RMU

Rajabhat Maha Sarakham University
JOURNAL SCIENCE ENGINEER TECHNOLOGY

Journal of Science Engineering and Technology Rajabhat Maha Sarakham University (JSET RMU)

£7

|SSN 2821'9066 (Prmt) https://jset.rmu.ac.th



Admin
Typewriter
ISSN 2821-9066 (Print)


2158715INYIAERS IAINTTUAENS wazinalulad
UNAINYIRYTVAYUNIHITAY

i 1 avuil 2 ngenau-Bewnau 2565

Wee:  AugIneImanswazvalulal uazAnEIMNITUAERS
UM INYRY VA YUMETAY
WQUszasA
WlolELNSHANUMAINgAans Imnssumans uazinalulad
Wledaiaiunnusiuiie msuanidsusuifuinmsuaynside
AmuaANISAnUN Uaz 3 atu
AUl 1 e unsam - ey
atufl 2 1ieu wuanew - Asnau
atiufl 3 1oy fugieu - Sunay
UTIUIBATS
HYILAMENT19158 ATIUATYUN FTUNTadne umInendevaguvnansany

NBIUIIUISNS

FNENSI9158 A9.989NAR LNUDDUNDS
SR9ANERNSITE AT.5TENIY WIaULD

NUANANII15E AS.A5E] YBURA

e eXe

PIBANENTI9158 73.AUNGY URgne

e>°

FRIFNANTINTY AT.ANANN NOUIAIA
599ANEN519158 AT.UsEAm Lodady

NUAENIIANTE AT.43T 23

e eXe

HeFans19138 335N aasen

e

FO9ANENTI9159 AS.AINA AeyeyIAn
HYILAIENI19158 AS.auYE Bungan

NYIBANERSI9NTY MF.ITNAY NUYUA

Y
'

PFNANT1158 75.5107 JunzAn

YIWANEANTINTE 75.30NT ALK

e X @

e &

PIwAENTITE A3.anansal unula

e>>

919159 5. TUNTE WAty

UMNINYIRVDULNY
UMNINYIRVDULNY
UMMV UAY
UMNINYIRVDULNY
UINYIRYUMETAY
UMNINYIFYUMETAY

U INYIRYUMETAY
WIS UATIVET
UMY TIVAYUMETAY
UMNININYTIVAYUMETAY
UMY TIVAYUMETAY
UMNININYTIVAYUMETAY
NN TVAYUMETAY
UNINYIFYTIVAYUMETAY

UNNINYYTIAQUME AN



J ET_ R M U | Journal of Science Engineering and Technology Rajabhat Maha Sarakham University

Vol. 1 No. 2 May - August 2022

gnsenaaiuszlivunanudsednadu

HYIEAERI1A75E AT.N14NE YAANA

HYIWAERIIA5E AT.AEYIY ITTIIA

819138 A3.35Ma gU¥UIA
Hueransnansd asidyans nadd

NYIBANERSI9158 A5.T0E9A LESUNA

' o 1%

e @

PIBANENTIANTY TINT VST

PIWANENTIANTE A3.INT1A Wl

e X eXDe @

PIwAmEnI138 8918 Tunes

@32

S89ANERNS19158 A5.57FE0 JUNAS

HYIemans19158 A5 gy weivsned

NYIBANENSI9NTE M55 NUYUN

Y

Y8@Ens 19158 nInsng lvesne

e @

[

PuAanT1A15es YIRS Yazna

@32

919156 A3 WUsE WEe
9197158 A5.AUNY A3513
919156 A3.0RfNA Nazans
919158 AT.UIINTA WA
919158 AT.UN3H Lazlay
919158 AT.NYIING WIYHRAI
919156 AT.BUTN dURANIA

o 4

919159 A3.5eueu I vieuauUR

[ Ae

P8AERTINTY I IIEYLY LNIRIIAN

UMINYIRYDULNY
UMNINYIRYUATNUY

UM INYITHUATNUY
UMINYIRYUMENTAY
UNNINYNTHUMATAY
UNINYIRYUMETAY
UMNINYNTETIAY AUNGUNYT
UMINGNFINVAUATAITIA
UIINYIRLINVAUATAITIA
U INYNGETIAYUME AN
UMY TIVAYUMENTAY
U INYNGETIAYUME AN
UMY TIVAYUMENTAY
UMY TIVAYUMETAY
UMNININYTIVAUMETAY
UMY TIVAYUMETAY
UMNININYTIVAUMETAY
VIINIRLAVAIUATUNS
I IFAVAUATUNS
WMIngaumAlUla NIz UNATUYS
wIngaemalulagsvuenadau
INYUYAVBULNY

