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Development of Demonstration Greenhouse with Evaporative Cooling System.

Watthana Nudam
Surin Chadvichearn
Assist. Prof. Dr. Vipa Jayranaiwachira Advisor

Assist. Prof. Dr. Songwhut  Sangjang Advisor

Abstract

The thesis focuses on the study and development of temperature and moisture control in the
cvaporative cooling system. The objectives are to develop and quest for efficiency of demonstration
greenhouse with evaporative cooling system. Two types of evaporate cooling — the butterfly nozzle
and the fogger nozzie were experimented as a means to generate heat exchange berween air and
water with 3 different times — 9.30 AM., 12.00 AM. and 3.00 PM. Water was experimented at 2
conditions, water at 5 degree Celsius in the cooling tank and water at room temperature. The
experimented greenhouse was cover by sun shade cloth with inside house temperature reduction by
the butterfly nozzle up to 4 degree Celsius, and relative humidity at 80 %. During 09.30 — 10.30
am., the nozzle was able to reduce the minimum temperature at 8 degree Celsius with 100% relative
humidity. 1t is to be noted that the temperature reduction has least effect from external
environmental factors during this period and could to reduce up to 3 — & Celsius from outside
temperature. The external factors that has most impact to temperature reduction was during the
period of 3.00 — 4.00 pm It could be reduced up to 1 — 3 degree Celsius from outside temperature.
As for the water temperature used for this experiment has effected more relative humidity

comparing to.
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3.1 MILBAUUVMALAIIAIM IR

3.1 MIsiwInvIANaaY
¥
WaaugaoIna 2 @a1dns 13 THaveseinAalas 682 cfm AnAsluduiives

A o o’ r ar dw
TsaSpudemsmvinaveaiaan1 1d0ndnsinis Tua (cfm) vasviaay manson 1daai [3]

q=m(i,-i) ERY
Q=mv 3.2
q =W BTU/r
m = 8A31 IMF U4 Ib/hr
i - loun31i BTU/b
Q = 6a51 IHawal5 T cfm
v =1UT1A59UNI L of/ 1b
fiHuAA) SHF = 0.7
gaungiieIne 141 fin 95 °F RH 50%

e 3t A T | a W
q AR DVIIHIHBINNHUN maamﬂ"lnnm'iﬂu‘ﬂm 4]

Neviin 160 x 2 x2.3 =736 BTUMr
nerld 250 % 2 %23 = 1,150 BTUtr
fifaziueon 250 x 2 x 3.5 = 1,750 BTU/Mr
NARZIUAN 160 x 2 %35 = 1,120 BTU/r
HAIM 400 * 1.16 x3.5 x2 = 3,248 BTU/r

EREY 8,004 BTU/hr

i,= 46 BTU/Ib i,=42.5 BTU/Ib Mﬂ;ﬂ‘fﬂ; 3.1
INAUNIF(3.1) 8,004 = m (46 - 42.5)

m=28,004 BTU/hr /3.5 BTU/ b

m = 2,286.86 Ib/hr

m=238.111b/ min
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INAUNTT(3.2) Q=mv

v=14.25ct/1b

Q=21.66Ib/ min > 1425 cf/1b

Q=543 cfim

[ 3 Q) -3 T v g ¥ o L) o ¥
AWUVNAVBIRAN AU OGNS Load uad 1 19Waanuua Ingifiu llazyiqiv
QS l13f v w 1o ﬂ & 2 or = y - w oA A

LETEAN ‘lﬁnﬂl%ﬂzﬂﬂﬂﬂ’luiﬂﬂ.luﬁnl U INTIEREUUIUADONADUTUA 12 U HID 30 . 2 783U

' o o Ve o ) o N
A5z @NTENIWNING 682 cfin MWATTIN 3.1 WBTBITUNT Load NISIRUAYY

A15190 3.1 UszAnEnmunsiaauuIaneg

M Specifications
Model Supply/ Voltage Frequency | Power input | Airflow rate.| Moise level Waight
Exhaust v Hz w m?hr {CFM) dB kg
EX-208H Exhaust 220 50 24.0 540 (318) 35.0 28
EX-255H Exhaust 220 50 28.0 870 {512) 365 3.2
EX-30SH Exhaust 220 50 30.0 1160 {682) 355 38

o ) = -
3.1.2 misnnayeutiavealiniou
soutlatiuTlsuiou Wudmvesrestlanldenmialuanuszuuinnusuuny

