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BUNJONG  YAOTHANEE : DESIGN COOLING TOWER FOR HEAT REMOVAL
FROM THE BLOWMOLDING MACHINE. ADVISOR : ASSISTANT PROFESSOR DR.
WIPAWADEE WONGSUWAN, 80 PP.

The research focus on development of a compact cooling tower suited to
heat load from the hydraulic system of the blow molding machine. Cooling water
was circulated to exchange heat with hydraulic oil in the heat exchanger, and to
remove heat by spraying through the nozzle into the basin. Test of the cooling tower
was carried out by varying 5 water flow rates (0.5, 1.0, 1.5, 2.0 and 2.5 kg¢/s) and
varying diameter of the spray nozzle holes to 3 values (2.5, 3.0, and 3.5 mm), leading
to 15 sets of (24-hr) experiments. Temperature measurements of water/oil and air
were recorded every 5 minutes. Experimental data analysis provided magnitudes of
Range, Effectiveness, and Efficiency of the cooling tower. It has found that the
cooling tower having 2.5-mm nozzle holes diameter and 0.5 kg/s water flow rate
could achieve the best values of Range and Effectiveness, and also save power input
required by the water pump. The maximum value of hydraulic oil temperature in the
system was only 41 °C, which bellow 50 °C, the critical temperature that would stop
the blow molding machine operation.

Theoretical work was also conducted by applying an Artificial Neural
Network (ANN) to model the cooling tower system, using experimental data to train
the network based on the back propagation technique, and tested by the other
dataset. Finally, the optimum ANN architecture was composed of [Input layer-Hidden
layer-Output layer] of 5-40-1, which applicable for predicting the exit water
temperature from the cooling tower with MSE = 0.0968 and R® = 0.9992. Besides, the
similar ANN architecture was employed by the hydraulic oil temperature that
returned to the machine, resulting in accuracy level at MSE = 0.1155 and R’ = 0.8946.

In addition, the Nonlinear Autoregressive Exogenous (NARX) having 1 hidden layer



was used for prediction of the cooling tower exit temperature in the next time
period. The predicted result had similar trend to the actual temperatures achieving
MSE = 0.0791 in case of cooling tower outlet temperature, and MSE = 0.5398 in case
of the oil temperature. Therefore, it is possible to use ANN and NARX for
performance prediction of the cooling tower system. In brief, the research result
reached the objective that the appropriate cooling tower was developed for heat
removal of the machine, and the system performance could be predicted with an

acceptable accuracy. Also, we obtain the guideline for the cooling tower

improvement.
Graduate School Student’s Signature......ccooeeeevviecieieienen.
Field of Engineering of Technology AdVisor’s Signature ........coeceeeceneereceeeneennn.
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Wnsiulansedaluariudensveigunininiuauiian1anNURULaE§RINS

1%

s Wieundulansedalnaniugunsaisanail asvilviAamnudiuniulunisivawas el

a =

gnsnsadedazildsuluiduaminiou undulansedaifinnuioutasanmvgliguiu



50°C  agibianuniinvesinduanas Fauazgunsainiunuasdnusoidenieauyinly

Us2ANSNNUDUATDIINTANAS

[
a = (Y

iwsesdAugUvIANanasn JsknfsaUnsalntuAtanmgivesindiulanseda

Mmvualildiiiiy 50°C wingumgiiveshduiuninaald gunsalauauazdnuazlidng

)
1

Infhszuutnindiulensednagneniingu aundnaangivesiduazanasiindl 50°C N
NAWRNITRIAINETT S AUFUTIANANERNErgAN1TYINUBEetel 3 Falus uazdes
Idnaslunistiessuisanuseusentl JUN 2.1 wanaesosdrduguvianataingy TL-750

=2
29915991UNT AN

U7 2.1 inFeaugurannanaiin TL-750
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a a0

Jundisdelu vnedemga yarmademelssna 4 stuumsonss wihdunssang
Audnndt 500 Tu Fsdianudndufiasdiosssuisanudousenaniiifulensodnegng
woifles ioadlidsUszansamnisinureaaiesing Tnglégunsnitaniudsunnuiou
(Heat Exchanger) LLazizmwialthmaﬁqamﬁu (Cooling Tower) Fvazvimiiiiszureniny

Sougussenaluiign

2.2 viefleaandu (Cooling Tower)

v
a = a

vensauLEwduasesarslounuseuiliatuainnszuIunsndnisgusseiniea

Ingldindusanarslumssuanuiou winmsfetnguugiiasivaniuneisauduazgnyil

L

Iluazooany wazanHIULNINTEA8ar00n (Filler) azoodany wailazdulanu
91NANYNARNIULENNTEINEALDBIUT  FIAUUANAINTEIINRAMTTUAURINAiNlYLAR

ANSITUNEANUSDURUUSFUEE (Sensible Heat) sumgLﬁmﬁ’u%ﬁmsizmamamamﬁwqjmmﬂ

@

WinsanTueiniadllounwaengelududvinlmAnn sz UIUNITIEUI8 AN DU (Latent

Heat) nasananiduiniinenvgiiaslnariuveisauduliaumalianas uaza1u1saunu

a

nlgaumagiiianduanldlunszuiunisudnsely [5] fagun 2.2

cooling tower fan
=
Vg 8
a
(]
water column SE— S
\ 2
i o
sprinkler g
©
S
-
©
©
3
£
make-up water
hot water inlet
TS J
=
cool water outlet T e
drain port
drawn and marked by hermawan

'gﬂﬁ 2.2 vieRaauu (Cooling Tower) [6]



2.2.1 Usennuasviafsauiy

veRsauukU AuAsnsryulsureseInIFausauUseanialu 2 wuy

1) WUUN151aeINIAsIINYIR (Natural Draft)
2) wuun1stnaeIn1Aniena (Mechanical Draft)
LUUNIStaRINIASIINYIR  (Natural Draft) azldminuunns1esening
gumgiivesanniindeuiueiniaieuneluveisamidu Tuvarionadoulnani-uvesay

L8 w‘ﬁuq TUUU mmmﬁu%gjﬂ@@L{J’wﬁé”md'}wamaﬁmLéﬁ[mmﬁmﬁ'mmmﬂé’méw As

Y

Ja19veaneRsantiu vinlnludesldwnay wazeiniaseuazlnaisusanluainlass vinli

= & a v =
AUITOULVDNNVIBANIAULYUR ﬂ\‘]E‘UV] 2.3

Ferficad ribs Aeinforced—
! coacrefe
shalf
- Fovd
' Digonal
Annulor edfumas
il aree Mot - fer
dinirilafion
: SEFn0
f Frit

=
e
-

i ﬂlittllllllllllllllllll
Cela—wafpr colfec Fing basia - 4_——’”"! Ll aeafer -I'JAI'.I'i-'.-'J-!l'3 '

U7 i 2.3 eilsauBunuuennialuasssusi (Natural Draft) [7)



WUUNISaeINIANIena (Mechanical Draft) azldwaaududivqeln
aMmAvuiey wuseentiiu 2 vilafe

1) ¥ilasinauga  (Induced Draft) WAAUILDYANUUUYDINDRIBULE U

Y
1% '

2INAALYNAALY UaElARULHINSEEaTeRNIN FIFUN 2.4

SN Hot water Hot water  |usosnaiemimimai
E & & & &E[| "E & & E &
SUOS A A A

RN RIS ¥

7/ X Z
i . . . . l /' Cold water Cold water E /l
Induced draft Induced draft counterflow
counterflow tower tower with fill
Hot water 2 2
distribution _J

Louvers

=l
Sump Cold water Cold water Sump

Induced draft, double-flow
crossflow tower

Induced draft, single-flow
crossflow tower

gﬂﬁ 2.4 waﬁanLﬁu%ﬁmﬁmauam (Induced Draft) [8]



2) siiasimautd1 (Forced Draft) azfnfanmauliniuasuniveisaudu

a1nAzgnaaruluiakarane1nAlilrak uavesdl fAsgun 2.5

3

e A Y S N

Hot water

Centrifugal
fan

I Cold water

gﬂﬁ 2.5 eoRsauuridanmaun (Forced Draft) [8]

2.2.2 n15UssiiiualITausvaIvoNsaiLiy  A3iAeTeeiiseselull [5]

’ Y Tu‘z

Range

Y > 7.,

Approach

Tu'b

JUN 2.6 %9 (Range) warsvazUsydn (Approach)



10

a g [% | = [
DUNYUVDIUNVIGUONANEU (T i)
QmmﬁmaqﬁﬁaaﬂmﬂmﬁﬂauLﬁu (Two)
9V HYBIRINANNTHUIBWAL (T gp)

gaunniivesaniannszlelen (Ty, )

9M51N15avast (m)
dmsn1siravesernid (g)
1) 939 (Range) AMUANGITENINGUNTU LAz UNRON VDD HIANEY

WWuauans Uszansninlunisaneimainudeu 129A270LANA1989NLaAI D RsauLEul

Usyandnings

Range = (Twi-Two) (2.1)

2) sgueUse®n (Approach) AINLANAINITENINEAMATUIDNTERIALLEY

Y

vgaumgivesomannssilzilen ArszesUszniinnazlusiud@aussoniniifvesens

Approach = (T we-Tws) (2.2)

a a a [

3) UszanSua (Effectiveness) Nandutlasidud Ao 9n3187U5enI19AI%9

o v

wazataslugnuaf wseauuAnNAsEnIgungivesdndirefsaudunazeaumglives

1 1 =

amannszwdon snsaunlaigmInTuiansimveRauluiiussavsranty

€= (Twi-Tuwo)/(T,;-Tuwn)*x100 (2.3)

4) panunsalunisuasidu ( Cooling Capacity ) Ais ens1ALSouRindn

santUlalumiienlaing

Qw:r;]cp(-rwi‘-rwo) (2.4)
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5) NsgayLdeannsseime (Evaporation Loss) fie Usunaudnisemeliiiie
o v A 1 [ a a - '3 1 14
nthimvaedulunimeu] Ysunanissemeazindu 1.8 anuiadiuns (m?) se 1 a1

nlaumaaed (kcal) vasnusounianelausenld amuaun1sveLnes (Perry) [5]

EL =0.00085x1.8 xcirculation ratex (T ;- Two) (2.5)
Fl ey m3/h wag 1 keal = 4.187 kJ

6) 9RTNEIUVDNNAIANAIY (L/G) V9IvaRIaNEy A 9ATIEIUTENINRIT

]
[

m'iiwaeuaamaﬁwLLasmasummmﬂmmgmammwwamam% ﬂ’J’]ﬂJ%@‘UﬁQﬂfﬁ PoNANUN

gfpaiiuAmNuToungnaadulaga AL IndoRsaNNT Sl
L(Twi‘Two):G(Hz'Hl) (2.6)

L/IG = (T, Tus)/(H,- Hy) 27)

L/G = dnsnduveanaisiony (1ag L=mC,, waz G=m,)

Twi = qmmﬁﬁuaaﬁ%%gjmﬁqamﬁu

Tw = qmmﬁﬁuadﬁwaaﬂmﬂwaﬁanLﬁu

H, - umadvesdrunauvesleaniaivletind qmugﬁﬂwwmﬂmﬁ
N

H, = wumadvesdrunavesleaniaiuletiii qquﬁﬂsmmm%ﬂﬁ
sewgly

N193LATIZAAUTIOUL WaTYIUI BN AN TTUVBIORIaNLEUdINNTaTI LAY

v J i

TULARNINARAAIEAASHILANAIIUILED WaZITN1TASILUUIIABINIINITNARDIT I NATAT

[

wanlyluauidedife wuudiasdasstieussaimiion ANN WaUseuIuaI NLansaussauy

d! @ [ ¥ 1 v v 1
YpaaisauLdy f9azlananiluiivesall
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2.3 Iasatngussaiien (Artificial Neural Network : ANN)

ANN fio Tanan1andina1ans [9] dnsunIsUsEuIUNaaSaUmAAIENISATUIN
wuuasuLLATulas (Connectionist) iiles1asamsviaueietgyssavluauesmywdie
InqusrasAnazai aaiesilodelimnuannsaifeuslunisandi (Pattern Recognition) way
gUN1uANY (Knowledge  Deduction)  Lulieafuawasnsafiifluauesveuyud
wauAnGudureanaiai Ifnanienuliin@anim Bicelectric Network) Tuawssds
Usenaume lwanuseaiy w3e 1359u (Neurons) wazanuszanuuseay (Synapses) wiay
wadUszann Uszneusne Yaelumssunszuaussam Senin waulasyi (Dendrite) Sy
Junm (nput)  wazdanslunmsdsnszualiondy weasey  (Axon) dadumiloulonviny
(Output) veuag

wadwandvhauseuFAseliihed Welinisnseduiedasneuenuionsedy
shewadeeiu nszuaUsamazisiuaulasiingiandeadezduddinduifesnsydu

wanous AsluriunIsteagauresil A ulunatiigulIzannINNISLTUAD LI

wadUszamauduaseviefivhausiuiu dagui 2.7

Soma Synapse

Dendrites

SU# 2.7 waduUszam (Neural) Tuanaauyue [9]
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2.3.1 laseingusyaiieuniantaguuu e
lasaneUszamifisusuuiteaziadunmduainasuiladunn Tngliden
luwea b(Bias) A1Bunmanars p gndeudnlaeniugasdouasauiuAIAIINLTILSS

1%

(Strength) Fadueumidnainals w (Scalar Weight) leinanauduainansnaneiduaduns

1%
[ o Y

ﬁgﬂamumuﬂ Wp (Weighted Input) desieludiaflsdduenelon f (Transfer Function) LA

Jueinmainans a (Scalar Output) AIFUN 2.8n FeanunsadIwInALemNm a 19an
GRORE

il (2.8)

a=f(n)="f(wp) (2.9)

lpsstneUsyamifisunuuienfidanarsiluniidunuasieilused b 39

Tunnmdu 1 daguil 2.89 tnedanevinnanusasuialdanaunis (2.10) uwas (2.11)

