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ABSTRACT

This study investigates size distribution of particulate matters (PMs) and risk assessment of respirable
dust and total dust from 4 street side restaurants during cooking and non-cooking activities in Nakhon Ratchasima
province. DUST TRACKTM DRX Aerosol Monitor was used to measure the level of the PM samples and the risk
assessment was performed based on Notification of Ministry of Industry B.E. 2555. The results indicated the cooking
activity led to increase emissions of PMs. During cooling, the average PM1, PM2.5, and PM10 concentrations
were 0.127, 0.133, and 0.135 mg/m?® respectively. The mean respirable dust was 0.131 mg/m?®, and 0.140 mg/m®
for the total dust. During non-cooking, the restaurants, had lower emissions, 0.066, 0.067, 0.073, 0.068, and 0.07
mg/m?, of PM1, PM2.5, PM10, respirable dust, and total dust respectively. The risk assessment matrix of respirable

dust and total dust showed acceptable risk levels.

Keywords: size distribution of particulate matters, street side restaurants, risk assessment

1. LN

Fuenives nefinaisgluny me:mmsﬁmflmﬁaluﬂaﬁ'ﬂﬁfﬁwwﬁnﬂﬂuﬁmwﬁaams Uszine
Inaiastoduunsiarmsfiddyuadlandndazmeanits lusnmiziessgfauazmauniszunevadhialaia vilw
Uszmaudasmsaadnldane vliwganssunisuslnavesanlnglud 2563 wawnsulssmuiuwenmsanadsndu
Fudialdunnd sl ﬁaﬂww]‘Naﬁmﬁmﬁgﬂﬂ'jwﬁﬂﬁﬂimﬂ'@@iﬂ%ﬁ’]ﬂu%%ﬂi:a‘iﬁ% annamsiszneums
s btan liwuildiedenisuslaa anafiduermsvesinelud 2562 aTuw‘i'@ﬁﬁ%mmm‘smﬂﬁq@ 5
duaufadanialauingamwaniuas 71,207 $iu 1Boalna 14,751 $1u 1ayT 12,405 $1us uuny3 8,726 S uaz
WRIABATINTHUN 6,921 37% [1] %aa”mﬁ'ﬂumiwﬁmmaﬁaLf]u'«i':mi'@ﬁa@é’ué’uﬁﬁ%umﬂﬁqmluéﬂﬁuﬁ 5
Ysznaunuswandszmnafidannte 2,582,089 aw [2] 1ud w.a. 2559 aiwmu%mmmsﬁvl,@ﬁ'umi'%'mmmmgm
maamzmaammimqﬂuﬁuﬁﬁh%i'ﬂumiw?xmfﬁ']mu 8,070 U [3] lm‘hu’m%ﬁuﬁ']mmf:muslmgLflu%'mﬁ']
2 IANSS Lnzanunsawy levialy

Suanmsaadsduhuomsing laviald maﬁﬁ%a@iﬂag}ihﬁwumswﬁuﬁw VI WHANAITWI U BI8
mﬁmu‘%nmmaﬁmwﬁag’u‘%nmnuuﬁﬁmiﬁ@m‘lﬂmmaasnyu@i’ Mlimasnsznsvesduszeasumaianly
vrssnmegadudssdudng 9 Aimasimssmwnsalan ssdmamwmazaulanuazszaupiine uaziszinelng
ﬁ"paﬂi:maw%'wmniﬁiiumaLLa:m:mNmﬁﬁmqmvlé'l.ﬁmméwﬁ'tyme:ﬁﬁé'ﬂgmmﬁmmiaﬁua@u‘*ﬁ'ﬂmuﬁﬁ
Auazaasnwaianialiiianansznudeguawuestszmau valsanmeszuumadumela lsadandada lsadan
q@r?m‘%ra%'a lsanalauazaaaiien IiﬂuzﬁdLLazq“umwamﬁwaoLﬁﬂ \udn (4] Juazaaszmaianae Quﬁﬁ*’um@]
Winnd 10 luasan (PM10) Manfisduamna 2.5 luavau (PM2.5) 6 wazwinduazaaszmalinganidanasgn
ardonalimInedy sruumadumsladisdu 7% —20% msthodelsassuumadumnslafindn 55% ms
aodslsaszuy walauaznasatdeaindn 2% — 5% nisthedslsaszuuiilausswasaidoatindu 5.3%
;Egamﬂqﬂmﬁam:uumdLaumﬂmﬁu 17% ﬁgxﬁmﬂqﬂmﬁmismzuuﬁﬂaLLa:mamﬁamﬁu 7.6% wazavinle
snwdaaluldnueag miﬁnmwam:‘nwaaﬁgua:aaa@iaqmmwamﬁ’waaﬂswwu’[ungamwumum WU
MISUAEIZ AWM SFURE PM10 Sl,uﬂgamwsm'mm% faNUFUWKENLMIANN aWIANaWAITUTZNN I 4,000 119
5,500 elundasddotszoing 10 §1uewn uazluudazsuiiszdn PM10 gd“ifu 30 pg/m® 8A3INN3ANBAZLRNAY
Souay 2-20 imatsumasnsaalulssnenuaiitasanmaduthedalsaszuunislauas lsnszuuvseniian
ﬁaimﬁgs%ﬁaﬂa: 5-17 1ilovzeuas PM10 gamgu 30 pg/m® dwsuluiuifdanuuandses PM10 1859010

JEET 2021; 8(1)



ML UL RIS TN UM IS U RUR R BUUD U NN A Y NOBAN LWIDN3D UaZADL

http://jeet.siamtechu.net

dhein [5] [6] m%wﬁwmmsmué’lﬁdLfluaﬁwwﬁaﬁﬂama%'ué’uw”m!ua:aawmmﬁﬂlmmmm § FIVTHING
m:ﬂmia;iﬂﬁﬂ“mm%umaLfluwaﬁ'ﬂﬁt,ﬁ@mm‘svla wiwwihanviameladiunnlddesi [11]
mﬂﬂrgmﬂﬂ”ﬁm”uﬁ'“ﬁmﬁuﬁuﬁaNam:‘m_l@iaqmmwmaaQﬂizﬂaum%wﬁwm%ﬁmwé}d HIT839vime
anviasdTnaanudndy wszlsidumaiusudadurmaidnuwads 9 Usznaudas PM1, PM2.5, PM10,
Respirable dust Laz Total dust ﬁmadwam:ﬂmiaqmmwmm;‘Tﬁﬂmmimm% 'smﬁam’%ﬂuLﬁuuﬂ%mmﬂmmu
LLsmmm@ﬂm"mnmﬁﬁmiﬂizﬂaummigaq@ wazgasn il imsdsznanams I@Magaﬂ%mmﬂua:aaaﬁvlﬁ

nmyienet manndwlayafugiulunmamadrdiansznudagunmwlédas

[ ¢ a o
2. mqﬂsxaaﬂmaamsaw
2.1 Lﬁaﬁﬂmﬂ‘%mmﬂmmuLmn"um@maa;jﬂszﬂaum%wﬁwmmmmmé’o’%muu
A = A a | ' Aa \ AN A
2.2 LWE]LﬂiEJ‘]JLY]EIUﬂiSJ’]MD:!uLLUULLEIﬂ“lIW]@]lWE’NL’Ja’mwﬂ’]iﬂizﬂaua’m’ﬁﬁ\‘l ﬁgmmzmdnmﬂvluumi
Uyznave1nig
2.2 Lﬂ'a‘ﬂi:Lﬁumwmﬁmmﬁué'uN”asgw,muLLsm“ummaogﬂi:ﬂaum%wﬁwﬂanmimwa‘?'ﬁwﬂuu

3. A5 AnN13IY
mifnIsuassidumsanun3ssigeinsa (Survey Research) uaziunsasaiadTunaruuuuuen
mu’mmi,mﬂﬁ'sULﬂ%aaﬁuﬁﬁmuag&mﬂmmmﬁﬂ (DUST TRACKTM DRX Aerosol Monitor) @sl#namsasiaiain
ﬂ’%mmsﬂumﬁ'ﬂlmmﬂ@m 9 'leurd PM1, PM2.5, PM4, PM10, Respirable dust ka2 Total dust lunsinadadniusa
ANUNANLAT (mg/m?) [12] Lﬁanamqmrmi’@qﬂnmﬁ’uadmuﬁﬁ’ﬁﬁaﬁmimﬁuﬁﬂmmmmumﬁwluﬁuﬁ
SunwuA IR RIS I aUATII TR BIT U IINNRIRASHIUUS WU 4 1o \uTayataLAauNnAIMEY -
Sumnay 2563 1w 1 5919 lasRansannnuafiausulngunlfuimuemslugrainnansiunsaiian
waaanulutrndudefanauandreturasudssin ﬂi:nau@"hmluﬁ’mﬁﬁﬂ'ﬁﬂi:naua’lmsgaq@mam@iaz%’m
F2907810320 0k 12.00 — 13.00 1. foFIui 1 893 U7 3 waztaaUszanms 17.00 - 18.00 w. Aofudl 4 ussludae
Lamﬁvl,ajﬁmsﬂi:naummsﬁai’u%qmaﬁmmmmwé’l\i
3.1 Lﬂéaaﬁaﬁlﬂumii’mnwﬁaga
3.1.1 mnﬁu@u"ummﬁﬂﬁ'sﬁLﬂéaaﬁuﬁwmuagm@mumﬁﬂ
ﬂ’]iLﬁUﬂ”’J@ﬂ"]\‘iBgu“llu’]ﬂLaﬂﬁ’JULﬂ%ﬂdﬁUfﬁ’]%’J%a%ﬂ’]ﬂ“llu’]ﬂl,ﬁﬂ (DUST TRACKTM DRX
Aerosol Monitor) Serial Number 8533144510 [15] tdwnasiny ﬁaaﬂwalué’nwmzﬁvuﬁ (Area Sampling) Lﬁam
ﬂ’%mmmwmﬁuiumaa@u‘[ﬂmoﬁ'mmamzaznmmsﬂizﬂaua’lmmazvl,sjﬂizﬂauamwmaagﬁfﬁwmmimwéﬂu
sepzam 1 5l leamnualiie3ssfiagiuen (Time Duration) nn 1 wift Tevisin 60 6 shodanmslvases
91Mel 3 Anawdl uahawaaiy 1wﬁwLamﬁa:ﬁ@m%’uUi:mummimﬂﬁqmaai’u‘naﬁmﬁwLL@ia:%ﬁu
LLaﬂumﬂuﬁ'saﬁMﬁgﬂﬁw lasmanInusnawineymald 5 1wna Uiznaudmsdusmaidnndt 1 luasau (PM1)
Auswiailinndn 2.5 luasen (PM2.5) c!uﬁmmsnmﬁ;jizuumaLﬁumﬂﬂﬁ (Respirable dust) [14] HuwaLan
A 10 luasau (PM10) U8z (Total dust) 1uuﬂ’mﬁan%‘miagnmﬁmm (mg/m®) [9,10] LLé’ﬁoﬁﬂmagﬂLflu
AR K SRR G T NAT R R Twmtuinswseszsneuzysssn fagasiwlunn sz me iy
“ITE]%IQ‘%OLf]u@ﬁLLﬂ‘iLm‘iﬂﬂlaNﬂua?ﬂuﬂ AMIATIVIARNBULNINE AW LG qmgﬁi@mLaﬁﬂ (°C) AT (%RH)
AMNAY (MmHg) WAZANNLIIAN (m/s) é’ﬂwm:mimmi’@Lflu"l,ﬂmugﬂﬁ 1 udhanassflaluninsanly
Uszfuanuieafisuiumsiusudmanizadadrtannudutwaisvasmaadluanmaasaaasmiies

(OEL-TWA) LLa:IamamiLﬁﬂwammmiaqmmwmm:é’ummﬁmﬂﬁ%’ué}'mfl'a aNTaN 3.1.2
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zﬂﬁ 1 ﬁ'ﬂwmzmwma"i'@ﬂmmu LUNIUWIAA mﬂ%aaﬁfmi'lmuagm ATWIALAN

