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ANAANENSNANNNTOYIUNIYIRUNAAIANSNITOUBLAINTEIUAINILAUS DY, DUNTUIA LaLAY
FTounauna1udunsIala dv and o Weibull distribution, Two-term wag Weibull
distribution M1NARAU

o o o

ANENATY: NITBULIRAILANTOU, NITOURNAIEBUNTIIA, AUNITOUMAITUUY

Abstract

Black calingale has medicinal properties and it is also an economic medicinal
plant that can be developed into a variety of products. Therefore, this research aimed
at studying the drying kinetics of black galingale by using 3 techniques as follows: hot
air drying (HA), infrared drying (IR) and hot air combined with infrared drying (HA&IR).
The experiment was conducted under the followings condition: drying air temperature
of 450 C and air velocity of 2.0 m/s. The black galingale was dried from the initial
moisture content of 136.0 %d.b. to the final moisture content of 8.0 %d.b. The
parameters used as criteria for investigating the drying performance are color quality,
water activity, specific energy consumption, and mathematical models to predict
drying kinetics. The experimental results showed that the moisture of black galingale
decreased rapidly when it was activated with infrared energy. It was also found that
IR, HA&IR and HA yielded the drying time of 515, 557 and 935 minutes, respectively. In
terms of color quality, the color change of IR was lower than that for HA&IR and HA
by 2.67 % and 21.46 %, respectively. Furthermore, it was found that the specific energy
consumption of HA&IR was the lowest. For water activity, all drying techniques were
in accordance with the standards of food drying. Finally, results revealed that the best
mathematical model for predicting the drying kinetic of black galingale using HA, IR and
HA&IR were Weibull distribution, Two-term and Weibull distribution, respectively.

Keywords: Hot air drying, Infrared drying, Thin layer drying equation

1. umin
N3xYea (Fon19ineddans Kaempferia parviflora) fidnwazidunitgunsanay
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Tdneaewin wilsanuendbin (Pitakpawasutthi et al, 2018) lutlagiumainayulnsin

v ¥ =

lanflyariu1nndi 3 auaiuum d8ns1n1seenedivesnisuslaandndueiayulng ey

Y adao Y

3-12% lnenguduAnddneainuiniianlunainayulng laun ormsasunazivdions
ToyaNAUGANYINITAITEMINUTEIANNINgIGenon1TA e seydn Useinalnedsaan
auulwsuazasarinUazuszana 1,000 d1uum uaznsvenedadiuunliialuduasugia
(Vonggrachit, 2019) a&mlsﬁm:uLﬁaqmﬂﬂss%wﬁwﬁmm%uqqLLazLﬁdﬁmmmLﬁu%’ﬂwﬂﬁ
pauuiesninlUeuuiafiedudinnainivlaveduniduaznisiauresoulysi

v a 1

denalvinandaeiningde ludagduunumiddgdnegie Ae NMsmvuanuAINYBINGATUN

<

'
al

9111159199 nAReMsTNIUN1TRUTIURBE AN IMMIalATUINITEY wazdongnisifiu

[y

fnwrgunu Uasadonazddnvazunngduiivensuvesduilaa denseuusiadsediu
a8 egslsiauunazisidenuaztonsswnnaduly nisanuanlagldndau
wasefindidunseuuisiidunusi widedesfolianunsarmuaugumgieuusiald (Aymen
et al, 2015; Hajar et al,, 2018) ¥isAadymiununwvosHanine nsldia3asauisis
FhoausoudvarssUuuuuinmssuuisunsgUuudlfarernaemuiu Audiomdnugs uay
o1iliiAnnsandonaamsemnsidesnnnisldamuiougs mssuuieneldianiog
anmadudnmadenviaiiviaula (Wang et al, 2018) dediodt Ao aunsasvmetinesn
Mnomsfigamgiisn Sanniseuniadud uarlinarduas Faglumsinwndu saud
LardNuIENNIEN M UsdarpsAesuusaiiaeioseuLsgs uazdmunsouLae
raululasnnagldnatlunmseuwisdulastisannmsnaivemdnsiug uiidedesiotym
mailsiaiianevesaunludin vivliiAn seelvsluuisgn (Nathakaranakule et al,, 2019)
AseuLtednszuUlaundausnd e (Sa-adchom et al, 2011) @ansneunislasiniia
wngfuesUssamidednd egndlsimandosnnldmiuteugdlunmseuursdsddosda
dmivemnsusziandlidennufou andinanandrsdumseuuisadniusilaelding os

(%
v a Y 14 v =

DULMILUUT UMD ULA LT UT Vo ADY ﬂ\‘]UUﬂ’]iﬁﬂ‘H’]LVIﬂﬁﬂﬂ’]i@ULLﬁﬂLLUUNﬂ@JNﬁ’m%QLﬂan

'
o w A

drrgiiaidunsudludaunnsesvesnisauuiauuudunouldel (Daniel et al., 2016) A5
QUMMM UUNANNAIULT UNITITLAS 990 ULMINANEA N UL NS a8 T UNDUTUNIT D UL

[y

nansrdnlasdanis deudludodesvosnisevuiuutuneuien wazaneuddofina
11 (Wang et al., 2018; AnAfNA LavAsUn, 2562; A3UN wavAme, 2564 ) wui1n1TunTed
Suns 11511928 1UNITO VLT IS DNAUNATUIZANUNTALR U NIINITOULR SLaZanA2Y
AuFeamdsnudumg seiidesanssddunsusnanunsanzasuinguiondnduat vl

Tuanavenlundndueiinnisduasiiounnnniunfilunalvideamaiigedu (Riadh et al.,
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2015; Dan et al., 2021) laglivihlvinaaudinisnenmvessdndunidely Fawudnmniun
inslessd@d unssnouniandndugvainatevile 1wy nsziiey (Papu et al, 2014),

n&e (Khampakool et al., 2019) waziilats (Muga et al, 2021) Wudu

2. IUITEIAYRNUIRY

2.1 oA nw19auNarI@ns N1TeULTINSEIEMIAsaNSoU, DUNT TR LazauSou
NALNATUBUNTILIA

2.2 ieRnwamnInd1LE, UTinaiidasy, arwAuudemdudumziaraunis

LPUNSAAN VN UIEIAUNAANFASUDINITOULAINTEILAN

3. WATUNUIEY
3.1 SAnAulLazLAI UL
TngAuildlunismaassde nszanedi Inewulilinuvunyszana 3 mm viinns
suudlagmuauguvniiniglurieseuuarindu 45 °C ilesanayulnsidundndusiilise
arwdondadonldonmgdfiroudish uagldenuidiamsiniy 2.0 m/s dwiinnsseesid
Tinaandlagiadewiniu 100 ¢ ¥imsmaaes 3 Foulassdl 1) mMsouuieieaudou (Hot air
drying, HA) 2) N199ULRIA188UNTIIA (Infrared drying, IR) Wag 3) N1TOULAIAITANSDU
HALNETUBUNTISA (Hot air and Infrared drying, HA&R) %’ELﬁaﬁaﬂmﬂisﬁuwé’amuszw%
Usuasudeulunenslasyuuunaeliaiiuiou (Heater) wazialdlanzdunsisalag
fanurauviniy fedudazdoululddudunimaass 3 &1 N3LYUANVLYNBULVIIAN
ATIALLENAY 136.0 %d.b. MndemnTuantiiy 8.0 %d.b. GnasgIuNEnSusiTLTUTes
nIEIERLY Uy, 704/2547) Tunsveaedldtufinddwiinveswdnsueinn 1 wiit de
Tnanead wiouatuiinanisldndsnulnindaedlatad-42lue dines Anuazidon
0.01 kWh waziiwansusiuislunaaouamnnduduas Ui dase
w3 ospuusnuunaNNa Ui SN uandunind 1 Fedidiudseneundndail
(1) Wosauuradsnielufinds$sd5unsnsasuin 250 W S1u9u 4 uns 8% Infrapara qu
EL-2-250 fuansfindeyalvangadaun 5 kg detufinimiinvesudndae (2) yannan
YwALeWas 370 W fnsraufugauiumiuiaseu (3) gnunanlianuiounuusag st
53U 6 kKW Uy (4) AAIUANTTUUDULIY dmSUUTUTEUUNSYINURUUNALNREIY ATUAY

gamniin1seuuis Usuanusiseuina wasuiinnnsldndsanulvih
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gl o

| @

@ : .’\',g

(3)

AN 1 LASDIDULAILUUNAELNETY

3.2 NSMYANTLAUNGIUAILDUNTIIA
dmsunseasdlagldinedanaunauiiy avsuannisouniiisandeunaziile
fagafinnadsuudasenutundadasideuinatiosazdsumaiiansouusisarnnisounss
frvauseudumseuuiiedunsisn Janswisumeaiansouniiasfiansanainaudy
(Slope) vaan1siasuudatnuiuivatlag LU%&ULﬁauﬁumamwaqnmﬁlﬁueﬁ’ayja fiq

AunST (1)

AM
Slope ="—— (1)
ope At

Wo AM  Ae wassvesmmtulutisiailag (db.)

At Ao wassvesnatluteauauleg Tusadeildindu 1w

3.3 MSMANUAT U INEA ]
AMIINANNTUS uduRInTEes WowIeundnsuailunnseuntuasaavn
vsduluauwidlugeuliindigumgi 103 °C iunan 72 F2lus muannsgILYes AOAC
(2000) witelFlunsmimdnuFsvesnszes ndsanuAAlElUAuamAIUSI

AU (Moisture content, MC) l3uAunanauANtuiiiailag laainaunisi (2)

NIaFIMswaluladonamnIsulayiaInss IIMeae v iyaans
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MC=—"— 2)

We MC  fB  ANAUNINTTIUMAS (d.b.)
W Ao waenveinszriemiiiailag (g)

d A WAWAIBINIEANYA (9)

3.4 NMSUIDATINITOUWIAG
NSMBATINITOUWIAS (Drying rate, DR) Tunisnaaedlaniiunisduiinnisilaeu

WIAVTRUTINNNTEMEBNANNTEYILA TULDFUFANITNAGDIALAUTAINATIENVITNTT

mMseuwialdanaunisd (3) (Vijayan et al., 2016; Karthikeyan & Murugavelh, 2018)

Aw
DR=— (3)

At

Mo DR A ©MSIN1SBUWIAS (g/min)
Aw A wadisive ()

At A waasuwlas (min)

3.5 NINAADUAMAINAUE
NITAIUAINDULATUAINITOURAIIL NAFOUEAA18LATON Spectrophotometer 899

KONICA MINOLTA 51 CM-3500d tJunismageuluszuu CIE lngaginA1auuananewes
dundseudisuiu Ndeulaladien AE desiign auaunisi (4) azdiedndundnsdueindand
IndPesfiunssemannauouwieuIniian (Caparino et al, 2012; Kroehnke et al., 2018)

Tneglduas Daylight 71 6,500 K luns¥nd

AE = (AL? + (A2 +(Ab)’ (@)
Wie AE Ae AIULANANIYDIALAETIY
AL 7 AULANANIYDIAIUATIN
Aa @9 ANULANAUDIANUT UALAID 187
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Ab A9 ANULANANUDIANULD UFNA DI 1N R

3.6 ANSNAZAUANYSUIUUNDATY

USunauindasevseneniinven (Water activity, a,) lUALEAITEAUNS 19U

o w 1 a1

suauhﬁmmmmumaawﬂmﬁu%’ﬂm LazANUaanAaunIe11s (Pekke et al., 2013) {iAN

' v
= v ISP

faud 0-1 dmunszaesfiiiunsouuiedneglutssiamomsuiedsiosdayTuon
SasrlaiiAu 0.6 InslunismeassndeulvarldieiesindnuTinaihdass %o Aqua lab fu
Series 3 TE TUNTMA@ UNANA B9 MAINITOULIAS
3.7 AR mdsnus g
AAEUUE g 19Uz (Specific enerey consumption, SEC) Aldlunns
DULLY G’Taﬂ%%’aaﬂaﬁié’aWﬂmimmaaaﬁaﬁ A9 1IAVOINANAUINDULATUAINITOULIAY TN
Usman1sldndenunasnnszuanunseuwie 1A AALauddsmdus e
Tneldaunisii (5) (Kaveh et al., 2020)
3.6E

SEC = —F— (5)
Wi - Wf

We SEC A AnuduUaeamndsudiwig (MJ/g)
wi A9 wallunUensEvIuaInouB UL (g)
A = o . ¥
W A WIAUYNYRINTTVIYANNAIDULAY (g)
E Ao Usunaumwasaulwinald (kwh)

3.8 LUU1A8INNAMAFAIEASYBIANNISTONNS AR
N15ANwIaUNAAIARS (Kinetic) ¥9IN150UMAINTZBI8A FLES 198UAITNS
adnmansiioviuengAnssuniseuuislasldaunisieudsda iesaniduaunimig
adinAansTinnssuIuMT T siiealddudou uasidunuusasinsaemanaiidesld

TuNSANYINITBURAR TN 8TaANNNITNYAT tnsluuT1aeei ldAnulunuideild

IIUIU 7 dUNTT LAAIRIAISIN 1
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A5199 1 LUUIADINAMAFARSLOUNSFA

No. Name of model Model equation References
1 |Newton MR = exp(-kt) Gokhale & Lele, (2011)
2 |Page MR = exp(-kt") Page, (1949)
3 |Henderson and Pabis |MR = a exp(-kt) Silva et al., (2014)
4 |Logarithmic MR = a exp(-kt)+c Darvishi et al., (2013)
5 |[Weibull distribution  |MR = a-b exp(-(kt)") Corzo et al., (2008)
6 | Two-term MR = a exp(-kot)+b exp(-k;t) | Henderson, (1974)
7 |Verma et al. MR = a exp(-kt)+(1-a)exp(-gt) | Verma et al., (1985)

o

UM 3, b, €, g, k, ko, ky 482 N AiD AIAINIINNITIATISREUNTLOUNTAR

t A LIATMUNITOUWIAS (W91)

v ]

aunsteuisAazLanseglusUluuANUduTUS AUdnI1dINANYY (Moisture ratio,

MR) n1seunasnsdiuauaiudidudemsuAmnutuaung winuiuaunavesian)
N v A o Y = SN Y & A = J & v
firdasunnilloisuiuanudusudukasanudunailng FaUssanuraNtuaNaali
whﬁu@us? (Vijayan et al., 2016; Karthikeyan & Murugavelh, 2018; Khuthadzo & Tilahun,

2021) AU LTI UANUFUNUSOAT1AIUANUTULAGIANNITA (6)

M, —M M
MR=—4 = £ 6)
M, = Mg, M
dle MR e Sasnaauau (decimal)
M, Ao evuduiinadleq (db.)
Mo fe awdusudu (db)

Meqg A® AUYUANAA (d.b.)

ANSPAIAINIVDIANNITLOUNIAATIMLNZEN ANNSUYNUIEIAUNAFAIARSNITOULIAG Al

[

ANDMINEIUAMUTUINNNNTNAARS AT IzENN1SIaeldR S anneakuUlul@du (Nonlinear

' [
= a o A

regression) TUNSWHIANMNIIALADIVIEUNSTUAI19N 1 Fedlaatusdauainsalunns

[ I~ 1o a

YUIYIRUNAAIENTNITOULAIVDIFUNITRUNS AR AD AduUSEANSN1SAnaUle (Coefficient

of determination, R?) LagsInfidesvoIANAaIALARaUNIAdEDLaAY (Root mean square

NIANTIVINMTnAlUladnavnIsuLayIAINTIL WNINeNdeTRAivaansy

I 4 atuit 3 we. 2565



Industrial Technology and Engineering

Pibulsongkram Rajabhat University Journal 274

'
Aaa v ada

error, RMSE) Fsflanuduiusasaunisi (7) wag (8) Insaunisieuiisaanilandudsyansnig
Andulageian wavA1AuAaIARdeunIddenRded1fign aluaunisivuizauian

AUSUNUNEIAUNAAIAATNITOUWIAS (Farug et al, 2019)

N 2
2 Zi=1(MRexp,i - MRpre,i )
RM=1— N

T 2
i=1 (MRexp,i ~MRexp )

RMSE = \/N[ i:1(!\/\Rexp,i—N\Rpre,i) ] (8)

do MR, Ao Sh91dunTUAINNITIAGeA (decimal)
MRep O AadesaTduAITuIINN1IIAaes (decimal)
MR PO Shsrdunatuiisnaldnnaunisenisda (decimal)
N Ao duwudeyalunismaaes

4. NAN1598ALNI5AUSIENA
4.1 Han1IANIENINGIUNTEA
INNSNABDIANYIIAUNAFIENSVBINTRULAAlAelTauSauI o 1Ren way
AmuaauturaInslivinduniedesndt 1 Wy @udugaiaud undnsd ey
Waguwlainaud19uey) 9la9199 Ut uiA1Useu1al 28.85 %d.b. LI81N15DULAY
Uszanas 350 Wil Aeseazieatunind 2 9aidazilugaiilddunsisansedunsasenlein
<@ a a A v v v % I~ 2 a
Jugeiideuseuluniseuwisainmssuwismeanseudun1seuninig dunsn
4.2 AUNAFIARSNITBULAINTZAEAN
1INNITNAFBINUIT AUYUNNRBUIVILANAINIUTZYLIABUWAS IA8YIUINVDY
v 4’4’ 1 < A < 1 A a [ v a ‘:’1’ [ :’/
NNFBULAIANTUILANAI0E1953A57 LHlannidudienndndanidalinnudugs ndaniy
ANTUIZADE S ANAY AIUTUNITLIUNATANALNAIUNUIN ANNTUIzanasiuTiiolTna sy

Y]

uNINIANTEAUAMBYANLAAILUAINT 3 kaY 4 NMIBULTIAIEBUNTHINLTAIUTUVDS

Y

unsmlAsutsndlewSeufiguiuausouieseg 1A LHoIINBUNTNINANITa LY

=

neartbulundnduaivinlindinudiunisvesmunidgnuindagioanauld wagyinli

Y
4 14 '
U o A

Tuanaveswdnsiuaiianisduaziiounazivaeudundsnuannuiou dauhiegluluana
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fAaglasumnudou waziianisunsludsusnaivewdndue Javhlilidnsniseuunisgenii

N15ldansou Feaonan oI uUITeNEIUL (Onwude et al., 2016; Daniel et al., 2019;

Wang et al., 2019; Guo et al., 2020)

140

130 4
120 43
110 4%
100 4%

90 A l‘\

80 4 N\

70 AN

60 - AN
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10 A

Moisture content (% d.b.)