Y 9

n=wp+b (2.10)
a=f(n)="f(wp)+b (2.11)
Input  Neuron without bias Input  Neuron with bias
|I J . F I

P, W :s@ ab

(N
a=flup) a = flwptb)

) wuulisiluwas %) wuuilluwea
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JUN 2.8 lasadngusganniisuvilahewuudieg [9]

f Wuisndunisatelen iy dendudulanasifeandudnuess Wudu vin

v o

WNASUABUNY N (n=wp %38 n=wp+b) werdsuluaesinm a (f(n)) e

901 ] I I~ 1 a I 1 a d‘ v} v
Yndn w wazarbuwed b uAimisifmesvedlaseineussanniieufaiunsadsule

1% 1

A | a a v | o a a a
L‘W@Imﬂiﬂ%qEJU?%?H‘WLWSNLLﬁﬂQWQ@ﬂﬁiﬂJ@W@JWGlENﬂ']ﬁ YU NI1TARINAINLIYUTUIND U

Y
1%

lasangUsgamiiteugnasuliminnuaiuisemnisia tnenisusuusaansfiwesuimnn
wagluued seueiilassigyszamiieuazuSumsimesinelvladmaianisiiediies

WUUDH LULR

2.3.2 Wanguanaleu (Transfer Function)

andudneloudlogviangyiin 1w Hafduaeleunuuidad (Linear) Hendu
anglauluuaen@nueen (Logarithmic Sigmoid) Hendulaiuasusanunulausfnuen 1se
unudnueun (Hyperbolic Tangent Sigmoid) azdue HsAtuaelouluuldadu (Linear)

wanafaanng (2.12) wagguil 2.9

f(n)=n (2.12)
5 T T T T
| 1 1 1 | | | 1 |
) | g
I 1 1 1 | | | 1 |
I 1 1 1 | | | 1 |
K it i et et et Bl Befintis Rl it Bty
| 1 1 1 | | | 1 |
b e e e B e R il Bl Tl
| I I I | | | | |
e s [y
I 1 1 1 | { I 1 I
| 1 1 1 | | | 1 |
T T e
| I I I | | | I |
|| e R — B == — =l Bl - S | — —
| 1 1 1 I | I 1 I
oL L _ _ . | _ 0] [
| 1 1 1 I | I 1 I
| 1 1 I I | | 1 |
] il e e e e il il Rty Bty
| 1 1 1 I I I 1 I
A - o - - 1= — —(— —1— — — el — - — — Tl
| 1 1 1 | I I 1 I
I 1 1 L I b I 1 L
5 4 -3 2 -1 0 1 2 3 4

JUN 2.9 Heidunglouwuuigaidu (9]
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'
al

PRENNTIIN

[

(2.13)

7 [9]

(Logarithmic Sigmoid) wan3

(3

FNLUDYN
f(n):1+exp(-n)

a

()

SUDANLNULAUATNUDY

& o s

sUT 2.11 fefdulawe

Y

Handuaneloukuuasn

(213)uaziﬂﬁ'210

Y

~—~
°z <
& -
g &
~—~
ke
=
Reg)
w
4
c
)
on
&
o\ =
M— W S =
[ T R R M| [ ) @)
| | | | | | | | |
CdoL_dl_o Lo Lod__L_Jg m Q —
[ I I O .
I T l I o I l <
T A A A E N N P (5 Q ~—
1 (] 1 | P | 1 ol H_VH/ [
N NI O O T 8 e = N
i i T I T 1 T i 1 o 1
1 1 1 | | | | 1 U m 2 N—r
o g ERUSEE 5 =
[ | I N [ (&)
= )
R mE RS | - B Z :
o N 2 RN —
e Bl el Rl ol e ettt bkl il Ay (o = Il
1 1 1 1 | | | 1 e @ —
. | 1 o N = 2 o
i e e e e e e e B VS LS =
1 1 I 1 | | | | /oﬂ w N—r
1 1 1 1 | | | | 1 iy [V
e P S Y 7 )
1 T 1 I o | 1 I= (=
DERRRSAESA -
1 1 1 1 | | I I 1 H = ~
L L L L P | b | L o N ey 1m
2 8388 &8 3 838 35 ° = %2
= 2 -
oz w =
=
Er=) 99
o m
o7 o
I= =
-
N
N~—
1=
e
(o
(o
)
\e
&
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2.3.3 1A59918U ¥ aN N UNTINUILLUUNA18DUNN

lasesiguszamiiigunilamhguuunatedunnluguinees p = [p,

Y ¥ [

P,.. Pr]" HBuUNN R A1 BunvudazfiInmaigineesimvin W o= [wir  Wip... Wig]

wareuliiuilndudnelow f \Wuwewinn a Asauns (2.15) warui 2.12

n=Wp+b=wi; P, +W; P,+..+Wigr Py +D

a=f(n)=f(wp+th) (2.15)

Input Neuron w Vector Input

R A

Where._..

R = number of
elements in
input vector

SUN 2.12 TpseeUseanniisamilaniisuuuraiedunm [9]

annsaldeulasenglssamiieunimiisuuuraigdunnlusUdelagly
fryanuallanmesaagu 2.13

Neuron
N
a Where. .
\ n 111I R = number of
: ®_; f elements in
_/1 L input vector
1

/

a=fWp +b)

JUN 2.13 lasseUsgamiisamilaniisuuuratedunluguge [9]
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2.3.4 lnsengussaiiisuuuududu (Layered Perceptron)

Tuszvununiluagiigatestuiiuysuinniinilafauys Iasswieussam
Wienwuuranenievaiedunm wlivaiedygisdiiasosn deinliaiunsainluussyndly
fuszuuvangfiLusle laseineuseamiigamiatu fagui 2.14 anunsadualansaunisi

(2.16) uag (2.17)

Ni=Wig P+ Wip Py+Wig Pyt Wig Pg+by
N2 =Wa1 Py + W2y Py+Woz Pyt Wor Pr+D2
N3 =Ws1 P;+Wsp P+ Wsz Pyt Wag Pg +Ds

Ns =Wsy Py +Wso Py+Wss Pjy...t Wsg Pg +Ds (2.16)

wazLeWinnmleann

ar=f(ny)=1 ( Wig P+Wia P,+Wis Pget Wig Pr+b; )
ax="T(nz)="1 ( War P;+Wao P,+Waz Pyt Wor P +b5 )
as=f(n3)="1 ( War P, +Wsz P+ Wsz Pyt War P +bs )

ds = f(n5)=f ( Ws, pl+W32 p2+W53 p3...+W3R pR +b5 ) (2.17)

Input Layer of Neurons

N7 ™

P, Where. ..

D £ = number of
elements in
input vector

3 S = number of

P, neurons in layer

L%

JUN 2.14 Tpseteusganninieanuunilagu [9]



18

a I3

lasetngUsvamiiawuunilaty flivatedunnuaziemnvluguinnes-

wn3ng Favililszndanainisdeu e p lWudunnnwesauin R x 1 wilwuvsnd

wwinwuia R x S b Julukegnwesawn S x 1 niduannesnauinsgnite Wp uas
I3 I3 s 1 & 13 ¢ | & I3 °

b fidunnmeslsituaelow wag alunnmesienriny @i R Wudanaisuansdiuiu

Sunnuar S WuAaNaSLAAITIUIUTITOUAISUTN 2.15

9 Y

Input Layer of Neurons
: e A Where...
? W —ap R = number of
L n ¥ elements in
L — f input vector
19 b S = number of
Sx1 S neurons in layer 1
A ), :
a=1(Wp=b)

JUN 2.15 lasangUsganniieuiuudulugude [9]

o v T
ANALA LA p=[P, P,..Pg]
Wi Wi Wik
W= - .
Woa Wg 0 W

b= [bl bg bs]T
aunsaAwIne N ladaNns (2.19)
n=Wp+b (2.18)

a = f(n) = f(Wp-+b) (2.19)
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TAs9nsUsTa M AsuwuUntetunldly Matlab Toolbox  1as TW"' 1{u

Untinduny (Input Weight) 1unmsifienlesannduniad 1 237 2 ) ludarenissai 1

(7 1) dmsumsdwesdug sedidrendu 1 Wunsvenindumsfiwesvestuil 1 &
U7 2.16
Layer 1
A Where.__.
Wi i’ R = number of
§'x1 elements in
S'xR f input vector
b: § = number of
R Six1 ql neurons in Layer 1
B J
at = fi(IWwip<hy)
U7t 2.16 TasatheUszamifienuuuvilstuiildlu Matlab Toolbox [9]
2.3.5 159078 U s MABLLUUNA 8T
Input Layer 1 Layer 2 Layer 3
N N 4 N7 N
‘,‘-1 ar .-"w:'-_1 | ;_1:: a ;‘11‘33]_ I nil az
o A — > p /2 > P PS>
B b
¥ ¢
a — a — 7 a
A b e < Bl b e < Pl e
. l b | l b
: - . X
1 ﬂ”st 7115: c]ﬂ:: F?333 aisa
A < D o < P - D e < il s
Mzl g w2 3 o
5.8 lbizz 5.5 lfﬁsa
1 1
ol J N J A J
al = fL{TWuip+b1) az = f2(LW2ia1 +h2) as =f3 (LWs2a2+h3)

az =03 (LWs2 £2 (LWl (IWLip +Db1)+ b2)-b3)

JUN 2.17 lasestngUseanniigaanudu [9]
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lassngUssamiisunuunaedu (Multi-Layered Perceptron: MLP) 1Ju
lasangUszamiienioylduniagn aiuisavinnunianududeuning Ussgndldaula

naunvila lagiiteuddndesddnuiudunazdnnuiiseuivsnyay fagui 2.17 1aseany

a

Uszannieuiuvanutuluzuwmning fegun 2.18

Input Layer 1 Layer 2 Layer 3
r \r

N
a1 = fl (TWuip +h1) a = 2L W a1 +h) a =13 (LWiza +h3)

a0 =0 (LWa2 £2 (LWauf! (IWiip +hi)+ha)ebs =y
gﬂﬁ 2.18 Insangusvamiiieuiuunang Bunmeinnwuuge [9]

2.3.6 1A59918UsEaiissuuunsoundu (Back Propagation)

1AS9a519MUg1UY04lATI8U TEAMTIBUUNTGBUAU (Back Propagation)
Wudanasaulalunisin (Train) lassneuszamiisunsunazinluldau lnendnnisvuas

unsdounau (Back Propagation) azilunisdounduiuseunisiiauiieyusuattmin

LY

(Weight) Tuiduireusiesendnaaaduszam (Neural) iinunzau Inerlagduegiumaiiy

AaALARBY (Error)  MLAAINANLANANYBIAN NN TAININLATUATLDINNTRDINTS

[

(Desired Output) LIPREnIIARlATIUIBUsTAMWENIliAnaungnuIald adalsgn

[

TasshefazUsudeaialulamnaunaau
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Adjust weights

X7
.M Net K
<@y mp| Networ |@
m Wi2 OUYPUI‘

ol

x i3

Desired output

Ut 2.19 Tasstheuszanifiesunsdoundu (Back Propagation) [10]

2.3.7 lasenguseaniisa NARX (Nonlinear Autoregressive Exoeenous)

\dusanesfiunuudnuararuduiusilidudadureseynsua (Time
Series) wuuanneguwmLadldviunglevinvlueuian laenisdeudeyadnnaiguen 1 Input
WALHANITYITUE 1 Output AMIAIDE1991UIE The use of NARX Neural Networks to Predict
Chaotic Time Series [11]

4\ NARX Neural Network (view)

-~
-

g‘tJVi 2.20 lassveUsganniiion NARX (Nonlinear Autoregressive Exogenous) [11]

= v Y = I ° % a ¢
wenwtleAusNeINueRaudY Lazwuudnass ANN wa3 MIATIEY NANIS
A3I9IATIZIN NS U BIsTUUNEa duTulens oAadisese e NugIuAININIAIY

AsaelauAusauY feaznailumdesall
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2.4. nM3agloumuseau (Heat Transfer) [12]

2.4.1 N50181auANLSBUT 3 WUU AB N15UIANNSDU NISIWIANUSDU LATNITHE

e
AN

1) M3taruseu (Heat Conduction) Aon13angleuvaenaanIuaneynia

% s

veeasndndsnuunnirludieyninneglndifesddindsnudesndt dangueanises

(Fourier’s law)

AT
Q=- kA—— (2.20)

Q = Anuseu (W)
k = anisiienusau (W/m. °C)

& A | I 2
A = Wunlumsareloumuseu (m)
AT = ANUUANAN9RUNYH (°C)

AX = 528N 9NANUSDUAADUNNIY (M)

2) MINIAUTBU (Heat Convection) ABN13ANELBUNANILTLAATUTENIIN
Arveandslugwesraivisefinwfioglndiatuwaz Masadeui ainguesiafu  (Newton’s

law)

Q=hA(T:-T¢) (2.21)

UseaNTN1snIAusau (W/mz2. °C)

=
1
ge

¥ ' '
LY

& Aa o A ) 2
A = uiidvesingidudaiuvedlva (md)

T, = 9MQENRINITNIANNTOU (°C)
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3) N3UKTIA (Heat Radiation) AendsnulanUaeyeaniainais (Matter)
TugUvospdiuudmdniaill (Electromagnetic Wave) w38 Ineu (Photon) tl8s31nn1s
Wasugusnamedianvselindveseznounselutanasieg dangues anniuludnuuy