(DUST TRACKTM DRX Aerosol Monitor) 51 anwsaas

3.1.2 miﬂizl,ﬁumﬁm%immﬁué’uN"'acguﬁmmml,ﬁﬁgi:uumaLﬁumﬂlﬁ]vlﬁ wazusaw laold
ATANING
mi'ﬂ‘mﬁumwL%I'mf?l,‘ﬁﬂsuﬁumi%’uﬁuﬁacﬁmmuLmnmmmaaﬁﬁﬁmmmmmé’ﬁ 4
ﬂs:qn@i’mnmsﬂiuﬁumwLﬁﬂdé’ﬁ%ﬁﬂﬂﬂﬁ@iaq"umwmuﬂs:mﬁm:maaqmmv\mm W.f. 2555 ¥10331%
w5@1ﬁ'meﬁq@mﬁﬂﬁumsﬂiuﬁumwL?imﬁmmimﬁ@iaqmmwmaa@l’ﬂﬁu”‘mmlukamuaq@mﬂmm: 18n.2535-
2555 [7,8] I@m’?mﬁ:ﬁﬂmu‘gmmmnmﬁh suHERuAfaaIzazANING uiaiu 5 szau f9017197 1 lag
ﬁ'wgu‘ﬁ'mminLﬂT’]gj«iﬁ:uumaLauﬂmh‘lﬁ (Respirable dust) Wazi%32 (Total dust) ansziiiwiisunuadadnng
anuTuTwaieasmitadluanmanaaaiia msringm (OEL-TWA) AN TEMANTNFIRAN IULAZANATOINTIN
389 FasiannuiTuTurasmInisuasg w.a. 2560 [13]

A9 1 (i]']i’]\‘1’QJLﬂ‘i’]tﬁﬂ’]’]u‘g%u‘id‘ﬂ?ﬂﬂ’]‘i%’u qa N”al:{!u@aamwm MNIIVNN®

R, Aadua NN TNTUaN AN UGN

U

@197 10% VaIFNTAINNAAN VT NI WALV BIRIILAN ka1 NN
ARDALIAINTH9IU (OEL-TWA)

@191 50% VaIFNTAINNAAN VT NI WA ALV BIRIILAN ba 1NN

2

ARBALIANNNTTNIIY (OEL-TWA)

@91 75% VeIfNTaINNaa U NI WALV IRILAN a1 nNa
3

ARBALIAINNTTNIIM (OEL-TWA)

WiNAU 75% 0149 100% Vadfndiadnnaanu Nt waduvasansiadle
4

IMANRDALIAINNTNIIM (OEL-TWA)

' P A o @ v o A Al

§9N91100% vesfndiadnaanuTuTwad HUDIFNTLAN bD 1NN

5

ARDALININIINNNIW (OEL-TWA)

mﬁmﬁ:ﬂamamil,ﬁﬂwam:‘nmiaqmmwim’imm:ﬁmm:ﬁummﬁm‘s"lﬁ%’uf,%'uw”a udvaanidu 5
20U AUANTIIN 2 WRIINIAATIZRANNTULTINNMTTUFUHE LLa:IanﬁaﬁLﬁ@Nani:ﬂu@iaq’umwuﬁ's i lUda
sreuanuEns lasudsaandu 5 szau ldun 326U (1) vansvld 32au (2) Won 326y (3) thunans 320U (4) &
WaEIZAU (5) 9NN ANANTIN 3
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M1319N 2 @m’mmﬁmﬁ:ﬂamaﬂ’mﬁ@waﬂi:‘ﬂ‘u@iaq"umwmm:ﬁummﬁm{lﬁ%’u AUNE

Jeeu ANNANT WU ANHE

1 W 9 A%1 wzanad lasumssuiaAesurE 1 asadedl
2 laivioy qwila 2 f9 3 adaciadl

3 Uoy fua 2 A39 B9 3 AsvdaLien

4 loy q auradaiiios 2 Talus 89 4 $alag dane
5

15231 sUNRGaLHBIOREANING

A1519N 3 TAUUILLAUANULRIINITUFNNT

. P FLAUANNLTNTU MINUKE

J2AUANND ~
1 2 3 4 5 AU W ST

1 1 2 3 4 5 1645 pansUle ()

2 2 4 6 8 10 6148 %ag @)

3 3 6 9 12 15 9 f14 15 Uunand )

4 4 8 12 16 20 16 119 20 g @)

5 5 10 15 20 25 21919 25 9NN (5)

3.2 ﬂiz’ﬁ'msl,l,a:ﬂéué‘aasi'm
Uszansfivnnsanunluesoit Lflmjﬁwmmsmuﬁa%aagjiam%muuuﬁmﬁﬂuﬁuﬁaﬁﬂi’@
UATINTRN ﬁﬁmé’nﬂﬂﬂm $rwan 4 3w Tasfudagilugiefimadszneu DMIFIFAVDIUADZ TN uazluag
AlimsUsznevams AveuAguMITL eIz lasfinausinsAawin (inclusion criteria) maanq’m‘ﬁasm
Fait 1) Lﬂui”mﬁwﬂsxmwﬂi:naumiﬂ;ommsmw{f{l 2) Lﬂ%%ﬂ%ﬁﬂﬁﬂgljﬁ@%unuuﬁﬁinz%'zya‘s"l.ﬂm 3) Waulu
°1h\1nmmimmﬂ"@ﬁmmw:ﬁmﬁtym"[ﬂmmﬂﬁqﬂmmmﬁaﬁ'ﬂmué”ﬂwmzmmLL@iaﬁﬁm"wmu 1 Faluaduatng
%oy
3.3 MIAATEARNANMIANEN
FOALTINTIOLUN (Descriptive Statistics) ﬁlﬁﬁ"amﬁl,ﬂﬁ:ﬁ‘ﬁagavlﬁlm fnauas (Percentage : %)
wgasiduanad (frequency) fady (Mean) @hLﬁmmummgm (SD) mmﬂﬁﬁg@ (Max) LLazﬁamﬁqﬂ (Min) 1ie
mimyé’nwmzfa;gamaammLiuﬁmaaﬂ%mm@mmuLmﬂmmﬂﬁvlﬁmﬂmnﬁw”’sama‘[ﬂﬂ%m%aaLﬁuﬁ'sa:ha@u
éﬁﬂLﬂ‘%iaaﬁfuﬁwmuagmﬂwmﬁﬂ (DUST TRACKTM DRX Aerosol Monitor) LmzagﬂmiﬂszLﬁumwmﬁmmﬁu
qu w”mgummmﬁﬂiﬂu‘imﬂzﬁmnmwu;mmLLazIaﬂwaﬂwsLﬁ@waﬂszﬂu@iaq‘mmwiml"ﬁmswLm%ﬂsﬁ(Risk
Matrix)
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4. ayduanisdnm
4.1 wamiﬁﬂmﬂummmﬁmmuLmﬂmm@]agmmﬁ”’;ﬂm‘%f'aamaaﬁuaﬁwmuagmﬂmmmﬁﬂ

msﬁﬂmcgmmuLmﬂmm@agmﬂﬁLﬂumsﬁﬂmﬁ%mmmmmé’ﬁ%muuﬁﬁm‘sé’mﬂﬂmmaa‘m
TasmuSinmanudutusasulasiedsasenszeznmmad fuianuvssfiamnsand 1 520w Tagldiedes
WudwIuaRNIAIWIALAN (DUST TRACKTM DRX Aerosol Monitor) $141t 4 1% F290281n3UITNan s
gagavatudaruluszazian 1 Falug wamiﬁﬂmwmwmmgmﬂﬁ% 4 Hiulunmwmudsznaudisduamalin
a1 1 luasau (PM1) ALafLrinty 0.127 mg/m?® c!mmmﬁﬂﬂ'h 2.5 lunseu (PM2.5) AuafuLiany 0.133
mg/m? duwiaiannit 10 luasan (PM10) ALafBLYinfL 0.135 mg/m? c!uﬁm‘ﬁglh:uumaLﬁumﬂiﬁlvl,éf(Respirable
dust) LR BLYiNAY 0.131 mg/m? wazluI2W (Total dust) ALaRELYINAY 0.140 mg/im® uazda9taafi lidng
Usznauaws szuzam 1 Talas Namiﬁﬂmwuiwm@agmﬂw{i 4 %ﬁuiuﬂﬂmﬁuﬂszﬂau@ﬁm!ummmﬁﬂﬂ'j’]
1 luason (PM1) Aaduiriniy 0.066 mg/m? Auzwiainnii 2.5 luasau (PM2.5) ALaALLYiNTL 0.067 mg/m®
Ausmwaidnnii 10 luasau (PM10) fLaaLLYiNIY 0.073 mg/m? Quﬁﬁw;jswummﬁumﬂa"lﬁ (Respirable dust)
A1LaABLYATL 0.068 mg/m® wazeusu (Total dust) ALARBLARL 0.077 mg/m? ﬁqmgﬁ ANVTW ANNG UAZ
A58 ALaisndinasaua1aei 4 lasusnduiiuewisi 1 - 4 HaUTumAN NI U uLE NI
?Ji«qkﬂ’]ﬂ@]’]ll@]’]iw‘ﬁ. 5-6 é’ﬂwm:nmwLﬂ?ﬂmﬁﬂummﬁslﬂ%mmmmvﬁuﬁmaacﬂu‘*ﬁw,amﬁmsﬂs:ﬂaumvm
gdqwaau@ia:%u Lfluvl,ﬂmw;mﬁ 2

AN 4 HANIATIVIAAURRYWITITLADTNIFIUMININATNNUNLAL A0 VBILARZ I

dadowndines

’3"’1%8’1%1‘3 E‘}mtﬁﬁ ﬂ')']l]%% m’m(ﬁ'u m’]&lL%’Jau

©c) (%RH) (mmHg) (m/s)
i 1 (1) 29.00 60.23 763.5 0.267
il 2 (1) 26.50 57.30 766.5 0.500
il 3 (1) 27.60 56.57 766.0 0.367
i 4 (1) 28.80 59.12 766.5 0.400
i 1 (2) 26.53 64.03 767.5 0.930
1l 2 (2) 27.27 56.77 766.0 0.433
il 3 (2) 28.27 55.93 763.0 0.267
il 4 (2) 27.67 56.27 764.0 0.167

(1) wanoia °1hanmﬁmiﬂizﬂaummsgszgmaaLwiazﬁ"m Fwan 1 12l
(2) wanaii Trnan linTUsznauamisveasudaziu duan 1 o2 lue
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13191 5 YaanaenuuTudulonuwaauna (PM1,PM2.5,PM10) LENauiIUAaIMIInuES

@hmﬁﬂmmmj”m‘fwgmmuLmﬂmmmm}mﬂ (mg/m?®)

RRITGV by PM1 PM2.5 PM10
AVG TWA AVG TWA AVG TWA

il 1 (1) 0.224 0.028 0.246 0.031 0.237 0.030
il 2 (1) 0.094 0.012 0.095 0.012 0.102 0.013
%”]Wﬁl 3 (1) 0.096 0.012 0.096 0.012 0.102 0.013
il 4 (1) 0.093 0.012 0.095 0.012 0.097 0.013
fuade (1) 0.127 0.016 0.133 0.017 0.135 0.017
%ﬁuﬁ 1(2) 0.052 0.006 0.052 0.007 0.055 0.007
%ﬁuﬁ 2 (2) 0.068 0.008 0.068 0.009 0.073 0.009
i 3 (2) 0.079 0.010 0.081 0.010 0.091 0.011
i 4 (2) 0.065 0.008 0.605 0.008 0.074 0.009
ﬂ"]mﬁlil (2) 0.066 0.008 0.067 0.009 0.073 0.009

(1) naneds °1hanmﬁn’liﬂizﬂaummsg\izgmaaLwia:%ﬁu s 1 5alug

2) naneds B flifinsUsnouamsvasudaziin $1wam 1 59109

A7 6 UImAN TN TRARLINIUIABYBNA (Respirable dust, Total dust) LN NN TAN NS

dﬁLaﬁﬂﬂawwLﬁwﬁus!mmmwﬂmm@agmﬂ (mg/m?) 30T -0 sznay
IHANIT RESP TOTAL An (30882) I3
AVG TWA AVG TWA 2 &8 4 &0 (@39)

Hudi 1 (1) 0.228 0.028 0.246 0.031 87 (62.14) 53 (37.86) 13
udl 2 (1) 0.107 0.013 0.107 0.015 42 (56.76) 32 (43.24) 7
il 3 (1) 0.098 0.012 0.106 0.013  51(60.00) 34 (40.00) 6
il 4 (1) 0.090 0.012 0.099 0.013 43 (67.19) 21 (32.81) 6
fuade (1) 0.131 0.016 0.140 0.018
i 1 (2) 0.053 0.007 0.057 0.007 27 (60.00) 18 (40.00) -
i 2 (2) 0.069 0.009 0.076 0.009 30 (55.56) 24 (44.44) -
i 3 (2) 0.083 0.010 0.096 0.012  39(57.35) 29 (42.65) -
i 4 (2) 0.067 0.008 0.079 0.010 31 (54.39) 26 (45.61) -
ALade (2) 0.068 0.009 0.077 0.010