' a 4 ' o o o
izmuqa'ﬁ'ﬁsaﬁﬂum'ﬁﬂ mwmmawmaﬂﬂmm'mﬂm:lm'lﬁinﬂqm (3.3) - (3.4) A9U[2]

T 2/ J = o -
VINYAT YUIAUDIUINUTING(Pad sq ft) = USudasinis naveanaay (cfim) (3.3)
(250 cfim/sq ft)
=3 L] o J 2 = Y W 3
HID VHIAVDUNUITIHG m ) = 5uwmudniiniy ivavpavaau m's (3.4

(1.27 mJ/s/ mz)
) v ; Q [] 1] =
i]'IﬂQ'ﬂ‘jﬂ']i“r"i'HJu'lﬂ‘UBQlLHuiQHQ Tl%iﬂ’lﬂJ'lSﬂ‘Ll'lll’lﬂ'lu’Jﬂ!ﬁ'HﬂNﬂl'E)\‘lE]']ﬂ’lﬁﬂlﬁN'hngﬂuﬁ'lﬁﬂhlﬁ
d' a 9 9 o ‘: s A = s as
e[ﬂ!l 11!ﬂ'liBBﬂtLUUﬂﬂ1u3m1’J1‘]¥ﬂﬂﬂllﬂlu'lﬂ 12 U2 2 F'I’J“Bﬂllﬂ']f)ﬂ'i'Iﬂ'li‘l‘l’iﬁﬂl'ﬂﬂ“ﬁﬂﬁu'i’iﬂ
A 1,364 cfm 13D 0.644 m'/s 9INYAS (3.4)
L] Y] J 2
VU TAVDAUHUTIHG( T ) = (],364 cfm)/ (250 cfmfsq ft)
=538 ff
1 ¥
ponuuuYeIlavIANT1ax817) 1.64 x 3.28 Wa iRenuazaInlumsAadeszuuihn iy

WUUISIHY
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1.1.3 MIaiIatazmseanuuvyeditaveslsasoulanllysunsy AirPak 2.0
MR MuaznseenuuTeadavesTsasoulaeld Talsunsy  AirPak 2,0 axh
o =3 4 d' é ] 1
THnnufirmeamnniesiveseInia uazergussamanielulsaufou Faezmundiwuns

v 4 - P 4 o
naemneggegaesiogueseInia NnAge Jaaaluglin 3.2

furbak 2k Wb, evapl e] veesusr gyaprelb
Lol ™Y " spdal  solution & post  Rmport

e ——
.[..Pu xvpem commpencs] vatain | mesry } |
- Tt | bt 10| | tnstienen |

[— LERLITELITEST )

9l 3.2 pluanedirmens nauazeigvesanaviansAuInuel lilsunsu AirPak 2.0

N3 3.2 Aemnants Tnanazeigeaninia WaavezganinmeinnelulsaGeusan
N @ ) Y P ' - A A
s lemainaieuenlsadeon Tnadhummuiivesomamaislulsasou Faormemnehan

1 9 éi, 2 t 9 [ e -
Tnneziueanudunaza nubunnnreatiah ngungliveslsaiouanas Taevngtlez
d 1 A Fa - - & o a ) o .
muniaiunlulsaseueguesoinmalinannuagilinai Inusnaiuligungiguny
g qt Y d.; ] - d’d £y
anuuduAniAnInsnaniegueiaimmise
-] : dy ¥ o o Y o r -
1InMTneas g luaT il lanmon lasfimuadils 2 fuils Ao gunginaz