(Stefan-Boltman’s Law)
Qemit,max = O-‘C"AT?A (222)

o = At 5.67 x10-2 (W/m”. K
= @NIWNI5LUaI59E (Emissivity) ¥0dia 0 < g <1

(2
a

S A i o 2
WUV]N'JQ’]EJIQUQ']’]Nﬁau (m")

&
A
T a = oamgilanysalvasinquasedninusou (K)

2.4.2 \A3pdsanUaguadnusau (Heat Exchaneer)

a

isesiilfuaniasuvedlvadousvesinafudsiigumaiisnetunayinastng
saiilos Wlunssuaumsssuieanudousenanirdulensedn

gRarauAIoaniUisuanuou (Types of Heat Exchangers) TECR
wanasuanufeuildlussuuiifunuudenuazyie (Shell-and-Tube Heat Exchanger)
FasUil 2.21 Usgneudeviesiuauaingnussqegluniluddon (hell) viewmariazgnandly
AULUILAUTLIUALENITOIUFDN msa’wsﬂaumm%wLﬁm%uLﬁasuvawawﬁalwaa&gjmzf[,u
yiosnen vauzTiveslvadnudiavilvlvasgansusnriemaniuayvaruidon meludonas
fluriufu (Baffles) Mliluiitelvaslnanesludonlnadafureiiofiunsaelounny
fou warsnwivesinnelureliaiiane wiswanidsuaudeuuuudenuasionus
sonauMslvarnuduUEenuazyie indosuaniUasuanufeudmnviesnlnasaufuios

LAl UNRUaDN 138n71 WIwaNtUABUAINUSaUTTA One-Shell-Pass and Two-Tube-

Passes dmsulssailunsaiiny Tduuuiiulansedalvaludentlvaluvie Asgun 2.21
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Tube Shell
outlet inlet Baffles

Front-end
/ header

Rear-end

header

=
-2
o
g
o>
>

Y
Shell Tube
outlet inlet

g‘dﬁ 2.21 \nsesuaniuasunnuiausin One-Shell-Pass uaz Two-Tube-Passes [12]

U £ 24

aw o d
2.5 UYNNYIVDY

av o o

MITeMALITY N5USZEN wasyiuIeaNTSIUSRRANLEY AUN1TN19ANNS Y
a & 2 Aa v a & | ~
219 lananaaudundeuly wazlumanianmnmans taznialasawngUssamiieny ANN
SAUTIANUBUUGIVDINANITIATILIAN S LATLUININNITIVY DINITTUNTILAIBMATUN

Y LY

ayllwindell uenanlifalinuidessuudunussandld ANN Ausgaunsialednme

137991 2.1 aglanAdenfedtunsUszlinwaziusaussaugioraud

No Author Title Findings/Results

1 Wanchai Asvapoositkul | A simplified on thermal | TDA r?2 = 0.936
and Supawat Treeutok | performance capacity | TFD r? = 0.893
evaluation of counter | TWE r2 = 0.657

flow cooling water

2 Picardo and Variyar The Merkel equation: A | New method to
novel method to compute the packed
compute the packed height of cooling

height of cooling tower | tower , cost reduction
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No Author Title Findings/Results

3 Liu et al. An initial analysis on CaCl2 reduce
the energy-efficient evaporation loss
performance of a latent heat decreases
natural draft wet and sensible heat
cooling tower with increase
CaCl2 solution for
power plants

il Tian-Hong Pan et al. Statistical multi-model | Operating data
approach for collected from the
performance DSC is used to train
assessment of cooling | the LMN model for
tower prediction high degree

of accuracy

5 Hosoz et al. Performance prediction | Modeled using ANNs
of a cooling tower within a high degree of
using artificial neural accuracy R 0.975-994 |
network MSE 0.89-4.64% |,

RSMEQ.9978-0.9999
6 Ming Gao et al. Performance prediction | R 0.993-0.999

of a cooling tower
using artificial neural
network under cross-

wind conditions

ANN can be used to
prediction the thermal
performance of
natural draft wet
cooling tower under

cross-wind conditions
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No Author Title Findings/Results
7 Xiaoni Qi et al. Numerical simulation ANN. MAE = 1.13 %
of shower cooling HMT MAE =9.42 %
tower based on
artificial neural network
8 Rosiek and Batlles Modelling a solar- RMSE less than 1.9 %
assisted air-conditioning | ANN prediction the
system installed in efficiency of the
CIESOL building using chiller
an artificial neural
network
9 Jiasheng Wu et al. Artificial neural network | R 0.9249-0.9988
analysis of the MAE 0.0008-0.54 %
performance
characteristics of a
reversible used cooling
tower under cross flow
condition for heat
pump heating system
in winter
10 Ramkumar Optimization of The test error for ANN

Ramakrishan and

Ragupathy Arumugam

operating parameters
and performance
evaluation of forced

draft cooling tower

and RSN model was
about 1.56% and
2.45%
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v v

Jude smqdena waz anfand aignn (131 IevinnsAnuiEes nsusuidy
AUTTOULVNIA LS DUV IR AU UL UUEILTRAN 983N 59819418 AUTTAUTTINIAIY
%awuamaﬁmL%%i;@éﬁ’ﬂﬂﬁﬁﬂ%’]ﬂﬂﬂ lnglanzgaumgiveanssilizilen qmmﬁ‘fﬂ
i gumpfithesn shrnslvazesernia lneldaunisnisaudeusumsuifisudiuna
A5NAae993s nafildarnnisaneanudinisldaunisnisanudeulunisauaniioniuie
aussauzvoensauiuldlndfsstuanudusiwazannsatluldussneulunisesnuuy
wavUssifiuanssougvoisauduld TDA (Test Values of Discharged Air Properties)
R2=O.936, TFD (Test Fan Driver Output Power) R2:0.893, TWE (Test Values of
Discharged Air Properties Without Evaporation) R’=0.657

Picardo and Variyar [14] viumiuaunIsvesuesinanuisn1siudlunisaiuie
ANGIVDLNNLNA (Packed) worsauiu Tneldlusunsuuamuay (Matlab) wag dun1sves
Wesing lAgANgIuadLnnLng (Packed) LiRedesfugnsnmslvavesinuazaune we

1Y

Reaudu waduiusAudnsinisivaveseiniAaluiu NaftnannIsAne) @1N1SaAINIEN
AUVIEANTENIN AINNEILNNLNA (Packed Hight) Tudnsinisinavese1nieduiu sie
439 (Range) Yot iavaungiivesenianszilizilonmad dellnaseauyulunisanme
= <
ARG

Liu et al. [15] mslondsanuegneiusyansnmusswersauidusuusssuanninely
drunanvange (CaCl,) Tutn d@usulsalnin TneUSunadIunanvaananayyin bieansinig
segvastnanad wabiilunafdeaussousvoavieiaudu nuIfidnsidiunauvasnde

[y

350 WilvTummanisldihanas 28%  anunsoillldnuanumunzay Seiuegi
PUNNAVBIBINA é’mwm{hﬁauazqmmﬁmmﬁw

Tian-Hong Pan et al. [16] Uszfiuaussousvamenauiu Ineldueaiduidu
(Local Model Network) °LumiﬁqummﬁsuaﬂﬁﬂLﬁuﬁaaﬂmmmﬁqamﬁu s?faﬁuagjﬁu
Sasnslravesiiuazerne auansatiisnsneEds susviiuanssousvie sauuld
wiuguazUsendaumu

Hosoz et al. [17] ¥ugaussausveisamdulnalassieyszamiion (Artificial
Neural Network) 21n€eyan15nAaeass 5 318n15A8 Sasnanufoudissuigeen 8ns1ns
SYMETea QmmﬁmaaﬁﬂﬁaaﬂmﬂwaﬁmL§u QmmﬁﬂszmwLTJ&JﬂLmem%ué’uﬁmé
2099107 WWaeu (Train) lasagneuszamdioy (ANN)  dremadauualnsniindy (Back

Proprgation) La@uyiadu (Simulation) anndudmavielauUseuiieuiunisnaaes
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939 auannnsoluea ANN Tuvuiesaussausversauifuldosnauwiugn R=0.975-0.994,
MSE=0.89-4.64%, RMSE=0.9978-0,9999

Ming Gao et al. [18] FueaussauzveisauifulaelaswieUsyamiiioy
(Artificial Neural Network) meldidoulvanarufianig (Under Cross Win Conditions) lng
lddoyaain 5 n1sveaedase Ao aaumgienAnszlzuianadn saumginseizden
samafitmadn Sasnnsluavestinassnsnisinavesaumadveiisanduld 6 8n

9 Y

wuLaLees (Hidden Layer) wazld 3 1a1viww (Output) Ae Qmmﬁmaaﬁwmaaaﬂ A
Lmﬂ@hwaaqmuqﬁmmﬁmmsﬁﬁLLazaaﬂ wavaussouzaaweisauiy lnethnansiase
wSeudlufiunisnnaedass kaiildanunsathavhuieaussausversauulsogawiug
R=0.993-0.999

Xiaoni Qi et al. [19] I%LmuﬁwamL%ﬂﬁua%ﬁuawaﬁaamLﬁuLLUUﬂﬂﬁauuﬁugm
lAssvneUseamifion (Artificial Neural Network) lagldaunismsainuioulunisaiuie
WisuiguAvIsslalasstieUssanniiion (Artificial Neural Network) wagn1snaaedass
waﬁlé’mﬂmiﬁﬂmmﬂﬁﬁmqﬁwﬂizmmLﬁwmmsaﬁqummﬂﬁﬁwLﬁuﬁaaﬂmﬂmﬁaau
WulalnalAeean3atnIsAuIA8aunIsN19ANSen  (Heat Mass  Transfer)  ANN
MAE=1.13%, HMT MAE=9.42%

Roiek and Batlles [20] &519UUUT188ITEUUNAIULEIDTINIF15098 %5 U
irdasUSuInaRAnssluenns CIESOL Tngldlassneussamiiion (Artificial  Neural
Network) Ingt1dayaaseainnisnaaest 2008 113As1esi 16 7 Bunmlinput) 8 Bawaula
\was (Hiddentlayer) uwaz 4 to1winy (Output)  leinau L USauMiguAuN1IVINaeIass
ANUNTAVMIAILALT AN BAZTIUNEALSTOUTYRLASEIUSUEINIA CIESOL IdeedlndlAes
waglaA RMSE 188011 1.9 %

Wu et al. [21] Snswiaussousrensaufunuvaindianiesdmndussuuiniy
(Heat Pump Heating System) qu@%uﬂa Tngldlaseunguseaiiion (Artificial Neural
Network) Lazileidu Tansig (Tangent Simoid Transfer Function) LazinAlla Lavenberg-
Marquardt & 11 Saiaulaleas (Hidden Layer) AtAs1z9t wagvinnisilsguiisununanis
NAADIVII ARSI NIATU Tansig (Tangent Simoid Transfer Function) Lavenberg-
Marquardt 1% MSE, R, R fisnaviiingay aunsavuganssausesionsauduls
TndiAea R=0.9249-0.9988 waz MAE=0.008-0.54%

Ramkumar Ramakrishnan and Ragupathy Arumugam [22] inUsEanEAMUes

W19TPS Lazn1sUTeliuanssausvasvaNsaulduwuuTRuRAn19anlng SN uRIn o Ua LR
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(Response  Surface Methodology :  RSM) uaznisldlusunsulassingUszamiiies
(Aritificial Nuaral Network) é’hLLﬂswé’ﬂﬁammqmeLWﬂﬁy@ (Packing Hight) TUsunIa
Tassneussamidion  awnsaUssdiuassauswazyuienanisfinuseansanves
wimesddnliegnusduginidinsiuiiianeuaues Tns ANN MSE=1.56% uaz RSM

MSE=2.45%

o A = o

newideineiteddalddeyaluniseenuuussilsvidefe dnsnslvavesi

a

gaumgiinszelen aumgiund uasaumgiuieenueiisauiiu n1sldlassieUszam

Y

Wiy (Artificial Neural Network) wagilsitu Tansig (Tangent Simoid Transfer Function)

wazivalla Lavenberg-Marquardt Tun153LAT127 Lazgvin1siUs s UiBuAUNaN1TAaBIaSs
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IBNTIABUUIUINEY

UNUNAD95E08UITIY TURBUNISABIUINUITY NTATIVIATIZATLUUTLUNE
ANUSauINNTNTUlEnTeAATUTSIUNSEANY N1TPBALUUNITINAADY STUUNAFDY 18NS

[

Tangunsod uazin3esiienldlunisnageu aasnauaunsnldlunsinsngs

3.1 N15ANTEUNISINY
mssdunuAseUsEneuRens IR emeRsaNduiiasyuIe A
Spusenainindiulansedaveaientafugurannatain Bua1nmnsaaiiasginisld
waslulagiu ANTTHANNAATAISALUITEEVBAINSZUU N5VARBITUNIEUIUNITHER
931 nMswdeutagadesiiogUnial n1seanuuusrUUNAdEUSIaDVaRsauEy n1sRada
winsiledn NNTIATIENVBLANITNAGDY hazaTiiuuInaesaInlassigUssamiien N3
vinengnssuvesszutlunisyhnusdeidesuluewan Msiined uagUssdiung wie
Wunwmslunisimumensauusely
3.2 MANITIATTsEUUsEIEATLSeuTnthiilensedn
IINAIUHDINIT AU IER UL UL Ton O UALBIAINRBINS SEUIEALS DY
aanmﬂﬁwﬁulamaémam%qLﬂﬂ&fugﬂmmwmaaﬂ Y111T9N1IATIVATILHEAINAS

1191 wazaNanusolunisszuieauieululagdu lnersasnisinarestisiulenseda

LAZUNTEUIYAIUSDULAR é’fngﬂ‘ﬁ 3.1
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Hydraulic pump