28.85%d.b "~

,.*Energy activation point

M

1

1

1 -

| et At o g
1

1

0 120 240

360 480

Drying time (min)

dl Adl v U ¥ ¥ a
A 2 anaelindanunsedumeuns e

UBNAINUUINTOYANITNARDINUIN NITBULIINTEYUANB LA AILAUAAN Y

WINAU 8.0 %d.b. e HA, HA&IR wae IR T9a1winnu 935 Wi, 557 Ul kag 515 Wi

auasu Inewuin HA&R Tgnanluniseuniatiosnin HA Wwinfu 67.8 WWasidud

140
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100
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50 A
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30 4 -
20 A o=~
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*———

——-R
— HA&R

- Energy activation point

e,
T,
-~ st
"oy
~ e
R SN
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AN 3 NM5UALULUAIANUTUTBINTEINEANTNBUNULIAN
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1.0
09 4
0.8 -
0.7 ~
0.6 -
0.5 -~
0.4 -
0.3 -~
02 - S
01 4 S
0.0 I I I ‘ ‘ T T

0 120 240 360 480 600 720 840 960

——-R
— HA&R

Moisture ratio

_. Energy activation point

Sy,
v

Drying time (min)

o = Y] | & o A )
AN 4 MIUASULUAIDANTIEIUAIUTUYDINTEV AN UNULIAN

[

M9 5 dauegnIINseuLiTadsazmallin 9Indeyavsnud HARIR a8ldn )
NTRULIUNNTURE N TARUT DT UNTEAUMIEBUNTTA dIaliTeeEiIaIN1ToULIIURS

44' ™ = Y] v 9] v ~ 1 =
LllaLU?EJULV]?‘J‘UﬂUﬂ’ﬁE]ULLWQI@UI%ﬁ@Ji@ULWUQ@UWQLWEJ'J

26
24
2.2
2.0
1.8
1.6
14
1.2
1.0
0.8
0.6
04
02 4 e
OO T T T T T T T

0 120 240 360 480 600 720 840 960

\ ——-R

N —— HA&IR
\\\Energy activation point

Drying rate (g/min)

Drying time (min)

AN 5 9RTINITDULMVDINTEIEANNLUNULIAN

4.3 nan1IaFsUAMAINALARAzUSINNBaTE
MITNN 2 WARIAIAIIULANF1 1WA LAz UTU NN BATEVBINTEYNIAINAINTS

auUWiY MnTayatunisneasnuimniteuluveiniseulne aeliAinuadng (L) geuie
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Wisuieuiunseedan waznneulunisveasslaailnaifesiu lufianuweneieiu

1 = o v

ag 19l dud Ay (p<0.05) ArAduduns (@) daniuduynidsuladiailieuisuiy

HANAIER 1AENITOULIIINILANT DU EI0E 1AL ITAIAILLANA1IVBIFUAUINTGA A

a1 A

anuudinntu () fanindundainmssuwimneuludadeyanuandluning 6

AI5199 2 AULANANNAUALALUSUN LN DATLUBINT LV YA NAINITO UL

Conditions L a’ b" AL Aa Ab AE ay

Fresh | 31.36+0.93°| 1.92+0.45°| -3.22+1.05° N/A N/A N/A N/A N/A

HA 55.14+4.27°| 7.31+1.45%| -5.57+1.29%|23.78+4.27°| 5.38+1.45%-2.35+1.29%| 24.56+4.30%| 0.51+0.01°

IR 51.07+2.42%|6.27+0.25%°| -4.24+0.52%°|19.71+2.42%| 4.35+0.25%°|-1.02+0.52°| 20.22+2.36°| 0.29+0.02°

HAQIR | 51.59+3.12%| 5.51+0.98°| -5.77+1.24%|20.22+3.12%| 3.59+0.98"|-2.55+1.24?|20.76+3.06™| 0.42+0.01°

AUIBLAR: a-C means in the same column with different superscripts are significantly different (p<0.05)

TuAILYRINTOULAIN T DUNTUIATIUAIBILLA1FLNALALINUNTLBIUANEANINNIN
N15UMIAINIEANSDUNEIDE1AET NARIAYTINNUINNITBULMIA 8D UNIIALRAIA2NL
| = % P v v oa a1 A N v
LANFA19UD9ELALSIU (AF) UDYVEN TA8N1TRULAINIEAUNSLIATAINSUA UL aIUe9a T oY
AIINNTBULMIAIYAUS DUNAUNATUAUDUNIIA AL NITOULAIAILAUSDUWINAU 2.67 hay
21.46 Woskdud mud1du FelimuuenansiuedeiidudrrguioIouiisuiunisouwis
F8ausoULN Y998 19LA 87 LT DI9INNITBULMIFI8aNS auIRea1IN1ATa UL T Uf2 Na1anT
AUTUDBNIINAIVBINTEYILAT FIuANA1AINNTITBUNTHIANIETIbAlanavesTanLin
) = A [~ (% v éf (Y] (v 3 = ) v ’oj Y @ 1
nsduaziioukazldsudundsuauieuduluian fdawmuiuiliiisswelasiniinis
aukalagldansou vilnsseena lunsauwiadunI @Nalin1sauwAIn e UNILIATIAN
ANULANAIIYBIE LAETINTLBENIINTTOULTIAI8aNSoU (Wang et al., 2019; Sakare et al,

2020)
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dmsuAUsinandase (a,) Fadurmiwanisgiundinuvesindanudidgee

@ v A = v a1 ! ! =~
91gMsAushw Msideuidy uazauUaendgvetamis da1Asue 0-1 wudmniteulunis
VAaeINTEIIERauliteglunueivetemITWAiavan (Pekke et al,, 2013) Tnaden a,,
1 0.6 AnlennReulunimeasseglugg 0.29-0.51

4.4 auauUaesmasnud g

dmTUANNAUUADINEINUTIINE IINTBUAILNUTY NITBULIIEANT DU

9E14LA8INTIUNGIUGINAN 11899 INTTELLIAIVDINITOULINEIIUIY AIUNITBULIIGIY

BUNTNTALALNNTOULIIAILAUS DURANKA I UDUNSWIAT NS onasnulnaLAe iy kagmainan

¥ a o

wuvauieu asteyaidnaueluning 7 vislilosanuavesdunsusanienseduliily

kY

HansdausieanungRIdwralrTrezan luNseuLsUadLazdmadon st ulunTTEme

11 1NToYaLNUIINITBULIIEaNTDURANNATUBUNT WIAlEWa 1 uToaNdIN1TOULIY

PeausauLieeeReUTENM 114.64 Wasidusd
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AN 7 ANUEUURDINAIIUI NN VBINITOULAINTZA AN

4.5 LWUUTAINANAAEANSLOUNS AR LUNTYINUIENITOULIAS
dusunisuinanIsneasseuwianss1ea1luitasgiilagdtannesuuuluidadu
idomaArnsfivesaunsouis favesaunisluasedl 1 S1uau 7 @uns nm'ﬁ"aulﬁuamms
Lauﬂ%ﬁ’a:ﬁﬂ'ﬂﬁwizﬁw'ﬁgmiﬁ@ﬁﬂ%aﬂuﬁdaa 0.85771 - 0.99974 WALAISINTIADIVBIAIY
ﬂammé"auﬁwé’qaaua?{aaﬁuﬁw 0.00315 - 0.14614 F39151991 3 FoR915aUEINUI
NSULIAI8aNS U dUN1SNNSAaUY Weibull distribution @1115avinungaaunadmans
miaULLﬁﬂé’mmsamﬁqm (R? = 0.99974, RMSE = 0.00315) N150UMAINILBUNTTA dunIS

LOUNTABYDY Two-term @11150YIUIBIAUNAAIENTNITBURASbA MLz aufign (R? =
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0.99902, RMSE = 0.11930) WarN150ULAIAIUaNSDUNANHNETUBUNTILTA dUNISLaNNSAa
¥84 Weibull distribution @11150vMu1g9aunarIansn1seuLaldmunsauiiga (R? =
0.98995, RMSE = 0.04322) winthaunisinaniundisdululdvinuneniswasuiuasdnsidiu

o ~

aruiuveudazvaiamsouuisazlduadnddoyaiinandunni 8 uandoiTeudiou
wanmssnalagldaunisiunaainnsmaass asnuideyainznguiuiivualiuiidy
Funss wagdanuaned 45 a3 fanwd 9 egslsAmudmiunsinugaaunasmansnis
suwsfemaianaunauaziinnuraiaindoulutiaingyesnseuwi esainidutad
wanfarignnsviuseaiudunssadmaliianisssmethinmelundnsusiogenn

AauAuduresdeyadaua guULUa081959aL5 et ui Y dewalinisvinuiedanu

AANALARDULNAT WU

A5197 3 ANPNTILAZNANISYINUILALNNSLOURS AR

2

Model Conditions Constants R RMSE
Newton HA k= 0.00487 0.89034 | 0.06419
IR k= 0.00899 0.85771 0.14614

HA&IR k= 0.00543 0.97789 0.06257

Page HA k= 0.03392 n= 0.64795 0.99651 0.01145

IR k= 0.05687 n= 0.62433 0.98503 | 0.11808

HA&IR k= 0.01128 n= 0.86438 0.98785 | 0.04062

Henderson |HA a= 0.79017 k= 0.00360 0.95816 | 0.03965
and Pabis IR a= 0.78239 k= 0.00659 0.92479 0.12683
HA&IR a= 093334 k= 0.00503 0.98422 | 0.04909

Logarithmic  |HA a= 079470 k= 0.00573 c= 0.09003 0.99425 | 0.01470
IR a= 0.81587 k= 0.01239 c= 0.10999 0.99325 | 0.12118

HARIR a= 092231 k= 0.00550 «c= 0.02714 0.98480 | 0.04515

Verma et al. |HA a= 044875 k= 0.00214 ¢= 0.01338 0.99608 | 0.01214
IR a= 030018 k= 0.00251 ¢= 0.01948 0.99842 | 0.11941

HA&IR a= 0.83825 k= 0.00457 ¢= 0.02672 0.98916 0.03990

Two-term HA a= 0.35114 ky= 000176 b= 058126 k;= 0.00951| 0.99808 | 0.00850
IR a= 069166 k,= 0.01777 b= 0.27698 k,= 0.00231| 0.99902 | 0.11930

HARIR a= 0.19335 k,= 0.03225 b= 084086 k,= 0.00457| 0.98952 | 0.04032

Weibull HA a= 0.05350 b= -0.95336 k= 0.00642 n= 0.72759| 0.99974 | 0.00315
distribution IR a= 0.08741 b= -0.9379%4 k= 0.01387 n= 0.77070| 0.99764 | 0.11933
HA&IR a= -0.14319 b= -1.21277 k= 0.00441 n= 0.68400| 0.98995 0.04322
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distribution ®1ua1AU
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a v

NansAnwIMUIN nsdiaamgliouus 55 C uaganudianiou 2 m/s aglAdndunuiy
sflanuiniu 0.162 nerarududuviananinewiiiy 15.83 %d.b. wienandnenis
Ao muﬁwﬁmaaqmmﬁauLW’NL@?&J 10% v l¥dndIunud uanas 9.83% waznis
duduresrnuiiandouads 40% avinlidndiunuiuanas 6.76% sns1n1soULTS
29aAi1ty 0.74 ke/h uagamd wUdomdsnudnngdafigaviafu 6.013 Mike
yonanulgvinisineeanarmansiaseseuniaduniivndsandeuwuulnaniuniaiien
Wisuisuiunaiilaainnsmaaesmuin dun1s Two term @1ansayiungRanIseuLtaay
vilvnseandeunuulvanumadedldfiiagn Taglien R? winiu 0.999023944 Fauduand
undign wazAn RMSE idu 0.008964633 Gadusnfitiosign Tneilethandiléainnisg
ATLIAMINFULUUYDIEUNTT Two term WnUSpuLfisuiunaiildannnisvaass wuin wanis

WSsuleusananilanuasnrdasiudusgia
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ANENATY: NITBULIY, LATDIBULINANTOU, LaUNiI?

Abstract

The objective of this research was to study the performance of white noodle
dryers with single-flow hot air with variations in drying temperature and hot air speed
under drying temperature conditions of 45, 50 and 55 C and wind speeds of 1.0, 1.5
and 2.0 m/s. The moisture ratio, drying rates and specific energy consumption were
tested to evaluate the performance of the dryers. The study found that in the case of
a drying temperature of 55 C and a hot air speed of 2 m/s, the lowest moisture ratio
was 0.162, with the final white noodle moisture value being 15.83 %d.b. In other words,
an average drying temperature increase of 10% caused a 9.83% decrease in the
moisture ratio, and an increase in the average hot air speed of 40% caused a 6.76%
decrease in the moisture ratio. The maximum drying rate was 0.74 kg/h and the lowest
specific energy consumption was 6.013 MJ/kg. In addition, a study of the kinetics of
white noodle dryers with single-flow hot air was conducted compared with the results
of the experiment. The two-term equation could best predict the effect of drying
noodles with hot air, with R? equal to 0.999023944, which was the largest value, and
RMSE of 0.008964633, which was the smallest value. When the calculated value
according to the format of the two-term equation was compared with the results
obtained from the experiment, the results of these comparisons were found to be
very consistent.