(1) nanai ﬂlmnmﬁmsﬂs:naummsgsqmaaLwia:%”m w1 Talas

2) nuned TrnaflidnsUsznevenmisvaudaziiu $1uan 1 5l
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0.160

0.140 0.127

)

0.120 ::.Jj::

Awady
6

ﬂﬁu@iagnmﬂmum

0.100

v

v

ANLRRYANNLTUY

"10.066 “J0.067

o
o
®
S

o

0.060

4
8

(da

0.040

0.020

0.000

PM1 PM2.5 PM10 RESP TOTAL
HuugnauIe

\ P Y \ N oA %
D "D’NL’Ja’mﬂ’liﬂizﬂauaﬁﬁﬁiﬁda;@madiﬁu E ’H’NL’Ja’m‘luuﬂ’]iﬂi:ﬂaua’]ﬁ’]i’ﬂaﬁ’lu

‘:I Q/ v 1 Eﬁl a U U 1|
JuUn 2 Nz AR US I AN NN T U aur;!u

4.2 NamiﬂinﬁummLﬁﬂaﬂﬂi§u§uﬁas§uﬁawminm]”'lgis:tuumaLaumsfl,ﬁ]vl,@TLLazcgmewﬁme:ﬁ
nanusLnazlamanafianansznudegunmlaslfannaaning
msﬂinﬁumﬂmﬁmmﬁua%’mi’mﬁuﬁmmmwﬁ§i:uumalﬁumu1aﬂﬁ (Respirable dust) uazrlw
373 (Total dust) ﬂi:qnﬁmﬂmiﬂsuﬁummLémﬁmmimﬁ@iaqmmwmwﬂi:mﬂﬂi:maaqmm%mm .6
2555 wudw;jﬁﬂumia:%mﬁmmLﬁﬁaﬁaqmnwwﬁﬂﬁwyﬁu mzuag'mmﬁmivlﬁ%‘u&'uw“’aiumia:%mim%mﬁw
nnuaduuddanuimisudaluszau (4) fo FURENUABIMAG199 Uy 9 duradaiiies 2 dalug fv 4
109 FomM IV % ﬁ@ﬁnnﬂ%mmmiﬂiznaumimmﬂmma:ﬂ%ﬁﬁgnﬁ’]éﬁmmﬁ I@ﬁwaagﬂmsﬂiuﬁu
AULRDINTIL é“aJw”acguﬁmmimﬁwﬁs:uumaLaum 812'lé (Respirable dust) Wa134131NA1 OEL-TWA any
UszmansuaiadnmsuazduATaIuTINy 1389 Tas A NUTRTUTasETAT suaT1e W.e. 2560 litfin 5 mg/m®
Wuldarwensi 7 LLa:Naa?ﬂﬂﬂiﬂi:LﬁuﬂmuLﬁﬂaﬂwﬁué'u HWar1323 (Total dust) Wa1312INEN OEL-TWA
AU IEMANTUEIEANIUALANATOINTING SavdesnannuduTuuesasiedaunae w.e. 2560 luiin 15
mg/m?® iwldanuansni 8

A9 7 NamﬁﬂszLﬁumwmﬁmmﬁué’uwymguﬁmmsnLiﬁ;jszuumdLﬁumf;lslﬁ)vl@? (Respirable dust)

. Aaduysunm AadgenudidTn  Ussifiuenufsimsusuds  ssaums NAN3

Tmen K (mg/m?) mimﬁﬁgﬂﬁﬁmu (%) sequauEdn  seaud SUHE Urzidin
i 1 0.028 0.560 (1) (4) (1) gansule
i 2 0.013 0.260 (1) (4) (1) gansule
i 3 0.012 0.240 1) 4) ) nansule
i 4 0.012 0.240 (1) (4) (1) gansule
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a19191 8 wamIdsziliuanuEsIMIUTEduaNULEBIMITURUNAR I (Total dust)

Uzl uanULREINIIY

. AiadpySum AiafaMaTutu RUNE EAUMI NAMT
Nk (mg/m?®) NIANNHUJUANU (%) szauaw o 4 FUNE SIPHEUY
! “ v o I2OUD
LUV
i 1 0.031 0.207 (1) () (1) gansule
1l 2 0.015 0.100 (1) (4) (1) gauTu e
Uil 3 0.013 0.080 ) @) (1) pansuld
i 4 0.013 0.080 (1) (4) (1) pansule

5. ayduazaflsanansdne

wamsﬁnm@wmmﬁmmuLmnmmﬂagmﬂﬁqmﬂ‘%iawmaﬁfuagmﬂ 9 fiinTdsznauannis
gagavadudaziuluszezIan 1 Falag lasduawialannd 1 luasau (PM1) fadurty 0.127 mg/m® Ausia
wnnn 2.5 luasau (PM2.5) sntadaiyinmy 0.133 mg/m® duzwaldnnin 10 luasonu (PM10) diadowinniy 0.135
mg/m® Quﬁl,*‘ﬁngizuumalﬁum ala'le (Respirable dust) ALafLvafiy 0.131 mg/m® WazH 30 (Total dust)
fLaduLinniy 0.140 mg/m?® wazgnan i imsysznouenmsvsndazuluszozaan 1 1alug Qmmmﬁnﬂiw
1 luasau (PM1) ALaABLYINTL 0.066 mg/m?® Qummm&nn’h 2.5 luasan (PM2.5) ALaABLYiNAL 0.067 mg/m®
Auswiailanndt 10 luasan (PM10) fafuwiny 0.073 mg/m3 Quﬁﬁwgﬁ:uumaLaumﬂavlﬁ(Respirable dust)
A1LaRBLYNAL 0.068 mg/m? WazH13W (Total dust) ALRALYINAY 0.077 mg/m? AafgnIITiaan19aIn
MUNIN N AMATU AUAH UAZAINLTIANTBINARTTIUTUANEN T LLazﬂJ%mminﬁé’rgﬁmuvLﬂ -4
Nuananarude wauﬁsmLﬁﬂuﬁaaawaanmﬁamanmﬁmsﬂi:ﬂaummsg\agzm wazgananlidnslsznay
pmnIuaasisdTanaulusinadng o ﬁﬁumiﬁ,’uLﬁ&l%%i:%dﬁdﬂﬂiﬂs:ﬂaummmﬂ%mﬁﬂﬁmsﬂi:naumvm?
muéﬁﬁwaﬁﬂﬁﬂﬂmmmﬁa q fuFinouRuanalyde HamaLIouisuAUINasg M ITURIHEE W gz
natauniala’la (Respirable dust) AN IEMANITURIFANTUALFUATAINTING 1509 SasniannuTutues
aadauae w.a. 2560 laifiu 5 mg/m?® uazeuidn (Total dust) Laitfin 15 mgm?® Laitiuauuiasguiinua
NN u,azﬁrmwamiﬂs:LﬁummL?Udﬂﬂi%'ué'uw”asguﬁawu'mnLﬁwghzuumaLauwmsl,avl@mawgumﬂ@U%mezﬁ
mnmmqmmua:lamamn’ﬁ@wamwu@iaqmmwiml%mswmw%nsﬁfu umsdssduanufesainmssu
é’uﬁammgﬁﬂmmimuéﬁ I@mQﬁﬁmm‘smuﬁdﬁmmﬁ'm‘sé’uﬁa‘l,m:ﬁ'u (4) Ao fudaton 9 sudadaLiias2
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Adany : Udasmasnimadussanfindszuisameaiinnumyiaqilfauilad, MIszunsenmanusIIma,

gnzanmaveaddsundlng , A79NA LTULRITIRNNR ET, MIENLLNAN u%au,

ABSTRACT

This paper aims to report experimental comparative investigation on the thermal performance and
heat gain reduction between of a Photovoltaic Roof Solar Collector with Phase Change Material with DC fan
(PVRSC-PCM) and simple roof concrete (SR), mounted on the roof facing the south side of the two miniature

houses with a volume of 1.73m3 to compare the performance of a model house equipped with a PVYRSC-PCM
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with DC fan chimney to the simple roof concrete. The experimental results revealed that indoor temperature of
PVRSC-PCM room was less than that of single roof concrete rooms. PVYRSC-PCM could induce ventilation
and reduce heat from under roof was more than that of single roof concrete room. The PVRSC-PCM is expected

to promote development solar energy use, save cooling energy and protect environment.

Keywords: Photovoltaic Roof Solar Collector with Phase Change Material, Natural ventilation,

Climate of Thailand, Solar radiation, Heat transfer
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ABSTRACT

This research aims to design and build a solar energy dryer prototype combined with hot air from
the solar collector for snakeskin gourami marinated in Suaeda Maritima. The developed dryer consists of 3
main parts, including a drying chamber with an area of 3.24 m2, a solar collector with an area of 1.305 m2,

and a trolley for tipping snakeskin gourami marinated. In the experiment, one kilogram of snakeskin gourami
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marinated in Suaeda was prepared. To study the optimal drying condition, they were dried at different air
velocities of 1, 2, and 3 m/s. The results showed that the air velocity of 3 m/s was the fastest drying time of 80
minutes, which snakeskin gourami marinated in Suaeda Maritima has a final moisture content of 180%db. In
the drying, two-term equation was the suitable mathematical model in this study. The highest R2 is 0.9925 and
the lowest and RMSE are 0.0001 and 0.0044, respectively. Besides, the energy consumption of the solar dryer
was also considered. In this study, the energy sources in the drying process were derived from three parts,
including (1) hot air energy from the solar collector, (2) solar energy in the part of the solar chamber, and
supplied electrical power to the fan for circulation and suction of hot air. Interestingly, the overall efficiency of

energy consumption for the solar dryer was 18.068%.

Keywords: Solar dryer, Suaeda, Snakeskin gourami

1. YN

FATULWIAA LN TR NLUULATAI AU LFINAIINRURIONAATIINAUANTOUINANAUTIFO NS
fniulmsRandnozanulunuidsi ihesananedids lddlanmaldvinidenuiugumuluaasunadu
Wi andasynisaiy wudgninanvasineaInfulszduszdindaada o MIamMINUEK MINES

LLazfﬂiLLﬂiE‘ﬂﬁa AMNRZANALA L 8N DY I N FEANINIZLRLI WA KA NIHiNUansRanaatfudiulssay

&l al

wasnuusanfiadndluguswdulsevuwisumalngjuazlfiuliszain Juaaunseuuisindudawinnay
tﬂ' v v 1 Q/I o v v o :‘ a o lil v v ] td
danialidauiied1anifs diliineasnsdasiauwt naanmmn lagsurslaiiNesne SInninuasns
g linuanasdasihunauwistidansay wananilssauuwRItIodunaINUIINLRINNAS NIt 9LAE7
Mltldsaunsosudaadaldatnsdaitaslunsdinannduihanmdalidide drwie wieduaaresluursiufas
Mlrmsauuts lidusesdnsan wazenavin liuaadainiananld [1]
v ad ] A 4 v a
AMIBUUHINTHANIIN TN BATLAz AT wITnTauanawITasnIniks iNalAnanianians

inEasuazamIInanInnUInm ldluizszinawin wananiiditaidunsiinyaldnunde st ldaannig

A A 2K A a A v &/ o a 1 a 1 v
Wik AU mInaInILAIadauuAsinundwi wInaIn aLsw S3iaT Inajun uazame (2553) [2] 6
') A o o A 61 o ° o @ o A &
walwLAIadauuRInasnuuEaiadunn i dausudan lasnasnwnunaninannuasariaduazls lwin
uwdsnusian mansnauuislald so kg lavavuiingungdl 6o o€ laslfina 6 Taluslunsauus &
anuFwliasnasnuiuwzlunssuuiidesgaivinny 42.57 Mkg H20 (evap) uazfivszdnininluns
aUUAS 5.54% daniisg 80T uazame (2559) [3] ladnsmsltlssauuiinasnuiasaniadiiunuiaiasay
ANTOUULLTWINI M IUauwRIRnuazKa Ll Todulssauuispmalng ldswnsumsauuianindiwin 100 kg
PMANNTUIINGY 78% LHinRD 12% sadumInmumIsuuiiuiusaszuNUE N Aiadussdauauian
A o @ A €A v @ A R A Ao a A
Fsmsldnasussanfadiaidumslinasaunaunuiazananazdsendaladnnianils wananfigsdinlasay

v a s v v v a a v ‘i R et a v '
wisupuneriasalasligdauuisusiafiadsfiaermaioulnans deldTumanmmlosasus udaaing (2556)
[4] w3asauuisldimIsanuuuldiimainausnuenanuiaulas i iimaguermeaniouandaudnly 53
Tymzauanuion uazaagUuuumslnazasemeanuunizasaniou newdnlgslsseuuds :anmnaaas