\ Basin

Cooling tower set

JUT 3.1 wanan1svinnuvesssuurdaLuwiwsnvinsingamn ias Judind
Ui (Water Pump) asuyuisuiibilnaniuaunsaluaniuasuniiusen (Heat
Exchanger) iitaanglouninuseuainuidulensednidoungiigeniiuilaslvaniuiianis

9 Y

anAsiindiaUsgun (Nozzles) ielviuinszatganasuinuamiuussuualsedlan
gauniivesinvzanatlaenisatalounnuieau nsmiauieu (Heat Convection) lulag
9INAkAZNITIZIMETRNEILNTY WTigamgTanaszanasunsiuiueglugiafiuin (Basin)
wevyunluaelaunnuseunniiulensedalulsseusely duthdulanseda (Hydraulic
= ) a < Y 1 o o o d' 5 N X
Pump) sznyudsuiniulensedaluilumdirmasiuindeussuunalnvesasesd vuguvan
warain n1slvasugUnsalsnauessruLasylvigaugivesiniugadu wagningeiu 50°C
N A oYy = =~ o o & A v 1%
Watdenazgauunndlananliluuny 1 Jfianudndunagiesssuigainuiausenain

Wihilensedia Wesnwuszavsnnvesaaal duguviananasn

nsmusaTInsmelournuiou (Q) wazUsz@ndamn (77 ) vesmoisauLiuds

4
dUN1IN

Q.h = r:ﬂCph(Thi-Tho) (3.1)

T = Q1000 (3.2)

Wp+Qh
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(%

Tw = gungiveniiiuleasedamatuaiesuanidsuniiuieu (Heat
Exchanger) (°C)

Tho = qmmﬁwmﬁﬁﬁuhma%ﬂmqaaﬂm%aLLﬁﬂLUﬁ&‘UﬂﬂM%@L!(Heat
Exchanger) (°C)

o _ npmdeusinzuenihsiilensedn (1.8 ki/keC)

W, = fgalaiihdun gow)

Q, = oanmuisunnidulensedaiilissuuvonsaudu (kw)

3.3 STUUNAEDY
3.3.1 Lﬂ'%lauﬂw%ugﬂmﬂwmaﬁﬂ (Blow Molding Machine) (3Ufl 3.2) w110 5

Alafad (kW) $119u 1 1A3es (Model TL-750) Asldlunisadnvaawatafinussgnthin
N3¥ATUUIA 400 GMUIARKIUALLAST fNEINTSHER 4,320 Fusio 24 Falus Fauszneude (1)
futhifulensoda (Vicker Vane Pumps ) faguil 3.3 Shsimislua 2 Ansdedund uaz (2)
iseanasunudou (Heat Exchanger Model HH 1405) Nufinsnszaremnudeu 0.56

AITIUAT BRTINTIMAYDNIN 150 BRseudl Asgun 3.4

U7 3.2 Lﬂ%’lauﬂflﬁugﬂmmwmaaﬂ (Blow Molding Machine)



34

17

an
(el
=b
(O]
(O]
cee
b
ﬁo
z

e

=
0
ho)
al
®
DD
o)
T

K
Q.
=
Q
c
=
-
-
3

2

JU 3.4 inTesuaniUfisuausen (Heat Exchanger)

332 gunsniszneunuusiasmefisambu Usznaudie Wasdin (Nozzles)
TnoUszendldndosussqems (Super Wean) dsfivnemuviosnaislagialvuianing 20
URlNAT 817 20 LuURlRT @9 10 LouRmes fa3URl 3.5 191zdienenaiiuuuie
usingugnana 2.5, 3.0 uag 3.5 Tadung uagerafui (Basin) IuAduRIgLSNas 150
WURIAT g9 50 LuRIRT FIgUT 3.6 danirowrn 1 wssh Smsnislue 20 Aasdeund

(BALENO 1 HP, 20 Mf, 220 Volt, 6 Amp, 2,850 RPM) fa5ufl 3.7 uazsyuuviefisaunn 1.5

7

JUN 3.5 asdun (Nozzles)
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RT0-800

a

SUT 3.6 graiffutin (Basin)

U

gﬂﬁ 3.7 Ju (Water Pump)

o <
3.4 msadnuudasavieRsauldu

1 ¥ 7 v
o = )

WUUT1aReRsaudy  (Model) Usenausiey Wadsdun enaunuin dutnas

o
a o Y o ¥

STUUYRNAT AnAudniusruunsssuigausouvetase I TusUvIANaIann  AINEN

oY

(%
[y

sevriniasdunuinilug vt 2 wes fAegud 3.8

g‘dﬁ 3.8 LLUU@‘J’waamaﬁqamﬁu (Cooling Tower Model)



a ¥ d a o o
3.5 NMTIANNLATDNUDIANINIINAADY

3.4.1. \Seslatiufin Data Loseer ( Yokogawa MW100 ) tfuiesesiiotuiin

a ! o ! a g U a s d’ U = 1 U dl
BEUNHULAATATLNUN TneRnsinuABN LA INaUUTINAN (NE‘U‘V] 3.9

gﬂ‘ﬁ 3.9 Data Logger ( Yokogawa MW100 )

3.3.2 anufiumesiuiindaya Ultra Book (Samsung # 9) fsgudt 3.10

U7 3.10 Ultra Book (Samsung # 9)

36



37

3.6 MIUUNNNANIINARDS

o v =

Mnsneaesiariuyinuanisnaasslae Data Logger wag Ultra Book Taatudin

'
= o 1

NAUNANN 6 AWWUS ( Twi, Twor This Thor Two, Tap ) 90 1 U7 waz 5 urit lunian
24 Flasdnsiediu MInaassgnesniuulruulasuALduuaugna193azves (@) 1
alsgun 3 AR 2.5, 3.0, way 3.5 Taans wazUsullasusnsin1savesindn 5 AAe

0.5, 1.0, 1.5, 2.0, Uag 2.5 Alansusiodug sauviaviae 15 n1sveaed feasulumsei 3.1

A15197 3.1 YUn @ Walsduiwazansinisavesnlunisnnasd

. Wurinugudnanagiengil Sasmsivavesi

o (mm) (kg/sec)
1 25 0.5 1.0 1.5 2.0 2.5
2 3.0 0.5 1.0 1.5 2.0 2.5
3 3.5 0.5 1.0 1.5 2.0 2.5

3.7 ANSATUIN

WiAgumganlaannsialuduiamial 439 (Range), Useanina (£), A

Sou (Q) wagUseandnn (77) auaunisi (2.1), (2.3), (2.4), (3.1), Lag (3.2) MNUULEAINE
lusunsmvsenisns ielSeuiiigunainlaannReulanisvaaesiuananeiy wasUssiliung

Weavdeasusely

3.8 milasiilaglasaingysvamidies ( Artificial Neural Network )

NagUUQRTIIale wazraa MmN gnihinAnnsesiterdumsiiees Aildly
Msaou (Train)  lassngyszamidioy Insdmdenuazusuilasulaseaiisves ANN
wanzanauldguuuy ANN Model fiansnsaviunenaldlndidssiudeyaildlunisaou vin

nirTzilszanana tagldivatianisunsdounau (Back Propagation) tielilaluudiass
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aa o

ANN 917 fa3U#l 3.11 uavihdeyadnyaunldly NARX Model w3suuuaunsuiiaitents

v (Prediction) fagudi 3.12

Input layer (5) Hidden layer (40)
D
m Output layer
T ()T
Ty
Ta"b

sUN 3.11 Tassasalassnguszanniieawuuunsgaunay (Back Propagation)

dwsulassieuszamifiennuy ANN faguil 3.11 degaildlunsdunm (nput)
\Wioaou (Train) f3112u 5% 360 a1 (1) 3unsasdun (@ 2.5, 3.0, 3.5 mm) (2) §a5IA3
Tnavedt (0.5, 1.0, 1.5, 2.0, 2.5 kg/s) (3) Qmmﬁﬁﬂmwﬁmaﬁaamﬁu (Twi) (4) aeungdl
nsziizilen (T ) kay (5) guniinseidzunia (Tq,) Toyaidmany (Target) Asgaunad
Yot msEBNVBRaILU (T ) Toyaillilumsviuie 5x360 a1 Wudoyauuuiieatuus
auazyafutonaiiieasy (Train) TnslasstneUszamiiion ANN (BP) Uszneusne 40 8¢
WuLaLeas (Hidden Layer)

Tunmsvihunggangivenindulansedanisoonaiosuandsunrmdou (T,,) 14
foyaluvhuoudeaiu widindoyalunsdunniteaewdu 7x360 a1 Tneifi (6) gamgd
yaatvnseanveisamiy (Tuw) uae (7) sumnivenindulensedavadueieuaniuden

AUSDU
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JUN 3.12 lassafalasestngusganmiisunuuaunsaian (NARX)

masulaglassieussanmiiion (NARX) teyailtlunsduwn (nput) Wiedou
wuudiaes Aegamgiuestvnadmerisaubu (T,) $1uru 288 fr deyaitimaneg (Target)
Won1sviiunefe qmmﬁ%aaﬁmwaaﬂmﬁaamLﬁu (Two) IUIU 288 A1 BIbUNISIIUY
$1u2u 100 M iWisuifisutugung it misesnvefiauusiuay 100 A1 nnINABes 1
yupiassin @ 25 Tafuns Sammslnavesth 0.5 Alanfuseiund Taelaseaihg
NARX 1 Sataulatees (Hidden Layer)

lunsvhunegamgivesidulonsedndeyaildlunisdunm (nput  iiloaou
LuUs1a09 Asgamgiivesinvnseen eivaumdudau 288 i lagldteyaitmane iens
yueguupivesiulensodanseeniaiosandisuauioudiuiu 288 A sadluns
U8 IIUIUN 57 A1 L‘LJ%‘EJ‘ULﬂEJUﬁquMQﬁ%mﬁ’lﬂubLﬁ@iaaﬂwNﬁlaﬂméaﬁLLaﬂL‘lJ?iIEJ‘IM’N@J
Sousauau 57 i fivueshaisii @ 2.5 feduns Sninisinaveni 0.5 Alansudedundi

1nelAs9a31e NARX 1 Saaulaiees (Hidden Layer) wiuriu

ANSNT 3.2 NsNAdeU Topology TAsstnaUszayifien ANN

No | Target | HL. | MSE(train) | RMS(train) | RSQ(train) | RMS(sim) | RSQ(sim)

1 0.1 20 0.0982 0.0318 0.99982 0.0566 0.9988

2 0.1 20 0.0982 0.0318 0.99982 0.0566 0.9988

3 0.1 20 0.0939 0.0316 0.99982 0.0528 0.999

4 0.1 20 0.0935 0.0317 0.99982 0.0489 0.9991
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5 0.1 20 0.0991 0.0322 0.99982 0.0551 0.9989
6 0.1 20 0.0974 0.0316 0.99982 0.0594 0.9987
7 0.1 20 0.0982 0.0318 0.99982 0.0566 0.9988
8 0.1 20 0.0994 0.0348 0.99979 0.0648 0.9985
9 0.1 20 0.0991 0.0316 0.99982 0.0548 0.9989
10 0.1 20 0.0939 0.0316 0.99982 0.0528 0.999
Average 0.0971 0.0321 0.9998 0.0558 0.9989

No | Target | HL. | MSE(train) | RMS(train) | RSQ(train) | RMS(sim) | RSQ(sim)
1 0.1 30 0.0935 0.0316 0.99982 0.0499 0.9991
2 0.1 30 0.0959 0.0316 0.99982 0.0546 0.9989
3 0.1 30 0.0984 0.0316 0.99982 0.0684 0.9983
4 0.1 30 0.0975 0.0316 0.99982 0.094 0.9968
5 0.1 30 0.0977 0.0316 0.99982 0.0551 0.9989
6 0.1 30 0.099 0.0316 0.99982 0.0537 0.999
7 0.1 30 0.0999 0.0316 0.99982 0.0524 0.999
8 0.1 30 0.0932 0.0316 0.99982 0.0564 0.9989
9 0.1 30 0.0962 0.0315 0.99982 0.0508 0.9991
10 0.1 30 0.0999 0.0316 0.99982 0.0689 0.9983
Average 0.0971 0.0316 0.9998 0.06042 0.9986

No. | Target | HL. | MSE(train) | RMS(train) | RSQ(train) | RMS(sim) | RSQ(sim)
1 0.1 40 0.091 0.0316 0.99982 0.0476 0.9992
2 0.1 40 0.0916 0.0316 0.99982 0.0564 0.9989
3 0.1 40 0.099 0.0316 0.99982 0.0649 0.9985
4 0.1 40 0.098 0.0316 0.99982 0.0494 0.9991
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5 0.1 40 0.0961 0.0316 0.99982 0.0605 0.9987

6 0.1 40 0.0984 0.0315 0.99982 0.0583 0.9988

7 0.1 40 0.0987 0.0316 0.99982 0.0671 0.9984

8 0.1 40 0.0993 0.0316 0.99982 0.06 0.9987
9 0.1 40 0.0998 0.0316 0.99982 0.0535 0.999
10 0.1 40 0.095 0.0323 0.99981 0.0558 0.9989

Average 0.0967 0.0317 0.9998 0.05735 0.9988

HaTlaa1nnNsNAEeU Topology Aol 40 Hidden Layer T@Aade MSE, RMS uag
RSQ Wueiidfian wagldnailunismaaeusinii 20 wag 30 Hidden Layer A 10 wdt Tu

MINAdBULUUINARY lasstieuseaiiisnudsld 7 40 Hidden Layer

3.9 MR Wisuiley aguusuiduna
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HANTIATIERANTTOULVRIVORENEY seduaungiivesiwazindy A9