Keywords: Drying, Hot air dryer, Noodle
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al., (2021) ¥nsaAneisafunseuuiatutusensidmainauousufudunsisn ua
fildanmsinyinuin Amnuisianiou 2 m/s gamgiiouwsia 70 C lunsalldandousuiv
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leannisAneinudn nsidenldnatannaniauIsaanniIsnand waznisiiaseslenly
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o
a o

Fougndsfiguugll 155 - 170 C agvibivznidanuadeslunisiiuine uenainduds

Y

WUT BRIINISANTUVBIRAUNS TR UIUTNanas8anAuduNTA hazdudinIsnafivag

q

ninlusiudase Zeng et al., (2022) vmsAnwnseunislsmemaiialulaswluniidenty
[ 1 ' & a a0 d' [ Y a ay v = J

deyeyrauslowuuduindniaudan (LF-NMR) Weinn15euwistis ailsainnis@inwinui
nsdenltwedalulasivazanunsavinlionsnisevunaindusg1eiidodfgy wanuiinis
Tlulasndmadonnudsmevedlaseasimaniawazdnuaizyesdvesdoguiiuladn

Chen & Pan, (2022) ¥Nn1sEN®ILA8IAUNITOUBWAIBANNAILLASDIBULINANS DUNT AN Yl

3 1

WUUABANALULLIETIEIATIEANSINENAINTOU FUTTOULNITOULIN LagiaiuIkuudIaes

'
aa

npdammans neldgumnginiinsine (43, 55, 65 waz 75 C) wazAIL5IAT 0.7 m/s

Y

HARINNTTANYINUTN mamaqmiﬂszmaqmmﬁLLazﬂawu%u fnasiaA a1 salunIsang
Toumnu$euuaznmisanauduluieaivegiann wazdmudnitsedunutuluusiagei
awasodusduTinafiuandiefiu uenntusmuingt uwusaemsndamansvonnias
puwsaufeunvuaedudilidannsnosuednuneresniseuuislfiduogned uardmi

NATENguaes@ihMsfnwifgiunsiiunuauds wavaun maLdunslugIuweIng

2/

inansanaieg asluduusniifesenaudigansannainy e ¥dn wasingnad (Xu et

1% '
o w o A

al., 2019) MLV WU UrFBWALATAAT (Oleogel) FION1SAUAINYNTUVDIUL VAN

1 wa

DULMIAIEANSDY (Oh & Lee, 2020) NSNS UIE1aNHApAMalUAvadunivIdusile

WA (Song et al., 2013) n1sAnwIALIAUNAaTEINITALINAD TUUSINAULANAIUADAN Y
NIPUBIAVBULAUNT U (Chen et al., 2014) n1sAnw A gIRuNsEanldwTad1d1du

[y

noRuvdndmTuNsHAAd vyl LaziavemIuangaTiuaTitineIdu (Weng
et al,, 2020) uaznsAnwAvIRUAuaLTRvudunivAvianutsandf dd1unanves
Bambara protein ludndufiuansnaiy (Arise et al, 2022) wenanyudain1sdnunlu
dnwarveansdnwifgfuauantAvesdedninuasaunmessdunivnaindaiv (Liu
et al., 2022) m'iﬁﬂ‘mﬁmf‘ﬁ’umﬂﬁﬁmiﬁmLLm%uLﬁi‘uﬁﬂumﬁﬁwmﬂﬂmauﬁamaﬂms%
yoaduvilvniivianuileand (Kwon et al, 2022) wagmsAnwiAgafunginssuvesuteiu
flagnelumevaudslidannianansasusemuldluguvesaunismsadnmans (Baldino

et al., 2014) IINNTANEIIUITINEIULINUIT NISANYIAUTTOULLATIAUNAFIEANSLAS B9

[
[y N o

suwiduniivsvausouwuulnaiumafediadides deiuauideifedingyssase

W DA NBIAUTIOULLAS BIDULA A UNT V1P 18aus aULUUIMaK UM BR 8N T NSHUSHY
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aunTaULRILAEAUEIaNS U LazAnwIAaNafIans AT oI UL dUBTIvIIRI8aLS DU

9 Y

wuulrarumaien

2. IUITEIAYRUTRY

2.1 Wie@nwvaunamiansniseuniadunilvninazaussauzinissouniadund v
pgausauwuulnaNIUafY?

2.2 ilefnwaumseuLF it UL dmsunseuntaduniivndsinisseuniauieu

wuulnangien

3. gUnsaluaisn1mnang

3.1 n3ssauniadunivndrvaudousuulnaniiuniaien

AT 1 wanIgnwazias osa Ui adund v1isisaudounuulranuniaien

Usgnaume gamasuunn 4.3 kW dmsuiduunaandanuanudauluniseuwis Waauwuia
0.035 KW dwiduadrsnisluavesonmaseulneiinismenuiounasmiuiusonainieseu
Funnawdnst gunsaifaimdn wargaeuunsinulsznaude wwmeinsanisiud
iesives gauiuanusiseuinau Lwsnnes wunuin wasdyaaliiansaaiuznis
Y1197U

A599IUTDILAT BsR UL dunTivdsauseuLuUlnan unIaied Tnetsuduain
mmmﬁiﬁﬁumiauLLﬁamsuaﬂ%Qﬂ@J@L%ﬂlﬂé’ﬂm‘%mauLLﬁQﬁwﬁmam H1UNNGdnmes

dmsuiinamgiionnadinan waantuennaseuiaglvadigioteuniuiioniemainy

'
(% ¢ A a (%

Soulvifiundndnat Wendndamlasuanudeunasinlminedngluilondndusidunivn
SEEDNUINRINIUUDNLAZANUTUVDIUINTLMYEIUITNDDNIINLATDIBUMAITIE Aaesn
INNBIDULIAILNAAN 91NNNAIUUTIFUABNTEUIUNITVINIULAS DIBUBAIANS BUIY

< [y A a Y] & a o 14 A v
Wulusnwazduilliizoss aunseNInINTUYeINanS a9 lanuNfeenIs
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@ Surrounding
Load sensor

Fan Heater

D Q06 ® =
=t 0oo—o |[B333=
0) Power meter Aczil;)l;pw Data logger

©

AN 1 SNBULNITYINIULATBIDULALEUNTIVINIgaNS UL AN UNIaLRE

ASITUUATUAN

3.2 3/N15N9a99
3.2.1 wanSaeildlunisvaass
Tunnsinwnd Iddenldidunivndmiunnass deiidanutududueaswiifu
100+3%d.b. Ineidudunivnfidsmingluviemaindiinisendendvefiosdromordmsu
nneasslunfedl Uszneuiuiinsdnidentuieulfinanludiafenty
3.2.2 Geulun1snnass
nsAnunilasndunisnnasiiefnunaussousias sse Ui udunivnseay
Younuvlvarumadedu 1dinsmuaugumniouuwis 3 sedu Usenaudae gangd
UL 45, 50 wag 55 C uarauiiausouiiniuioseuniayindu 1.0, 1.5 uaz 2.0
m/s
3.2.3 Gz"?umaumimam
msmaau‘%'uéfumﬂmﬁm%mé’wﬁmnLLam;mnﬂaaaw%fauﬁgqaﬂﬁgam%aﬁai’ﬂ
usiazUssiandauandunind 118un gunsalfauaztuiingamgil anudiauiou wazthwiin
wanfst nsiauazduiinamn 5 undl raeaszeznafiinihmsiassaundiade uas
¥msianududemasnulnihfiseglatuinmes wasinauveedetouniadunilyn

mgausoukuulraiIunInied dmsunsauatenaiddmad e lidalndiAg
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1ala

fusniigafe m"wLﬁumimaaﬂuﬁawum’tmmaJmamuquqmmﬁLLaxmme‘ﬁyumsﬂu
voanaaaslyivifluynnsdinléinnimeass
3.3 M3Anszidaya

Hoyaiildanmamaassagldlumsiiesesimsfimesaneg Mied usundndus
Tnsmiwesildlunsiinsginanismaaes Téun dadamannutiu (Moisture ratio, MR)
FNITINTITOUWR 4 (Drying rate, DR) mmﬁymﬂﬁaﬂwa‘vﬂ\‘muﬁﬁL‘WW (Specific energy
consumption, SEC) LALANNNTOULAIT U feaunissell

dpdrunnutuvessdndoe Ao duivsiusinuanuduiiutazdisnaronuty

a v o= a v N
LINAU slj\‘iﬁ’]ll']iﬂ']Lﬂﬁqgﬁlﬂ"\]’]ﬂﬁﬂﬂqiw (1)

MR = H (1)
in ~ Meg
dlo MR e ”mﬁaumm%yu, 15miqe
M. Ao Awduisudy, %d.b,
Mg Ao Aufudung, %d.b.
M, R mm%uﬁl,wiazsdmam, %d.b.

° 1Y o v ! & auv &g o ! = o
dmdunisauindadiuanudulunuidegilidunsauualaguseunm 3
AuLAFIN AD ANAINYUANAaTA YR BB UAUAIANT LS UAY AUENNITT (1)

ANusaeuANUENRUS Ul RaEun1SA (2)

Mt
M

MR = (2)

in

PNTINTOULIS A Uaded 1A LansdamaussauzA1TouLae w3oANaINnsaly

A15AAAINUTUYDINANNUNADYINIANBULIN  IABEIUITONATIEALANAUNST (3)

Am
DR =— (3)
At
We DR Ae PRIINITOUWNAY, ke/h
Am  fa  wandeasusiidsundas, ke
At e nafiasuuas, h
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AMUAULUADINAIIIUTIINNEG AD AT LEAIDIUSUIUNGINUN LT TUNITOULA 95D

USUNUUNN S MEDBNINNAAN UNTBUWIA  LeTlANUduRUSluNISIASIERRIaun1sn (4)

SEC = 3.6E (4)
mW
gle SEC Ao mrwAuBemndsnusumng, Mike evap-water
E A wdsulwihlalunisouwsis, kKwh
m, A ‘U'%mmﬁﬁzma, kg

AMTUNTUATITRANNITOULAITUUNTILRUNZAUVDIA I8 LAT DIDULKIANS DULUY
Tyasumaien @ansavilalagnisiigandiunnuauinaileg Alaannsmeassluns 9

nsdifildvhnsAnuisieudsusiusedldnnmaiue lunuiseiidenldauniseuuisies
TugUvesaunsisngul] (Semi-theoretical model) Inggunuuvasaunsiuiiguililuns
Fnesuanddumsed 1 dmsumsiaszsiiiomamnaiimesiieg vesEun souwiadu
vieldldinaiianshieseginuanaesuuuliidadu (Nonlinear regression) dsiisadifildly
A15U9T A salunn s vesaunse Uk It uuelsEneuRae AduusEans nns
#naula (Coefficient of Determination, R?) wagA1s1nfidetvaainuaaInnd ouiideaes
128 (Root mean square error, RMSE) lagA1 RMSE ansouansmuduTusla s saunsh

5

1/2

N 2
Z(MR o MR )
=1 prediction,i exp eriment ,i
RMSE =
N (5)
= 2 ° Y &
e N A MUIUTDHAVNVUA
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M19199 1 ULUUAINTOULAITUU

%E]ﬂllﬂqi EULLU‘UﬁlIﬂ’ﬁ 91999
Newton MR=exp(-kt) (Westerman et al., 1973)
Page MR=exp(-kt") (Page, 1949)
Henderson and Pabis MR=aexp(-kt) (Yagcioslu et al., 1999)
Logarithmic MR=aexp(-kt)+c (Yaldiz & Ertekin, 2001)
Two term MR=aexp(-k0t)+bexp(-k1t) (Rahman et al., 1998)
Verma et al. MR=aexp(-kt)+(1-a)exp(-gt) (Verma et al., 2008)
Midilli et al. MR=aexp(-kt")+bt (Midilli et at., 2002)

4. Nan15uwaTNISaAUIIENE
YY) a v oA v v | = =
N1SNAADIDULIILAUNT VA8 1Y LAT D99 UWIIAUS ULUULAK 1 UMILAEY Tanndau
neladeulvgamgliounia 45, 50 uag 55 °C wazAusauwiiy 1.0, 1.5 way 2.0 m/s
ANUAIAU LNANSANWIAIY
4.1 NAYDINNABINITOULAIVDINANN UINLAUNRAVID
ANA 2 waRINISUA sUBUAIERAIUAIIUT UAILLIADULITIT Wi azidaulunis

NAGRY IINMTANYINUI FAAIUANUTUVDINGNTUNaNFINIUIAT UazliloFUaANITNAADS

'
a 14 =

U nIdlonngiiounins 55 C wazanusianiou 2.0 m/s aglirdndiunuduniian

Y 9

a

Wiy 0.162 TagAiAuduldunilvnganinelyiniu 15.83 %d.b. 3ndeyalunsilgamgil

Y

=Y

AU 55 C wazarusiandou 2.0 m/s danudugavineagansonanludnanununsde
a o 1 ‘:9{'/‘:‘ ’oj a v 3 Ql' r-:l'
nsdlaananiianuauisatunissemveuieanainuandusiuinnannigluleauluiainig
UL wenNUudImuanIINsIuT vt iliauwiuade 10% awvilvdngdiu
AMUTUAANDY 9.83% WATNITHILTUVDIAIULSIaUSDULRAY 40% Azl dndiunIuty
v & = a Y o ! Y & ! 2
anad 6.76% wandlAliugUNToULTIENARDN1TANAIYBIFRAIUANLTULINNTIAIUTY
ausau LipannsanelaumiusaureinszuiunIsauwisdusuunImINSau nanfAeLile
gauvnflounianiuuntuasliiinanuuwans1eseniteamglovwiuazaaginngly
NARAILALNINTY L ONANA IS UAIUS DU UNINTUIIAINARDNNTTLE U LUNAR AU
WuNNTaU U sdanavinliduUszansnisniausa NN YuuiY dauanusiausouay
Tuasan1ssiun1saewmaNusauvadansaulUdmandueiludnwusraInNISNIANUS aUNYn

Widseansnmmanueuiinuguiu udillelSeuiisuivgumglieuuiasiiamdesndy
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1.00

0.80 —=—T45V1.0 —a—T50V1.0 —=—T55V1.0

--3--- T45V1.5 --aa--- T50V1.5 --3--.T55VL.5

0.60 el TABV2.0 e THOV2.0 e 155V2,0

0.40

Moisture Ratio, -

0.20

0.00
0 20 a0 60 80 100 120 140 160

Time, (min)

] A P! & Y A -
i 2 Msdsuulasdndiunnudununateulwmslsarteulunisneass
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Drying rate, (kg/h)

0.20

0.10

0.00

T45v1.0 T45v15 T45v20 T50V1.0 T50V1.5 T50v20 T55vV1.0 T55V1.5  T55V2.0

AN 3 9RSINNSAUWTILFasaUluN1ITNRADY

AT 3 LEAIgRIINITOUNIN ARz oulun1IVAae ndayanudi §nIINIs

auwisganingu 0.74 ke/h intulunsdvesgamgiiounia 55 C uarmnuiiauiou 2.0

' '
o 1 %

m/s WagENIINITEULIIA AU 0.48 ke/h Tenulunsdlvesgaumglouuis 45 C uag

q
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arandaaudou 1.0 m/s uendinsusmuimnnfinnsannelddeulvanuiiauiounaiiay
wuhnsisturesgamgliouuia 10% agvilisammasuuiafingu 37.98% warlusues
Fertumniiarsannieldieulvonmgiovuiinsd asnudinmaifisturesenuianson
40% azsilvsmsnseuniafiudu 37.85% andeyadinanaunsauansldingumgd

DUWIIINARD RTINSO ULIINARS T UINNIANLLS1aUS DU

4.40

4.20

4.00

Systemn Power, (kW)

T45V1.0 T45V1.5 T45v2.0 T50V1.0 T50V1.5 T50v2.0 T55V1.0 T55V1.5 T55V2.0

tﬂl o w a 14 2/ a 1 a
anf 4 MmaslniaIeseulisanseuiunazieulunisvnass

‘:1' o w ‘:1' v Y a0 = Y
AT 4 uanainasliies eseunisauseauiiudaziioulunisnaaesaindeya

' '
=) = a

Aananamud mdsiniieseseuwiasiiududlelinsimiugumgliouwiuasausiauiou

' '
= = a

lngarsaunluwiardadeusenounledaded 1 Aenisiiugungiiouwvisazdnainlv
o w = N = o A A a < 2/ ! o 1%
maslninvesaIesouwiuiiuuniy uazdaded 2 Aonisiiiumnusiausouszdmarinly
Wunsemeenueuiiintunigluieseuwisduderiunsiiugamaliouwis Wunavihli
Ysuaumsldndanulniiasnnduiuiu andeyatisiuagnuii nssloaumgiiauuna 55

C wazganuFausou 2.0 m/s agfivsunanistdndanulniigeianvinidu 4.335 kw
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10.00

9.00

8.00

7.00

6.00

5.00

SEC, (MJ/kg)

4.00

3.00

2.00

0.00

T45V1.0 T45V1.5 T45V2.0 TE0V1.0 T50V1.5 T50vV2.0 T55V1.0 T55V1.5 T55V2
AN 5 ANUFUUADINAINUI B ENLFaz R UlIN1SNAaD Y

d‘ : A v o N 1 = =
AN 5 LLﬁ@ﬂﬂ’J’]NﬁULUﬁ@QWﬁN’]U"\]WLW'WV]LW]G%NE]UI‘?W’]?V]@@@Q NRRINNT1IANWN

WU NIdlgungouwia 55 C uaganuiiiansou 2.0 m/s azduuuaiuduiuies

a ¥

WATUT UMY 6.013 MI/ke waznsdlaaumnTouniny 45 C uaganmsiausou

Y

1.0 m/s agdivsinaumslindanulnitasianviniu 8.833 Ml/kg Fedayaranainsaiudiy

[y

dayauTunamstdndsnulnindauandunini 4 1esniganaunisauduiusves
ANUAUUADINAITUTNNIEADDNTIEIUVDIUSUIUNAIIUN LFEN NS UNITTELMBUR DU
YBIUINUNITTENY TININNANTUIUSUIUNTUAS UL UAIUDIUS U UN9dD9dIURTLANNTIY

o

WU nuddeinmualianuduganigindu dadnifisziveeenlunnnsilasivindudi

wanseiupe nasnuntdlivindulleiniimsldnaisieiu dufemngumgiouuriaiag
AuEIaNsougs svdwmariiusinanainNssmesenainndndueiunn nANduius
Aanansdlgamndouniia 55 C uazAnmsiansou 2.0 m/s azdwmainliusunauiain

a o L3 PN [ o 4 Y A [ o o o
izmsaaﬂmﬂmamm%manm %LﬂumamﬂwmmauLﬂaaﬂwaw}umwawrmqm
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4.2 NANTIATICHAUNITOURAITUUNS
NUITEU LA YIINITIATIEAUIAUNITDUBLAIT YU LAUIZAUA NS UNITVIUNE
AUNAAIANSNITOUBLAWEUNTVN 198N15UIANFRAAIUANUTUN P YINN1TNABDIY 9 NTEIN

