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Abstract

The main objective of this research was to study the performance of evaporative
cooling that used heating cooling water produced by solar energy which functioned to
produce heat during midday and coolness during midnight. This study was divided into
two parts: (1) study of the performance of existing animal houses in order to determine
the variables in designing animal houses utilizing heating cooling water; and (2) to
develop the production system for heating cooling water through heating pipes

constructed and tested for their performance in animal houses using ground water pipes



to increase the efficiency of heat conveyance and distribution of temperature within the

animal house.

Experiment 1. This trial was conducted in private chicken laying houses in
comparison with poultry houses of Maejo University Farm. Results showed that
evaporative cooling was able to control the atmospheric temperature in animal houses at
26.7-28.8°C, relative humidity at 76.2-85.1%. Further results indicated that private animal
houses were less able to control the relative humidity than the animal houses in MJU
Farm at about 8.9% and had lower energy consumption at 50.6%. The animal houses
constructed wet screen per area at 0.021-0.036 m’/m’. Rate of expelled air per house
area was 28.3-58.3 m’/h/m’. In addition, it was found that the efficiency for cooling was
85.1-87.3%.

Experiment 2. Results indicated that production of heating cooling water
through heating pipes by using thermosiphon R22 as working substance, was able to
reduce the temperature of 1,000 liter water tank from 30°C to 26°C within a period of 12
hours (during midnight). It was able to reduce the water temperature from normal level at
about 2.6°C and produce hot water at 48-52°C within a period of 8-10 hours (midday).

Test results on the rate of heat conveyance of wet sheet showed that when the
temperature of cool water from 24.8°C to 14.8°C, the conveyance rate was increased at
27.8%. The installation of rotation system for ground water in the animal house showed
that the water rotation system was less able reduce the temperature of animal houses as
compared with animal houses having no such system and was also less able to control
the relative humidity. In addition, it has cooling efficiency of more than 8.6%, in which the
low relative humidity of air in the animal houses was more appropriate for raising animals
and the high efficiency of the animal houses was able to reduce the expenses on

electrical energy.
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Hellickson and Walker (1983)  WuZUIN1998NLLLISULNIAMMNIEWILLL
Evaporative cooling FMTNTIANNNY Wetted media Iunsal Wetted media 114
Corrugated cellulose w1 6 H1Aa1.75 mis & witlunsdiauy uaadliluasedt 13
yananTuELusing RN atlautingmin Wetted media 1liaLAgatuAe 10 Limin-m
Runninfinniuagliasiuiiduiazes Wetted media fatiupnaiiniseanuufimanyas

Amiulunsiiaus Wetted media duuanslilumiswn 1.4
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A1519N 1.3 8RF1TIANNU Wetted media

Air face velocity
through pad®,
Type - m/s ft's

Aspen fiber mounted vertically

50-100 mm (2-4 in.) thick 0.75 25
Aspen fiber mounted horizontally

50-100 mm (2-4 in.) thick 1.0 33
Corrugated cellulose

100mm (4 in.) thick 1.25 4.2
Corrugated celluose

150 mm (6 in.) thick 1.75 58

*Velocity may be increased by 25 percent where construction is limiting.

ANSI9N 1.4 80310191 lau1N Wetted media LAZILNAARITUALLNNANZ AL

Min mum weter Minimum sump ]
rate per lineal capacily per unit l
length of pad, pad area,
. ‘ ‘ .
[ Pedypeodishoes  Lmias _gof L pw
Aspen fiber
50- 100 mm (24 in ) 4 03 20 08
Aspen fiber desers conditinm
50-100 mm 34 in ) s 04 20 06
Corrugated celluloss
100 mm (4 in.) L} 0s » 08
Corrugated caliulos
150 mm (B in.) 10 08 40 1.0

Watt (1963) uugtinaunauesiluing niussul Evaporative cooling HasaNusn
v £ 1
e ld 7.5 winueaBan sz 1iae 2.4 L/min-m2 of Wetted media (Wiersma and
Benham, 1974)
= o < A p = & o oA
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. o [~ . . = d” o
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anunsfinguuniin ldgandneinidundents 9°C lugawuna Lee, et al. (1993) Anm
nsssLneASeuaranTinaduluaninneurialag inesTulaven Fanudnanusald
nuldin  Vasiliev.L.L, et al. (1993) dszandldmeslulanauiuszuuszunamnuiauly
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o < . .
2.1 sEUUNITNIAMALELLLUL Evaporative Cooling

n13911ANLEUaeY Evaporative cooling 81ABuann13AIANFauainanialyl
suwetinin lianniefiuas Inatdnsudoazld daniadlan (Wetted media) doalunigiia
dg/ gj' o o 091 o o % og’ [~ dg, olz . .
Nundudaresiniuennia vinlinassemaaesinEadu Taesialuszuy Evaporative cooling
azutiaiilu 2 17inAe direct evaporative cooling Wag Indirect evaporative cooling AYULAAY