(Range) Adnsinisanglounnuiou (Q) Uszd@vdwa (&) wazdszd@vsaw (17) n1g
As1EvINtATneUsEEIiBY  Luu ANN  1ag NARX A153LATIEHAIA1LARIALARDY

(Errors) Iasuni19aiusie Aas1et 391500 wazuszananassiaualuuni 4
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NANTTIVLRALAITIATIZINANITVIAGDY

HANTTIFEL I NRLINRIaUE U IS UTE U8RI NSO UIINLATOIEATUFUVIN
Waain Malun1sasiaveialduIuIaNmNIEaNAUNITEALS oY watnaaauldiuasay
& v A a ¢ a v pu v ) ° A o
NuTayanaaouiian1sIAIIe kagdnaumisranisld ANN unadawuudiassierinune
ANTTOULVIVONIBULEY waznIsIY NARX wWisvihuigaussaurlununaidalilusuinn 1

nan1sIAsIEAaaue B luund

4.1 nsnsdaazinslandeanulutagiu

U

Aaurinn1seenkuUNITIdeRIdelanTaadtasieinsldndsaululagdu ves
nszvIuNINanAsaLUTNFUTIANa1aRN Ywnmadlii 1.5 Alades 91uu 5 eses lng
=% 2 Ao ¢ 3 2 ¢ a @ H
veRsauduiigasdin anadurugudna1s (@) 3 lwuRes ansInnsiravesun 5
Alansusiedwi nan1sdnergaumgiunduaseanainnofitauukasNaf 199 In1LLa7
WanaeagUR 4.1 BauansiwarsgaumgiviiiuazeanAsutaasing iz Uurinnuwuuaniag
A7 uennduanisinAndslnindrelvduludiednisuuldsudnsinisiva wans
amuduiusmslondanulnihvestuiuazdnsinisivavesd uansdusui 4.2 Jeyail

[

dARansnUAAINSTineslunsitAsissuuluanuaaly
INFUN 4.2 g9 sivavesn 1.0, 1.3, 2.2 waz 3.4 AlansudeTung waeu
Inilh7ld 506, 528, 550 waz 594 g audwu aguledn fnnusiseutunsilugiegng
A a I P [ T e & I @ Y v °
nslnaniarsauansin Wesnsinisinavesursidunvuneslvenazlgnass ulwilae

Tumenduiuiignsinislavesiganslindanuluihgedaduldaundnvesnamansves

via



Temperature profile of the cooling tower

Temperature of waterat the cooling

35.0 1.0

34.0 - 0.9
— 1 o8 _
f?). 220 M 1 07 o
T 320 + 06 Twio
g 1 05 -
2 310 1 o4 s

30.0 + 03

2.0 41— LI LA 1T 01

28.0 T -

0 500 1000 1500 2000
Time Bin

U7 4.1 nsesnlieseiveivaudunlglulegiunewinsidy

Power consumption vs. Water flow rate

e
= 600
g P P (W)
. ump Fower
= 580
OJ = &
g 1@aau (Pump Power (W)
2 560 |
o
=
= 540 R
E‘ P = 34.821(m_cw) + 475.44
E 520 R2=00858
S
a 500 1 L 1 ! 1 1 . / L L ! L 1 T—
2
° 0.0 1.0 2.0 3.0 4.0

Cooling water flow rate (kg/s)

JUN 4.2 wamsanuduiusnislindsnuliihvesduiuagdnsnisivavesi
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4.2 dviswaveadurinuguinasvesiasdrednsinisiva
nInsyateUIvesveRaudurilaemasdun (Nozzle) Manzgiang naneq §
Ingluganimeassisiulausuifsunmnaduriuagugnalaesy 3 v fie @ 2.5, 3.0,

wag 3.5 Tadiuns vnassuaziuiinnanisnaasdlagly Data Logger wag Ultra Book ¥ 1
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o w

waz 5 wit Wuan 24 Hlusdesioriu Qmugﬁfﬂ UsTulazgungle1nd 6 dunus T,
Two, This Tho, Tab, Tun (5105@31‘71' 3.1 Tuundl 3)
wennidslausuasusnnisiuavestn 5 A léun 05, 1.0, 1.5, 2.0, 4az2.5
Alanfusieiunit audifu AreamafinldarnnisialainludiuiamiA1das (Range)
Uszandna (Effectiveness) Usunumuseunisley (Q) wazuszd@nsnin (Efficiency) a1y
auns (2.1),(2.2),(2.3),(2.4), (3.1) , wae (3.2) wazwansnardunsiuag gﬂﬁ 43-4.21
91AN51NAT Range éﬁ’qgﬂﬁ 43 4.4, uay 4.5 ﬂsaisummgﬁaal,ﬂséﬁw @ 2.5, 3.0,
way 3.5 faawns sasnistnavesih 0.5, 1.0, 1.5, 2.0, uaz 2.5 Alansudeiuii audsu
I¥engamgiivh 2 fiskuviis Ao Toi 260 - 357 °C , Tye 25.7 - 350 °C , uazgmvind

v
& o

nenseUnsilen Twp 21.2 - 28.7 °C ﬁ%umgﬁammam @ 25 @ 30uag @ 35
fiadwns 1939 (Range) Tildrawudnesn fie 0.20 - 0.58 °C, 0.20 - 0.57 °C waz 0.20 - 0.6.8
oC awdsy agulddn nsdliisnsnisinavesiimazlden 923 (Range) #igsndn nsddnm

nnslavestigs

Spray Nozzle @ 2.5 mm

Water flow rate 0.5 kg/s

Water flow rate 1.0 ke/s

Water flow rate 1.5 kg/s

Range(°C)

Water flow rate 2.0 ke/s

Water flow rate 2.5 kg/s

1 15 29 43 57 71 B85 9% 113127141155169183197211225239255267 281

Time Bin

' (%
o

JUN 4.3 nswdgundas 939 (Range) muailegmiasdun @ 2.5 Tadiuns
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Spraynozzle @ 3.0 mm

1.00

Range{°C)

1 16 31 46 61 76 91 106121136151166181196211226241256271286

Time Bin

Water flow rate 0.5 ka/s
Water flow rate 1.0 ke/s
Water flow rate 1.5 ka/s
Water flow rate 20 ke/s

Water flow rate 2.5 ka/s

' (%
o

JU 4.4 Msaguntas 939 (Range) muailegialusdun @ 3.0 dad

bR

Spray Nozzle @ 3.5 mm

1.00

0.80

W]
I o Tl gt

Range(°C)

0.00

1 15 29 43 57 71 85 99115127141155169183197211225239255 267281

Time Bin

Water flow rate 0.5 kg/s

T ¥ r Water flow rate 1.0 ke/s
r( Water flow rate 1.5 kg/s
Water flow rate 2.0 kg/s

Water flow rate 2.5 ka/s

¥

JUT 4.5 M3Agunuas 419 (Range) muianilegiialusduh @ 3.5 faduns
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NN Effectiveness AagUfl 4.6, 4.7 uaz 4.8 910 15 yansnaae Fsld
namluuda sudidu gampfvhfimaduageenuefivaundu Ao T 260 - 357 °C ua
Tuo 257 - 35.0 °C uaggamgionianszsden T, 21.2 - 28.7 °C wuinghaisdin
© 2.5, ® 3.0 uaz @ 3.5 daduns A1 UseAndua (Effectiveness) 6 — 8 %, 5 - 7 % uay 4
— 6 % muddu agld Aemmsluavenirfiduasann @ sadssihildnaslden
UsyAvBua (Effectiveness) figandinadidnsnisivavesiiigs Seannsnnuasudiiome

1ARam15799 4.1

Spray Nozzle @ 2.5 mm

Water flow rate 0.5 kg/s

Water flow rate 1.0 ka/s

—_ Water flow rate 1.5 kg/s

Effectivhess{%)

Water flow rate 20 ke/s

Water flow rate 2.5 keg/s

0.00

1 16 31 de6 61 76 91 106121136151 166181196 211226241256 271 286

Time Bin

JUN 4.6 nswdsunUasUseansua (Effectiveness) muiaidlegiansdun @ 2.5 Tadwns
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Spray Nozzle @ 3.0 mm

15.00
-
§ Water flow rate 0.5 kg/s
2 1000 l' ,
5 | Water flow rate 1.0 kg/s
2
i Water flow rate 1.5 kg/s
[}
E 5.00 Water flow rate 2.0 kg/s
Water flow rate 2.5 kag/s
0.00

1 17 33 49 65 81 97 113129145161 177 193209225241 257273 289

Time Bin

JUN 4.7 nswdsunlasuseansua (Effectiveness) muiailegiasgin @ 3.0 Tadwns

Spray Nozzle @ 3.5 mm
15.00
? Water flow rate 0.5 ka/s
< 1000
8 Water flow rate 1.0 ke/s
3
= Water flow rate 1.5 kg/s
E 5.00
= . Water flow rate 20 keg/s
|
——— Water flow rate 25 kg/s
0.00
1 16 31 46 61 76 91106121136 151166181196211226241256271286
TimBin

1%

JUN 4.8 nsidsunUasUsednSua (Effectiveness) aunanilogmasdin @ 3.5 Tadwns



M3 4.1 Land 129 (Range) whag UseAndwa (Effectiveness)

a8

N Spray nozzle @ | Water flow rate Range Effectiveness
o.
(mm) (kg/s) (o) (%)
1 2.5 0.5-25 0.20 - 0.58 6-8
2 3.0 0.5-25 0.20 - 0.57 5-7
3 3.5 0.5-25 0.20 - 0.68 4-6
12.0
@30mm ©@2.5mm

L | *

g

g 80 * \

g ¢ #. A u @ 3.5 mm

g 60 *

= A

T a0 =

&

2o

0.0 T T T 1
0.00 0.20 0.40 0.60 0.80
Range (°C)

JUM 4.9 uanspudTuSsEing 429 (Range) uag Usedvina (Effectiveness)

Ul 4.9 uansmmidifusseninmag (Range) wagUseansua (Effectiveness) lu
ns@ifidurhugudnansgizvesalss @ 25, © 3.0 wag @ 3.5 fadwms liA19ae (Range)
Tnew@ae?l 0.57 °C, 0.51 °C uay 0.66 °C AUEU navAUsEaNSHa (Effectiveness) Tng
W@Refl 10 %, 10.1 % uay 8.3 % azulddn fuwngasveshadsdin @ 2.5 fadums ay

19A1 Range wag Effectiveness Mviunzauian
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sUTl 4.10, 4.11 uag 4.12 990 15 MIveaes uanshgamgivenisiulensodn
(Th) BE3EWINe 31.60 — 40.66 °C, 33.48 - 40.96 °C uaz 30.84 - 40.94 °C Qmm:ﬁmﬁaa&ﬂi
7l 36.54 °C, 38.91 °C uay 37.99 °C aguléd gauugiivesiviulensodn (T,) geanusraa
41 °C Gslaifiu 50 °C (Julupuveuluavesddey wanvimeisauiduaansaszuiea

Saupnnannitiulansednlan1uaNsIOULNABINTS

Hydrolic oil Temperature

45.00
O e \ater flow rate 0.5 kg/s
2. 40.00 o
E —Water flow rate 1.0 ke/s
S )
© 35.00 e Water flowe rate 1.5 kg/s
(]
a —ater flow rate 2.0 kg/s
£ 3000
[ e Water flows rate 2.5 kg/s
25.00

M~ WO 1 = M o= O
M~ = m v ™~ O —
=~

229
248
267
286

Time bin

' ¥ 1%
a o

UM 4.10 uansgaumgiithiiulensedn (Ty) Aunandegialsdin @ 2.5 laduns

Y
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Hydrolic oil Temperature

45.00
e Water flow rate 0.5 kg/s
40.00
:O e ater flow rate 1.0 ka/s
g Water flow rate 1.5 kg/s
e
E 35.00 e \ater floww rate 2.0 kg/s
o
E e\t T flowe rate 2.5 kgi's
]
[t
30.00
25.00
= >~ QN e~ N~ N n 3
N m s 0 W0 - N O >0 O s n >~
™ e e AN NN NN
Time bin
~ a sg £ a ~ % 6 g a a
UM 4.11 uamsgaumgiiungulenseda (Tr) munailiagiadsdih @ 3.0 Safwns

Hydrolic oil Temperature

— Water flow rate 0.5 ka/s

—Water flow rate 1.0 ka/s

e Water flowy rate 1.5 kag/s
—\\ater flow rate 2.0 kg/s

— \Water flow rate 2.5 ka/s

45.00
. 4000 -
O
<
b
2
5 3500
@
o
: /
= 3000
25.00
N M~ m O
= m < WO

SUN 4.12 uansgum

a

FARY

Y

v

Wiulenseda (Tw) aunandegiausdil @ 3.5 laduns
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Heatrejected from CT

3.50
3.00
2.50
2.00
1.50
1.00
0.50

Heat (kW)

—ater flow rate 0.5 ke/s
—ater flow rate 1.0 ke/s
e \Water flowe rate 1.5 kgds

—ater flow rate 20 ke/s

0.00

Time Bin

Water flow rate 25 ke/s

1
[

JUT 4.13 uansnnudeuvesiiiiszuigesn (Q,) amnaliegasdin @ 2.5 Tadlns

Heatrejectted from CT

Heat (kw)

—Water flow rate 0.5 kafs
—\Water flow rate 1.0 kafs
e \Water flowy rate 1.5 kafs
—Water flow rate 2.0 kafs

e \Water flow rate 2.5 kgfs

1%

U 4.14 uanspuieuvennfiszuigesn (Q,,) munaliegmausdin @ 3.0 faduns
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Heatrejected from CT