AnwnuTeuiisuiunanisyinuie Tun1siidenldaunisouwiad uun s ugIy v enn

o
;Y

ATNITITLADTAEE VDIAUNITOULAITUUIASUEATTURI9197 1 dusuauddeilavianig
fi91sanfiaBvsnaresgunglouniiy wazausivesauiou Feldnmuna1nd a, b, ¢, g, k,
ko ki 482 n Tuaunisiugrufuliduilsiduivaumglouwins wagmnuiivesauseu tny

AT IUANUFUNUS LIRIAUNITA 6

K=x,+txT+x,V+xTV (6)
We K R a, b, c gk ko ki haz n
R QaunilauuY, C
A < v
Vv AD AYULIIAUIDU, M/s
& ' a P
Xi A ANAIVIVDIAUNTTN (6)

1397 2 bAASANANNVRIANNITOURAITUUN AdNUsednsnisandula (R wazen
A a o w al a ¢ &
FINNABIYDIANUARIAAT DUANGIEBURAY (RMSE) U0IN1TUATILVAUNITNT 7 aUN1T Ha
N1SANYINUIT @Un1s Two term anansaviuenanIseuliaduniivmeausoulannan
Tngliirn R? windu 0.999023944 Fadudunfign wazan RMSE winfiu 0.008964633 &
I oAy ‘:l' A o 1 Ay yw °
WuAidesfian wazidlou1A19laannn1sAuIamIus yuuuvedaunis Two term a1
a = Y av v 1 = = Y oA Yy v &
Wisuisuiurailaannnisveass wudl nanisiseuiisunenanianuaenadesiudy

9e19R Astayariauslunng 6 - 8
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6]’15'1\1‘17; 2 ﬁ?ﬂﬂﬁ?}ﬁ]ﬂﬂﬂﬂ’]i@ULLﬁQ%ﬂU’N
Fosums | wisdwed Xo Xy X, X3 R2 RMSE
Newton k 0.004568 0.000194 -0.007297 0.000211 0.934698600 | 0.072136327
Page k -0.055435 0.002092 -0.021247 0.000774 0.985491829 | 0.035391663
n 1.050091 -0.006790 -0.045278 0.000348
Henderson a 1.161851 -0.005547 0.121449 -0.003153 | 0.958811799 | 0.057645962
and Pabis k 0.006177 0.000130 0.001067 0.000010
Logarithmic a 0.946590 -0.001734 0.013439 -0.000363 | 0.997772756 | 0.013537642
k -0.001678 0.000539 -0.013315 0.000352
C 0.162310 0.000136 -0.016586 0.000043
Two term a 0.480917 0.004968 -0.275554 0.005713 | 0.999023944 | 0.008964633
Ko 0.003815 0.000573 -0.002088 0.000146
b 0.646604 -0.006486 0.249395 -0.005503
kq 0.004925 -0.000018 0.011130 -0.000221
Verma et a 11.64609 -0.195462 -29.9632 0.543826 | 0.935547381 | 0.071681702
al. k 0.007343 0.000143 -0.011913 0.000305
g 0.012091 0.000037 -0.012498 0.000319
Midilli et a 1.174544 -0.000933 0.073703 -0.001724 | 0.998283689 | 0.012059546
al. k -0.007699 0.001269 0.016340 -0.000116
n 0.798370 -0.000911 -0.122449 0.002281
b -0.000262 0.000017 -0.000428 0.000008
1.00
o T45V1.0-Exp
0.80 A T50V1.0-Exp
o T55V1.0-Exp
. XA —T45V1.0-Predict
'g 0.60 - — =T50V1.0-Predict
% RN <. TEEV1.0-Predict
g 0.40
0.20
0.00
0 20 40 60 80 100 120 140 160

Time, (min)

AN 6 WIHUMBUAINUFUNUTVDIEAAIUAINUTUNUNIAITEWINRNANITNAADILALNANTS

ﬁﬁuWHWWNEﬂLLUUﬁQJﬂ’ﬁ Two term ﬁmmﬁaam%fau 1.0 m/s
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o Ta45V1.5-Exp
A T50V1.5-Exp
o T55V1.5-Exp
——T45V1.5-Predict
..... T50V1.5-Predict
woeeee T55V1.5-Predict
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In this research work, a transient model of solar water heating system integrated
with a phase change material (SWHS-PCM) is proposed to study the effect of solar
collector area, the mixed capacities of water and PCM and heat exchanger
effectiveness of the SWHS-PCM for heating the fish pond during winter. The simulated
results showed that the fishpond with SWHS integrated PCM-Typel can maintain the

water temperature between 28 and 30 °C. The optimum parameters to provide the

fish pond temperature between 28 and 30 °C are 1.77 m? of the solar collector area,
water and 0.4 and 0.007 m> of water and PCM-Type1 capacities and 0.5 of the heat
exchanger effectiveness. Moreover, it was found that PCM-Typel heated the fish pond
in form of sensible heat. However, with PCM-Type2, the studies revealed that 1.77 m?
of the solar collector area with water and PCM-Type2 capacities of 0.4 and 0.2 m* and
the heat exchanger effectiveness of 0.8 gave the maximum temperature of the pond.
It was observed that PCM-Type2 heated the pond in form of latent heat.

Keywords: Solar hot water system, Fish farming, Phase change material

1. Introduction

Currently, aquaculture of plants and animals is becoming popular, especially,
freshwater fish farming (Gabriel et al.,, 2013). Thailand is one of freshwater fish
producing countries where the fishes are nurtured in warm water. In northern part of
Thailand or highland, the weather is generally cold during winter or rainy season. The

coldness causes the discontinuous growth or death of the fish due to its less eating.
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The water temperature of fish pond between 28 and 30 °C is an important factor to
assist its growth (Korawat, 2010).

In Thailand, there are various potential renewable energy sources in usage such
as biomass energy, wind energy as well as solar energy. Particularly, solar energy is one
of renewable energy sources having high potentiality, large amount, and no
environmental pollution. A yearly average value of total solar radiation for Thailand is
approximately 18 MJ/m?-day, which can be used to produce electricity and heat
(Department of alternative energy development and efficiency, 1999). There have
been some studies on employing solar radiation for heating fish pond. Dilip (2007)
proposed a greenhouse for heating a fish pond during extreme winter. A mathematical
model was used for system analysis. The results from simulation showed that the fish

pond with greenhouse system could provide the favorable water temperature from 16

to 35 °Cagainst 5 to 15 °C temperature of ambient air from prawn fish farm during
winter season. Tribeni et al. (2006) developed a mathematical model to predict fish
pond temperature during India winter. In this research, greenhouse integrated with
solar water heating to warm fish pond. The results showed that when the greenhouse

and the greenhouse integrated with solar water heating could warm up the fish pond,
with increasing of fish pond temperature between 3.12 and 5.64 °C and between 4.13

and 6.92 °C, respectively. Korawat (2010) experimentally studied a solar hot water

system with assisted heat pump to warm a fish pond. It was found that the system

could maintain the temperature of 30 °C in cold weather. Gabriel et al. (2013)
proposed 3 different system designs of heating fish pond by using phase change
materials (PCM). The first design is a system using PCM to store heat from solar collector
through external heat exchanger. The second one is the PCM mounted at the bottom
of a fish pond to store heat from the sun. The final is a PCM tank storing the heat from
sea and transferring to a fish pond. In this research work, a mathematical model was
developed for each design in order to predict their thermal performance. The results
from simulation were found that using PCM with solar collector for heating the fish
pond provided a positive impact. Somchai et al. (2021) developed and experimentally

tested a solar water heating system (SWHS) integrated with PCM for heating the fish
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pond. The system could heat up and control pond water temperature between

28-30 °C.

2. Research Objectives

In this work, the objectives are to propose mathematical model of the
developed system by Somchai et al. (2021) and then analyze the effect of SWHS with
PCM on heating the fish pond based on collector area, water and PCM capacities in a

solar hot water tank, and heat exchanger effectiveness.

3. Research Methodology
3.1 System Description

Solar water heating system (SWHS) with natural circulation or thermosiphon
system is proposed to heat a fishpond (Somchai et al., 2021). A commercial SHWS
(Figure 1) used in this research work consists of flat plate collector with a transparent
glazing cover, an absorber-exchanger painted in black color and insulated cylindrical
water tank called “Solar Hot Water Tank-(SHWT)”. The SHWT was modified by installing
PCM cylindrical container, copper tube heat exchanger, and electrical heater with
embedded thermostat inside of the SHWT as shown in Figure 2. The PCM in this study

was chosen according to the water temperature stored in a domestic hot-water SWHS

around 60 °C and its availability in market. The characteristics of the studied system
are presented in Table 1.

For system operation, during daytime, the water inside of the collector is
heated by solar radiation. Its density is lighter than the water inside of the SHWT. Thus,
it flows up from the collector to the SHWT. The accumulated heat in the tank is
transferred to fishpond through heat exchanger by a pump. During the nighttime, the
heat in the tank is transferred to the fishpond through the heat exchanger.

3.2 MATHEMATICAL MODELING OF THE SYSTEM
In this modeling, temperatures of water in both fish pond (T,) and SHWT (Ty,) integrated
with phase change material (PCM), respectively, are assumed to be homogenous, so

that their temperature gradient is neglected.
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Figure 1 Flat plate SWHS with natural circulation for heating a fish pond
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Figure 2 Heat exchanger in solar hot water tank (SHWT)

3.2.1 Fish Pond

From energy balance of the studied system as shown in Figure 1, the water

temperature in a fish pond can be calculated as the following equation:

Vp(PC)wdditp = Qso1 + Qux — Qg — Q¢ — Qr (1

where V,(pc),,is the product of volume, density, and specific heat of water in the pond,

respectively. Qs Qux are the heat gain into the pond by mean of solar radiation and

heat exchanged between SHWT and the pond, respectively. Qg, Q¢, Qr are the heat

losses from the pond by means of evaporative, convective, radiation heat losses,

respectively.
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Table 1. Parameters for simulation

Parameters

Values

Solar hot water system (SHWS)

Collector area (Ac, m?)

1.77 (Somchai et al., 2021), 4, 6, 8

Water capacity in tank (V,, m’)

0.2 (Somchai et al., 2021), 0.4, 0.6, 0.8, 1

Collector heat loss coefficient, (FrU,, W/m? K)

8.4 (Somchai et al., 2021)

Collector transmission and absorption coefficient (F(ta))

0.66 (Somchai et al., 2021)

Overall heat transfer coefficient of tank (UA, W/K)

4.25 (Somchai et al., 2021)

Heat exchanger

Effectiveness of Heat Exchanger (gy,)

0.9 (Somchai et al., 2021)

Mass flow rate (m , kg/s)

0.02 (Somchai et al., 2021)

Specific heat capacity of water, (cp, J/kg K)

4,180

Density of water, (p ,kg/m”?)

1,000

Phase change material storage (PCM)

Specific heat capacity in solid phase (c(8)y_pem. /kg K)

Typel:2900 (Murat & Khamid, 2007),
Type2:3000 (Al-Hamadani & Shukla, 2011)

Specific heat capacity in liquid phase (c(1)p pem, J/kg K)

Typel and 2: 2100 (Murat & Khamid, 2007;
Al-Hamadani & Shukla, 2011)

Density in solid phase (p(s), ke/m’)

Typel:830 (Murat & Khamid, 2007),

Type2:1007 (Al-Hamadani & Shukla, 2011)

Density in liquid phase (p(1), kg/m’)

Typel:770 (Murat & Khamid, 2007),

Type2:862 (Al-Hamadani & Shukla, 2011)

Latent heat of fusion (L, kJ/kg)

Typel:266 (Murat & Khamid, 2007),

Type2:180 (Al-Hamadani & Shukla, 2011)

PCM capacity in storage (Ve m’)

0.0007 (Somchai et al., 2021), 0.1, 0.2, 0.3

Melting temperature (T,,, C°)

Typel:52-54 (Murat & Khamid, 2007),

Type2:40-43 (Al-Hamadani & Shukla, 2011)

Fish pond

Diameter (m)

1.6 (Somchai et al., 2021)

Water depth (m)

0.36 (Somchai et al., 2021)

Volume of fish pond (m?)

0.724 (Somchai et al., 2021)

Wind velocity (m/s)

0.5
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A heat grain by direct and diffuse solar radiation incident to the water in

the pond can be calculated as

Qso1 = alAp (2)

where a is the effective absorptance of solar radiation, I is the total solar irradiance,
and 4, is the water surface area of the pond.
Another heat grain into the pond by heat exchange between SHWT and

the pond can be calculated by means of

Qux = ng(r.nCp)mm(Tst - Tp) (3)

where g, is effectiveness of heat exchanger between SHWT and the pond, (n'wp) is

min

heat capacity of cold water.

Heat losses from evaporation, convection, and radiation of water surface

of the pond are shown as the following equations (7), respectively.

Qs = 16.273x1073h, x A,[ P(T,) — voP(T)]/ (T, — T) (4)
Q¢ =he X Ap(Tp -T,) (5)
Qe = 024, (T, +273)" + (T, + 273)| (T, — T, + 546) (6)

Where h, = 2.8 x 3.0v, is convective heat transfer coefficient (W/m?K), P = exp[25.317 —
5144 /(T + 273.15)], is partial pressure (N/m?), y, is relative humidity (%), T, is the
ambient temperature (°0), ¢ is Stefan-Boltzmann constant (W/m? K%, & is the
emissivity of water in fish pond.
3.2.2 Integrated PCM-Solar hot water tank (PCM-SHWT)
In this tank, the water and PCM are mixed as one equivalent lump. The

water temperature in PCM-SHWT can be derived from energy balance as:

NIANTIVINMTnAlUladnavnIsuLayIAINTIL WNINeNdeTRAivaansy

I 4 atuit 3 we. 2565



Industrial Technology and Engineering

Pibulsongkram Rajabhat University Journal 309

((pV) eq Cp_W) &

dt

= Qcot — Qux — Quoss (7)

Where Qc,; is the heat gain into the SHWS by mean of heat absorbed by solar collector,
Quoss 1S the heat losses from the tank to the ambient air. (pV),, and ¢, ,, are the product
of density and volume of the mixed and the specific heat capacity of water,

respectively. They were expressed in (Abdulhaiy, 2004).

(pv)eq = [(pV)pr_w + (p(S)V)pcmc(s)p_pcm]/cp_w For Ty, < T, (8)
(PV)eq = [(pV)pr_w + ((p(D + p(s)/Z)V)pcmLf]/Cp_w ForTgy =T, +46 ©)
(PV)eq = [@VIwCpw + (0OV)pemDp_pem]/cpo For Ty >T,  (10)

Where L, is latent heat of fusion, ¢, w, ¢(8)p pem »c(Dp pem are specific heat capacity of
water, phase changer material in solid and liquid states, respectively. The heat received

by collector is estimated by the following equation:

Qcor = Ac[Fr(ta) Iy — FrU,(Tse — T,)] (11)

Where A, is area of the collectors connected in parallel, Fris the collector heat-
removal factor, 7, @ are the transmission coefficient of glazing and absorption
coefficient of plate, respectively. Iris the solar radiation on tilted surface, U,is the
collector overall heat loss coefficient.

The heat loss of solar water storage is estimated as:

Quoss = UA(Te — T,) (12)

where UA is the overall heat loss coefficient of SHWT.
3.2.4. SYSTEM SIMULATION
SHWS integrated with PCMs to heat the water in a fish pond was

mathematically modeled. The weather data as solar radiation, ambient temperature,
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and relative humidity, recorded during winter season on cloudy day (Somchai et al.,

2021), was used in this simulation as shown in Figure 3 and 4.
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Figure 3 Solar radiation and ambient temperature on a cloudy day in winter season
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Several computer simulations were conducted to study the various
parameters of solar water heating integrated with PCMs that effect on the water
temperature in fish pond. The parameters to be optimized are provided in Table 2.
For optimizing the parameters, a single parameter was changed, while other
parameters were kept constant. They also were optimized in view of water mixed with

PCM temperature in the SHWT and water temperature in fish pond

Table 2. Parameters under study

Optimized Parameter range

parameters Collector Water tank PCM storage capacity  Effective of
area (m?) capacity (m®)  (m?) heat exchanger

Collector area 1.77, 4, 0.2 0.0007 0.5

(m?) 6,8

Water tank 177 0.2,0.4,0.6,0.8 0.0007 0.5

capacity (m”)

PCM storage 177 0.4 0.0007, 0.1, 0.2, 0.3 0.5

capacity (m”)

Effective of heat 1.77 0.4 0.007 (Sensible heat 0.5,0.6,0.7, 0.8
exchanger effect)

0.2 (Latent heat effect)

4. Results
4.1 Effect of collector area on water temperature in fish pond and SHWT

In this simulation, the collector area was varied between 1.77 and 8 m?, while
the other parameters were kept constant. The effect of collector area on water
temperature in a fish pond and SHWT integrated with two different melting point PCMs
is shown in Figure 5. Increase of collector area not only causes the water temperature
in the SHWT decreased during night time due to more collector heat loss but also
increased during day time due to more heat gain from solar radiation. However, while
increasing the collector area, the water temperature in fish pond slightly decreases.