WUNINT 2.1 LaZAINWA 2.2

Water distribution header

H i A

| Wil i

el deﬁ:j L'_i'# Conditioned
! ‘l { ‘ ?Wcts de air
V lvvll%r

Spray pump

\ Water reservoir

MAN 2.1 92UUNNANLELLLL direct evaporative cooling
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Secondary air stream to atmospher:

i
Wet side

Descending sprays YT YTITYY y \

or film

Jutside primary 1 2 Conditioned air
air intake - dry passage g\ e s g

to enace

Tubular, hollow plate

or other heat exchanger
Water spray pump
Outside air /

exhaust air Dry side

MNA 2.2 s2uUNAMNLERLLL Indirect evaporative cooling

N19INNNULBITEUL Direct evaporating ANNAINT 2.1 LNEBINIALAAUNNNY

Y
a

Wetted media aMn#A117 1 (Dry side) T @i 2 (Wetted side) N1 NR 299 Wetted
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C 4 . @ ~ : K , N 4
nuArasuanidazuadnnsentenie lulissuunuelaasiniagy Secondary air annw 1

o 4 ;. , o
melureirsesianifasuainuiauazIsineuas Secondary  air azifiuaduazazlil

d‘ R o . . . dl = a | o 2 . .
wantdaguaNTauiy Primary air (Sensible heat) JHPUNNNGININ N1l Primary air
> < 9 . . . o a Ay
LIUAN TNURAURNTEUL Indirect evaporative cooling ﬂﬂfammmmgmugummﬂ‘lﬁmwvl,u
= N & o a & A A a a a
Wuniaiinannmu dauansluwnunianniamulunnn2 3 Weulsauinaulssansnnaes
FLULINAMNEIUIIAB93TLILINAY S2UL Direct evaporative cooling azilisz@nsnnnganaa

52U Indirect evaporative cooling WAz lAa1n1ANANNTUENANSAININWLL Direct

|

evaporative cooling Aatiuaainsinendenresiagaesszuunganiulfiduszuunigmin

ANNLEULLILNEN [Indirect/direct evaporative cooling Aaudnalunini 2.4  Taanisld
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Indirect evaporative cooling {1 Pre-cool @WﬂﬁﬂﬁﬂuﬂﬂuL%W@lizuu Direct evaporative

cooling

Moisture Moisture
content content
2 Direct
cooling 7
\ — |
Indirect
! cooling
Dry bulb temperature Dry bulb temperature

MAN 2.3 NMInAELEduLLL Direct / indirect Evaporative cooling

UULALANANIATY

YYYYYY
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I-'_> Secondary air out
i

Indirect stage 1st Direct = 2nd
1 \'\

option stage option
Descending water ] T cooling cooling
\

sprays or films )
\ Conditioned
= .
" @ supply air
\ 2

Indirect I cooler Direct Air moving
cooler device

Outside prim;
air intake

|
|
|

Outside secondary
air intake

MAN 2.4 s2uLNIANNLEULLL Indirect/direct evaporative cooling

TTULNIANNLEULLL Direct evaporative cooling @N330UsHIalse@NEN1NT84

Y o a dgj ¥ a dgj ¥
seuuAINN909 AU AN 1ATY TnsaniduluikundenniATuaingaaniadii
(@nanguan) anllaudueuniallasi (Adiabatic) vieanuidugnmgiinszhzilan
panlantieanANTUANRNG 100 % azudsz@nsainld 100 % wslunnsldeuasg
21NATNHNYL Wetted media AanTudninslald 100 % safutlss@nininaeasyuy Direct

evaporative cooling AMuItUlEan



Uszineriner) InaAnnsz@nsnaw (Effectiveness) 65% WAz 85% 113Uz indirect
Evaporative cooling L&z Direct Evaporative cooling RINANAL (Foster, 1996) AaNNA1914
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B Tdb2

Tdbl

- T
wbl

x100

Ty WAZ T,  ABAMUUNANIZINZUI 89N AN ULATUAIEY

Wetted media , °C

T, Paguuyinazizdlinaasenia, °C

A1397 2.1 LAANANTIOWSIBNIZULNIAMNLEULLL Evaporative cooling 7

1
= ]

Use@nannngaduiu

NHNTITL

a

AN919% 2.1 ANTINULTAINNINIANLE WL Evaporative cooling

Locations 1% Design Direct Indirect/Direct
DB/WB Supply Air DB Supply Air DB
Temperature [*C] | Temperature [°C] | Temperature {°C}