3.50

3.00 e \Water flow rate 0.5 kg/s
—~ 2.50 —Water flow rate 1.0 kg/s
E 2.00
: ! Water flow rate 1.5 kg/s
T 1.50
:Cll:J —Eter flow rate 20 kgfs

1.00

0.50 e \\ater flow rate 2.5 kg/s

0.00

Time Bin

1

JUT 4.15 uansanudeuveniiszuigeen (Q,) munaliegmallsdin @ 3.5 dadiuns

g‘dﬁ' 413, 4.14 , uay 4.15 uansdnsnnuSeulunieilatng (kw) fiszuisesn
Mnvesamdu (Q,) ﬂiﬂjﬁuu’mgﬁﬂﬁﬁ’mlﬂié 2.5, 3.0 way 3.5 TJaduns daAnlueag 1.04 -
250, 1.06 - 2.63 uay 1.12 - 2.34 Aladed mudduALeAuegd 1.90, 1.82 uay 1.84
Alatnd agulfdn Avweganeiiiansdidn wasdnsnisinavesifigeazssuioauion

ponandlanndnnunnglvie) wagndnsinisivas



8.00

Heat rejected from Hydrolic oil

7.00

6.00 -
5.00
4.00 -
3.00
2.00 -
1.00

Heat (kW)

—\Water flow rate 0.5 kg/s

—MEter flow rate 1.0 ka/s

e Wt r flow rate 1.5 kg/'s

—\MEter flow rate 2.0 kg/s

e Mater flow rate 2.5 ka/s

0.00

— o~
(']

Mo v W o~ 00 O © e <

=t WO W O N < W R o NI~
™ = o o — o~ N
Time Bin

U7 4.16 uwansdnsnnuTeuvesifiulansednfissuigesn (Q, ) munanilsgmasdun

@ 2.5 HadLung

12
o

Heat reject from Hydrolic oil

—ater flow rate 0.5 kafs

—ater flow rate 1.0 kefs

Heat (kw)

e \ater flowe rate 1.5 kgfs

—ater flow rate 2.0 kg/fs

e \ater floww rate 2.5 kgfs

JUN 4.17 uansdnmanuiewveniiulansedaiiszuigeen (Q, ) munaniegiasdin

@ 3.0 HaaLung

¥

53
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Heat rejcted from Hydrolic oil

10.00

— Water flow rate 0.5 kg/s

8.00

—Water flow rate 1.0 kg/s

6.00

Water flow rate 1.5 ka/s

4.00

—Water flow rate 2.0 kg/s

Heat (kw)

2.00

e V2t r flow rate 2.5 ka/s

0.00

(%
o

JUN 4.18 wansdnsanusewveniiulansedaiissuigesn (Q,) muwailesiiausdul

Y

@ 3.5 daaLunsg

JUN 4.16, 4.17, uaz 4.18 nIdlawagiasdir @ 25, @ 3.0, @ 3.5 fadwns
waz 5 dnsINTsinavesh mnuseunszutgesnatniiulensedin (Q,) ogsening 2.09 -

538, 162 - 536 uay 1.52-5.71 Aladnd Aedueei 3.37, 3.00 uaz 3.05 Aladnd vie

'
o

Uszanau 3 Aladad deindvunaverlsauibuiifidwmnglusiesnainunn (=20 kw) aaitle
aAusgliua

Ul 4.19, 4.20, waz 4.21 ﬁ%umgﬁaalﬂiéﬁ'} @ 25,030, 35 iadung 90
5 $msnsiva Uszavsniwvesversauidueeszning 20 - 77 %, 25 - 88 % Uag 25 - 83
% Anaduogil 48 %, 52 % uaz 51 % asUldd Adarnslvavesigeagliuszansnings

ngnsnsivavesia Ussavsn nvevelisaudueguseanns 50 %
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100.00

— 80.00
g

o 60.00
3

‘o 4000
5

20.00

0.00

Efficiency of Cooling Tower

—\Water flow rate 0.5 keg/s
—\Water flow rate 1.0 keg/s
e \Water floww rate 1.5 ke/s

—\Water flow rate 2.0 keg/s

—— \Nater flow rate 2.5 keg/s

4
o

U7 4.19 wanslszdnsnmversaubununandesiiasdin @ 2.5 Taduns

100.00

80.00

60.00

40.00

Efficiency (%)

20.00

Efficiency of Cooling Tower

—Water flow rate 0.5 kefs
—ater flow rate 1.0 kes
e Water flowvy rate 1.5 keds

—Water flow rate 2.0 keds

e \ater floww rate 2.5 keids

1%

U7 4.20 wansUsgdnSnmveRmubununandesiialsdun @ 3.0 faduns
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Efficiency of cooling Tower

100.00
30.00 —\ater flow rate 0.5 ka/s
§ —\ater flow rate 1.0 ka/s
a\ 60.00
8 Water flow rate 1.5 ka/s
‘o 40.00
E —\ater flow rate 2.0 ka/s
20.00 e \Water flow rate 2.5 ka/s
0.00
= =t ™~ O on W O 4 v 00 - S [~
~N = I~ G < m W 00 O m M~
L I B B B o B o I o B |
Time Bin

(%
o

5U7 4.21 wanslszdnsnmversaubununadesiiasdin @ 3.5 Taduns

numMAMUHURInen1Inageuasvhlinsuaussausvemeisauy ilimsu

11A" Range, Effectiveness, Q,, Ty Wag Efficiency 7wngauazlaainoulanisvinanui

31 vINIAUSENIIUIAEN (@ 2.5 mm) wardnsn1siavenidiuna1a (1.5 kg/s)

4.3 iamsdiasesigamgiunidu (T.,.) Tnslassiisuszamiiien ANN
sAfeluduesnanguiduditeldvssgndldinadalaseglssamion
(ANN) iledrapsszuumnanmdont saldaunismeaguinnaunauanagaiudounay
ManaranivetlralzUsznoumenagaun1slunenduiy Wuudnaed ANN LH8ULUUNTS
deloyauuulasaineyseamuesysdazienituagauinlaiiinit deyaainnisnageu
szuvasaldsumsAnidenuniiieldlunisaeunaznnasy (iielildyndoyaves Weight waz

Bias N@1u1satnluvinunganssausvesssuuluasunnly
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36

Predicted water temperature (°C)

.
25 26 27 28 29 20 a1 32 a3 34 a5
Experiment water temperature (°C)

= P = [ [ 1
E‘U‘V] 4.22 LLﬂﬂQQﬂJ%ﬁUNuWWBBﬂ%’]ﬂ%@ﬂ\lﬂallLEJu‘{I’mﬂ’]i'V]ﬂaﬁNLL@Sﬂ'ﬁV]’]U']EJI@EJIﬂi\‘I?J']EJ

Jszamiigy ANN

n1saeu (Train) lAsstieUszamiiien ANN dedldtayadunm (nput) A1NRANTS
vaaes Jsoglugumnindauin 5x360 A1 lnsunandeyadenn 5 wi wuiagiase
1 (@ 2.5, 3.0, 3.5 mm) Snsnslavesi (0.5, 1.0, 1.5, 2.0, wag 2.5 kg/s) qmmﬁfﬂ
e meRsaandu (26.02 - 35.47°0) aaumiienniansziUiwilen (21.30 - 29.96°C) uay
gauniiaINANSEIUNEUAY (24.08 -34.80°C)

doyaitivineg (Target) Ao guugivenivnisenviefisambu (25.43 - 34.69°C)
%aagaﬁiﬁé’ﬂumiﬁmw 5x 360 A1 AevUIAYesThAUIEN (@ 2.5, 3.0, 3.5 mm) sasansiva
ﬁuaaﬁw (0.5, 1.0, 1.5, 2.0, wag 2.5 kg/s) qmmﬁﬁwmu%’maﬁqamﬁu (26.03 - 35.47°C)
gauniinsziunzien (21.31 - 29.96 °C) aauniinszilnzumis (24.10 - 34.80°C)

nnsinuelaelasstieUsgamiisy ANN (Back Propagation : BP) 9112w 40
Banuiales (Hidden Layer) wafildainns Train wansiaguil 4.22 IégaungRvest
ynavenveilsanusywing 25.70 - 34.95 °C A MSE = 0.0968, RMS = 0.0490 uae R’ =
0.9992 PsuANANSsEIIvgAngivesimsopnvoisaBuT AW L BLAEA19Te 0.01 -

0.06 °C kan9IWan1sinuneiaNusiugluseauneausulag
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v
L

4.4 mansiassviaamnlirdulenseda (T, ) Inelasevreussamiiay ANN

1 9

' '
a o L2 =

fwUsndragnagyinlimsivinnisinauvesmeisauldulszaunadisaniui

o

[ A

wdwseld Ao anunsadnuwissavaamgivenidulansedald dazdesaiuauaungll

=3

Y

Wlulansednaglvaduluduaisadntugurianaadinly ladlvitiu 50 °C ANN 9iune

gauuniiunlas uaglalinsvegeunwaviae Topology Aulasuiaunsavinuelauiugan

9 Y

= 4

JuFenlaseasieves ANN 713 Topology ihgafunldvinueaumngiivi ieldlunisviiung
gaungilvesddulansedn
o = a 44' . & v = a
Joyaildlun1sdunn (nput) Liedeu (Train) WudeyalafgannsnaaauITe
Wiy Jrwinvesuning 7x 360 A1 laainnssivuiagiansdin (@ 2.5, 3.0, 3.5 mm) uay
9n31N15avedt (0.5, 1.0, 1.5, 2.0, Wag 2.5 kg/s) 1INVOULUAVDIUNNTUIMNLTMBRS

aufu (26.04 - 35.75 °C) gauvniitvnssenveisauiu (25.76 - 34.98 °C) guvnlingzie

(%
CY

Wen (21.24 - 29.98 °C) gaungiinszilizuiia (24.20 - 34.86°C) wazgaungiiniiulansedan
fmadhvensdowuanidsunuiou (30.84 - 40.82 °0)

foyallmane (Target) Ao pumgiivenidulensedafivrsesniaiowuanidou
arufou (30.28 - 39.94 °C) dayaiililunisviiuie 7 x 360 A Aaaantis 15 gANITMARS
LUy Qmmﬁﬁmwﬁmaﬁnamﬁu (126.02-35.74°C) qmmﬁfwwaaﬂmﬁ@amﬁu (25.47
- 34.96 °C) gaunginszizilen (24.08 - 34.80 °C) uavguniinzilizuie (21.30 -
29.96°C)

nnsinelaglasetigUseainiiied ANN 91171 40 Bawnuaiges (Hidden
Layer) Idgnmnfiveninsiulensodansooniadosuandsunuiousening 26.79-42.09 °C
A1 MSE = 0.1155, RMS = 0.5537, R = 0.8946 mmLmﬂm'Niwnfqumﬁmaqfwﬁulama
davnsaniAzesuaniUdgumnuieu 225 - 4.01 °C dsnswfluzuil 4.23 Tssauansnaiu

v I3 Aa o v = N P
NBANUAIT LLSH%L‘Uuma‘wmmjmmmuwlmmﬂ ANN E]']f\]Lu@qf\]']ﬂﬂqil’ﬂaSULLUGQQQJVQNU']NU

£
o [y

agluyaena uwaviUdsuudadlusuuuuivihuelaginniteamaiiun Jslaseduaanuuaugi

AN
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44

Predicted Hydrolic Temperature (C)

28 - &

26 1 1 1 1 1 1 1 1
30 31 32 33 34 35 36 37 38 39 40

Experiment Hydrolic Temperature (C)

U7 4.23 uansgamgiiundiulensedniieonanniaiesuanilisuninusauainnisnaaediaz

MsvinunelagluswnsulassineUseanviiay ANN

4.5 wamyanwviguugiiudu (T .,) Inelaseiieyssamifieuiuy (NARX)
NNgUTl 424 Feyaildlunsdumm (nput) Lileaeu (Train) Fogumgiived
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A15197 5.1 NMSUSEUTIEUNAIASIZIRUUTIIaD9IA8LASIINUSEE L ANN

No Author Title Results
1 Hosoz et al. Performance prediction R =0.975-994 |
of a cooling tower MSE = 0.89-4.64%
using ANN RSME = 0.9978-0.9999
2 Ming Gao et al. Performance prediction R =0.993-0.999

of a cooling tower

using ANN

3 Xiaoni Qi et al. Numerical simulation MAE = 1.13 %
of shower cooling

tower based on ANN

4 Jiasheng Wu et al. Artificial neural network R = 0.9249-0.9988
analysis of the MAE = 0.0008-0.54 %
performance

5 Bunjong Yaothanee Cooling Tower analysis | RMSE = 0.8946-0.9992

using ANN
MAE = 0.0968-0.115 %

agunsilssuiisunainseiieuiisusuudtassnelassiglsesaiieui

A MALITRY A1 RMSE hae MAE laanuusiugilusyiugs Indlhesivanidevesivy

DU

5.2 Telausuus
5.2.1 Wawdusuugese Wl ilaussous Bty o19velininfiuinauviounnis
5.2.2 duvudnaedaseingyssamiiien (Artificial Neural network) snlalunns
vhungszudluanizgamnfiidunidug viethuldlussuuniuauversamdy (Cooling

Tower)
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isavuaniasuarusdautnuTusunsulaseeing
Usezdanau ANN (BP)

target = 0.12;

s=0;

clc;

while (s == 0)
net=newff([minmax(A)],[40,1],{'tansig’,'purelin'},'trainim");
net.trainParam.show=50;

net.trainParam.Ir=0.05;

net.trainParam.epochs=1000;
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net.trainParam.goal=1e-3;
net.train(net,A,Tho);
net1=train(net,A, Tho);
a=sim(net1,A);
err = max(abs(Tho-a))
rms = sqrt(sum((Tho-a).A2)/length(Tho))
if err < target

s=1;
end
p =A1;
a=sim(net1,p);
plot(Tho1,a);
rms = sqrt(sum((Tho1-a).*2)/length(Tho1))
yresid = Tho1- a;
SSresid = sum(yresid.*2);
SStotal = (length(Tho1)-1) * var(Tho1);
rsq = 1 - SSresid/SStotal
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pref = 1;