1.77 m? of collector area should be an optimum area to provide the water temperature

in the fish pond between 28 - 30 °C required (Somchai et al., 2021). There is no
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temperature difference in the SHWT and fish pond between two types of PCM shown
in Figure 5a and 5b.
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(Tst): ) with PCM-Type1 and b) with PCM-Type2

4.2 Effect of water capacity of SHWT on water temperature in fish pond and
SHWT

To study the effect of water capacity of SHWT on water temperature in the

pond and the SHWT, the water capacity was varied between 0.2 and 0.8 m? at 0.2 m?

increment and results are shown in Figure 6. With increasing of the water capacity, the

water temperature in both the SHWT and the fish pond increases due to initially
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accumulated thermal energy. The water capacity of 0.4 m? is an optimum parameter

to provide the water temperature in the pond between 28 - 30 °C. There is no

temperature difference between two types of PCM as shown in Figure 6a and 6b.
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b) PCM-Type2
Figure 6 Effect of water capacity in the SHWT on the water temperature in fish pond
(Tp) and SHWT (Tst): a) with PCM-Typel and b) with PCM-Type2

4.3 Effect of PCM capacity on water temperature in the fish pond and the
SHWT

In this section, the objective is to study the effect of 2 type-PCM capacity on
the water temperature in the pond and the SHWT. Each type of PCM has different
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melting points of 52-54 °C and 40 - 43 °C, respectively. Their capacity was varied
between 0.0007 and 0.3 m>. The simulated results were shown in Figure 7. In Figure
Ta, it was found that increase of type-1 PCM slightly rises the water temperature in
both of the fish pond and the SHWT due to initially sensible heat accumulated. In

addition to that, 0.007 m? of the PCM is optimum to provide the water temperature in
the pond within 28 -30 °C. Whereas, with type-2 PCM, the water temperature in the

SHWT is not only maintained between 40 — 43 °C due to latent heat of fusion
(Constant temperature) but also provided the maximum water temperature in the fish
pond as shown in Figure 7b. In this case, 0.2 m® of the PCM was chosen as an optimum
parameter to present the latent heat effect on the SHWT temperature.
4.4 Effect of effective heat exchanger on water temperature in fish pond
and SHWT
In this simulation, the effectiveness of heat exchanger was varied between 0.5
and 0.8. The results were shown in Figure 8. In Figure 8a, it was observed that the
water temperature in the SHWT integrated with PCM-Typel decreases with increase of
heat exchanger effectiveness, which results in more heat transferred from SHWT to the
fish pond. 0.5 of the effectiveness provided the optimum temperature of the fish pond.
The same results are applicable with PCM-Type2 except for the heat exchanger
effectiveness of 0.5 and 0.8 maintaining the SHWT temperature constant as shown in
Figure 8b. However, 0.8 of the heat exchanger effectiveness provides the maximum

temperature in the pond.
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b) PCM-Type2
Figure 7 Effect of PCM storage capacity in the tank on water temperature in fish

pond (Tp) and SHWT (Tst): a) with PCM-Typel and b) with PCM-Type2
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b) PCM-Type 2
(Al-Hamadani & Shukla, 2011)

Figure 8 Effect of effective heat exchanger in the tank on water temperature in fish

pond (Tp) and storage tank (Tst): a) with PCM (Murat & Khamid, 2007) and b) with
PCM (Al-Hamadani & Shukla, 2011)

5. Conclusion and Discussion

In this work, the objectives are to propose mathematical model of the

developed system by Somchai et al. (2021) and then analyze the effect of SWHS with

PCM on heating the fish pond based on collector area, water and PCM capacities in a

SHWT, and heat exchanger effectiveness. The results showed that the fishpond with

SWHS integrated PCM-Typel can maintain the water temperature between 28 and 30
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°C during winter season. The parametric studies showed that 1.77 m? of the solar
collector area with water and PCM-Type1 capacities of 0.4 and 0.007 m? and the heat
exchanger effectiveness of 0.5 can provide the optimum water temperature for the
fish pond. Moreover, it was found that PCM-Typel heated the fish pond in form of
sensible heat. This is because the solar radiation is not enough to heat the Typel into
its melting point. However, with PCM-Type2, the studies revealed that 1.77 m? of the
solar collector area with water and PCM-Type2 capacities of 0.4 and 0.2 m® and the
heat exchanger effectiveness of 0.8 gave the maximum temperature of the pond. It

was observed that PCM-Type2 heated the pond in form of latent heat.
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Abstract

The Laos-China railway was constructed as a part of the Belt and Road Initiative
(BRI) strategy and officially opened on December 3" 2021.The development of
transportation infrastructure under BRI strategy has had an effect on economy and
transportation aspect of ASEAN countries, especially Thailand. The XYZ is a logistics
company, which is used as a case study, provides domestic and international postal
services. For international postal service, the XYZ provided services by air freight in
collaboration with logistics partners. This study aimed to propose a mathematical
model to support selecting distribution center location based on the XYZ case study.
The model of the operation was the transportation from domestic originating cities to
Laos by using the Laos-China railway. The proposed model was a mixed-integer linear
programming model by minimizing the total cost, which contained transportation cost,
fees and operational cost. Microsoft Excel solver was adopted for optimization
purpose. The results showed that Udonthani province can be the most appropriate
location for the distribution center. The new distribution center can be built to
alleviate air transportation cost and meet the demand of postal distribution. A sensitive
analysis was also provided to investigate the impact of various parameters coefficients
on the results.
Keywords: Distribution center, Location selection, Mathematical model, Laos-China

railway
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soludssalnand-Au Prvafiu-iesduni Salugudnszaeduinnsegluunniamiowas
nengiueenideaniievesussmalnevisdu 7 gud laua audnszaedumdminaigu uns

fwaylan uATAITIA UATIINELN 9Asell wazveuwny wavdmSuanivessalnani-Iu ¥

Vawiu-Readumi denudululdluns@ensetugudnszaedudvesuinladaind XYz

|77
a v a

i@ 5 aonil b ansalriunee aanfsalwidedly annlisalvvarmszuis aandsal
Fades uazandsaliuasvnaiedeuny 1assUignsuudaiannaugnseaedunives
Uitladaind XvZ ldsanisalivossaliian-fu uandunmii 3
dnsudeyafifnrfosiunadendumisiaiitiqudnssasaudvesisvladanng
xvZ iiotluldlunmsnaseuuuusians dfwieludl deyadlassadrsdununisuudeian
UszLansaussnnias essudieauia 10 &0 iudeyadldfuinainnsunisvudaniaun
(2559) fisuanslumsnad 1 feyasurrsssuidonnsvudaiandiuuaulne-an daandy
M99 2 Feyadusrezynamsvudsnusaz AudnszneAumluSudazanndsaln fauang
Tup5797 3 Foyasusuumsvudnianainusasaudnsraneaumludusazandsol &
wanslumed 4 wazdmiudununsilunsiaungudnszaeduinfidegidlndugud
FITIwaENsEAedumlUSsnsema Ae 2,500,000 UIMKAEUSINMAINIEAAYBILARE

AudNI¥LAUATNaNLTaTELTUNARLA A 7,000,000 Tu

NIANTIVINMTnAlUladnavnIsuLayIAINTIL WNINeNdeTRAivaansy
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Punaui 4
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( LTS >

#nin LLaxLﬁ‘Jﬁ’mi’Dm"ﬂW@&_‘Jﬁ
ANEUSIN I AURNINUNSOLNNSTOITUEUAN
ANFNLEUNIVURIRUAN LAZHANNNTRONY LA NAS

RILUUIIROIRRAN S9N Thamaa S
dosuudgin (Assumptions)
shudsnsusn (Parameters)
sulsmaaarula (Decision Variables)
sumsiihwane (Objective Function)
Geuladaiisnu (Constraints)

FI7URY ﬂ”J’]EJEJ]ﬂRﬁ’EN

ﬂﬁ:gﬂ@ﬂf Microsoft Excel Solver wiavndaa

!

%meﬁmmgﬂ HRINUIDE

v

( §iuq@ >

AN 2 TURBUNITAILRUIUITY
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Audnszanedu

dondisolwann - Ju

1 1 = = o ¢
BANUDLAU - LIYIAUNUY

Fwu
J

Max.cap : 7,000,000 Sudet

P

WS

Max.cap : 7,000,000 Suds?
,‘.

Max.cap : 7,000,000 Fusial

Wunylan

24?

UATITIVEUI

anflsalnunne

Dermnand : 940,000 Furel

anrfisalfiodly

Demand : 1,600,000 Susied

antisalnunsvane e

Max.cap : 7,000,000 Fusial

Dernand : 3,560,000 Sude?

Ml 3 lassinenisvudaianvesuisnladaind XYz mdululd

a Yy v R Y A sl 1
M157199 1 lassaseduyunisvudaiansiesaussyniesessuRfigasug 10 &a (TC)

(NIUNTVUAINIGUA, 2559)

38N dununisvuds (Umdanlawns)
AsauaziAeadile 4.21
Azl 0.05
ANTIFENINGE 0.02
AUIEAUNY 0.75
AminuduIaLaEYY 4.2
ATonas 6.12
AN 0.29
Anhsfumaedu 0.3
R RN EANG PRI 0.95
Aldnglddluasa 0.1
Alganedinay 0.51

394 17.50
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M15719% 2 Arsssulleunsvudaiaginuweaulne-an (b) (guideyaiiiogsislneludu, 2556)

318113 qahuuauilslng (Um) qashuuayils aUv.anm
50U539N 10 AUlY 350 94,000 AU %38 282 UM
AMHULAUTIHUAAR 10 50 UM

MW : ANIUAUWIIAY 0.0030 UM (Toya o Tuil 25 SudmAu 2564)

A5199 3 SrEEMaMIsUdan (S;)

szeznne (Alawns)

AUGNIZANYAUA
N dandunng dantlidlasly danfluasnalteissdun
au 506 546 638
WS 507 463 475
nWwoylan 678 613 405
UATEITIA 820 755 562
YDUKAY 772 692 189
gnss1il 666 592 89
UATIIVRUN 1,042 877 374

a Y R
A9eh 4 Fununsvudian (c;)

AunuNIsUUEL (UN)

Audnsza18duAI
N daflune danflifiasle danfluasvataissduni
au 8,855 9,555 11,165
WS 8,873 8,103 8,313
nwnylan 11,865 10,728 7,088
UATAITIA 14,350 13,213 9,835
YDULAY 13,510 12,110 3,308
an551d] 11,655 10,360 1,558
UATIITRUN 18,235 15,348 6,545

[

H378lAWAUILUUTIA0ININUANISTIUIULANLUUNEN (Mixed integer linear

v

programming: MILP) i @atuayuni1siiendumiavinafaiqudnssatedur1veiuivn

[

la3afnd XYZ waweulganulasanissalnan-au travadu-esdund lnedsvazdansail
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Josuufgu (Assumptions)
1) msvudsiaguesuiemladaind XvZ dudunisvudeinesaussmniadeeus
Flwaauin 10 &o Wity
2) sauTTIATeEUAREa 10 do aunsnusIgRanuesuTInladaind XyZ ladu
ANUANNYVBITAUTINNIIWIU 20,000 JurosounITILds

3) @unsajusunansuuddlaalmiiuasiusuiaaudenIsnIsvNEsTan 7

LUUBU

fodl (Indices)
I fo vaneiavvesqudnszaedud Taefl i=12,..,n ; 1=quéayu, 2=aud
s, 3=Audiivailan, 4=Auduasaissn, S=Audvauniy, 6=Audansonil, 7T=AuduassIvdn
i Ao vueavvesaandsald Taedl j=12,...m; 1=aadsalvune, 2=
aofsaldiedly, 3=aa1fisalvuaranssuns, d=annilsalnindes, s5=andsaliunsurads

D9 UNY

AILUUNSIUAT (Parameters)

n Ao IUIUAUINTZANYFUA
m Ap Iuuantsnlu
f Ao Aunuasiilunisimuigudnszaeduiliidugudsiununaznszany

duAluduinasemavasaudnszatedudd i (niie : um)

c, Ao AunumsvudsINguinszedudnd i ludaandsalwil | (e -
UINABTOUNTUUE)

d fio UTunuanadioamsitaniiodadsludianisolud j e : Fuded)

S fio szazvnaRnguinszeduind | Wdaardsalwd j (mie : Alawms)

TC Ao Aunun1svudInanlagsausInnLas ossud Alwavuin 10 de

(W18 - UIEBntaluns)
& a a & vy A
Q A9 UTUIUAIINLGIGATDITAUTINNLAT DI UAALIAYUIN 10 a8 TIa1N150

5995Ul9 (MU : BusBIAUNITVUAS)

v

MC,  fie USunauauqasanvesAudnszeduai i Nanunsasessula (e

Fusad)
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b,

1j

Ao msTsulleunsuudaiandiuuaulng-and anaudnszatedui i lud

anilsalun j (e : vn)

Aausn1sanaula (Decision variables)

1 Jlegmdenlidudugudnszarsdudiesessunazvudswan ludy

Yi=1  salvan-3u dnveidiu-tesdunmi
NI 9
X; Ao USunauanngnuudaninaudnseaneduend i daailsaluy j

Amuananduinguseasd (Objective function)
TuunANuUElatauILUUT IR MUAN ST ILILALLUUNEL (Mixed integer linear

programming: MILP) titgldlunismisunisinafinsaudnszatedudivesuiunlaiadind

v '
=2 I

XYZ IngdTnguszasaiiovidunusiuiifinfusd1ian Usenounieg dunun1svuds

AssTULgunsvudsduAtinuau uazgAununsAniduy lnelisluuuvesiuudiaes

APUANISNIATINFERNS RaselUll

¥ '
= o

HanduingUszasan (1) wanadla AunusIAARTUAITIan Usenaumie Auvuns

Yuas A5TTULHINNSVUAFUAMTILAY LarAunuNTALTNY

Minimisezzn“icijxij +ibuxu +Zn: fy; (1)
j=1 i=1

i=1 j=1

WouludatsAu (Subject to)
a = a [ r.:l' ! & a v H £ IS d‘
aun15¥ (2) wanadle YSunaanivudainaudnseatsdust i ludanilsalai
j elilulunuseuveinisuudsian

X =d;/Q V. (2)

]

paUNTIN (3) wansdls Usunaianivudaingudnszateaua i Wdaandsalun

j sesldifunnuaunsavesaudnszedumnsesiule
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X, <(MC,/Q)y, ) )
i=1

1]

aun15¥ (4) Uanade AUNUNNTUUAERMYTAUTINNIATIUUARLAYEIA 10 § 91N
Augnsgedud i Wdsaaisaly j

¢, =TCxS, Y @)

1]

Tod1finil (5) mafmuadiwlsfeswnnniviawiniugud wasduduiuay

x; >0 and integer Vs (5)

1]

TodnaNl (6) NMsmmuaRautAvesiLUsNsindula

y, €{0,1} Y (6)
HIENALILUUTIABILATY EN1TATIVADUAIINYNABIVDILUUTIABY TBATIVEDUI

v o eal v 1Y) & Yy o o 1 = 'Y v
annsalinaansngndesmswuinguszasd meldvedarusineg viell mensussendld
TUsuN5U Microsoft excel solver § 99 1nwadws i ba wansliiiuindanugndesniy

nnUsrasAuazReulutotedunimvung

4. NaN133I9Y

Tudaudidunisuannanisisen laa1nn1sA1ulaYeslUsunsy Microsoft excel
solver 715UUULAT DIABUNUADS T ANUI8UTTUIaNanais (CPU) WUy AMD Ryzen(R) 5 -
3500 fAIINE 2.10 GHz wagilniiegaudn (RAM) 8 GB uusyuuyfufn1s Windows 10

% o‘r-:l' Y @ d‘

HadNSNLe Asanslun11ei 6

PNANTNT 6 UAAIDT HANSALAIINAITUTENIANALUUTIABIAINUANITTIUIULAY
WUURAN A8N15UsEnALElUTLATY Microsoft excel solve L@V IANI VTS UNUTINT
NATUAan Usenaunig Aunun1suds A1sTsuilennsuuasdundnuuauy Lagdununis
o a U calv v v & t3 a v o Y] AV Y a v
AU ANRaaNSLA wandliiud Audnszareduadmingnssd lagnidentvily

& A v a Yo ) v & & a v Y] ~
Quaﬂizmaaummmslmumi‘wmuﬂwLﬂu@uai’miwLLazﬂﬁsmﬂaumwmﬂismmwau
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v A

U Ao aud.an iiedenseludisalian-Au dravainu—3ssdumi i biAndunusud

a X ¢ 4 =
LATUATINER wanslunIng 4

A15199 6 NaansAleann1sUszulanamelUsknsy Microsoft excel solve

) s idugud . L .