I o @ 2d <
anudnduiniae luaaalugila 3.3-3.5 uazlumenuan n.
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=
Wot Bulb Temp 28 “C H
®
Enthalpy 95.06 kg (dry aif i
. 2
Ahaclute Humidity 0,0358% kg walsrg dry aw =
Relative Humicity  44.74 % E
Dew Ponl Temp. 21,2 *C ‘F’
Excess Walar 1] kg waiarkg dry air z
-8 [} 10 20 3 40 50
Dy bulb terperaiure, 'C
Yl Bub Absoule Relwive  Dove Pont Excass >
Temp: Temp Enthaipy Humiclty Humidby Temp Yealer
(M (Twety M L (Bh)  (Toew) (v owsal) _
) il PR w2 003 ag [ c
2 N iz 6733 untard  ssad i c
3 k| i3 B 0y ey 513 1505 L
4 uz 5 2N 00395 aG7 [ERN bl
B 7 n ANFT on'M3 AT 160¢ a
o i3 2 ary? B s axw 7 o
7 M R a7 83 unil g Wy [EFN u
d M K| EIR n0aes 4362 1995 0
4 3z L v a7 001352 LY (RN a
1n * M 3212 001503 38R 3% o
" ¥* 24 6y a0 708 1494 o
e x® = et UMER 35 ey a
1 A = I 17 LT T R a
14 B 4 3207 [ R 0
o K o4 §217 (L LUE TPy U
16 ¥ 4 o173 LR TR 403 o
12 ) P 9t INGH 444 0
13 # ] 59 01627 4n 54 Q
13 35 4 Y s 701424 40.3 14 5 y
-
\Water iﬁafugeranls‘CryDgenicsMdeal Gases {Compressibilily \Psychrametrics [
J [OF B R G Elicomputer-Sided Tr:umm‘_j ERSES: R

719 n.1 @re619m3 19 Talsunsy Computer Aided Thermodynamic Table 2 (WO

dy ol w o
AITUTUTUNAND



A1AHEHIN .



_ 2
FBmsldmTesnugugamgini

93

Micro-computer temperature controber discriptions of 8TC-8000 i

Hotice:

® Piease roed through manuat of deascrpsons and re
serve it afier purchasing 5TC-8000

¢ 5TC-8000 musi be used within the funclions listed in
this manual.

@ Manutacturers and agents aokd 1o liability for dem
ages caused by haking to read the manual.

@ Supplied votage must ba in accordanca with the inpul
voitage imted n STC-000.
Please distingulsh the points of sansor tig, curmem
connection and relay ouipui. Make sure thal eleclric
curranl in the relay nol over-iosded.

@® Ba aware of it stebility of the supplied voltaga.

@ No contact and Goseness between sensor wire and
powor wire Bré aliowed Moderale distanca is required.

@ Moke sura that wira ard cornaction point are can
cEIr " dSlane aa,

I TEa3LTE TS 5.87AG WATETTuSE JBTREA UTE T

. acouracy weewor tip agkl should be friy-sttuchad o
the place far away from the biowhole,

Foatures'

® 115 2~ compact desigr Incorporated SMT&THT, Small
ane gnt

® Adent USE M eragn g-PIC Optmize pregram ming
desgn Strorg ag 1y 12 anb- arferencea Stabie end
relacie,

@ Appied in 2 w Qe Tange of relrigerar feld such as
1cenax rgfrigeralor display-box and refrigara tor car.

Bpacifications.

®5.z0

" Paned size: 34.5mm(beight} X 7Smm{length} = 1w

¥ Recommended instaiing hole size: 30mm(height} *
T1immilength}

@ Oparation circumsiances:

7 Opevating temperabae: 5T > «55C

¥ Slored temparature: .10 C » +85T

7 Reglative humidity’  20% “* 85% (No Frost)

® Paramsters:

7 Power supply”

 Oulputs’ <3VA

T Measuring range’ -40C = 50T

77 Dintinguighing rate: 1€

= Compressor output: SAIZ40VAC

D Alarming aulpu!’ burz + LED Sinking

= Dalaygd proledt time®  adjustable in 0-Brminutes

T2VAC = 10%(or 12VDC)

T Temperaturs reciifying ranga:  + 5T
7 Alartring sdjmiable rangeitemparabrs @ above
normal valua) : 0C < 20T
* Sensora: NFC probes
Discriptions to Indicator fght
e
"Z?JI Refrigerant l th“"""zi ‘_"‘_“"___'”9_' umj

paramatars in

ittt o hastes delayod nefTh |
the ssitng stme

~ Selindican¥ wht  red ight shines

Bwitch Functions:
@ check mode of satting paramelers (in the state of

nonsetting}

¢ presa A'awlich (o display lhe maximum value, and
cument ismperature |8 restoned after bwa ssconds.