UM INGIFENITAWIIYIR

M NUNRAIHI

AnadaauaIu: AuEINgIAanskazmaAlulal warANYIAINTIUAIEAS UNINEIRETITAY)

191@15A11 80 AUUUATAITITA FUANAIN BILNBLIDINMANTANY FTIMIANMEISANY 44000

syt 043-712620 iules https://jset.rmu.acth 8Wa jset@rmu.ac.th



3EFIMEIAERS Imnssumans uazimalulad anInedusivigumansaiy J ET_ R M U |
T 1 aduil 2 wauniau - BamAu 2565

UFTUISNISOAY

13a15INY1AM1EN3 IANssuAansiazmalulal amInedusuigumaiseny
anunulpganuiiudeduseninaugingmaniwazmalulad uazaugImnsumans
Wingdesiguvnansaa WelounsnanunBung duaduanusiuie muanasy
oudidnms wazmsidemenuineimans Imnssuaans uazimalulad 1sans Ui 1
alul 2 UsgnaudagunanuideainnsUssguivinisuaziiauenainuidosedue A
Inegneans Imnssumans inwnsmans wazinelulad adedl 1 uasededl 2 o ainende
swgumanseny fiomassfedomsinu uinnssunues Wiy Inermansgunin
msmans waluladgnannnis lneynunanalsriiunsysaidiuangmssgandluavind
\Rendoswmnudorvunuenisas

nesusINNEMs veveuamiinidennvufidsmacusnAfuilunsasatul way
fnssnandifinganndunses uusiuiuusudunaulidaruanysibdy uesvinduadis
feimsansatuiandulssloniedsumnvi feimnviuideausuusiieatunisiaun

AMAINYDIINTANT NBIUTIUBNSVetRNSULIEALEU

HYILAIENI19158 ATLURTIUN Funiadng

UTIUIBNNS



J ET R M U | Journal of Science Engineering and Technology Rajabhat Maha Sarakham University
Vol. 1 No. 2 May - August 2022

UV

WiguiguannmsInasaInlenandan1snanwgaay (Cucumis melo L.)
dunidluaninlseiFou

Comparison of Nutrient Quality from Manure to Organic Melon
(Cucumis melo L.) Production in Greenhouse

wmdl Angfiums, Usaen udedu uag ton3uns ansi

ASAATITRAIUNSIADTUAT NI TNBSHUY Ul ‘UEN‘JuUUﬂ'I')ﬂEJUﬁﬂﬂ

V404 Gem

Orbital Period Analysis and Absolute Parameters of the Eclipsing Binary
V404 Gem

Ugalned siusiiyad, nIdna @mnyaunn wag lenned wien

nsaLIATamanlindnludRfleszuuniunaavyuIsy
The Development of Semi-Automated Chicken Fried Machine

with Oil Recirculation System

€
D
]

a o aa

Al way Anstun esds

ho))}
N

29 ’N‘Hﬂaﬂ‘lu 19050 YUTNIUUN, Ui 3T

Bofurezuuinidendsnuuaseniinduuuaiuaudaesunivin
Solar-powered Water’s Surface Waste Cleaning Boat Controlled via
Smartphone

flsmed uasqaudl, suins Budu, Svvuuni nedlud, Ny Ay, ATIA Yylaue

way Yvva Wsudualan

nswaEudsdyawuulianeandaquaeldludiesdu
Development of Wireless Transmission Towers from Local Waste
Materials

550U voar LTy, I959A 597y wag NIUIUNS anendu

17

31

46

59



MN3ETIMEIENERS Iennssueans uaznalulad anivendessdgumansang J ET_ R M U |
T 1 aduil 2 wauniau - BamAu 2565

d15Ugy (sim)

AMNNEITINTIIY LazaNTInIudmIuUNsatemAINiauTeinnuiau 83
Evaporation Length and the Working Fluid for Heat Transfer Heat Pipe