' a v dl 1 U L v A a AI g 1 v a a Qs 1

wuhgmnplanmeasaunarmd ludlssevuksfaumniinauils 37% sonaligunnivesnionusiluudas
Tuilganpil liuandrsiuagafidadaay 91nuITBaINEIEHLIINTEENUUL AU TUWIIHRA N U EIU
IngdvarsauaranudyniIasvasnsnizangausawd inifiaviinudnnetiinsauuianae Aot

UsziandaenadadANaInaue I nlandnais

JEET 2021; 8(1) 23



v a a v { v =2 a
MIBUUAIL N AR AR NTEATINAIELAR BIA UULLIY AUING ﬂYJllll’] PN RATH

http://jeet.siamtechu.net

ndywiflananadiedu wsenmumuissunsuiisrdasiunsouuns AmzEI9834 164
LWIAATIEWAIWILAS DI LU INGINUUAI0TA TATUMALENSS udLTznaudsna 3 Tsuude (1) 59
suusndunsamlusivmIiaauessiiaimansaldnuwldazainuasneiase wangnst mssuuhs
Fwnldunn LLami'asﬂﬁmsni:mﬂmw%’auvlﬁasmﬁ"aﬁdﬁaﬁmﬁaﬁmﬁamﬁﬁg@auLLﬁ\‘i (2) annuTIRNAiad
(Solar collector) §MIUMIEUANTEH Lﬁaéj%lﬁﬂﬁﬂ'}ﬁi”auﬁauﬁﬂl,ﬁw;jIN@ULLﬁa wanINIAETANTIAEIM
fniudigniolulssavusiaaziimauaiudm saalasldazwoifealuuuias vnlwlisndudesnannsuita
Unsaa Uszndanauazaniuaanlumsviniuss wananiisaudaidawmdelimunsndonsodreanle
2EN9FzAIN wazdBAaNIAINANNEZ A led8Bneae

%

6 a o
2. mqﬂizammaammaﬂ

2.1 INDOENULULLAZETI9LA3 09 ULLLLAT 8 8L UAINS I LI N Aindsu iU anTauanaa i ussF
NadfnIulaaRananTzAIIN

2.2 1EMIANSIaNLAZ S I RN ENE S Msa LRI s aRansnTza W

2.3 oM 2 AN MWD89La389aUURIUS FRAM I NTL AT LA BT I9UD LS asA Biad &A3U I NS
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3. M IAUBHHINIIY
3.1 Jendunan
3.1.1 Uasfa
322 ilureanuaudimImanniuas MeTa Nasin WaAsIue MenD [1]
3.2 qﬂﬂiﬂiﬁlﬂumimam
3.2.1 1A3BITINMINUULATABA OHAUS Valorl000 dwsudsinminuestaadaiontaznas
MIBUURAY
3.2.2 wasluauilla (Thermocouple) a‘%m%’umni’@qmﬁgﬁmﬂuméaaauLw%”a
3.2.3 1030930005283 Anemomaster LITE 6006 3aa2M015280MUY hot-wire
fsuiannuS Ut sz eanvaILAIaI LUK
324 1A39IAAMUTWILL Smart Sensor AR867 &w3UATI9 AR NNTwE A a0 UL
3.2.5 Lﬂ%iaau“uﬁﬂﬁaga Lflum%‘aw”uﬁml”a;&ammw%u anndsmIiumInasay
3.2.6 Lﬂ%ﬂdi’@qmﬁ{]ﬁ Ponpe DT-321S CEM #wiliagamnlaninuianas
3.3 MIONUULLATBIaULRINS I URINAadInRUauTou
LA BILUINS I ML N An g TuUau T naaL s Fa e luudsoil Usznauludhe 2

|3

funan fa lwvsuwiszUnsawnmluddndannata Sunsas (2560) [7] uazaunuiiferiing iienazld

Uszloaitlaagn @ unannnasInwwasania g uanmnﬁg’“ﬁuﬂ'@vlﬁaanl,l,umnLm‘:ué’rm%'ulﬁﬂmﬂ'mﬁuﬂmaﬁ@

winzzaw laglditnisAudaiununsnaluusanen insuddynranusidunazadasndnnaudaily
ewinwmiauuks wazldvinmsladadn lhineivenuszaanausldnugldnuiadaimsiisaisia
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(M) MURTEIVBIRDIDUILAY (V) UTIIVDIRBIDU LAY

(@) lssauuianidandanuaifivanuounasnuuasaniag

31U 1 1TedauuRINEINULRIANTIA g9unuansauInafusIFoniag

3.3.1 lssauwids Sanwazdulauldsmnlumviyge ss ssmnugiuezadifion fuuia 180x180
cm ﬁm@ﬁiga 98 cm ﬁagﬂﬁ 1 lssauuivaanuuulasldlasamdnuasldunulniasvainauuula Light
Transmission (LT) 83% 2maanuww) 5 mm tiasanurislnaansuauaduawinanuiouiia ddmntiniun
uwazaaldslaing dudunilueuuisidszgde-DaswivsiwAadmsiiduazoanld dudundizasla
\n3asauukainmadand anuaafiuanusenanwaiuasaiing d’mﬁmaﬂsaauuﬁuflmwiumﬁnguﬁ
YUIN 180x180x3 cm

3.32 mLﬁué’n%%'uLmeJma?zwﬁﬂmmwLﬁaﬁuﬁmﬁﬂgﬂﬁauuﬁaﬁwmnmmum fie
Tastumahesiudeldnmduszozinaiwnn Tassadudsnsasdusinwwimu 2 54 suaz 5 51 WAZINIYN

o a

° o A v A
L"ﬂ’]:zmﬁiuﬂum’gu‘lu%uu 1IN 5 E ﬂ\‘isﬂ‘ﬂ 2

U
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(M) WUUMWNAVBITDLTWLIIBU AR @) 0 dwiInlaada

31U 2 anwussndudmTLLIBlMRRanInTEATIN

3.3.3 S RUSIELRINTiag (Solar Collector) Nfanmedudanasmanusamdilssouursaas
WARNLRANQAIMATUIG 4 7 $197% 4 61 TATIVIRLAUAN U IUNAIINHLRIONTIA TV NUHIAENYIN 6
mm JTU@ 145x90x15 cm e'numzflmﬁLﬁum'lm”auwé’omuummﬁmﬁgnuﬁuﬂwﬁzu lasfinszanyiun 0.5 cm
nedaduun tusaundusesamaienlnariin 2.5 cm Iﬂmﬁn:mqlﬁwaaﬁ'ﬂsdauLLﬁaLLazaﬂﬁ’ﬂamWag}@]
mmﬂ‘?aurﬁﬂiaauLLﬁa"L@T'*ﬁguﬂ”@mLﬂuLLNuagﬁLﬁﬂmﬂﬁauﬁaﬂﬁ@ﬁﬁaummm 0.2 cm wazduaanLutes
dmsulanewma 10 cm NeRdamutwaNLTaniaTaunIlaTsAEn

3.4 ATmMInaasd

3.4.1 MI@IuNUaaaanunTzaIIN

%@
o

T3 i levinmaas snd aadaauiTnI5ue9 R18T8 NaIA1 LAaTASINA F18LT [1]
Tnofidunoudnsg @il
1. w3susmnanlumsndalasdaninoeany lagssassnulsznauisnua
2 frzaruidaonaluindsuazinly inldualiazidoain v dae tielwldiile
sudanazBuadwitoidoniu
3. rzanafivaazndoaldnsuiunszaiioy (ua) Youss 1 winlne (ua) Seuaz 0.5
uazldindansiatosas 1 snaiuiie Yauas 0.5 TosU3ITw Saunz 0.5 u,ﬁ'aﬁnvlﬂﬂqmﬂﬁwﬁ'uﬂmaa@ﬁm’%wvﬁ
4. %ﬁﬂﬂmaﬁ@ﬁ’mﬂ%amgaﬁwm winlugiin 1 fu
5. hansdaninmearnuindinazanauazwin iz idaifotasouin U ot
3.4.2 MImANuTalsuduveslaaaannT=ATY
MIMANNTRSE U asLan s an Tz AL LA Bn13 AT AN T WS UE R
2513 AOAC, 2000
3.4.3 A Tmyauuis
3UIINTNNIINATEL M IVNIUDBILAZBIDUURIWEIIULEIBNANS uasdLiinmInasss
Taem33itan aadananAuT=ATINATIaE 1-2 kg $1WIUAI8E19 091 A FRAR I NTEATINAINNM AR 84

Uszann 8 @7 MINAFBIINNINGARBITY 2 AFI WIBUNNTANENTIANNTIAN 1, 2 WA 3 m/s IREDIE Y

{ v 0‘/’ o v 4 04' g v a b v
o UI%LQ%B\‘] al LL‘V\{}’«J’]ﬂuu‘ﬁ{l nin1Iau LL'VNVIJJ 1388 § INNITYIN ﬂ’l’]N“E%ﬁ;@l‘Yﬂ gu Il RRARUNTEATINAL WAIH
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anuwlailin 65% mmgwuwﬁ@ﬁwﬁ*’gwﬁu “YauaaLden” (unD.298/2557) [5] lusznineinmInaasdas

duilumaiudayathwiniainng 20 win sz ldmienanudugnuuisauaumsi (1) [4]

(w—d)

M, =—X100 (1
1 4 d
Wa M, = anuTUFTIULAY (%db) d = 0auiIwediag (kg)
w = N8U83389T% (kg)

3.4.3 NMIATIIG
1. gunpiimalulssauudy 1m’m’35’uf§a:ﬁ’1mnﬁuﬁagaﬁ?ﬂﬂﬁau whuas FswIna o
lasmelulssanuraazyinmyiagmngd I@]:Jﬁ'lmimuquiﬁqmﬁgﬁlﬂiaauLLﬁﬂﬁﬁmmﬁ 50-70 °C
2. arnut3aan nstannuiirsunieluliseuuwsesinnisie lasldiasesie
Anemomaster LITE 6006 10ANNLII@NLLL hot-wire
3. AT MISARNNTRTsa M ezrinmsians molulsseuuwsuasdouaday Taold
LA3893AAINUT UL Smart Sensor AR867 s‘fiammmlﬁi’miﬁqmmﬁLLazmw%u 2 (pwgad Nneg 20 w1l
35 UsrAnS A WTIN@ WS I D 0ILAT B9 UURS
ApaINAINBANL TauAlFouu inuiu v ainfiszine 1 kg 813130A W BeldaNaNMIN
(2) [2, 6]
wasursnaalunnsauuds (MJ)

WIUAlT (MJkgH, O, ) = R @)
WINNINNANAARI (kg)

dseAnTamwalaseuuis (%) dseintmwialasauuis wldannasanunlilunmsssinesihaanain

UmaRaninmzanuifisuiundsnuninuengauudsldiu diaumn (3) [2, 6]

w-h
— fg
n= (3)
Q. +Q, +Q,
Wa M = Uuininmwaissauuii (%) Q, = wasnulwihdmiunaaunywIsuamea (MJ)
w = YSunawhszne (kg) Q. = wasnuusafiagflglunisauuis (MJ)
o a =5 ¥ [ AV o & oA A
o = sussEmbmszimevesin (MIkg) Q. = wasswdldanniiuisaeniiad (M)

3.6 MIANBILULINNINIIATAAIFASTUBINTOL WA
NWIRBRITLUUIReINIAdamMaasraImMIau e s dusunmsmInanes b T EUNIRNe
(non-regression) [8] A4A13197 1 MRILMITAAINLGazaNmTaLlEI5MT Levenberg—Marquardt (LM) L&

DR a & o a .. . . '
anusNnsalunmsdszunmarazldaiaudszAninsaafula (Coefficient of Determination, R2) A1nN5aaad
2
laf&sses (reduced chi-square, X ) uaznnfigesuasenunmaLnfewinaimediads (Root Mean Square

Error, RMSE)
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A19719N 1 LL‘]J‘]JT{I”]Qadﬂ"]dﬂfﬁ@]ﬂ’]ﬁ@ﬁ‘madﬂ’]iaULLﬁd

Name of models Model equation
Newton MR = exp(—kt)
Page MR = exp(kt")
Henderson and Pabis MR = a exp(—kt)
Logarithmic MR = a exp(—kt) + ¢
Tow term MR = a exp(—k,t) + b exp exp(-k,t)
Logistic MR = a/(1+ exp(—kt))

4. HANTSIVY

fnsunuIsiimMImenasluaanaTEAINg 11.00-14.00 . Tufl 2 nIngnau 2563 FNWAMA
Taovaluflansuwnnnussuaatesannwiauns iwlifuasuaaassznitemsnasas