*7 Prags|¥iswitch 1o display minimum vaiua,and cumen!

~ Wmperalure is restored after two saconds.

< Preaa[Suawitch to display delayed time. Excessive tam
perature alarming value appear i bwi secends, Then
curmant tempareturs o restored.

2 Presa[fawich, futie.

U7 4.1 gruansglemsldinfesnugugang

@ Pacamater seiting mode

"7 Press|S]gwitch for thres seconds 1o entar the pref
erences medé, end Indicator éght shines. LED displays
the paramatare adjusted |est ime.

Fress & or Wlswitch lo chooss parameters. After the
salection of paramaters the valua of accordant param
sters is disptayed with the preas of Slewitch,

" Press § A or[Wswilch at the same time i sel

the value of paramaters. Press [Flor¥icontinuously the
va-ug will increase or dacreage gutomaticaity.

"7 Prass & or ¥awitch (o alter other parameters after
2 58] of ¢re ceramater vatue Justrepeat the above-
mFTTONGT §1858

~7 Prass R switch to corfirm ana resiora afler a1 param
aters ara sed. ndicator light is extinguished. Cofirmation,
sloration and resicration of paramstens Wikl eocur dus to
the lack of oparations in 30 saconds.

Rectification of refrigeration and temperature
Y. rigerant:

Wren mas.’ "3 B Ieralce U 287500 1R 6 alove the
maximum valve refngerant ralay wal connect ana refrig
arant cornpragsor wil switch. ¥hen meesuring tempera

+ ure af sanaor tip is below the minimum velug refrgeram
relay will disconnect and refrigerant campressar will
- disclose.

@ Temparaturs rectiflcation

_ When there ia BITor Datween aclusl temperatute and the

measuring températura of contralker. lemperatura recti
Ncatian function will wark. Prass:§ swilch for three
seconds.and press & or Wewilch until LED dispay Fa.
press S and 3 or Wswitch and choose the proper vakie
wihin the range of =  Dhsplayad value afier rectifica
tiar =displayad valua before rectification +restification
value

Delayed protection

@ Rafrgeration will cecur at the sat deleyed tima when
swircned. Dalayed tme is adjustable with B-Bm:nuies.
# d tha irtervai of connections of rafrigarant reiay 18 no
|ess than the set dalayed lime. compressor will refriger
ate wnen swilched

Alarming
@ Bansor Np fallure alarming
whan apen circuit and shart circult cccumns lo sensar tp

~{non-connction with framawork included). temperatueg——

o ilroler will alarm- buzzer works. LED displays 44 and

Bbnks.press any key will elimnatg alarming. alamming wilk

cohtue L failate digeppear it np pressing of keys,

® sxcosnive femperaturs alarming and cancellation

alarming excessive tamperature of conlrailer anges from

3-20. whan sensor t:p Measuring reNge |8 N jess thar

maximum value + setling alarming tempeeaturs or na

more then minmum valie - aetling alarming temparailng,

lemparature controllér alarms, buzzer works and digita:

lube blinks. press any key will cancal alarming, cthersise,

alarming cantinues If no preasing. when alaming value

is sat for 20, alarming function will be cancelled. buzzer

and digital tuba wi¥ fail to work,

4 indication of measuring rangs

measuring range of temparsture controller is -40 « +50,

temperatyre>50,LED displays "HH". temperature <40,

LER displays”LL"

warranty

#® Plaasa presant wamanty manual and invoice in case
of repair

@ Wamarty pariod: valid in one year dated from the day
of purchasa

@ wslictinne of wamenty

w* improper repairs of customers

¥ mocification or Misusa of customars
with out prior notica.

¥ operating circustances is beyond the
stipu lation of e manual,

# normat wear and tear is excluded,

-
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