Audnszang Frunuseuvasnsvudaguaazdaani
. $2UTIUAZNTZANY

duan

% o 1
fuiludsinalssne gy Wiadly  valeawszune dades UATNAILITUNY

A 0 - - - - -
wng 0 - - - - -
wwalan 0 - - - - -
UATAITIA 0 - - - - -
YUY 0 - - - - -
9n5511 1 47 80 26 16 178
UATIIYHIN 0 - - - - -
Funusautiann (Um) 4,640,169

MUBLG 1 AAUAMA 1 BUNSVUAIANN50RAUAL 20,000 U

, . annilsalviana- Ju
fudnszaneduen e m e
TRUBAY - 1Tsduni

‘ Ay | anriisaldunae ‘

Max,cap : 7,000,000 fusied Demand : 940,000 fusigd

‘ wns |

Macap : 7,000,000 Fuped - -
dontisolviiiadly ‘
| wmﬂaﬂ | Demand : 1,600,000 $udaf
Max.cap : 7,000,000 Susiod
‘ uATEITIA | anilsaliuarenszuns |
Max.cap : 7,000,000 Fued] Demand : 520,000 1.0
‘ vouwAY |

Max.cap : 7,000,000 Fusaf)

m"u’z“'“?.' A

- annilsalviatug ‘
1650

Demand : 320,000 Tusied

‘ anysil

Max.cap : 7,000,000 Tussl

‘ UATTIYAN amiisalviuasratndoumi ‘

Max.cap : 7,000,000 Husisl Dermand : 2,5600,000 Fured

AN 4 HadNSALP1NNITUTZUIANALUUTIADININUANITIIUIUALLUURAL
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Wensudamadnsilaanuuuiiasiwds msiesigsinala (Sensitive analysis) t8u

drunaAgunlun1sAnwIfmansznuINATUABULUARILUITNIIUAMTONITITN 05U

Luudaes  esndmeuiiviunzaunanilasuanuuudiassiu  Wumeeuniinainnis

UsgaaAnIsimesu1en 39ludingse Anisilweswmantusialasunladls Linawans

TAdiudsnsasunatansznuainnisiuasunlasiinlsnsiuan denisld Data table

99 Microsoft excel lagldnsidsunlaavasiuusnsuainig  aanslunsng 7

A151ei 7 MTegsinnah lagldnsidsunlasvesiunumsvudsdud ( c;)

A159A512%AT0 Tnenisiiavseansesn1alun1svUES

c; =TC xS, anszazneas 40 Alalns N5z 19 MINATUAINDIY (MU9E : Un)

- Min total
Wedlw - varamszue o UAIUAN cost
UAY (=1) WYY G=0) I
2 (=3 LIE9IUNY (=5)
a",]wuu (izl) 8,155 8,855 11,655 10,343 10,465
LL‘W?I (i:2) 8,173 7,403 8,803 7,473 7,613
ﬂ‘wﬂﬂaﬂ (i:3) 11,165 10,028 9,153 8,645 6,388
‘uﬂ'ﬁﬁi]'ﬁiﬁ (i=4) 13,650 12,513 11,655 11,410 9,135 4397 269
‘UEJ‘LJLLﬂ"u (i:S) 12,810 11,410 8,173 4,865 2,608
Em’iﬁ’]‘ﬁ (i=6) 10,955 9,660 6,423 3,115 858
uﬂii’m?{M”l (i=7) 17,535 14,648 11,410 8,103 5,845
c; =TC xS, anszazneas 20 Alawns IN52ETNIIANTUAINRSS (Wae : un)
- Min total
Wedlw - Maramszue o UAIUAN cost
UAY (=1) W G=a) 0 e e
2) (j=3) LIYIYUNU (=5)
a"qwu (izl) 8,505 9,205 12,005 10,693 10,815
LLW?E (i:Z) 8,523 7,753 9,153 7,823 7,963
ﬁ‘uﬂﬂaﬂ (i=3) 11,515 10,378 9,503 8,995 6,738
uﬂiﬂ’]ﬁﬁ (i=4) 14,000 12,863 12,005 11,760 9,485 4518719
GU’PJULLﬂIu (i:S) 13,160 11,760 8,523 5215 2,958
Emiﬁ’ﬁj (i=6) 11,305 10,010 6,773 3,465 1,208
uﬂii’]“ﬁﬁm"l (i=7) 17,885 14,998 11,760 8,453 6,195
P = .
C; =TC xS, s28zMNATUMINDTT (MUY : UW)
1 Min total
- _ . UATHAS
Wodld - RaNTTUN o o
LAY (1) 0 AR89 =0 Y. cost
2) (j=3) LIYIQYUNU (=5)
?TWW,JU (i=n) 8,855 9,555 12,355 11,043 11,165 4.640.169
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wwaglan (-
UATAITIA (-0)
YBULAY (=5)
905514 (-0

YATTIVAUN (=7)
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8,873 8,103 9,503 8,173 8,313
11,865 10,728 9,853 9,345 7,088
14,350 13,213 12,355 12,110 9,835
13,510 12,110 8,873 5,565 3,308
11,655 10,360 7,123 3,815 1,558
18,235 15,348 12,110 8,803 6,545

¢; =TCxS; WNSZEENNG 20 AlALNAS AINSTSNIGINATUAINDSY (W28 : UM)

- Min total
Wedlw - vwalmssue e, s UAITAN cost
UNHY (-1) NI (=9) o Y .
2) (j=3) LIEIAUNUY (=5)
é’,]wuu (i:l) 9,205 9,905 12,705 11,393 11,515
LLW?I (i:z) 9,223 8,453 9,853 8,523 8,663
ﬁiﬂaﬂaﬂ (i:S) 12,215 11,078 10,203 9,695 7,438
uﬂﬁa’]ﬁiﬁ (i=a) 14,700 13,563 12,705 12,460 10,185 4761619
GUE)ULLdu (i:S) 13,860 12,460 9,223 5,915 3,658
amjﬁqﬁ (i:6) 12,005 10,710 7,473 4,165 1,908
uﬂﬁi’]‘dﬁlﬂ (i=7) 18,585 15,698 12,460 9,153 6,895
a a da X a '
C; =TC xS, wnszezne 40 Alalns 3INTLELNNNANTUAINITY (U2 : V)
Min total
Wedlw - valamssue e uAIaN cost
WILAY (=1) I G=a) o o .
2 (=3) LIESUNLU (=5
é’,]wuu (i=1) 9,555 10,255 13,055 11,743 11,865
LLW?E (i:Z) 9,573 8,803 10,203 8,873 9,013
ﬁﬂmiaﬂ (i:3) 12,565 11,428 10,553 10,045 7,788
uﬂiﬁ?siﬁ (i=4) 15,050 13,913 13,055 12,810 10,535 4,883,069
GUE]‘ULLﬂIu (i=5) 14,210 12,810 9,573 6,265 4,008
amﬁ’ﬁj (i:6) 12,355 11,060 7,823 4,515 2,258
uﬂﬁﬁqsu,afl],] (i=7) 18,935 16,048 12,810 9,503 7,245
; s oo & =
C; =TCxS; amé’uvgumsmum 2 v/ilawns mnﬁunumswmwmﬂwuma.ma
(W2 : un) Min total
” cost
Gedlw - madmsTUN o s UATVAN
UNRY (-1) W=,
2 (=3 LI899UN ¢=5)
ﬁqwﬂu (i=1) 7,843 8,463 10,943 9,781 9,889
WS (=2) 7,859 7477 8,417 7,239 7,363
- 4,423,021
‘wwaﬂaﬂ (1=3) 10,509 9,502 8,727 8,277 6,278
uﬂﬁﬂ'}ﬁiﬁ (i=4) 12,710 11,703 10,943 10,726 8,711
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11,966

10,323

16,151

10,726

9,176

13,594

7,859 4,929 2,930
6,309 3,379 1,380
10,726 7,797 5797

]

c; =TCxS; andununisuuds 1 vw/Alawns ndununsvudeiinduniuase

(Wuae : um) Min total
e (o) dlodly - vaamIruN g o “ﬂjm?ﬂ o
2) (j=3) bIYIIUNU (=5)
AU (=0 8,309 9,009 11,649 10,412 10,527
NS (-2 8,366 7,640 8,960 7,706 7,838
ﬁ‘tﬂﬂﬂaﬂ (i=3) 11,187 10,115 9,290 8,811 6,683
UATAITIA (=0) 13,530 12,458 11,649 11,418 9,273 4,531,595
VDULAY (i=5) 12,738 11,418 8,366 5,247 3,119
qmsﬁ’]ﬁ (i=6) 10,989 9,768 6716 3,597 1,469
YATINVAL (=7) 17,193 14,471 11,418 8,300 6,171

]
= a

c; =TC xS, Aununsvudeiitiatunuase (vuide : um)

- Min total
Wadlw - vaanssue e, UATVAN cost
WAY (=1) WIG=0)
2) (j=3) LIYIIUNU (=5)
a”m”u (i=1) 8,855 9,555 12,355 11,043 11,165
NS (i=2) 8,873 8,103 9,503 8,173 8,313
ﬁwaﬂaﬂ (i=3) 11,865 10,728 9,853 9,345 7,088
UATEITIA (=a) 14,350 13,213 12,355 12,110 9,835 4 640,169
YUY (i=5) 13,510 12,110 8,873 5,565 3,308
qmﬁqﬁ (i=6) 11,655 10,360 7123 3815 1,558
UATSIVAUN (=) 18,235 15,348 12,110 8,803 6,545
c; =TCxS; wuduyumsvuds 1 vin/ilawas 3ndununsyudiiiatuniuase
(U3e : um) Min total
- cost
Wedlw - valamssue e, UAINAN
WIAY (=1) WA G=)
2) (j=3) LIUIIUNU (j=5)
ﬁmu (i=1) 9,361 10,101 13,061 11,674 11,803
WS (=2) 9,380 8,566 10,046 8,640 8,788
Awaulan (-3 12,503 11,341 10,416 9,879 7,493
q p 4,748,743
UATAITIA (=) 15,170 13,968 13,061 12,802 10,397
YUY (i=5) 14,282 12,802 9,380 5,883 3,497
Qmﬁ'ﬁj (i=6) 12,321 10,952 7,530 4,033 1,647
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uﬂﬁi’]sﬁﬁj\n (i=7) 19,277 16,225 12,802 9,306 6,919

c; =TC xS, wuduyunisvuds 2 vw/ilawns MnaununsyudiinTunuase

(w28 : um) Min total
UMY (1) fodleg-  vaewsng U389 -0 duﬂjm?q -
2) (=3) LIEIAUNUY (=5)
E;’]Wuu (i:l) 9,867 10,647 13,767 12,305 12,441
LL.‘WiI (i:2) 9,887 9,029 10,589 9,107 9,263
ﬂ‘t}ﬂﬂ,aﬂ (i:S) 13,221 11,954 10,979 10,413 7,898
uﬂﬁa]iiﬁ (i=4) 15,990 14,723 13,767 13,494 10,959 4,857,317
GUE)‘L!LLﬂIu (i:S) 15,054 13,494 9,887 6,201 3,686
qﬂﬁﬁ’]‘ﬁ (i:ﬁ) 12,987 11,544 7,937 4,251 1,736
uﬂﬁﬁ’]‘ﬁ?{l]'] (i=7) 20,319 17,102 13,494 9,809 7,293

N Y & a o A a s Y
NNITNN 7 LLﬂ@QI‘ViLWUﬂQﬂqiLUa'UULLUaQ9]'3LLU?VIiWUﬂWWi@WWiWNLW@?T@Q@UV}UﬂWi

I o a o g w fu o e 1 A X A v | @ | o
GUU?NWaﬂmﬂqiﬂﬂﬂﬂsﬁu’J@ﬂﬂigﬁﬂﬂﬂJﬂqL‘Wllsﬂu‘ﬁiaaﬂaﬁ LmamquﬂqimanWﬁﬂaﬂaﬂ GNAGNE!
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Abstract

This article aimed to analyze the factors and the importance weight of the factors
for truck drivers’ skills development in the Eastern Special Development Zone (ESDZ)
by using Analytical Hierarchy Process (AHP) evaluated by government agencies, experts,
and transport operators involved in 10 locations in the ESDZ. The implementation
process consisted of six main steps: 1) literature review and related theories, 2)
selection of factors based on skills, 3) comparison of factor importance, 4) analytical
hierarchy process, 5) prioritization of factors, and 6) conclusions and suggestions. The
results showed that the factors used to develop the truck driver skills in the ESDZ
consisted of 15 sub-factors. They could be divided into 3 main groups (5 sub-factors
in each group): 1) basic skills, 2) core skills, and 3) auxiliary skills, with the importance
weight of factors of 45.6%, 33.2% and 21.2%, respectively. Therefore, government
agencies and private sectors can use the factors obtained in planning training courses
to develop the skills of truck drivers to be able to support the logistics system in ESDZ
effectively.
Keywords: Truck driver factors, Truck driver skills, Analytical Hierarchy Process,

Eastern special development zone
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NIUNITVUAINIIUN

nsawmseinsseuivaluladadisln
Haune1emlunsRaLIIBNITNUTEINULES

TR P R GRUFERHRER

Tasuanulindaanesing

inwglunsAnagadiveiing

Winweuywdduiusiarnsvinausuiuddulaa

v o N o RWw

inwelunsuilaymuazdndula

10. vinwelunsauauensual

11 vinwrlunsitfeuasainusuiaveu

12, aansen s Iten waynthgsdnwsadesiuldfenuies

13, asnsadenenundsuuzimMsUURnuliiugnifes uieifiousmanuuas
v duiiu

14. anunsaldgunsaluazineluladdeansls

15. Anuaunsatunslgniw

16. mawaeuedliinnudsmgluiniwlussduigduly

17. mnuaunsalunisususmsausunisiasuwlad
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nguvinwe inwe

18. uanamanuilug o WeNmunueLasituegaNe

3.2.2 msvwuntadeuazinnquueadady
MNMITIUTITNYEAe 9 AlFanmsAnumunmiu wasmsdunuaildedn Jele
wusnguvinuzeandu 3 ngu Usznausie 1) Finweugiu (Basic skill) 2) Finwendn (Hard
skil) waz 3) Wnweiady (Soft skill) wagldluasuatumilssusiwnig il ermguas

=2

JUszneunsvudsiiisades S1uru 10 uie Tagld38nsdumuaiuuudedn (in-depth
interview) THuuudununl wuuisillassaina (Semi-structured interview) luiindiuil ESDZ
dadenitnuedilduvinmsfinsandaidenmifadouazdnnguuestiadvosiaumngandy
aguldimanisinnsandads annsaudadudadendnoondu 3 ngu Idud 1) Jadeiiug

2) Jadevian wag 3) Uadeiasy aawandlunisiai 4

A15199 4 Jadevanuazadesesniinasianisiimuninweveaninaudusausimn

Uadeuan U298504

1. fl9ng aanaua nsnaaeuausikavasuluduasaussnn

IS L3 o v o & A !
2. Auszaumsal wazaudinglunstulsoeuivsesalagansuineu
Vinweiugu | 3. diAued insenuazdndrtinlunisdusaeg1alasnsit
4. In1sufuRegudnlanargniewm1ung 5193 NYNsLdauy