41 WAMINAFBUMIMIANNTWSUT B MERavINTzATIY

mnmw@aaawu'jwﬂmaﬁwﬁ'ﬂmzﬂswﬁﬂfaw%uﬁ'ugmLLﬁaL‘%'mi"uﬂszmm 191.55 —

217.91%db W3aLadnUs=unms 204.73%db & wsunsnaassauuslanlunimisoilezevaunseisldnanuis
FAYNUENBINNINAITTUNRAA AN TUTY “URUAALAEY (WKHT.298/2557) [5] fouddarinmsiwnuanly
mu%ﬁ'ﬂﬁwuhﬂmaﬁwu”ﬂmm']um'sﬁmw%ugmuﬁaq@ﬁwﬂagliﬁ' 185%db LL@iluﬂﬁﬂ@aaw?a;ﬁaTﬂ'lﬁ
fvualildanugugiuuisdini fa 180%db Gefidnerninfisuanile

42 wan1Inaasseuwiilasaaninszasuinivlsiauaaiio lasldinsose uukanasam
WEIANNASIINNUANTOUINAUNLTIR

lunﬁmaaaqmﬂgﬁnﬁﬂuinauLLﬁa"l,ximm‘mﬁwmsmuquLLa:ﬂ%'mgamvlﬁLwaw:%ua%i

LEILAAANNTTTUTIE LAY B ith é’ai’fmf}aﬁwmﬁﬂqmﬁgﬁmﬂiulsaauuﬁawud']ﬁmmﬁﬂ 51.74-52.18 °C lag
qm%gmmﬁauﬁmmﬁﬂ 29.08-33.14 °C snanudusuwninielulssouuieiaais 29.08-32.81% n3
nasesdmsUsumanusani 1,2 laz 3 m/s LA af a9 INTIUHANNLANGNSTBIF AT R8s a7 A AT
a@maLLa:mmLmn@mmmi:ﬂ:umnmmﬂﬁauLLﬁqsauﬁaﬁaaé’ammﬁaqmmwmmuaﬂmaaﬂma'ﬁ@m%amh
mwm%mmﬁmmzmﬁq@ Feuanrsnasssnizevudsdaadan anszaiulaslfia3osauuksnadann
LLaom‘ﬁmaTi'anfTUaui”aumnm”uﬁu%’aﬁmﬁmﬁua@ﬂugﬂﬁ 3 myanasvasauTulugg 80 wfiusnwuin
A1ANuTuUeslaFaanINTzATINE M TAaaIanITIAE 9nmsU A auT 1,2 L8 3 m/s WA
wuhaaseai 3 mis Saanutursidmasaanassinimenuianiu 9 dleseinmslnauazms
n'mwmaammm"ﬂ"ﬁLmzaaﬂmﬂm‘%aaauLLﬁqmmmmmwu%ué?wﬁ'ﬂﬁ’ﬁag’myluﬁaaaml,am”aﬂmaaﬂvlﬁ
dninsarnlildszoznmanuiaiosninanuisaui 1 uaz 2 mis NamInAaInNUT M aRavINTEATIUE
mw%uq@ﬁwm‘i'm'h 180%db 715294381 80, 100 L&z 120 WNAUF 1AL FanmInesasazwuianusaf

3 m/s 'ﬂ$1°ﬁ§$ AN aﬂumiau Uikl q@] S AN SN A BV
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210

200
190
180

170

Moisture Content(%db)

160

150

== 1m/s

40 60 80
Time (min)

2mfs  ==@==3m/s

100

160

Final moisture content

311 3 maassudasenudusesdmafaninazanudaisunuiamveImauui

4.3 WUUFIRINNATIAMRATUBINTOLUAY

AAINAI ) FARTULLDTIAIN AT M ARSI WITBALFAIAIANT1N 2 lasuuudiaadng

ﬁq@éﬁﬁ%’m’m?ﬁuﬁ fa LUUIN8aY Tow term lapien R? FIFALYINNL 0.9925 LAY dn1Tanadlaniadrad

LazA1 RMSE @‘hq@whﬁ’u 0.0001 LAz 0.0044 ANNE1AU

A1919N 2 WUUFIRBINIATAAFATVBINITOL WAIVDILATBIDL LRINFIINULRIDNATINALALALTIRONTAAE

Name of Constants ) 5
R RMSE X
Models a b c k k, k, n
Newton 0.00112 0.9124 0.0186 0.0020
Page 0.00642 0.64079 0.9618 0.0100 0.0006
Henderson
and Pabis 0.97974 0.00095 0.9101 0.0153 0.0013
Logarithmic 0.18049 0.18523 0.82474 0.0122 0.9876 0.0057 0.0002
Tow term 0.81766 0.00318 -0.0041 0.9925 0.0044 0.0001
Logistic 1.95429 -0.0017 0.8985 0.0163 0.0015

4.4 WRINWALToUURILAUITANTA N8 TINLATOID LIS

PINMINARBINLINATBIBUWAINMTITNAINUNIRNA 3 FIURAN LALA (1) NAINUANTDUN

ldananfuafenfiag (2) wasuuasafiadluaiuaalssiTouauuis uas (3) wadinuwlwinidenldinunwaas

érm%'umimguﬁﬂut,l,azmi@@am’au lagdseEnSmnnImunasnuludiud (1) uaz (2) Sauvinny 72.788%

WRT 27.703% ANNENGU #1RIVUTEENTA N IAUITINLATOIBULHIRIWTUINWIFDRHTANTINAY 18.068% ’zj”aﬁa

‘ma@T’luwé‘amﬂﬁgm:ﬂﬂumiwﬁ 3
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A157197 3 UTERNTNMINNNIMUNRIITUDBIN TOULRIAILLATDIDULAINRIINUMRIDNATIA AU TIFONNAE

Parameters Values

1. Solar collector

Energy input (MJ) 5.278

Energy output (MJ) 3.842

Collector Efficiency (%) 72.788
2. Drying section

Energy input (MJ) 13.104

Energy output (MJ) 3.630

Drying efficiency (%) 27.703
3. Other inputs energy

Electrical energy (MJ) 1.711
4. Output-output dryer (MJ) 3.630

Overall drying efficiency (%) 18.068

5. ayUHan13I9

MIRAWILATBIAULLL BRI NS 1L RITIN LA e R naL AuSs Fanfiad smsunisaudanada
%ﬁ‘ﬂmmmlumﬁg@ﬁwudwqm%gﬁnﬁmiﬂnauLLﬁdﬁmmss 51.74-52.18 °C ®113IUN1TauLAIUaaRanan
TeATINEIWIN 1 kg WUIeSanf 3 mis azldtaanlumsanui 15180 Aa 80 w1l lasmaRaniinzasy

a o a Aa a ° a & A ° A 2
LL@]@L@U’JUGQ\‘INQMJT]W'Y]@ LRZULUUINRINWNAUAAIRAINLANICRY A LLUUINNDI Tow term I@ﬂllﬂ'] R

2
gdq@whﬁ'u 0.9925 Uaz Ansaaadlariasaes £ uazén RMSE Gi’]ij(ﬂL'Yi’]ﬁU 0.0001 WAL 0.0044 LATDI
suwhaimslEnasauannrisnua 3 s laun wassuanieui ldaneafiussdonfiasnasnuusanfiaflu
fuvadlssauurs LLazwé’wnu"tﬂﬂwﬁﬂau‘tﬁﬁuﬁmuz%m%’uquuﬁﬂmm:mig@au%au 1auWAIINUIINGA
RuSisenfiaguaslssauuny S1UssanS A wnana sy 72.788% uaz 27.703% @uE16U LazLa3 84
sunadtszans mnlasudmiuawisoilvindu 18.068%

a a

6. naansInlsznd
a o 1;’ dl g o t;‘ v a a v o
nuitpiidulasinindaidulasldiunssiuayuainidwsudszinmneldlzdngd 2562
AR INBIRLTITADIUNIINBA UAZVDVOLA AN TIQME aonTuITouazwam inaslddaiauaiial iy

& a Ao AL o ae Ao ® ' v A
LLﬁlﬂﬂ i’JQJYI\‘i'Ym\‘J’]WJ’ﬂEJ“/IE’JN‘VI’N’]WJ?{]UumLiﬁlqa’N@]’m@]

7. 1@N&1591999
(1] &1878 NaIA1 LAZAIINA R1ULIT. (2560). NITWAWINRAA N U 1aRaLAALA IR INTL AN .
NIUNWY: WAININRETTADIUNTLNBAL.
2] Fuev Wgun uazame. (2553). MINawINIzUIMMIaLWHIaeinaTasauukIng 1 uLsIa -

Indhasldanwnianmeamaldvasiszinelng, MnsasumIneabrindo, 12 (3): 109 - 118.
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Nammﬁ]ﬂwmwmiaumeaﬂmﬂawmmmaaauLmaLLuuﬂumwmaummsnaumeaﬂmﬂawi'm
audwlddninfasas 5 mummgmwﬁ@ﬁmﬁﬁﬁﬂi:ﬂaumi@Taami m‘sauuﬁaﬁqmmgﬁ 65 °C \Iut39
gampifdfigafisnansnsannudusssmssuwisaeniinaslildmumnasgulasliiom s salusliwasnu
Tumsauuhsrinny 1.09 kWh Lmsmwmj&lmma@T'mmmgmam’%mﬂﬁuwu’jﬂﬁﬁmﬂmiﬁunuﬁﬁ@é’m'}ﬁﬂ
aaNsauaz 3.00 LYINU 3 WWou 21 T4 uardAadaAasauiisanas 6.76 WML 3 Laau 27 Tu wazilyadnly
vugn3iduuan samnanauunumeluannisanesndosuans faanuanauunudanaaInuadlwnuia
S'fmLLamlﬁLﬁu’hmiamuWﬁauLLﬁameﬂmeu%auflumsauLw%”aﬂamﬁﬂmui’fuﬁmmmm:amlumiamu
LLazmﬁLmﬂ:ﬁmméau”lmlumsamuluﬂiniﬁunmﬁ'u%aﬂaz 30 LAZHARBLUNUAARITOLAZ 30 WLINTMT
MINUIIRNLEN Namﬂmsﬁﬂmmgoﬁmminﬁﬁ"l,iﬂﬁﬂuﬁa;&aﬁugml,ﬁaﬂi:naumiﬁaﬁmﬂummmulu
mildiasasauuisuuuiiuennuton uasianaunandunloinslumssassalwlfindssenutinuduanusan

luﬂwsau LAINANAANIINITLNIAT

AE1AYY : lATaduURILLUTNAMNTER, NTAULAY, aanuingdy

ABSTRACT

This search aims to studies used heat pump drying oven for dried chrysanthemum flowers. Research
method were (1) experiment of dried chrysanthemum flowers for measurement energy consumption, drying
time, moisture and (2) analyze engineering economic value such as the payback period, net present value,
internal rate of return. The result show that dried chrysanthemum flowers by heat pump drying oven can
reduced product moisture lower than 5 % follow entrepreneur requirement. The optimum temperature was 65
°C while 8 hours and consume energy about 1.091 kWh/hr for drying process. The economic analysis found
that ROl was 3 months 21 days counted by 3.00% of discount rate and 3 months 27 days was 6.76% of

discount rate. Net present value was shown positively, IRR was more than present interest rate and benefit
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cost analysis have more value than 1 point which shows that the investment of heat pump drying oven is
reasonable for investment and sensitivity analysis for investment in case of a 30% cost increased and a 30%
return on investment decreased, it is found that the investment is also suitable and worth. Therefore, all data
from analysis can be used for making decision to investment in heat pump drying oven for dried

chrysanthemums.

Keywords: Heat Pump Drying Oven, Drying, Chrysanthemum flower
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ABSTRACT

Fuel pellets are produced from the sewage sludge of the canned tuna processing industry. Qualified
to be used as a coal substitute for boilers. Due to the low production cost and the cost of sewage sludge
removal, the canned tuna processing industry. However, the economic returns from the use of sewage sludge
fuel pellets as a substitute for coal. They are somewhat susceptible to changes in coal prices as the main fuel
of the boilers. Therefore, this study will focus on analyzing the economic return of fuel pellets produced from
sewage sludge which varies according to changes in coal prices. The results of the study showed that when
the price of coal fuel tended to rise. Significantly higher economic returns from the use of sewage sludge fuel
pellets. The results of the analysis showed that Total Saving Rate Cost (TSRC) would occur at the highest
(69.10%), which would occur at + 20% of coal fuel, which resulted in the overall improvement of the economic
index. As well as Net Present Value (NPV) 109,648.03 baht, Internal Rate of Return (IRR) 62.61%, Benefit per
Cost Ratio (B/C) 201.29%, Payback Period (1.75 years). Whereas, when the price of coal fuel has dropped

from-20% down, it is found that it is not worth the investment in producing fuel pellets from sewage sludge.