Asia/Pacific

Alice Springs, Australia 39.4/20.0 229 17.6

Christchurch, New 27.8/17.8 19.3 16.4

Zealand

Middle East

Riyadh, Saudi Arabia 43.9/20.0 23.6 17.1

Jerusalem, Israel 33.3/17.2 19.6 15.0

Africa

Cairo, Egypt 38.9/23.3 25.6 22.1

Casablanca, Morocco 34.4/21.1 23.1 19.0

Europe

Madrid, Spain 35.6/20.0 22.3 18.2

South/Central America

Santiago, Chile 32.2/19.4 214 17.9

Caracas, Venezuela 28.9/20.6 21.8 19.7

North America

Las Vegas, Nevada, USA 42.2/18.9 224 16.1

Mexico City, Mexico 28.9/15.6 17.6 13.9

fu: Foster (1996)

ilzitlannnAlian
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Ocond =(mCp )(Ty =T;) (2.2)

e (mCp) AearuqaNTeauLeeINTAl nar, WK uaz T, uaz The
gruuna999IN1AeaNuATIiIaINdIuARUIABIEE FATNAIAL HENAINTUEIAINI9D

ATRIINERIINNTIT LN IAY

Qcond =hA(T, - T, ) (2.3)

v 1
=

e h Aadulsranalunisanginainuiau, WmK Lay A AaNuNRNnAauLAuLEas
Warun, m” A T, uaz T, A9 quiundiedevesiarienauianimaiuazeinie °C auansy

| o o

960 h BuetiudnmuznIganenANFa LI NIuLLLS TN TRVTAUULTINAL

Use@nininnisasaneilulanaudeainnsan laann1sanaasamuimnndaeamii

maludaiuainnisirseitluaniazliasinana Tneds Lump capacity analysis Tag s

k-

g lutsadaneianeds Watranys idlussuuezipeaumniealfannanasas

Q a

=

el uauniglfan

Y/ {
meW d’ = UAe (Tw —Tv) (2.4)
t

A og’
ABANINUANUN, kg

L ABAYNAARNTaUTedt, Jkg'C

— O 3

5

o))

agaunniin ludaniy, °C

a

—
o) s

BUNNNA3I19, °C

3

<

9 ]

A A A 1 = o 2
mﬂwummmu@mﬂma‘l,mm m

c »r

AAANL9LANENI01LN AN NFAUTENINNTNTUANTNIU, WM K

a1nNaNN1TN (2.4) anunnRun ludan i Asuniudaanatdannsadauldsaannig (2.5)

Q a
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A =1l S (U4, - Ty)) . (2.5)
ANZNULANTNNTAEINANNEDUIEUNINTBAZANINIUANNITDUN HANNANNN9T (2.6)

0
_ cond , (2.6)
Ae(Tw,avg —Tv,avg)

1w a1 Y i
MsuRsIagnan
d 1

= J v 1 % J v dl a
N3N Condenser NBAIMNTDUBENAINLULINNITANLLNAITNTDUN Condenser agH

INANNITUNSIRAT @w\mvmmmm

89" (Sky radiation) BALNBNUTN TIN1TWETIAE

g inndngaumninszizidlen (Wet bulk temperature) 14 ”\‘1 uanlunIng 2.5 49

3

1o |

NNTUHFAFT a9 a1NITAW AL G Aatl

a

| R RN

‘ Convection , Evaporation and Radiction
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AW 2.5 grunnitfiunINanEuznisuanilatuA KT

. 4 4
Qrag = A‘C;G(Tsky —Ts) (2.7)

A . | 1 o al
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v

e

2 ! =
o AD ANASNALBINIY

= = 1 % | 2
A AR NUNBAINITDURKAIU condenser, m

o))

8 grunnIviasi, K

o))

8 fUNNET Condenser, K

a
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| 4

ANRUUNETIRTAN Swimbank (1963) lHLansAudNAUs1a9g U NTIaIH (Ty)

o

LA AOMANBINATILIFIINNAA (T, ) Al

T, =0.0552T,> (2.8)

a

wanaNiuuda Whillier (1967) lfuanspaanduiusaasgungiifiesiluazguimnnd

a

o

A g
ANNNANUTTELNNARNIU
=T -6 (2.9

Aguuniviadinluannsh (2.8) munzanlutdasnaaniAwanfentlszunns 30 °C

douluannnsg (2.9) dumsnzanludaeiianniAwnaantlszinns 20°C M’?@Gﬁqqumq
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Qmax = (m Cp )min (Thi 3 Tci)

Tmeif 0 BMTINITOENANNTAL (W)
Tt gaunni (°C)

Cp  AIAINARINNFAUINIT (Jkg “C)

Subscripts
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