5. fiaugsduiiendnudnsa anuysiulunisie

1. @1IAINUNUNISIAUNI agivualaningaliedegamngay
2. @NWNTONTIVANINVBITOUALIASEUAIUNTBNVDITALG

vinwewan | 3. awnsadusaldedislaensdeuazidulnssedsauaums

4. anunsaUseiu Mmuau wasunlvantunsalliunfiuazgnidula

5. @131150USMNSIANISANUMLBEAT warn1sTusaUsendntngule

1. W lvanunsadusavudaduningansiaiiviaingdunsiela

2. Wiwunsiseusnsnsasanmsaneuldeuiuy BE-WAGON

. _ | 3 dnnmsTiuyeddiusuaznmsianiniugdu uazmsieuduiiuld
el Waninwelunisundagnr nmsdadulanvuilivgiung wazn1saivay

a1sunile

) a P o a = = A W M v
5. Wwunsiseusuagldmalulagnisdeans viamalulagadelvdla
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3.3 Jumauil 3: nsUTsusuANdAgUeItaTy
WunsiSeuiisuanudiAgvestadei ldlunswauiinvevasminaudu
saussnn lnevhniseenwuuaauaiy AHP msdnaulantaainnisiueuiieudug (Pairwise
. 6 v a o ¥ d' J
comparisons) ¥a484AUsznoun1sAndula drlasunius ¥ 82919 1uIu 10 AU 91N
wisukaziuszneunisvudsiiisadesluwaiauiaenianzfueen lagidunisdu
AIWNUTINIY 10 AUINAIAFIUAI 9 TNEITININAIATT NIABNTL Lag NIANISANE
Ineilnaudd Ao dnandinauduyavniull war dussaumsalaiunisuudauazasnashi
weunin 10 U el miinuIsuiiisuanudidgyvedunasaladelusedutumeniu
3.4 TUABUTN 4: NSAATIENLAYDIALIDNITIHATILARIUAPUTU (AHP)
<) a v ad a 'S o w :j ~ o a '3
WUNI5IASIEAAED1AEITNNSIATIERRNNEIRUTY (AHP) W YINNNSILASIENE
IMNUUUADUNY AHP NiouninTivaaumuaennnedvestoya (Consistency ratio: CR) lag
Ardndiuauaenndas (CR) Neausuld Ae 0.1 vietaundt MNAIAINADAATBIFINT
[ v v al a 'S =l =1 1
gausulaneslinmsimsgUseuisull
3.5 YuROUN 5: N15ARaIRUAINEIRYYeIUaTE
Jumsdaaduanudrdguesdadenldlunisimurinvsvsmidnanudusaussyn
TuweimufitaenianzTueen Feuidelunssiidunisinsizidadenunssuiuaiauty
(AHP) ¥3Usznaumie 1) nsauunesaUsenevresnisanaulasenidudiudes 9 2) n1s
JTna1nuAINaIAey (Prioritization) kag 3) N19589LAT1Y (Synthesis) L olaA1u1%iln
AnudAnyraiazUaderianuaudd lunisAnwilaginnisniaaeuanuaennnedreitoya
(Consistency ratio) Wity Iagagldfidunaunisdansizsiieniarinninanuadidgydu
Unutdnaud1Agdunnssau (Global relative importance) @1%15UNISNAITUININIRADN
Wesnidumsimngiiiedndisuanudidaaestadendnuas Jadeseavintu
3.6 TunaUN 6: MIaTUNaLavIaUBLUE
Wunisaguravesuideioidusuimslumsvaumdauliivnee aug
a P A P ] o & A = )
ANLANNTALAZIATENANUNTBUN LA UY1EN1TTRSUNUN ESDZ uazioatuayuminy
U o v U [y a a [ r-t’lj Ql' ‘:l'o U a r-g
ABaNTsMAsAUAUALTUTAUTTYNLAETRsuTsUUlaTaRndneluiiuil ESDZ AMdsasiintu

lngaglvesungliluitoves “mMsasunanazniseiusiena” vsly
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4. HAaN1578

nstaAdmtnenuddguntadendn wasladeses Ineidetvigns 10 A den CR

#osni1 0.1 laetadenaniian A, = 3.091, Cl = 0.045, CR = 0.078 Uad8509 (A1uinwe

WugIY) 861 A, = 5.056, Cl = 0.014, CR = 0.012 U3du509 (Ausinwenan) A1 A,
5.091, Cl = 0.023, CR = 0.020 uag 33509 (Auvinwsiasy) 461 A, = 5.200, Cl

0.050, CR = 0.045 fauanslunsned 5 89 m5197 8 areluil

A1999 5 AruntnANdAgyesLaazadunan

Uadpuan (1) 2) (3) GM  weight 2
(1) ﬁﬂﬂz‘ﬁugm 1.000 1.854 1.593 1.435 0.456 3.091
(2) inwenan 0.539 1.000 2.116 1.045 0.332 3.091
(3) YinweLay 0.628 0.473 1.000 0.667 0.212 3.091
374 3.147 1.000
VINOWR: A, = 3.091, Cl = 0.045, CR = 0.078
A13°99 6 AmTnANdATaAarlaTeTas (MMuinweiiugIu)
Uadesas (Auvinwenugiu) M @ @ @ (6 GM weight
(1) fl97g AN NINARBUAIING
o 1.000 0.972 0.608 0.600 0.758 0.769 0.149 5.011
waraeuludulsaussnn
(2) fivszaunsal wazanuduneylu
o . . 1.029 1.000 0.707 0.476 0.537 0.714 0.139 5.056
MItulsnguivsesnlagasunne
(3) Wimupd WsemuarIndin
. . " 1.644 1414 1.000 1.029 1311 1.257 0.244 5.037
Tunsfusnetsaensy
(@) fimsufuReeatnlauazgneies
Y 1.666 2.102 0.972 1.000 1.041 1.288 0.250 5.018
MIUNGITIAT NYNITITUL
(5) finnusjaiuiiionnadsa
Do . 1.320 1.863 0.763 0.960 1.000 1.125 0.218 5.037
Anuyaiilunisyhau
37 5.153 1.000

wnewe: A, = 5.056, Cl = 0.014, CR = 0.012
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A1999 7 ArdntinaudAgyvasnaazladeTes (Aurinvenan)

Uadysas (Auvinwewan) Mm @ @G @ (¢ GM weight ,
(1) @UTOURUNTLAUNGUAE
. . ” . 1.000 0.451 0.651 0.657 0.509 0.628 0.122 5.091
vuAnainsaldleseg e gay
(2) @UNT0ATIVENINVDITOUAE
- ” Ny 2.218 1.000 0.846 0.741 0.794 1.020 0.199 5.088
WsHNANUNTOUTRITOLA
(3) anwsadusaliegaUaendeuas
e A 1.537 1.182 1.000 1.277 1323 1251 0.244 5.058
Juilnsdegsiumiunia
(@) gnunsauseiliu MU Lag
L. - .. 1522 1350 0.783 1.000 0912 1.080 0.210 5.044
wilvanunisalldunfuazaniduls
(5) anansaumsdnmsamilesdn
. o ¥ oo 1966 1.259 0.756 1.096 1.000 1.154 0.225 5.027
wagnstusaUsendmindule
373 5.134 1.000
wnewe: A, = 5.091, Cl = 0.023, CR = 0.020
A19199 8 AUntnANdIAY eLAazTaTuTes (Auinyslasy)
Uadusas (Fudinweies) m @ @G @ (6 GM weight
(1) W lanunsatusovudadum
. w o W Ny 1.000 0.608 0.321 0.454 0.260 0.470 0.084 5.200
Trganswivzeingdunsala
(2) WaNSLEUINNINTINENTNTD
L e 1.644 1.000 0.278 0.382 0.712 0.659 0.118 5.139
foulgauwuy BE-WAGON
(3) W siuyudduiusiay
MevihnuswAuBy ua 3116 3597 1.000 0741 1.149 1570 0.281 5.134
msviheuduiiule
(@) Waunvinwglunsun e
nsandulanuuiivning wag 2203 2618 1349 1.000 1540 1.643 0294 5.141
nsAIUANITHAILA
(5) Wannnsiseuiuasldinalulag
4 - o oa w. 3845 1405 0871 0.649 1.000 1.250 0.224 5.134
nsdeansvisamalulagadelmlle
33 5.593 1.000

wnewe: A, = 5.200, Cl = 0.050, CR = 0.045
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KA lAINNITTUN WAL T8I IYNT 10 AU AETT AHP ausaAIuImAIdInen
Auddgvestdadendn Tnewdseanidu 3 nqu lawn 1) iinveiiugiu 2) inveudn uay 3)
inweasy dandnminaudAguesdads Wity 45.6% 33.2% wag 21.2% MIua1fu uag

Anvtineuddyvesdafesesveiarnguinue Auanslunisnen 9

A19199 9 ArntinANdIAYveILAazladaInis AHP

UJady A Uady A

wan  Wmniin 599 wmiln
g aanaust nsnaaeuAuIkazaeuluuTsaUTIYN 0.068 (7)

. HUszaunisal wazanut g lunstulsasudviasalagansuineu 0.063 (9)

Ny 0456 o a a o =« o 1 1Y

p Timuai insemiazdIndriinlunistusnegrslaende 0.111 (2)
fimsufiResatnlanargniewmiungasnas ngnistdouu 0.114 (1)
flauafsiuiionnudsa armsaiulunisineu 0.099 (3)
ANTOMHNUNIAUNN UagAmuanaIinsalaleseg1aumnzay 0.041 (13)

. AUNTONTINANINVDITORALIATEUANUNTEUVDITALG 0.066 (8)

%ﬂwg 0.332 U %4 1 o @ a 1 v a

— aunsadusaldegaUasnsiowasidulinsdodiuaums 0.081 (4)

wan (2
aunsaUszdiu muau wagkilvanunsalliunfuazanduls 0.070 (6)
A10150N15UIMTIANTANUMesdT uarn1stusausendaindula 0.075 (5)
Wannlianunsatusovudsduiingansiiivseingsunsals 0.018 (15)
Wanisiseuinsmyaanmsaneul¥auwuy BE-WAGON 0.025 (14)

ﬁﬂw% 0.212 o = o o & ° ] o vaAl ° & N vy
WWUWﬂWﬁNNHHHﬁNWUﬁLLaZﬂ']iV]'N']UTJlIﬂUQ@u LLagﬂ'ﬁVI'N”IULUUVIlIVLﬂ 0.060 (11)

| (3)
WavinwelunsuAteym mimmauimwummma LLasmimmmmimﬂm 0.062 (10)
Wannnisiseuiuasldinalulagnisdeans vizewaluladadelndla 0.047 (12)
394 1.000 1.000

e fuavlu () Ae dudurestadenelaladeluseduineai

5. d5Unauazn1saius1eNa
naanmsiaszimiadouazaniminaudfyredadeildlumsiauninuses

winuFUIaUTIYN FensruIunTieTesirmaEuiy (AHP) annsnasunalddn Yasedi

Ilunmsiauninyrveaninanutusausmnlunimufivveniansiueen Usenaume 15

Uadugos Baanunsoudseondu 3 nguiadendn lawn 1) inweiiugnu 2) invevan wag 3)

o o

PNweLEsy oAt ntnAuaANAYeItadY AU 45.6% 33.2% way 21.2% Auaieu

>

1Y

FIUT10ALLDUAVBILFAZUIILVANAIN
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finwediugu (45.6%) Usznausae 5 Jadedos Idud 1) So1g muinwst nsnnaey
mnufuazaoulududsousimn 2) Tuszaunisal uazarudrunglumsiulsosuduiosn
lngansuneu 3) Iviauaf unsemkazdIndrinlunistusaegisvaondy 4) insufjuiRedns
\ilauazgndeaniungasnas ngmsldouu wag 5) fenusjuiuiionudnda Al
n1svhe Tnedidnimtnaauddyvesiiade winfu 6.8% 6.3% 11.1% 11.4% uaz 9.9%
muaau tnedeyaaindiunug inisdunivaldnivg lalvrnuddyduladegesluniu
“fnsufthedradlauazgndesmungaas ngnisléoun” wnnfiaelunguinueiiugin

Vinwenan (33.2%) Usznoume 5 Jadedes laln 1) a1u130919uNunsiiun g wae
AVUALIAINNIOLALEIDEN MUY 2) ANUITANTITANTINVDITOLALLATHUAUNTDUVDITE
1§ 3) anunsadusaldegnvaendouazidufinssofsaudums 4) awnsoussdiu mueu uaz
uilvanumsailiunuazgniduls uas 5) anunsamsumsdnniseumilesd uaznsdu
saUszndaiaiuly Imaﬁﬁwﬁwwﬂfﬂﬂawmﬁwﬁmaqﬁﬁa WY 4.1% 6.6% 8.1% 7.0% Lag
7.5% auaeiu Tnedeyaarndwnulinisdunivaldnlny lalienuddgyiuladedesly
sy “anansadusaldedsasafouasduiinssiefsaniune” anndigalunguvinueudn

Vinwelasy (21.2%) Usenaume 5 Jadedes loun 1) Wawliaunsadusovudadudi
Tagansmivseingdunsela 2) Wauinisiseuinisasisanimsaneuldeuiuy BE-WAGON
3) siunsiayudduiusuarnsvienuiudugdu wasmshauduiiuld 4) Wauiney
lunsundam msdedulanuuiliveiing uaznisauauorsuails wae 5) Fwuinsiseus
warldinelulagnisdeans viowaluladadolndls Tnefaimdnanud fyvetade
WU 1.8% 2.5% 6.0% 6.2% uag 4.7% muaau Wnedeyaindunuglinisdunivaldiu

a

vy Maliaudfgiuladegeslunu “wamvinwelunsundami nsdndulawuuiived
N Wazn1smuaNesuaile” snflanlundurinusiasy

Faifu mirsauniady 01fiiu nsunisvudeisun nhsnuiiAededunsens
AuuAL wagnheauluaaenyy ey fUsneunsvudsiiieates asiinniiade
fananlutresululddmsunisnaunundngnsnisilneusuiemunvinueveaninaudy
soUsINIaNNnsasessussuuladaindluwniimuniiawniang Jusen lneg1eliussdnsan
Tnenthiluiitade 5 é’uéfvLLsﬂﬁﬁmﬁmﬁﬂmmé’wﬁigsuaaﬁﬁmmﬁ’uqqﬁa 48% Usznauniy
1) dmsujuregranlanazgndeaniungsnes ngnisidauu (11.4%) 2) fvimuad 115em
wazdndniinlunisdusaatisUasnds (11.19%) 3) Tanujsiuiiearnudisa Ay eiuly
M3Y9U (9.9%) 4) awnsadusaldegnsvaendouaziluiingrerdsauiunia (8.1%) wag 5)

a U dl ¥ U U 9°/ L4 ¥ o U
AN3150A1TUIMTIANITAMUUTLREAT waznsTusaUseudauitule (7.5%) snuanu
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6. NARNTIUUTZNA

Atz 198 voveuRMNMINIdINzIen Tldlinsatuayunuidelasinng “nns
onsziUIvInminaudusovudiduduayiag Wesesiuszuuladafindlu EEC szogil 17
LATIDUAMMLIBNUAN 9 TiAsades Tuleil ufiwauiiasaans Tuoon fildaanu
outarwilududoya nsliduniualdedn uadlidoAndiuiidudsslond aunuideaded

d5aqadluied

7. 19NA1591999

nsuMsTUAIeUN. (2552). TaseamswanAnentmnisvudediesaussniilasesiunns
W ladanngd U 2552. (39e9uatuauysnl). n3unme: nsunMsvuEmiaun.

NIUNTSUUAIVIUN. (2560). AaNITRUTHNANGATNITAUTHAUAMNNUARASETUNTYUES
AT UNYNITUTUIAVUA 9. AU https://www.dlt.go.th/site/ltsb/m-news/
4084/view.php? did=10098

I5 119U, (2561). MIWAIUITNEENTNUTUTH. AUIIN http://www.dgtrans.co.th/
contentdetail.php?content id=139

Unsal asen1598sng, aunsd Alanufald, warguaissan Nt (2557). N5 1ATIER
Hadeiddvdnasonsuiauaauninaudusavssmnlussfugnamnssunasszdugsia,
21581501590N13, 3(2), 11-30.

QiNvinY Aavees, Ansas3on Isanisuss, wazaw1If nwudl. (2559). WUINNITHAIWN
wiinaudusavsmnvudsduinlulsadsuinveiwad Wesnsedvuinsguendn,
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wsesmd guad. (2554). IarrmamnsandniiiesUszasdlunisassmuazAnidenyaains
vasasAnstutlulszsmdlne nsddnw v3em Yudiudlng Sadn (uniww).
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ngamne: uuiiadiudiadud.