X = con2seq(Tcwi);

T = con2seq(Tcwo);

N = 100;

inputSeries = X(1:end-N);

targetSeries = T(1:end-N);

inputSeriesVal = X(end-N+1:end);

targetSeriesVal = T(end-N+1:end);

delay = 2;

neuronsHiddenLayer = 1;

whilepref> 1

net = narxnet(1:delay,1:delay,neuronsHiddenLayer);
[Xs,Xi,Ai, Ts] = preparets(net,inputSeries,{},targetSeries);
net = train(net,Xs, Ts,Xi,Ai);

view(net)
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Y = net(Xs,Xi,Al);

% perf = perform(net, Ts,Y);

inputSeriesPred = [inputSeries(end-
delay+1:end),inputSeriesVal];

targetSeriesPred = [targetSeries(end-delay+1:end),
con2seq(nan(1,N))];

netc = closeloop(net);

view(netc)

[Xs,Xi,Ai, Ts] =
preparets(netc,inputSeriesPred,{},targetSeriesPred);
yPred = netc(Xs,Xi,Al);

perf = perform(net,yPred,targetSeriesVal);

end

figure;

plot([cell2mat(targetSeries),nan(1,N);
nan(1,length(targetSeries)),cell2mat(yPred);
nan(1,length(targetSeries)),cell2mat(targetSeriesVal)[')
legend('Original Targets','NetworkPredictions','Expected
Outputs')



ATARNUIN A

Performance Evaluation of the Cooling Tower
of the Blow Molding Machine

74






Performance Evaluation

of the Cooling Tower

of the Blow Molding Machine

Bunjong Yaothanee™ and Wipawadee Wongsuwan™
" Research Center of Advanced Energy Technology (RCAET)
Master Program of Engineering Technology, Faculty of Engineering, and Graduate School,

Thai-Nichi Institute of Technology (TNI), Banghkok, Thailand
labme7338hotmail. com

® wipawadeeltr

i.ac.th

Abstract— This work aims to analyse the cooling tower
performance of a blow molding machine. The selfdeveloped
cooling tower was expected to suit the heat re jection vequire ment
of the machine. Heat was transferred from the machine to the
hydraulic oil circuit, through the heat exchanger to the cooling
water circuit connected to the cooling tower, and conseque nily
from the cooling tower to ambient air. The experiments were
conducted at the case study factory, to investigate relevant
parameters of the cooling tower; ie., cooling water Dow rate (0.5
-25 kg,ﬁ"], and spray nozzle’s holes diameter (2.5, 3.0, 3.5 mm).
About 4,320 time-series data sets, based on 5-min time intervals,
from 15 experiments was analysed for the cooling tower Range
and Effectiveness. The low water flow rate and small nozzle’s
holes dizmmeter could provide better Ronge and Effectiveness, so
that these conditions wounld be suggested for this cooling tower.
Finally, the developed cooling tower characteristics database
would benefit the factory for the future peispective in controlling
the operation within the appropriated conditions.

Keywords—— Cooling Tower, Encrgy efficiency, Blow molding
mac hine

I INTRODUCTION

In many processes, the cooling tower has played important
roles, for example: power generation systems, chemical and
petrochemical plants, refrigeration, air-conditioning systems,
etc. The cooling tower could dissipate the waste heat from hot
process streams info the ambient air by mass and heat transfer
[1]. In a case study factory, the cooling tower 15 a very
important part for heat rejection from the blow molding
machine. The temperature of hydraulic oil must be maintained
within the acceptable range as stated by the machine
specification, so that adequate heat transfer rate is crucial.

Normally, the commercial cooling tower has at least typical
size about 25 kW However, the blow molding machine s load
is quite small as compared to this magnitude. Therefore, the
author intends to design the cooling tower that suitable for the
existing load. The energy consumption in the cooling tower
and the operating cost would be reasonable as well. The
factory has expected that the research on the self-developed
cooling tower in considering actual and practical
cireumstance, would bring about knowhow, in order to
enhance lifelong learning and self-sustainable. Hopefully, this

International Conference on Busines
Thai-Nichi Institwie of Technology,

would be a worthy example of the SME attempt in developing
own knowhow. It would be not only benefit the knowledge
base. but also encourage the other SMEs to develop their own
cooling tower suitable for their machines load and
requirements.

The design of the cooling tower was simple and cost-
effective. It is inspired by the system normally found in the ice
factory, using blowing fan to enhance water evaporation such
like the evaporative cooling. However, much of water is lost
due to too large fan in use. The case study factory has trial and
error for many times until achieving the 1¥ prototype of the
cooling tower without any fan, but applicable to the heat
rejection load requirement of the blow molding machine.
Nevertheless, the first protoiype still has room for
improvement in the view of compaciness, product design
especially the energy effectiveness. This led to the objective
of the research work presented in this paper. The experiment
was conducted on the prototype of cooling tower to determine
the cooling tower performance while operating with the blow
molding machine.

1. CooLnG TOWER

Cooling Tower (CT) could reduce the temperature of water
by extracting heat from water and releasing to the atmosphere,
based on some of water evaporation into a moving air stream
[2]. As a result, the water remaining in the water basin of the
cooling tower is cooled down significantly. Some research
works found in the literatures describing the performance
analysis of cooling tower [3-7]. However, 1s has not found
any work discussing on the CT during its actual operation
when equipped with the blow molding machine.

The cooling towers performance should be evaluated to
assess present levels of approach and range identifying
possibility of energy wastage. The Cooling Tower (CT)
“Range™ 1s the difference between the inlet and outlet water
temperature. A lugh CT Range as in Eq. (1) means that the
cooling tower has been able to reduce the water temperature
efficiently [2].

T

CTi

T

T Range = o (1)
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Where,
1 ;15 the inlet water temperature of the cooling tower
Tty . is the outlet water temperature of the cooling tower

The CT “dpproadh™ as in Eq.(2) is the difference between
the cooling tower outlet cold water temperature and ambient
wel bulb temperature. The lower the approach implies the
better cooling tower performance. Although, the "Adppreach’
is a better indicator of cooling tower performance than the
“Range”, but in this research the CT Range is selected as one
ofthe CT energy efficiency indicators.

CT Approach =1y, — 1., (2)
1s the wet bulb temperature of ambient air.

The cooling tower “Effecriveness™ is the ratio between the
range and the ideal range (in percentage), i.e. difference
between cooling water inlel temperature and ambient wet bulb
temperature, or [Range / (Range + Approach)][2] as in Eq.(3).

Where: T,

wih

Top, = Tr
CT Effectiven ess (%) = ———E72. % 100 (3)
cry Tw\b

In brief, the cooling tower performance is principally
evaluated by the calculated CT Range and CT Effectiveness.

III. EXPERIMENT

The experiment was conducted in a blow molding factory
under the normal operation. The cooling tower designed
similar to the water spraying unit was fabricated by
components mostly available in the domestic market. The CT
was assembled to the cooling eircuit of the blow molding
machine operated at usual production schedule. The LDPE
40-g plastic bottles were produced at the production rate about
20 pieces per second, so that only one cooling tower is
sufficient to support heat rejection from one blow molding
machine.

A Blow Melding Machine

The blow molding machine from SINCO Technology
(Model TL750) is depicted its photo in Fig.1. The blow mold
for plastic bottle production (see also the mold and final
produets in Fig. 2), has to reject heat to hydraulic oil. The
plastic bottle after production process and the final product
(after filled by liqud glue) 1s illustrated in Fig. 2(b) and
Fig2(c). Rate of heat transfer to the hydraulic oil circuit (see
Fig.3) must be sufficiently.

B. Heart Transfer Media Circuir

The hydraulic oil circulated in the 1" heat transfer loop as
shown in Fig.3, passing through the blow molding machine,
the hydraulic tank and the heat exchanger. The single line
diagram of the hydraulic oil loop of the factory is depicted in
Fig 4. The heat exchanger photos are shown in Fig.5. The heat
exchanger is the shell and tube type without fins. The
thermocouple type K sensors (blue cables) for measunng inlet
and outlet oil and water are also shown in Fig.5.

Water as the 2™ loop of heat transfer media conveys heat

from the heat exchanger to the cooling tower. The water is
circulated by a water pump passing through the shell and tube
o1l cooler, the spray nozele and the water basin. Water
spraying is a mean to enhance heat and mass exchange from
water to the flowing ambient air to cool down water, wlile a
part of water is evaporated.

C. Spray Noz:zle

Normally, the plastics nozzles are widely used for the
cooling tower that many nozzles are made of PVC, ABS,
polypropylene, and glass-filled nylon [2]. The typical cooling
tower operation is depicted in the schematic diagram of Fig.6.
Cooling water from the heat exchanger is sprayed by the spray
nozzles down to the water basin, while ambient air is fiee or
forced counter and upright flow, to exchange heat and mass
with cooling water. The fan is normally installed above the
spray nozzle to pull air updraft, however, in the research the
air is naturally flow without fan to save energy. The operation
of the cooling tower profotype having a spray nozze to
distribute water down to the water basin is illustrated in Fig.7.

The spray nozzle as shown in Fig.8 was simple but work,
and modified from the commercial plastic “supper lock box™:
having dimension about 200 mn x 200 mm x 30 mm. It is
cost effective that the price is only 250 Bt per box. Three
boxes cover is screwed to many holes. each having holes
diameter about 2.5, 3.0 and 3.5 mun, respectively. The
adjacent holes are spaced by 10 mm resulting in at least 17 x
17 holes. Advantages of the developed spray nozzle from the
super lock are; (1) market avalable. (2) cost effeciive, (3)
easier operation ( ble/ch ble) and man e, and
(4) wathout oxidation such like metal nozzle.

D. Instrumentation

The measurement of the temperatures at various locations
within the hydraulic oil and water circuits is illustrated in
Fig3. There are 7 measuring points; inlet and outlet
temperatures of hydraulic oil and water of the heat exchanger
(4 points), water temperature inside the spray nozzle (1 point),
ambient temperature (1 point), and cooled water temperature
in the basin (1 point). In the first research phase, merely
measured values from water side are in use. The temperature
sensor cable, thermocouple type K, was connected to the Data
logger (YOKOKAWA MWI100), recording temperatures
every l-min and 5-min intervals. The dry bulb and wet bulb
temperature of ambient air was also measured by the
hygrometer. Cooling water flow rate was maintained constant
so that it was measwred at once by simple water weighting and
time recording method. Voltage and current of the water pump
are measured to evaluate power consumption. Signal from the
data logger was transferred to the laptop for online and real
tune data recording as shown in Fig 9.

E. Operation of Experimental Unit

The experimental unit is operated based on the normal
production schedule. The production period is depended on

International Conference on Business and Industrial Research ©ICBIR 2014

Thai-Nichi Insti

of Technology, B

58

k. Thailand, May 13-16, 2014

77



the customer order. However, the system is normally
operating continuously for long until the order is fulfilled. The
hydraulic o1l circulation through the blow molding machine
and the cooling water circulation through the cooling tower
are essentially under steady state condition, so that oil and
water flow rate remains constant. Nevertheless, the fluctuation
of all of measured temperatures is notable, resulting in varied
CT range, approach and effectiveness during experiment.

In the prelinmunary experiment, the cooling tower nn as
usual operation, and the temperature data was collected for
primarily evaluation of the system performance. and for the
design of full experiment.

There are two major variables in consideration; size of
holes of spray nozzle (2.5, 3.0, 3.5 mm diameter) and cooling
water flowrate (0.5, 1.0, 1.5,2,0, and 2.5 kg.s ). In particular
experiment, the water flow rate and diameter of the spray
nozzle holes are kept constant. This lead to 15 experiments
specified as data sets. (diameter in mm, flow rate in k,\z_s'ljt
ie.(2.5.0.5),(2.5,1.0), (2.5.1.5).(2.5,.2.0).(2.5.2.5). (3.0,
0.5),(3.0,1.0).(3.0.1.5),(3.0,2.0), (3.0, 2.5). (3.5, 0.5), (3.5,
1.0),(3.5,1.5), (3.5,2.0),(3.5,2.5).

‘Then, measured temperatures in each 5-mun interval were
averaged for calculation of inlet and outlet water temperature,
wet bulb temperature of ambient air, CT Range and CT
Effectiveness, resulting in a number of time-series data
patterns, starting from time-series no. | mveraged during 12:00
~ 12:05 period until the last time-series no. 288 from 11:55 —
12:00 hr. Therefore, there were 288 x 15 = 4,320 data sets,
However, the data recording system was accidentally
malfunctioning in some periods, so that some data might be
screened out.

Fg. 1
TLT50) operated m the experments,

The Blow Molding Machime from the SINCO Technology (Model

I I Conf

' o
Thal-Nicli Tnsii

(a) ) (<)

Hg. 2. The close up photo of (a) the mold of the blow molding machine as
heat source of the cooling tower. (b) plastic bottle, (¢} final product.

Fig. 3 Schenmtic dingram of the coolng loop of the blow molkdmg machme
showing hydmulic oil and water circuits.

'YPE OIL COOLER
BE TYPE OIL COOLER

Fig. 5§ Heat Bxchanger of the blow nolding nmehine
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Fig. 7 The simple design ofthe cooling tower for the experiment.