Keywords: sewage sludge, economic return, waste to energy, sensitivity analysis
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TZUZIAMIAUN U Aoszpzmnngldnssmninaldinelumssuiiumssansonly
fnsziuiliaanulumsiamnlassmsldasudm Tassulvgldiuduimnud Imam‘sﬁﬁizﬂ:nmﬁunuagu
auﬂuimomiﬁﬁﬂdﬂmamiﬁﬁi:mﬁunuma MRIUM IO AW Lﬂ:ammmﬁummdﬁﬁu

LsBgANEasEINIInNT ldanaunisadse LR

“ ldelumaimu
3$U$Lja’]ﬂunu = NRﬂQULLﬂ%Ezﬂ%LQa‘U@iaﬂ (4)
Tagd
NPV fa  yaddagdusesnaneuunugniasenaigvedlasams um)
B/C fa é”m']mumamaumeiamiamu (%)
IRR @8 AT INAAaUUNWNINIMILIW (%)
Benefit @a Haﬁ’mamammuluﬁﬁ t (UN)
Cost 8 ya@iwauﬁunﬂuﬂﬁ t (UN)
[ fa aaAaaa (Discount Rate) MAUAMAIAWYINAL 7.75%
t fa  Duaslassms
n fo mqmaﬂmami @) frnualidanriiny 10 9
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3. IDM IV HRITNIVY
Iun1sANBIITBNANTZNUNIIAIULATHIAIEASTDINITHAALIALTBLWAIIINNINYBILTE 92
MIAnEKanauunwaImMsItidadainisannmnuadfonaunumslinwdaiwisauiubulundalasi
o A ' ‘&' a 1 a A ot > a A’ =S
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ﬁa:ﬁﬂmwﬁmLﬁm%mwa\imnmﬂmadL%ﬂmmﬂ%auNﬁ(ﬂLﬁm%mwﬁaﬁvlﬁmuquﬁwé’umswﬁmmumﬁ (3UN 2)
UAZHIUMIIAIZAAININTULED INTINLATITRRAASLUNUNIIM AT M FaSIINMIITIwLdaLTaLWE
NMNVaILRaGe b
3.4 MITAATDULAETIUTINTOYRIMILMTIATE AN AN DUUNUN WA ULATEI M AN T
MITAATBNUAETILTINTBYAIRTUNTIATIZA NI ADUUNUNIUATEgManTuaIn1 Tl d
Waraiwiannmnvends Budmemuhdadawiainnnuendolunszuauntsudsgddangiinszdasn
HAAANLATBINAALTALTEINAS (Lab scale Pelletization Machine) N ALFUAUGUENANY 6 mm. 81Uz
15-20 mm. AMTU 20-35% (3UN 3) u1TLATzRAIANTEU [6] INNUUANHIUAZTILTINTOY A VBILTAINAY

a %

dufuiidusamdnduramialadiielienzinanauununmeduaisgmanidall Moszidoauaztoys

MINARAMTNATIZRNAA DL WU UM I UL T T NG M Fuaz duldaina1nen 4 asi

A1319N 4 sw:JazLEy@1LLa:‘*lTa;gaﬁmmﬂﬁﬂmﬁmﬁzﬁwamauLmuﬁ’mmslfiut.ﬁm%aLwﬁomﬂmnmao

n:; [ & A a
LAJDIDALNALBDLNAY

fsimsuaniesasnaaidaiainiainnmnuaddy (kg/hr) 1.00
seesasnsaiaaindsnmnuads (un) 20,650
ﬁagamﬁmﬁxﬁﬁaLwﬁadmﬁu
ey B ana Tt (MJ/kg) 27.79
%Jaml,%mwﬁad'mﬁu (U n/kg) 3.00
ﬂ]/a%laﬂﬂ‘ﬁLﬂi’]:ﬁLﬁ@‘lL%E]Lwad‘ﬂﬁﬂﬂﬂﬂ"llmLaﬂ
fenufawdaiainasannnuaais (MIkg) 12.56
%Jﬂﬂ"]LﬂﬂL%ﬂLWﬁdﬁ]’mﬂ’mﬂlmLaﬂ (ﬁunuwﬁmﬁm%mwﬁa) (UN/kg) 1.00
yafimMIiIamnuedLFe(UN/kg) 1.10

i
F

311 2 103INRALTALTBLNEI9INNNYBILEY (Lab scale Pelletization Machine)
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31U 3 LlalmawasIINmMInUeLEY

3.2 msfinmenudenlnimmuwasegaasiunslinudazanianmnuendy
gmiumiteluassdt lavimsfneidefiennudenlnindnansznusasnanauunn
mMasuassgmsasanldmdadaiwisanmnaaide Nlasudniwaanmsilfouulasvesnasowas
a4 X a 9 ) b . + & a !
dufudndugandmanvesndaloilunszuiunsulsgldaminniedes lasasauy@guludiusassnan

VaWAI T wARNE NS R sl adlusa9 £20% @9a13197 5 dabli

A1997 5 WANIIATIZRBIALTENOUAUTIUVBINNAZ NAUE LTI RN TR NIV TBLNEY

MANUTaUE1WAL (MJI/Kg) %maiddouudasnen IONTURK (UIN/KQ)
-20% 2.40
-10% 2.70
27.79 0% 3.00
10% 3.30
20% 3.60

NuwIzdLiuN Iz RRan auuNuEIRMILAs B MansnmMInAauazlgmdaisaiwdsann
a 0% ' A A o a a ea A o o
mnvastFomeldanydanlniaiuaisen 5 LwammiuﬂmumﬂuNaﬂizIﬂmuWLﬂ@ﬁ]wnnwsaanuﬂu@1wqu
a A o A = X A o A & o Ao, &
vasdunuiih llglumnfadasamds lasazinsensinaaen unwnnariidadalud
- wafJa91uans (Net Present Value : NPV)
. dAMHARUUNUVBILATINNT (Internal Rate of Return : IRR)
. Smiwdmwamaumeialﬁumnu (Benefit-Cost Ratio, B/C)

- ITBZIAMIAUNY (Payback Period)

4. wan13vguazanisuna

4.1 msfinmanudanlnimemuasegmaasumslinudaaniainmnue sy
INNITNATIZAHIADLUNUN AU ATEHIAFASTBINTITWdaanasanmnuanielu
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%Difference cost of Coals
Parameter
Coals-20% | Coals-10% | Coals 0% Coals +10% | Coals +20% Unit
Manufacture Capacity 8,760.00 8,760.00 8,760.00 8,760.00 8,760.00 kg/Yrs.
Investment Costs 20,650.00 Baht
Coal Cost 2.40 ‘ 2.70 3.00 ’ 3.30 3.60 Baht/kg
Coal Calorific Value 27.79 MJ/kg
Specific Energy Cost 0.09 ‘ 0.10 0.11 ’ 0.12 0.13 Baht/MJ
Sewage Sludge Costs 1.00 Baht/kg
Net Heating Value 12.56 MJ/kg
Specific Energy Cost 0.08 Baht/MJ
Energy Saving 0.01 0.02 0.03 0.04 0.05 Baht/MJ
Energy Saving Cost/Unit 0.19 0.49 0.79 1.09 1.39 Baht/kg
Disposal Cost/Unit 1.10 Baht/kg
Total Saving Cost/Unit 1.29 1.59 1.89 2.19 249 Baht/kg
Total Cost Saving 11,277.80 | 13,905.80 16,533.80 19,161.80 21,789.80 Baht/Yrs.
%Total Saving Rate Cost 53.64 58.79 62.91 66.29 69.10 %
NPV 4,528.03 30,808.03 | 57,088.03 83,368.03 109,648.03 Baht
IRR 0.04 21.31 35.89 49.47 62.61 %
B/C 104.18 128.46 152.74 177.01 201.29 %
Payback Period 8.82 4.63 2.84 1.99 1.75 Yrs.
(BAHT)
120,000
100,000
80,000
60,000
40,000
20,000
0 ]
Coals-20% Coals-10% Coals 0% Coals +10% Coals +20%

NET PRESENT VALVE (NPV)

3un 4 Naﬁ’f'l,smaa@]msﬂmamﬁjaamﬂ"ﬁmmﬁﬂL%al,wﬁamnmﬂmnauﬁ'lL’é'm
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(%) (Yrs)
250.00 10.00
I (RR (%) I E/C (%)
s PB (Year) %total cost saving (%)
200.00 8.00
150.00 6.00
100.00 - ] 4,00
50.00 2.00
0.00 0.00

Coals-20% Coals-10% Coals 0% Coals +10% Coals +20%

3UN 5 HAGBUUNUNNIMWATEIAMAATINNMTITNWdaTaIndaINmMnua sy

INANT197 6 LﬂumﬁmﬁzﬁwaﬂauLmumaﬁmmswgﬂ’lam{maaLﬁm"fal,wﬁamﬂn’m“uauﬁu
Alesuansnannnsiaswasvasnaidawdiiuin lagnsanmIfnsaiwinwindenmaesndainas
muﬁuﬁum‘[ﬁug\rfu wa@lm_lLmuma@Tmmsﬁ:@ma@%ﬁﬂﬁ%’umﬂmﬂﬁﬁmﬁaLwﬁamﬂmﬂmmLﬁngamgu
agadivindy Tasnamsdeseesdulumunaiinszwluzufl 4 uazgui 5 Tasgudl 4 1 dunadinlsgns
(NPV) ma@mqmﬂ“ﬁmumaam%‘aaSmLﬁ@L%aLwaaﬁﬁmﬂqmﬁ'u 10 § 9z1iAwin NPV azliyadigeaiusien
\FauwdaruAuiAndu lag NPV §9g9 (109,648.03 U1N) Az AeiuRA oI TuAn +20% u,a:mngﬂﬁ 5
Lflumﬁmﬁzﬁwamm_lLmumqﬁmmiwgmam%wnm'ﬂﬂﬁmmﬁﬂL%mwﬁamﬂmﬂmaol,%'ﬂs'fﬁsl,ﬁwavl,ﬂsl,uﬁﬂmu
Lﬁmﬁugﬂﬁ 4 ARAATIHNALTETRIAG T UNRIUIIN (Total Saving Rate Cost : TSRC) ﬁ]tLﬁqu@\‘lﬁzﬂ (69.10%)
Az RaTuAANToINRITUR Y +20% TdInadadTin I mATIIMEasTalwiInIaTUAUGI ki d0T
HAABUUNG (IRR) 62.61%, BATIEIUNAADULNUABITUAINY (B/C) 201.29%, T282LIAINNTAUN U (Payback
Period) 1.75 1

5. a;ﬂwau,azf*fl’am%mmza'm%'ﬂ

ﬂ’li‘l‘ﬁLﬁ@]L%aLwﬁoﬁ]’mmﬂmaoLﬁwadm:mummﬂigﬂﬂmnﬂnm:ﬂad ﬁﬁaﬁluu&mmmﬂﬁwam

a v @ A & X A ' oy o @ a o o
gasFelrnavuiUsslovinniu Fearnsnaad 118l unsian NV R BAZFTIINRIITUNALN
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' o A a = X a o ¥ AL @ a X = & a & %
@ans T smmiwammmal,wmw,ﬂu@aauml"ﬁmm’lumiwamlunwmu;;ﬂLmvﬁal,wm FINNINTIEFINU
LI ALTBLNRIINNNINY BILROIT B U IRIG 8T AU BILTOLNRITI WA T UOE1ININ FILNA BINAINTIALD BLWRS
' A A A ' v a A X a a v = X a
dwAuiinanngnaminnin -20% (E98INTIANTaLWAITUAW 3.00 UN/kg) M3 daL Do WEINNNY B9
Lﬁﬂﬁ):"l,iiLﬁﬂm']mjmi’mwﬁmmmmam‘ "L&immmmiammmuwﬁmLf]ul,:ﬁm%aLwﬁaﬂmmm%mwﬁddmﬁu
lé til a 13 v Y tﬂl Qs l?l/ a 1 = Y o Qs ol £
Flamanazifedwdwlyldtesnnn [7] LuaammzﬂmﬂmvﬁaLwaomuﬁﬂan"l,ﬂmmmuq@mq@mu,m (31

A & a a X Ve & o & Ao . a = = & a
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ABSTRACT

This paper studied the effect of ribbed tube with twisted tape on heat transfer. The test tube has a
ribbed height of 1.0 mm and a ribbed pitch of 36 mm. The tape has a width of 16 mm and three twist ratios
(y/W) of 3.0, 4.0 and 5.0, respectively. A double-pipe heat exchanger was used as the test section.
Experiments were performed using the air as the working fluid at Reynolds numbers (Re) 5000-15,000. It can
be observed that heat transfer of the ribbed tube perform higher than those of the plain tube. The ribbed tube
with twisted tape give higher heat transfer than the ribbed tube and the plain tube, respectively. The ribbed
tube with twisted tape y/W=3.0 gives the highest heat transfer. The effect of Reynolds number, heat transfer

increases with the increase of the Reynolds number.