Atyr Uesunan (2564). Wnwesuduvesnisvinauluanissed 21. 'a'lia']'i"‘i‘u']m'i%'muqﬂé,
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drnnuanenssunsulgugwaiauiiayaIangiueen (@nne). (2561). wWNUUHURNS
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https://www.eeco.or.th/th/infrastructure-development-action-plan/contact-eec
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wlsusautiesndn 0.25 Jununzauiusuiuuliununsdweniusenda Anuindiuiunis
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v A

Aefofiuszvinvesdudnasedingy A ogsswing 5-11 aduded uariigndsdolmidodudag
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ANEARY: N13IANTSAUAIAIAGS, NTIATILTT, USunaunsdenusendn, andedaln,

e danaunsaineain

Abstract

This research aimed to analyze the ABC of inventory and the economic order
quantity (EOQ), and to compare inventory management costs between the current
model and the EOQ model of construction materials and equipment supplier: a case
study of Somnuek Intertrade Co., Ltd. The analysis of inventory data for the past 1
year (May 2021-May 2022) using ABC analysis to group the inventory of 250 items
showed three different groups. In inventory Group A, there were 14 items with a value
of 11,043,728 baht or 70.02%. In Group B, there were 83 items, valued at 3,940,501
baht or 24.98%. In Group C, there were 153 items with a value of 788,593 baht or 5.00
percent. Group A inventory had a variability coefficient (VC) of less than 0.25, in which
all items were suitable for an EOQ model. It was found that the number of economical
orders for Group A inventory ranged from 5-11 times a year, and there was a reorder
point (ROP) when the inventory was reduced to 3-18 units in the warehouse. A
comparison of the current model with the EOQ model showed that the EOQ model
could reduce the cost of ordering by 197,386 baht or 58.03 percent, and the cost of
storage by 5,213 baht or 3.39 percent. In total, the cost of inventory was reduced by
202,581 baht or 41.02 percent per year.
Keywords: Inventory management, ABC analysis, Economical order quantity,

Reorder point, Construction materials and equipment supplier
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3.4.2 Aumatdanglunisiuine (Carrying cost) Usgneausae (1) liuamu
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. . yaAsdwe | Sevazyann ndu
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(un) dedy (Souazdzdy)
A 14 11,043,728 70.02 70.02
B 83 3,940,501 24.98 95.00
C 153 788,593 5.00 100.00
FU 250 15,772,822 100 -
AN519% 2 swamsﬁué’wmﬂé’aﬂfjm A NN ALY
s1asa |[USUanis .  LGH
. .. . .. o |79 |Joway .
a1nu 319N1TAUAT (316) e | 1dsiad | Yamn
. (Um) | yamn
(U ) (¥U8) BEAEL
1 Lﬂéa\‘iﬁﬂﬂauﬂ%‘m (TS-420) 30,300 43 1,302,900| 8.26 | 8.26
2 anela (07-0425) 590 2,120 1,251,648 7.94 | 16.20
3 | desnbugiu (GTP-3000) 41,000 26 1,066,000| 6.76 | 22.95
q mﬁﬂiwjﬂému. (8115075) 3,520 270 950,400 | 6.03 | 28.98
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10 | ludamén (14-066T) 7.640 87 664,680 | 4.21 | 58.75
11 | nmily (G-600) 363 1500 | 544,500 | 3.45 | 62.20
12 | ndeeduly (KT-3500) 15,180 35 531,300 | 3.37 | 6557
13 | 1a3eaanzAaunin (DZZ031) 7360 a5 331,200 | 2.10 | 67.68
14 | sofuesosnaunss (FW-20) 14,200 26 369,200 | 2.34 | 70.02
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A1519% 3 ANFUUSEANSUUTUTILAUAIAIASINGY A

Vunaudsde Variability
a6y $IUNTRUA d?
(ue) L Coefficient (VC)
1 TS-420 56 806 0.03
2 07-0425 2,675 1,575,625 0.10
3 GTP-3000 45 337 0.16
4 8115075 300 15,600 0.04
5 MB-30 146 2,528 0.07
6 ST-560 605 46,725 0.02
7 W-8815 1,260 181,550 0.03
8 ST-320 740 72,150 0.05
9 AR-650 64 546 0.07
10 14-066T 100 2,314 0.16
11 G-600 1,700 293,000 0.22
12 KT-3500 42 288 0.14
13 DZ7031 60 564 0.10
14 FW-20 49 381 0.11
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ansad 4 eldanelunsdade
18015 AldEne (um)
1. ALTUDINTINIU (F1UU 5 AL) 474,000
2. AnldfdeYanAudes 9,787
3. Anldgnglunisdeans 32,364
a. eldanegunsniiedeadou 500
5. Anlganemstrseinwgunsaldtdinau 37,410
sauAlgIe (Um) 554,061
Sruanludeda (PO) 450
Anldneluntsdedonanss 1,231
A997 5 U‘%mmmié’ﬁaﬁﬂiwé’mLLazf\;mﬁa%aiwﬂmaa%uﬁmmé’qﬂfju A
AN JIUIUNT
o, Aldanelu| Aldanelu [Wuums) | 5 o ¥
fe | A99nNs e o ez . g| d@e | qadede
nsdsdariajn1sinuinudedonansy
Jensaudl | v |Rudded| L . Uszndasiat {Insi(miae)
. A3 (V) | AU (Um) | (Mure) g
(u) (ve) (P59)
(D) (S) (H) (EOQ) (D/EOQ) (ROP)
1. TS-420 30,300 43 1,231 6,969 i 11 3
2.07-0425 590 2,120 1,231 135.7 196 11 18
3. GTP-3000 41,000 26 1,231 9,430 3 10 3
4. 8115075 3,520 270 1,231 809.6 28 10 3
5. MB-30 7,070 120 1,231 1,626 13 10 3
6. ST-560 1,682 500 1,231 386.86 56 9 6
7. W-8815 780 1,050 1,231 179.4 120 9 9
8. ST-320 1,390 550 1,231 319.7 65 9 6
9. AR-650 13,800 55 1,231 3,174 7 8 3
10. 14-066T 7,640 87 1,231 1757.2 11 8 3
11. G-600 363 1,500 1,231 83.49 210 7 15
12. KT-3500 15,180 35 1,231 3,491 5 7 3
13. DZZ031 7,360 a5 1,231 1,692 8 6 3
14. FW-20 14,200 26 1,231 3,266 5 5 3
591 144,875 | 6,427 17,234 33,320 - - -
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dlefiarsanasinvesalddnslunmsds@oned wazaldsrglunisifiusneives
Audasedangu A annsnisudleusunulunsdsde dundlunafuin uasfumuiudn
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wuuiagliu wulBinaunsdedaiivszuda (E0Q)

. Aunu FIUAUNU . AunNu FUAUNU

1EN5EUAN ﬂul/p; sk Audag m}i sy Audag
medwe | . nmsdee | .

sneneeld | Aasnal nwRal Aasnal

ol (Um) ol (u)

(Um) (Um) (Um) (um)
1. TS-420 7,562 24,392 31,953 13,233 13,938 27,171
2.07-0425 49,240 8,526 57,766 13,315 13,299 26,613
3. GTP-3000 6,401 23,575 29,976 10,669 14,145 24,814
4. 8115075 22,158 8,200 30,358 11,870 11,334 23,205
5. MB-30 29,544 4,065 33,609 11,363 10,569 21,932
6. ST-560 55,955 6,500 62,455 10,991 10,832 21,823
7. W-8815 35,904 7,516 43,420 10,771 10,764 21,535
8. ST-320 18,299 5,914 24,213 10,416 10,390 20,806
9. AR-650 6,771 15,870 22,641 9,672 11,109 20,781
10. 14-066T 26,774 6,400 33,174 9,736 9,665 19,401
11. G-600 52,757 5,890 58,647 8,793 8,766 17,559
12. KT-3500 21,543 9,450 30,993 8,617 8,728 17,345
13. DZZ031 3,693 12,690 16,383 6,924 6,768 13,692
14. FW-20 3,556 14,697 18,253 6,401 8,165 14,566
33U 340,157 153,685 493,841 142,771 148,472 291,243
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Abstract

The research aimed to present a method for determining the coffee ripeness
from photographs in 4 types of ripeness: red (ripe), yellow (half ripe), green (raw) and
brown (very ripe) by analyzing color characteristics with image processing. The research
process consisted of 4 stages. First, a color was converted from RGB to HSV color space.
Second, colors were detected within a given HSV color range. Third, object contours
were detected. Fourth, the object was framed. The results of testing the system
performance on the accuracy of coffee classification from photographs showed that
the efficiency of red (ripe) was 97%, yellow (half ripe) 95.67%, green (raw) and brown
(very ripe) 100%. Therefore, the average system efficiency was 98.17%, which was very
high. It can be concluded that the methods for determining the coffee ripeness from
photographs will be very useful for developing a coffee color sorter.

Keywords: Classification, Ripeness, Coffee, Image processing, HSV color space
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Red [0, 50, 50] (8, 255, 255]
Yellow [15, 25, 25] [25, 255, 255]
Green [34, 50, 50] [38, 255, 255]
Brown [0, 0, 0] ([0, 50, 50]
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Falunsmuunsyauadlneldlaseasaensissd (Array) aeluasdseneulusae

ANUBY H ABAE S AIAIINUTANG way V A1ANadng Geagldonsisd (Amay) 2 galunis

a A = A

ArunYaveed Ao Ynvee Lower Aoadngn wazld Upper 1udndasgniisiosnis felu

Y 9

[y 1

mnseaumdiiaeglugienimuall awgnesiadunsdu lneimuaseaudeg e 34-38
2 & = a a a | & & = oA = = a | =
Fuuhuandvesdilen-fu 939 15-25 Falutiandvesdinio-Naanidiu wagyie 0-8
| = = =8 & 9 a <
Jutisandvesduns-gn uasduinia-gnuin audu 0 - 0 uasdSuauuiand uagaiy
aina Iveglurravesdveananiu

3.3.5 NM3nTadudnegluyed HSV Nivun

TngazldAds cv2inRange Wadrn A uaseavanunmiwlaadu HSV

sonun tneldrndan (Lower) U Adasgn (Upper) 1Uuga9wosd7ifeants uansdanind 6

ANN 6 MINTIIFUENEYLWYWE HSV Aifmun

3.3.6 NINTINTUFUNTIVOIINY
Tudumeuvesnisnsadugunssvesingléeds cvafindContours Fufawys
AmesRanuIfivhnsdvseRuaEls Tnsuanadududimdosuveuwavosvaniun Tng
S¥UUITeIuAALAazinwalaanseudmdesls udrhluiuTeufisusurasaiduiuuud
Tuinliudmaedsvesrdneulainnseiudla wazldmds cva.contourArea lunisifiu

| Y A v .Y ] Y] z-:l'
ﬂqasU@\TlmqLW@L%WQ%U@@UW@IU EAAIRINTNN 7

A &

dl L o
AN 7 mﬁm’mwgﬂmwanmq
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3.3.7 M3Ansouing
Tud Ut uneULaEINNNg LAUAFULLAY (x ) HagAIAINNNIINANES (w ,h)
maﬁmqﬁjuq fref1de cv2.boundingRect ntuaziiAf Ay (x ) WagAIUNINg
ANEs (w,h) luadranseudunasuudiumisueanin Frefds cv2.rectangle kagviIN1g
uamanmidinseudunsdenseunseuresing lneidenamzfinea (Pixel) oglunsouvosa
nuidudefiaziluiiengiimanunineglutisderlsmuildtmunseduad 15 4
5EAU nMsUMegvesdwanniun andeeuluddiduvesunasdidusaudnniun e

Wunisiadafunszuiunssuundnaniunuansfianini 8

A9 8 Nsnseuing

4. Nan1338
N5NAABUUIEANSAINNTIUUNAINGNTBINANUNAIENTUTINANANNUT YA

Tnemsvaaes m ermsanzgaamnIsuwazmalulad UTam $u 6 anmeluladiengsy
Aoufiames wnineaewmaluladsivusrasnulndns Inenvatilnatva lnsuvadunis
nadeuANanILY 4 LU Ao Auns-gn Andes-feanisiu Ader-Au Fdena-gounn taeld
Trldamduau 1,200 a1 Tnguusnmananiurlas 300 M LazKARIANAIUYNABILIUE
Tngsamuansdsnsned 2 wagiiausnisnaassdu Confusion Matrix tieagldmuinly
duiisuuninty IFuundunuidesls uansimissd 3

ad

M15199 2 NMFTIMUNANUGNVDINANUNAILNTUTLINARANINUTY

. S | Swrunni Srwaun il AUQNFDY
ananiun 2 . v . "o
Nnagau Fuunla Fuunlyla a5 (%)
duna-gn 300 291 9 97%
Aivdea-Aagnidu 300 287 13 95.67%
\Wen-Au 300 300 0 100%
durmna-anuin 300 300 0 100%
AaaguTIL 98.17%
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A1519% 3 m'ifﬁ’lLLuﬂﬂ’J’luajﬂﬁuaﬂwaﬂ’lLLWLﬁu Confusion matrix

Funs-an | wdesds | W@ea-du | Buwa- | Precision
gnnadAy gnuan
duns-gn 291 0 0 9 0.97
fdes-Regnishu | 0 287 13 0 0.96
\We-fiu 0 0 300 0 1.00
Fthana-gnann 0 0 0 300 1.00
Recall 1.00 1.00 0.96 0.97

5. djunauasn1seausena
5.1 MIWRUNTEUUNMSINUNANUGNVINANWHAIENTUTENIaNAN WU 3G
sAdeiliunmataunszuuduuneugnuessaniud Taenszurunsyauly
druvesszuuUsEnouieNslinseianAudnvarvesd laua 1) nsuuasedain RGB 1y
U3fid HsV 2) msnsiadudfieglugaed HsV fidmun 3) Msnsradusunssesing uas
4) nsinseudng leenszuiumsliaseinudnuaeyesdnansun Tudiunisviauveanis

a

91999 RGB Uay HSV Huilinuaenadeiu Isegns uavany (2564) lagladnwinisdnuun
ANANTBING LRIV UagaLlun1sAnwanvuzveInumiganveanalglunsengian
Y] ° a | a ¢ Y =
nseuddnuFulsenu lnedwadanisussinananinludiunisiinseiainaasnvaed
Leun wuudnaes RGB uar HSV iieladeyadmsutnluvinassmennaiefdnludd lne
UsEANSNIMAIINYNABIYRINTITIMUNAIINAMEIBWINTU 86.27% Fe5zUUNITIIUUNADIIY
ANUDINANLNAILNTUTENIANANMUTONE NimnTuluansadmwamIdeluldiuinses
FUNTEAUAMLANVRIHAN AR VAL NI UEEedlneUssgnAldausIniuLDsA Raspberry
L= & s ° 1Y) ¢ s A o a ¢ a I3 a
Pi Faluvesamuaumsinundnvessniawss edwulileduesd A loduesn B uazled
I3 = = PRy | o -]
waen C Tlun1siamaniurudazdaunloimuliludimveinmsiauigenduls nvisaunse
iluussgnaldiunuaumsineasiunisdwunanugnuassiskasinduseluldluouian
5.2 MINAADUUTEANEAIMUBITLUUMITIUNANNANTBIHANWIMIEN1TUTEIIAHA
R TRRHG]
mAdeilldusznulunmmaaeulneliseasideaiidelunsmageu As dveauaniw
U MANAFOU TWIUNMATuNLS TunmATuunlale azaugnaedaesiy

v a A

(%) 1PgNavaINITIMUNRAUULARIINAVDINAN IE S NYMEAWA0e-Nanndiu Audides-
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a a [ 2

fu osnaavosniuwiusgnldldindestimuaiidnuasdideegthadnten shlvuans
naaauiinuRanannegseaunis SsanunsaagUlddsd Ananiud § 4 uwuu Ae 1) una-gnld
A 300 Tnsnwdisuunls 291 Suunlalld 9 Andudrmnugniedaesin 97% 2) Awdes-
AsanAsauldnim 300 Tnsamisuunls 287 Suunlalld 13 Andurmnugndedassiu
95.67% 3) ATea-Au T 300 Tagamiiswunls 100 Swunlalls 0 Anduriaugnsios
Tnesau 100% waz 4) Fma-anunn Tnm 300 Tenniisauunld 300 Suunlails 0 An
Burranugndeslaesn 97% FawainAranugndedlassiuis 4 wuu aguaAnadesy
UszAvEamuesszuuegil 98.17% dellanuaenndosty sulvi wazany (2565) d4linan
agulilumsunmanaaeumsdausnvesilada fall Ussinnuesd 4 uuu Ae 1) nvtes 19
A 50 Tnsnmdnuendniala 48 dananlidnse 2 anugndeuiniu 96% 2) vaawia 14
A 50 TnanmAnwendniald 49 Aauenliddnia 1 anugndewsindu 98% 3) naeq
nszauldnin 50 lnenmdnuendiiald 50 Anuenlddnia 0 Arugndaavindyu 100%
way 4) wananainidnin 50 lnenmdauendsald 50 Aauenlddsa 0 mnugndeaviniy

100%

6. AnANTIUUTZNA
YavauAUINgdemalulag Saulndunsniinuatduayuussandauyseunn 2560
Ty Al AB6/2560 wazvevauRnteyadntssTsulydtunisivideyauaznanundnsuly

Tunsafiuideluasslaudsaganslused

7. 1BNEN591999

AU FUNIA, AU é?wsﬁmﬁaqa, ey TnSnsesa, news yayy, Unseal doamag, Wy Wuges
vy wazfignd 18o5390. (2564). msadnnudnvazeddfiieUssiiunudsdsa
R aua1lulnf 901 USEUIananIn: ANSNUNILISIAUNTIL. 2M581539101551%
IneaegRInTal, 3(4), 230-245,
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Abstract

The purposes of this study were to experiment and create an innovative ball
formula for rice cultivation, and test the physical properties of clay before and after
firing. The data from documents and sources were studied to obtain as much
information as possible to have clear and definite information for the possibility of the
innovation. There were two stages of the experiment. First, the formula of the
ingredients was investigated by specifying 3 types of raw materials: local clay, rice husk
ash, coffee grounds ash, and activated carbon (20 Percent). The frequency of raw
materials was setting at 5-90 percent. The materials were mixed and formed according
to the specified ratio. Second, the physical properties of stoneware clay were tested
both before firing and after firing at 800°C. Then the mixture formula was selected. The
most suitable physical properties were formula 7, with the mixture of local clay 30,
rice husk ash 35 percent, coffee grounds ash 35 percent and activated carbon 20
percent. After firing, the shrinkage was 18.21 percent, strength (kg/cm?) 1 percent, water
absorption 92.05 percent and ability of water absorption 92.05 percent, and fire
resistant. Then the mixture was molded by hand into the forms of 4 spherical balls: 1
centimeter, 2 centimeters, 3 centimeters, and 4 centimeters. In conclusion, the results
showed that the clay could maintain shape after firing and be molded with a specified
shape. It could be used for real practice and produced by a simple forming process
without having to rely on technology. Also, it could be extended to produce for sale
as specified.

Keywords: Innovation, Pottery ball, Rice cultivation
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3.1 Maneaesgmsdiunanvenionuiunmaasiofuiualnudiielddmiy
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ATy Juartidininnu (daeifiunnunsuiuaznisgadueutiu) didu Sosas 20

FIUIU 9 ALY AIASI9N 1
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