Fig. 8 The super lock box modified to be spray nozzle of the cooling tower
(with 2.5, 3.0, 3.5 mm holes)

Flg. 9 Data logger YOROGAWA MW 100, themmocouple type K. and laptop
for temperature measurements.

IV. RESULTS AND DISCUSSION

Analysis of experimental results is described by the
following 4 sections; (A) Preliminary test, B) Time-series test

results: CT Range, (C) Time-series test results: CT

Effectiveness, and (D) Energy efficiency evaluation.
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A. Preliminary Test

The experimental data was firstly analyzed to evaluate the
cooling tower performance when performing usual hea
removal function for the blow molding machine. The
preliminary test was carried out to pretest the cooling tower
characteristics. Water flow rate is kept constant at 5 kg/s. The
temperature profile of the cooling water temperatures at the
spray nozzle (To, yppe) and in the water basin (Tey, jouer), and
their differences (dT.,), are depicted in Fig.10. It is obviously
shown that temperature difference or the CT “Range” is too
small, approximately 0.1 — 03 °C (averaged to 0.22 °C),
showing poor performance of the cooling tower during the
normal operation.

The CT effectiveness was estimated to 7.6%, which is
considerably poor performance. Consequently, the heat
removal rate by cooling tower in Watt was calculated by Eq.
(4). The rate of heat transfer from water to air was within the
range 2.1 — 6.3 kW that is averaged to 4.7 kW. Thus, this low
heat load result would endorse the fact that the commercial
cooling tower, having at least 25 kW capacities, would not be
applicable to the heat removal application for the blow
molding machine due to oversizing reason.

Then, the water flow rate was reduced from 5 kes™ and
then varied between 1.0 — 3.4 kg s ' The power consumption
of the water pump (see Fig6) was measuwred Table 1
summarizes the preliminary test result, showing current,
voltage and power input to the water pump. The current
consumed by pump varied from 2.3 — 2.7 A resulting in
power consumption between 0.51 — 0.59 kW. Within the
operating range of water flow rate, the power consumption is
proportional to flow rate as illustrated in Fig. 11. The lincar
equation from curve fitting, with R-square about 0.9858,
showing relation between power consumption and water flow
rate, is given in Eq. (5).

J-(ri.! e C oL e e ™ VeIt
N

Ocr = (@)

(5)

P =34.82Lm,, +475.44

T 035

SRLEL]

+ 020

+ 0135
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——Tew_uppes
==Tew_botom~ 00%
S dTow oC

w0 00

Tempersture of the cool mg water o the

+ 000

800 500 1200 1300 2400

T (minites)
Fig. 10 Tenpemture profiles of the prelommary test of the coolng tower

Table 1 Prelimnary test by varying nmss flow rate of the cooling water punp
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Lab (Watermass | Time [Flowrate | Current | Voltage Pump
No. (kg) (sec) (kg/z) A} V) Fower (W)
1 30 30 1.0 73 270 506
z 2 15 1.3 2.4 720 528
2 2 10 2.2 15 220 550
4 17 5 34 27 220 S04

G600
L
£ 500
= S50 @ Pump Power (W)
: 370 —Linear (Pump Power (W))
£2 60
g2 550 .
z 5 si0 P=34.821(m_cw) +475.44
g R?=0.9855
g 530
=

520
E s
£ s X

500 ———»u " 5 ;

0 1 @ 3 4

Cooling water flow rate (kg/s)

Fig. 11 The cooling water pump performance

At the water flow rate 1 kgs', the pump consumed
electrical energy of 0.59 kW while the thermal energy
removed from cooling water was about 0.93 kW,
(temperature reduction of water 0.22 °C), conforming to
184% energy upgrading. If the cooling tower non-stop
operated for 24 hour, heat released to ambient air would be
approximately 80,500 kJy,. Theoretically, the daly
evaporation loss of the CT due to water evaporation into air 1s
only 34.6 I. that cost 0.55 Baht per day, based on water
transfer from to air about 1.8 m® per 10° keal of heat transfer.
However, the actual evaporation loss estimated by Eq.(6), was
0.04 m’/day that cost to 0.63 Baht/day [2].

EL = 0.00085 x 1.8 x Circulation rate[nr’ | hr] x Range (6)

The result from preliminary test was used as guideline to
design the time-series experiments as discussed in the next
section, by varying nozzle’s diameter and water flow rate.

B. Time-series Test Results: CT Range

The experimental result as time-series of cooling tower
characteristics in term of CT Range, in the base case of
nozzle's holes diameter about 2.5 mm and water flow rate
about 0.5 kg/s, is illustrated as surface plot in Fig.12. The plot
1s between inlet cooling water temperature (T; ;). ambient
wet bulb temperature (L) and CT Range in °C. The
maximum value of the CT Range for each array of Ter ; and
Tus 1s shown. When the inlet cooling water varied from 28.8 —
33.6 °C and the web bulb temperature of ambient air was
between 25.4 — 28.7 °C, the magnitude of CT Range was
between 0.52 — 0.88 °C. It is obviously shown that C1 Range
was mostly found between 0.64 — 0.82 °C, when the T, was
259 — 26.4 °C. In case of higher Ty ;, it could expect the
larger CT Range. In contrary, the larger T, led to the lower
CT Range.
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Fig. 12 Surface plot of the CT Range of the cooling rower (in case of 2.5 mm
spray nozzde's holes dimmeter, water flow rate 0.5 kg/s)

The variation of CT Range with time in case of different
water flow rate (0.5, 1.0, 1.5, 2.0 and 2.5 kg/s) are plotted
Fig.13 — Fig.15, for 3 sizes of spray nozzle’s holes diameter
(2.5, 3.0, and 3.5 mm). It could be swnmarized that lower
water flow rate brings about larger CT Range. However, the
CT Range 1s fluctuated in the narrow range in case of higher
water flowrage (1.5 — 2.5 kg/s). The simular trends have seen
from Fig. 13 through Fig.15 corresponding to the fact that
smaller mass flow rate would enlarpe magnitude of the
temperature difference, if the same amomnt of sensible heat
was transferred.

10

09 ——m ew= 0.5kg's — cw= 1.0kg's

0‘1“ =———m ew= 1.5kg's e ew = 10kgls .
_ 07 | =——m_ew= 25kgls

Fig. 13 Vanation of CT Range in case of spray nozzle’s holes diameter =
2.5 mm, water flow rate about 0.5, 1.0, 1.5, 2.0, and 2.5 kg/s

;: m ew= 0.5 ky's j
—m ew= 1.0kg's
g ——m ew= 1.5kp's ﬂ
=147 m cw= 20kgs =
=12 — w25 kgls ’

Fig. 14 Vanation of CT Range in case of spray nozzle’s holes diameter =
3.0 mn. water flow mate about 0.5, 1.0, 1.5, 2.0, and 2.5 kg/s

International Conference on Business and Industrial Research ©ICBIR 2014
Thai-Nichi Institute af Technology, Bangkok, Thailand, May 15-16, 2014

61



10 -
0.9 —m_cw = 0.5 kg's ——m_cw= 1 0kgz
: —m_cw = 1.5 kgs m_cw= 2.0kg's

—_CW

25kefs "’““‘1

CT Range (o)

Fig. 15 Variation of CT Range in case of spray nozzle’s holes diameter =
3.5 mm. water flow rate about 0.5, 1.0, 1.5, 2.0, and 2.5 kg/s

It should be noted that the CT Range at the 2.5-kgs ' flow
rate could significantly rise to 2.0 °C for one period (12:30 —
14:00 hr), in case of 3.0 mm of the nozzle’s holes diameter.
This conditionis somewhat interesting, and should be noted as
an appropriate operating condition of the cooling tower: 31.3
*C<Ter;<31.6°C, 295 °C< Ty, €30.5°C,32°C < Ty, <
332 °C, and 26.8 °C < T, < 27.5 °C. Newertheless, it is
impossible to control the ambient air condition (T, and T,,).
In contrary, it might be possible to control in inlet water
temperature of the cooling tower.

In comparison among 3 sizes of nozzle’s holes diameter
(2.5, 3.0, and 3.5 mm), the diameter 3.0 mm provided
opportunity to achieve largest CT Range at high water tlow
rate about 2.5 kg.s'l. However, at lowest water flow rate 0.5
kg.s'l, 1he case of 3.5-mm diameter could result in better CT
Range [uctuated within 0.6 — 0.7 °C. In case of smallest spray
nozzle’s hole diameter about 2.5-1mumn, at water flow rate 1.0
ke.s t, the CT Range varies satisfactory between 0.4 — 0.5
kes .

Cooling towers are usually specified to cool a certain flow
rate from one temperature to another temperafure at a certain
wet bulb temperature [2]. However, this simple cooling tower
was specially designed to serve the blow molding machine,
without specifying the certain operating condition. Well, 1t 1s
possible to identify the certain values based on the
experimental results. Therefore, this cooling tower should be
specifiedto cool 1.8 - 9.0 m’h' of water from T,,, 31.1 °Cto
Towo 30.8 °C, at the wet bulb temperature (T,;) about 25.8 °C,
so that the CT Range about 0.36 °C could be expected.

C. Time-series Test Results: CT Effectiveness

Similarity, the CT energy performance could be evaluated
by CT Effectiveness values calculated by Eq.(3). The variation
of CT Effectiveness withtime of all analyzed time-series data,
in case of 2.0 mm, 2.5 mm and 3.0 mm diameter, by varying
water flow rate from 0.5 to 2.5 kg.s™, are depicted by Fig.16
to I'ig.18. It is seen that most of the CT Lffectiveness
fluctuated in a narrow range and lower than 10%. From Fig.17
and Fig. 18, at larger nozzle’s holes diameter (3.0 and 3.5
mm), and the higher cooling water flow rate 1.5 — 2.5 kes ',
the CT Effectiveness was varying closed to 5%, considerably
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poor performance. In Fig. 16, the smallest nozze’s holes
diameter (2.5 mm) provided larger averaged CT Effectiveness
at all water flow rate.

The surface plot of the CT Effectiveness in the selected
case of 3.0 mm holes diameter and 1.0 kg.s'l, 15 shown 1n
Fig.19. The higher inlet water temperature of cooling tower,
under the condition of higher wet bulb temperature, the higher
CT Effectiveness could be expected, corresponding to the peak
value found in Fig.17.

D. Energy Efficiency Evaluation

The energy efficiency of the cooling tower is mainly
determined by two indicators; CT Range and CT
Effectiveness. In brief, the energy efficiency of CT, analysed
from approximately 4,320 sets is summarized in Table 2. Tt
could be concluded that the spray nozzle's holes diameter
influence much on the CT efficiency; the larger diameter
giving larger CT Range, however, prowviding lower CT
Ejffectiveness.

The relation between the CT Effectiveness and the CT
Range 1s plotted in Fig. 20. In general, the higher CT
Lffectiveness was based on higher CT Range. It could be also
found out that 2.5-mm holes diameter tends to provide better
magnitude of CT Effectiveness. Thus, 1t should suggest
selecting the 2.5-mm spray nozzle’s holes diameter for the
cooling tower in order to achieve high CT Effectiveness.

—m ew= 0.5kg's

Fig. 16 Vanation of CT Effectivencss in case of spray nozze’s holes diameter
= 2.5 mm, water flow rate about 0.5, 1.0, 1.5, 2.0, and 2.5 kg/s

80 T —
F——m cw= 05 ke's
0+

—m_cw= LO0kg's
15kpts

m_rw— ke

2 C——

Fig. 17 Vanation of CT Effectiveness in case of spray nozzle’s holes diameter
3.0 mn, water flow rate about 0.5, 1.0, 1.5, 2.0, and 2.5 kg/s

International Conference on Business and Industrial Research ©ICBIR 2014
Thai-Nichi Institute of Technoelogy, Bangkok, Thailand, May 15-16, 2014
62






25
—m_cw= 05kgs
20 | ——m_ew= 1 0kels
——m ew= 15kgs
15 m_ew = 20kgs

—

2.5 ke/s
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Fig. 18 Varation of CT Effectiveness in case of spray nozzle’s holes dianeter
3.5 mm. water flow rate about 0.5, 1.0, 1.5, 2.0, and 2.5 kg/s

CT Effectiveness %)

Tnlet water temperaturs (oC)

Fig. 19 Surface plot of the CT Effectiveness of the cooling water (in case of
3.0 mmn spry nozze’s holes diameter, water flow mte 1.0 kg/s)

Table 2 Energy efficiency the cooling tower
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V. CONCLUSIONS

The blow molding machine, during the operation, required
heat rejection from the hydraulic oil. Hydraulic oil transfers
heat to the cooling water through the shell and tube heat
exchanger. Therefore, the self-developed cooling tower,
having about 1-kW capacity, was developed, tested for the
performance and adjusted to match the load requirement of
the blow molding machine. The cooling tower was specified
to cool 1.8 — 9.0 m’ 1" of water from inlet cooling water about
31.1 °C to outlet cooling water about 30.8 °C, at the wet bulb
temperature about 25.8 °C. The test of cooling tower were
carried out for 15 cases, leading to time-series 4,320 data
patterns, varying spray nozzle's holes diameter (2.5 — 3.5 mm)
and water flow rate (0.5 — 2.5 kg.s™). The experimental data
analysis could provide cooling tower characteristics database,
and resulting in two important energy efficiency indicators:
CT Range and CT Effectiveness. The lower water flow rate
obviously gave better CT Range. The smallest nozzle’s holes
diameter (2.5 mm) provided larger averaged CT Effectiveness
at all water flow rate. Therefore, the low water flow rate and
small nozzle’s holes diameter are appropriate operating
conditions of this cooling tower. The energy efficiency could
be identified by the approach described in this research
successfully. In the future perspective, the characteristics data
pattern of CT can be used to develop the predictive model to
benefit the control of CT operation within an appropriated
condition.
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