Keywords: Heat transfer, ribbed tube, twisted tape
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ABSTRACT

At present, both small and large industries. Robots are used to accomplish goals and increased a lot,
such as handling and placing workpieces, or welding processes, painting and storage. But to complete these
tasks, Success It is necessary to study the applications of the mechanical arm robot carefully. And the most
critical problem in the control of robots, robotic arms. One is Obtaining accurate location coordinates. There
are two methods for analyzing the robot. One way is forward kinematic analysis. And another method is reverse
kinetic analysis. The purpose of this article is to study and simulate the motion of a mechanical arm robot. The
forward kinematics of the Denso VS-6577, a six independent robotic arm, plotted movement. Using the DH
parameter method to calculate end-effector position values, forward kinetics were studied. And compare the
results of the simulation (Simulation). Analyze the robot's performance. To check for acceptable errors with the

functionality of the robots in the Matlab program

Keywords: Forward kinematic, DOF (degree of freedom), transformation, DH parameter, Robotic arm.
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1. Introduction

Robot is a machine that collects the information about the environment using some sensors and
makes a decision automatically. Today robots are used in various field like as medical, industry, military
operation, in space and some dangerous place. Where human don’t want to work. But the controlling of robot
manipulator has been challenges with higher DOF. Position and orientation analysis of robotic manipulator is
an essential step to design and control. In this paper a basic introduction of the position and orientation analysis
of a serial manipulator is given. A robot manipulator consists set of links connected together this either serial
or parallel manner. The FK analysis is simple to analysis of model and calculate the position and orientation
using the joint angle. Complexity of the FK increases with increase the DOF. So, to analyze FK in this paper

use the DH convention and transformation type solution.

2. Kinematics

Kinematics is the branch of mechanics that deals with the motion of the bodies and system without
considering the force. And the robot kinematics applies geometry to the study movement of multi DOF kinematic
chains that form the structure of robot manipulator [1] Robot kinematic studies the relationship between the
linkages of robot with the position, orientation and acceleration. The robot kinematic can be categorized into
two main parts: forward and inverse kinematics. Forward kinematics problem is not difficult to perform and
there is no complexity in deriving the equation in contrast to the inverse kinematics, which both types are

related to DH Parameter and in this paper will consider only in Forward Kinematic.

Link parameters

Joint Position and
Angels Direct Orientation of the
—> s

gl ..qg6 Kinematics end effector

Fig. 1 Operational Structure

3. Forward Kinematic Analysis

This specified the joint parameter and kinematic equation is used to compute the position of end
effector from specified value for each joint parameter. Or calculation of the position and orientation of the
robotic manipulator in terms of the joint variable is called forward kinematic. The forward kinematics problem
is related between the individual joints of the robot manipulator and the position and orientation of the tool or
end-effector. The joint variables are the angles between the links for revolute or prismatic joints, and the link
extension in the prismatic or sliding joints. A systematic way of describing the geometry of a serial chain of
links and joints was proposed by Denavit and Hartenberg and is known today as Denavit-Hartenberg (DH)
notation. DH convention is used for selecting frame of reference for the robotic arm. In this convention,

coordinate frame are attached to the joints between two link to describe the location of each link relative to its

JEET 2021; 8(1) 61
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previous. There are four parameter used in DH parameter representation. These parameters describe the
relative rotation and translation between consecutive frames. Link length (ai) : the distance between the axis
Z, and Z, and this distance measure along the X, axis. Link offset (di) : distance from origin O, to the
intersection of the X1 axis with Zo measured along the Zo axis (Tran, Z , a, ). Joint angle (Q) : angle

from X, and X, measured in plane normal to Z, (ROT, Z, Q) Link twist (al) : angle between Z
and Z, measured in plane normal to X, axis (ROT, X, ai)

Fig. 2 Frame for the Denso VS-6577G robot Arm

Fig. 3 DH representation of a general-purpose joint-link combination

62
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Table 1 DH Parameter of the Denso VS 6577G Robot Arm

Joint i 0, d, a, o, Joint Limit
(degrees)

1 el d 0 72 -160, 160

2 9> 0 a, 0 1120, 120
> ik 0 a /2 20, 160

: 14 4, 0 /2 -160, 160

° 9 0 0 /2 -120, 120

° 9o d 0 0 -360, 360

Transformation between two joints in a generic form [3] is given in Eq. (1). Denso Robot is a 6 Degree
of Freedom (DOF) robotic manipulator. World frame and joint frames used in calculations and home position

of Denso robot are shown in Figure 4

Fig. 4 Home position of Denso VS-6577G robot arm.

Transformation matrix for each joint can be obtained by using Eq. (1). The parameters given in Table

1 are substituted into Eqg. (1) to find each of them. Six Transformation matrices are presented in Eq. (2)

cos (9/. —sin 9/. cosa, sin 49]. sin a, a,cos z9j

7 sinf, cosf,cosa; —cosf sina; a,sind, "
; )

0 sing cosa; d,

0 0 0 1
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Where Cos and Sin are abbreviated to C and S, respectively.

net

o o b 0O

o o = 0

SIS

o R ]

0 S

0 —C

1 0

0 0

0 -5,
0 C
-1 0
0 0
0 -5,
0 C.
-1 0
0 0

base of the robot and the hand is:

Iy =TLLILT, =

When n (normal), o (orientation), a (approach) elements are for orientation and P (position) element

are position elements relative to the reference fream. The elements of the matrix shown in left hand side of

l—!,_a..OCJ

— o o O

n,
ny
n

z

0

Eq. (3) are given in Egs. (4, 5, 6, and 8).

L2

= O

Ox ax
Oy ay
Oz az
0 O

450 JE-}

cnta a\r‘) o o

o R ]

|
o o0 n

o = o O

o = o O

The total transformation between the

a,C,

a,s,
0

o = o O

— N o o

(2)

—_ N o o

1m,= c6*(s5%(cl*c2*s3 + cl*c3*s2) - c5*(s1¥s4 - c4¥(cl*c2*c3 - c1*s2%s3)))
- s6%(cd¥s1 + s4*(cl*c2%c3 - c1#52%s3))
nm, = c6¥(s5%(c2¥s1%¥s3 + c3¥s1%s2) + c5%(c1¥s4 + c4¥(c2%c3%sl] - s1¥s2%s3)))

+ s6%(cl*c4 - s4*(c2*c3*s1 - 51%52%53)

n. = c6¥(s5%(c2%c3 - s2%s3) - c4*c5¥(c2*%s3 +¢3%52)) + s4¥s6%(c2*¥s3 + ¢3%52)

(4)
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0, = -s6%(s5%(c1¥c2%s3 + cl1%c3%s2) - c5%(s1%s4 - c4¥(c1¥c2%c3 - c1¥s2%53)))
-c6*(cd*s] +s4¥(c1*c2*%c3 - c1*52%53))
0, = c6*(cl¥cd - s4*(c2%c3%s] - s1%52%33)) - s6*(s5%(c2*s1%s3 + c3*51%52)
+c5%(cl*s4 + cd*(c2*c3*s] - s1%s2%53)))
0. = cO6*s4*(c2%s3 +¢3%32) - s6%(s5%(c2%c3 - 52%53) - c4*c5*(c2%s3 +¢3%32))  (5)

a = c5%(cl*c2%s3 + cl1*c3%s2) +s5%(s1%s4 - c4*(c1*c2%c3 - ¢1%¥52%53))
a, = c5%(c2%s1%s3 + c3*s1%s2) - s5%(c1¥s4 + c4*(c2*c3*sl - s1%s2%s3))

a. = c5%(c2%c3 - 52%33) + c4*s5%(c2%s3 + ¢3%s2) (6)

p, = al*cl +d6*(c5*(cl*c2*s3 +cl*e3™*s2) + s5%(s1%s4 - c4*(cl*c2*e3 - cl*s2%s3)))
+ d4*(cl*c2*s3 + cl*ec3*s2) + a2*cl*c2 - a3*cl*s2*s3 + a3*cl*c2*c3

p, = al¥*sl +d6%(c5%(c2¥s1%s3 + c3¥s1%s2) - s5%(c1¥s4 + c4¥(c2¥*c3%s1 - 51¥52%53)))
+ d4*(c2*s1%*s3 + ¢3*51%s2) + a2%c2*%s] - a3*s1%s2%s3 + a3*c2*c3*sl

p. = dl -a2%s2 + d4%(c2%c3 - s2%53) + d6*(c5%(c2%c3 - s2%s3)

(7
+ c4*s5%(c2%s3 + c3%s2)) - a3*c2%s3 - a3*c3*s2

4. Robot Simulation in Matlab

The toolbox performs many functions for analyzing and simulation of arm type robotic in fields of
kinematics, dynamics, and trajectory generation. The Toolbox is based on a very general method of
representing the kinematics and dynamics of serial link manipulators. These parameters are included in
MATLAB® objects. Designed model by robotics toolbox is given in Fig. 5. The joint space trajectories can be
calculated by forward kinematics and a simulation for robot can be done to move robot from initial position to

final position in work space as follow Figure 5, 6, 7

Table 2 Position value for End Effector of 6 DOF

Reference Data Simulation
Position Angles

(X, Y, Z) (mm) (X, Y, Z) (mm)

0 (0, 790, 597) (0.01, 793, 594) PO =[0; 0; 0; 0; 0; O]

1 (96.8, 58.6, (96.4, 58.9, 548.6) P1 = [-170; -100; -119; -180; -120; -360]
549.0)

2 (0, 790, 597) (0.01, 793, 594) P2 =[0; 0; 0; 0; 0; O]

3 (0.97, 610.2, (0.95, 610.18, 5.53) | P3 = [170; -90; 75; 180; 120; 360]
5.51)

0 (0, 790, 597) (0.01, 793, 594) P4 =[0; 0; 0; 0; 0; 0]
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Table 2 shows the trajectory of the robot in the Zero position, as shown in Figure 2. After the travel
time reaches 20 sec, the robot will continue to position 1, as shown in Figure 6, and then at 40 sec, it will

come to position 2. Then, at the time of 60 sec, it will be position 3 and finally continue to position 4.

Fig. 5 Position 0

Fig. 6 Position 1

Fig. 7 Position 2
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Fig. 8 Angular displacements of the robot links

Figure 8 shows the simulation results of each joint, with the robot Denso VS 6577 having a total of 6
joints when moving simultaneously. It found that the values obtained from the simulation were consistent with
the designed values and to study the behavior of each joint that the movement in each joint has a setting time

of 10 sec.

5. Conclusion

In this study, it is focused on determining the analytical solution of forward kinematic of the Denso VS-
6577 6 axis robot which is available in the laboratory. Robotics toolbox on Matlab is provided a great simplicity
to us about kinematics of robots with the ready function on it. However, making calculation in traditional way is
important in order to control the robot and to form a background for further studies. Toolbox is then used to
verify the results obtained by analytical way. According to the simulation test results, the robot takes the time
to move each joint by moving simultaneously on all 6 joints, each coordinate by rotation and translation as
designed. And found that the most error of X axis = 2.06%, Y = 0.51%, Z = 0.50%. This study is contained a
part of theoretical and numerical kinematics analysis of Denso VS-6577 robot arm. It is performed to build a

background study for advance robotics issues.
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ABSTRACT

The objective of this research was to study and development of auto inspection for contamination detection on
the air bearing surface by machine vision technique a sample company. This research was divided into three parts. The first
part started from the study of how to improve the image characteristics for the prototype. The second part was to the

development of air bearing surface inspection step with machine vision software. Finally, it was to measurement system
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performance evaluation between the machine vision system compare with expert inspection. The products quality image
had two characteristics, from 300 examples can be subdivided into 150 examples in standard level and 150 examples in
defective. The results showed that the efficiency of the inspector was 98 % accurate and machine vision was 89 % accurate,
results from inspector and machine vision were compared with standard values. There are inspection results in standards
with 0.05 significance. Moreover, in this research, the Kappa coefficient of inspector and machine vision was 0.83, It can
be said that the results of an inspection by the inspector and the machine vision are very consistent. In addition, the ability
of the inspection results from machine vision to separate the defective part from the good part was found that the Kappa
coefficient is 0.75. It can be concluded that the machine vision inspection results of this research consistency with the

standard at a very well level.

