
4. 'ilinanan s55uA L Hwngudnans 2 2 517 6 1ams L HuBE 450 1M

tHuidu 1,500 UM
5. (vfinanay ufs (dwgudnane 2 T 817 6 e Ldua 600-

B1) T 5,000 1N
6. (nfnudusine 2" x 8° w1 1/8 i

Liuilu 3,000 1M
7. WNUWAORAN 4’ x 8’ Wi 3 mm. WHNWREZ 1,300 17

tHuidu 45,000 v
8. #PRN TWIA 24 " AU 2 62 fwz 1,700 W

tfutdu 3,400 1M
9. Thermocouple WU  J-Type 1 e

t ueSu 1,000 1M
10.§ﬂqﬁﬂﬁﬁ Evaporative Cooling

Luidu 2,000 N

60

11.Digital Controller 1 1a

s P Su 5,000 M
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12. yegunsdaugusu
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13. §ANNUARALAR
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#9Re# 181N 191EAY Digital Controller

COm. 1 10
NO — 2 11
NC 3 12 — %
ALH.2 =3 A TI7\4 13 —— - Output 4-20 mA.
ALN.1 T A 5 14 ——
COR. S TARE ]\ 15 — CT
Input — 7 16 -
~ %
VAC b—18 17 + T/C
GND.— 9 18 ——— RTD

n17014uaas Digital Controller
Digital Controller ﬁwuwsnnquuqan§15 3 A1TRENTTRY Setpoint T,,T,,T,

v J - - v
NISNUIIBLATAY  TAFANNR NIWUATH

L 4 o
T, @M 30 °C
Y4 .
T, @M 35 °C
2 d o
T, @M 40 °C

' v o
Ra‘fy 220 VAC 1@ndas 7,8

Aaf18 Thermocouple 17889 16,17
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HBdIE Output AJUANKL tadae 2

ABHE Output RIVANEZ (H7day 5 (ALM.1)

RB18 Output AIuANE3 137889 4 (ALM.2)

310 Thermocouple ﬁaaisﬁuauﬁﬁ?u Greenhouse ?zﬁﬂqmnqﬁﬁQRWWWuuﬁlﬁﬁ
Digital Controller n19ray 16,17 2184 Digital Controller 3m

v

L ] o ' Qdu Ve «43
n17LU1auLnaua1qmngun1n1anuqmuqunnq11

ade
ﬂqmngun Ja'a 10w 30 °C Digital Controller 3 dqammwuaanuwnﬁae 2

8 1 < : ] [-3 [ g “\'
UREITAIRQYIUL NI 1BANDNIZTARANAINIY 30 °C FIRATYILNY

ado -

& e 4
n1qmugun Ta18 10w 35 °C Digital Controller asdqﬁmm1uaanu1nﬂac 5
3 o @© e g
UALILAI Ty aun1ﬂamnnua ARAvEING1 35 °C IEATYYIUNY
LY o - 3 4
5ﬂgmugﬁn1a15 (Nu 40 °C Digital Controller 3zdeFggyruaanuindas 4
3 ] < : L] [~y & (v 2
uazavdFgyiun uninaamallaanatiInin 40 "¢ Tedadggiune

* o . . 4 ] 4 ]
a1 mnay Digital Controller nwcvutﬂuﬁaﬁs unasﬁag1u1nav§aanu

FegrmrTaudRswan 74 s fgauaanua L i
4 A48
anGnﬂwdqumﬁuaanuﬁtnaqmugutwunu

+ Huguday 2

+ fyyuday 5 (ALM.1)

4 duqaudey 4 (ALM.2)

qmugﬁ cC 0 30 35 40
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Thermocouple J - Type

T

a d o
annwzaua11u§qﬁﬂ
Digital Controller {ommmm e Setpoint T, , T, ,
Signal Conversion Signal Conversion Signal Conversion
at T, at T, at T,
switch switch switch
on / off on / off on / off
Ventilation Evaporative Shading
Fan Cooling Cover

3
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