Keywords: Contamination Detection/ Air Bearing Surface/ Machine Vision Technique
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dagulainiuvesd $1uam 450 39 uazaaduleintiuveads $1% 0 A% LaTHINNTATIIFELARRSY
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(Classification distribution table) RIDAUNINTANYFL A (Confusion Matrix) [4] 99%

AN 2 HANMIATIVFOUTUSTLANTIWIN 150 MW B 3 ATI GIUNHNITT

HRNM IV BT laLaa(AN)

Tairimanasgn HWINAFIN
NAANT34 Taiewanasyn 339 (TN) 111 (FP)
WU 0 (FN) 450 (TP)

ANANTNN 2 mmsnfmﬁagaNamimwaaumﬂsﬂuﬂizaﬂﬁmw 5] leaaaalui
AAMULUBEIVBINKNIY (Accuracy) NIHATIVROUTIBTUIWLAN
Accuracy = 450 + 339

450 + 111 + 339
= 0.88

)

fadlutaaninm U"L@'T’Mﬂwﬁfmmﬁgﬂé’aomm:ﬁuQmmw (Precision)

Precision = 450 (3)
450 + 111
= 0.80

dasluiaafivhwele (Recall)
Recall = 450 (4)
450 + 0
= 1.0

ALUBULABUTZWIN9AT Precision Lazf1 Recall mauwia:mjmﬂmms
F1 2 x (1 x 0.80) (5)
(1 + 0.80)
= 0.89
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A199N 3 HAMIATIVROLTWINULANTIWI 150 AW ¥ 3 A9 MBLATBIANT

NRINMNINMN BV LULAR(AN)

Tairmanasgn WA I
NRANTDS9 Tairmanasgn 417 (TN) 33 (FP)
WU 0 (FN) 450 (TP)

AMAMULAIHEIIVDILATDIINT (Accuracy) NITATIVFDUTITUINLAY

450 + 417
450 + 33 + 417
0.96

Accuracy

(6)

@iwa\ﬂuL@aﬁv‘h‘mﬂﬁmnwﬁfmmﬁgﬂ@Taamni:é'ﬁJQmmw (Precision)

Precision = 450
450 + 33
= 0.93

(1)

fvoslutaafivihwngld (Recall)
Recall = 450 (8)
450 + 0
= 1.0

AL ULABUTZRIN9AN Precision Lazf1 Recall mam@ia:ﬂﬁimﬂmmﬂ
F1 = 2 x (1x 0.93) (9)
(1 +0.93)
= 0.96

91NNNI0FULTEENTAIWMTIEYTB @R HEY DI WININHHIBNABIVLNY LAZNNIATIIFBL AL
LR399 IHNUMIUTE WIANANWENE VBITHINWLENEN 3 TOU [6] wuInanuLdnEnIadszEnininanms
AIIIROUY aaméaaﬁ?’mﬁgaﬂ'jﬁﬂﬁmaa}aauﬁmwﬁfmm NAENIABNITATITIOL AL WIHNIT WA AN LA W
(Accuracy) Youas 89 LAN1TATIVRALGILLATEIS NI A NLAIu(Accuracy) Tauaz 96 lapnamInagay
Wuin Lilensineuinmsanaseudiilonmaiazdadulafanaralduinnitnsasageudiainiossns nie
ﬂéi'nvl,ﬁ?]ﬂdwmfﬁ'aaa‘i’mﬁﬂ*s:ﬁw%mwiuﬂﬁma'fﬂaausgwmﬂﬂdwwﬁfmmﬁﬁmmLLﬂsﬂimsl,um‘iéT@%uhga Fofl
ANNFIAAFBINUINUIS DS [7] ReasdnInasaudivasdssainaienagouanuiuinlunsaadule
[BludiitasandsfondsusutasfivhmIssufsulss AnS nnnsa e §aLITRIININWLALLAT 898 NS
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euzan naaNNTUTEENTNATINTATIIRAY WAEMIU T UNATEULENITILANIINUTUDITZULIA
A A A A S A AA Aand o
INFUNIIN 10 4az 11 013U TnU &N TAIWNIIATI9REUE w303 ANNTRAVBINTNI
WaTLAI093NnI launsdsaiduanusivisalunisaazevlanamiannulaylianlainnanisasiarauas

(2

2 A A a 6 o ' a
gﬂmaamavm FHamM ez hasso bl

% SAnnzdafuasninem = 282 «x 100% (10)
300
= 94.00 %
% SAnnzdanuaia3essns = 300  x 100% (11)
300
= 100 %

NENNIN 12 Uaz 13 MIUTITUNE % ﬂ’)"l&lvl,ﬁjvl,ﬂélﬁ“ll@GWﬁﬂ(‘l’]%@]‘i’]ﬂﬁ@ﬂ LAZLATDIINTATIARDL

I@l HNINITTAMNEN Nﬁiﬂluﬂﬁi(ﬂiﬁﬁ] ROUN aﬁmﬁauﬁuua:gﬂﬁaa muqmmwﬁuﬁﬁwaﬁmm@ﬁ ating

280 X 100% (12)

300
93.33 %

% anyliluosveinIasanInsIaRey

263 x 100% (13)
300
87.67 %

' o A o
% any'lilussvasiasasaniasiagay

nmMSBuAoy % SRnn=daa uaz % anu 'l lusare R w3 I9NT WUIHANNT
aT9RaLMILLASass NI Ans nwlumsaasaudnannniwiine s lagmIRasanan % sannzdaa
Poanin iUz aninamIasiamausaus: 94 uazia3essnsfilsansuaminsrasauTosa: 100 uazidath
mw11Qn@Taamm:é’uqmmw'ﬁuﬁwﬁﬁm%dmﬁaﬁmﬁamﬁ”qﬂLLéﬁ WU NNIATIAFOLAIUWHNIG
fiuszantnnwlunsasaseuannnie3sssnslasfiansanain % anwlilusseswinsuddssansnm
$ounr 93.33 uazla3essnsiiUszansnnioua: 87.67 nionanldindeinsamaseuiuddnlusuidy
wingwazdlamalumisasulafifansiaunnieiassnstiesandnnufissasiadensluminsiagey ua
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Within Appraisers Appraiser vs Standard
100.0 X 95.0%Cl 100.0 X 95.0%Cl
i @ Percent o Percent
97.5 97.5
95.0 95.0
= =
o 925 o 925
[¥] [¥]
- B
[ [
2 900 B 90
87.5 87.5
85.0 85.0
Machine Operator Machine Operator
Appraiser Appraiser

3UN 7 WIBUNBURAN IATIARRLITHININUNIULAZLATEIINT

IUN 7 WIBUNBUNANMINTIIEEUIZRIINIENLILAZIATEIINT I8 Within Appraiser WU HAMNT
AIIVFOUVDINHNITULAZLATAIINTNAMVUANAIINWBL T RUFIANNEDANTIIANNLTaNU Souas 95
A A Y o a | L v =
asanituenuaiuiasa 95 saswinauiianuamunsalunIaraseveylugisiosas 99.01 s 100

A v A \ ) % = A4 o
uwaziaTasinslianumunInlunisanasavaglusi9iouaz 90.68 f19 96.41 uazilatinaniiaTageauas
Y A o a = o A . ' 'Y
WHNITHEAIATEITNINYTHUNBUNUAINIATIU 1938 Appraiser vs Standard WU31N13ATIARAUAIY
WINIUUazLATaIaNIdNaMIaTIaFey laassnuaasg uasiud luand1snuedsldnpimaynesia .05
A o a a o . o = A o
iasnnwinnuanumaninlunsamaseufisuiuainaigivaglutiefasa: 89.89 fiv 95.88 uazLAT0ddng

= = o [l ) v =2 =2 L2 ' a

flanwmunsnlumiamaseuifisunuanasgueglugasiooas 83.40 fi 91.17 fawihanadslunsamasey
@ a v v A o o = ' @ o o _da . w

Poawinuianugndesiasas 93.33 WalNsuAUINAIII® TIgINIINIATIIRBUMLLATaIININAMTouas
& 1 Vo v a v " v o a a

87.67 #ana12 laimIndasnisnanmIasagauauInaIguiua lag lddasdrilefisUszBnininvesnams

ATIIFOU WINIULAZLAIBIINTNANTAUHUAIUNAUNUAK e

MIIATTHNANNITATIVFOLAIY Kappa LNDIAT932aLU8IAMUTUNBTITHININBNINUNI T8
nnansnaMaseyldnaniionnu niaidumianassuanuiunasiunia Lt dsnInaseusuyagiu
anuiidszAnfuszaswinaunaziaiosans lasluduaauiazilSounisasiaseudisinsasansiadowdn

o o

WHNIUAKN 2 FRBFNYATIRIWIIBAIY

H, : wiinaunazey lifinadafianszuumsaase

H, : WHNUWNaRaUANAa a1 NIz UUNIATI988Y

y s a Qg a 4 s ' ] L a
‘ﬂ’]ﬂgﬂﬁ 77 WU ANRULUIEENT Kappa YBINHNITWLAZLATBIINTRANYINAL 0.83 LLAZNIININTIWD

4 o 2 2 e a = ' "
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wasulaviavasguilnaluaansanwumues swianguaiadisdiuan 400 a1uiFnives mls s
(Taro Yamane) lagfinnuaainuiiesiuiiosas 95 i sgualatsuunaIeinaan (Multi-stage random
sampling) ta3addan I lua1uise LuuRaUAULULNIATEIBUTZNNMAT (Rating scale) 5 30U L&A
a & A < - o ad @ a 2
AATzAANNL TN (Reliability) 2aduuugauaulasmwnuuazNedulasitnsmaraudseansuaann
(Alpha coefficient) 31ngiuuusauninlagniwsia Jd1auiTodwyinny 0.966 mmﬁmm:ﬁﬁaga

a [

mmﬂuﬁaﬁ‘umuqﬂﬂa T3 ugInlszaunIamInaa 7P’s NUantwasanIaaaula wazasumuiaing
NABNINadaMIfaFRlaTe TR UAU TR wé’amuvl,au%maa@u’ﬂmlumﬂ;amwumum LANGAIINUBLN
%pdAyN 0.01

Ada a

mdan: snoudlndanssiwlause, Tasonianiwe, nidaaulade

ABSTRACT

Research on Factors Influencing Decision Making to Buy Hybrid Energy-saving Cars among
Consumers in Bangkok Objective To study general consumer information on personal factors, marketing mix
factors 7P's influencing decision-making. And psychological factors that influence the decision to purchase a
hybrid car of consumers in Bangkok. The sample size was 400 according to Taro Yamane method, with 95%
confidence and analyze the confidence. The reliability of the overall and individual questionnaires by the alpha
coefficient method was found that the overall questionnaire was Have a confidence factor of 0.966 Analysis of
data on personal factors Marketing Mix Factors 7P's That Influence Decision Making And psychological factors
that influence the decision to purchase a economy car. High Bridge Energy of Consumers in Bangkok

Significantly different at 0.01

Keywords: Hybrid energy-saving cars, Factors Influencing, Decision to Buying
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ABSTRACT

The purpose of the research was to create a teaching device for separating waste with RFID
technology. Students will be able to separate four types of waste: general waste, organic waste, hazardous
waste and recycle. Teaching equipment consists of 4 small plastic tanks, made into simulated trash cans. Each
tank is equipped with a Radio Frequency Ildentification Scanner (RFID Scanner) for each type of waste and a

monitoring microcontroller Arduino UNO R3 and there will be 20 garbage image cards, of which 5 cards for
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each type of waste. On the card, install the RFID of the type of waste. In the training, when each garbage
card touches the tank's RFID scanner, it scans the signal to the controller, which checks if it is correct. If right,
it will sound "right type" and the lid will open. If it is wrong, it will sound "wrong type" and the lid will not open.
The samples used in this research were 12 primary school students and 6 teachers, totaling 18 from Wat Chao
Mun School. It is obtained by randomizing the classroom with a simple random method. The tools used in the
research consisted of The satisfaction assessment form for the use of waste sorting teaching equipment and
the waste sorting knowledge test. When the teaching equipment was tested on 6 primary school teachers and
12 students in Grade 1-6, the evaluation results (based on a full score of 5) showed that the research was
practical, with an average score of 4.8, and overall satisfaction with score at 4.4. For knowledge gain, it was
mentioned by the users that the teaching equipment had a clear purpose with average score of 4.8, and can

be a good tool for educational use with the average score at 4.6.

Keywords: Teaching materials, waste separation, Radio Frequency Identification, microcontroller
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