U8 YULLH kAL A9NUA AILNUNDY

nsfnsUBinalsduriddensaiyivTamedduinuesslsiiad wazqns 93
Auayyadaszvasluiyy (Cannabis sativa L.)
Study Amount of Organic Fertilizer on Growth, Chlorophyll Content and
Antioxidant Activity of Cannabis Leaves (Cannabis sativa L.)

nEAAY sours, fiayaun viaeavawiang, AL AsUguna

LAY BINTTO a5

answavaslelulasiau Inunaeu uazwaavaananisiaseyiulnvasiogyn 104
Effects of Nitrogen Potassium and Phosphorus Fertilizers on Growth of
Cannabis

o a

NEANY BOUAS, QALY Maoanomal, Al FUguNa

)

LAY BINTIA WaseA

HAvaINMTERNMEINIER e Tinfiideaussan N IenERAzN1IYIeY 118
vasszuurialauatluafsudenludiielsalnaitodssesd 3 : nsfinuninses

Effects of the Life — Build - Line Exercise on Physical Performance and
Cardiovascular Function in Chronic Kidney Disease Stage 3 Patients: A

Pilot Study

ATt wlvled, Agmans AUy, Uy AsgUNSITa

waz dlvtunid Jggien



J ET_ R M U | Journal of Science Engineering and Technology Rajabhat Maha Sarakham University 1
Vol. 1 No. 2 May - August 2022

WiguisuaunInsInemIsaInlensndanisuanLuaau
(Cucumis melo L.) dunsdluannlsasou
Comparison of Nutrient Quality from Manure to Organic Melon

(Cucumis melo L.) Production in Greenhouse

el Angfiums, Usagen udetu uag on3ums answs’

EkawootPukpumin, Parinda Khaengkhan and Eakrin Sareepua’

v Ivwnaluladnisaniy puzmeluladnisinwms uniIveraenIwaug 46000
Devition of Plant Production Technology, Faculty of Agricultural technology,
Kalasin University, Kalasin 46000

*Corresponding author. Email: eakrin.sa@ksu.ac.th

UNAnRgD
nsuanasuAMAIHARAATA LA R oE1sN Tnslanzwdeudun3d 1esenn
wassnemstedunisildiinumanmane Tasianzdenenitdussdussnouvanluia
Ugnii SadideyanisAnuldinninfviavesdsaeniminzaulunisnaniuaoudunei

a

AngnWIAKANANNTAAIN ﬁw‘l’m’ﬁﬁﬂmﬁﬂﬁmwmaaLma'aﬁwmmimﬂﬂaﬂamwiamﬁmiu

q q

ANSHANLLABUDUNTY LAYINTILHUNITNARDILUU 2 X 6 factorial in CRD 313U 4 §1 Jadeh

s

Anwn o Yade A @liaugwdou 91uiu 2 Wug tauniuglowsud (A1) ua 2) WuguIuwa

2

(A2) wae tads B (Fanugniiduvavessinemsuansisiu sy 6 via léun Jelslaslus
ind (81) Jevinyala (82) Jevsdnyagns (83) Jensinyaln (84) Yevsdnyaldidou (B5) uax
JeviinyaA1annd (B6)) 3nHanIsnaaes wudl Wugveuudeuiinisasyladulanisdduuas
Tuumnesfaluynanenisasgiule Taowdeusiuslosud (A1) fdnvaznsissauivlngsndn
Ludauﬁuﬁ:ﬁwfua (A2) dafanUgn wuin Sanugnandensinyaladidneamaianludnume
nsasgivlansaiuiarly wiludnuuzUSuueaelsilad wud Januanaindevidnya
MermuazyaldifouiuTinugeian uaswaouiuslosud (A1) fiugnlufanuanainyala ya
fans wazyaldifou fdnwarnmsaiydvindian dnvarnandnuazesdusznounanin
wuth waeuiuslowsud (A1) fuwdniededons suana uazaumueaienaunnii
doutusuTuma (A2) wasTanUgnandeviinyalalvidnuusnandnuazesdusznaunaning

ian 5898311 Ao Tanuananlendnuanand uavyaldifiou d1udnuaeAnNINUoMaNE#



2 NIITIVIAMEnS Imnssumans uazwalulad uinInendesasgumansany J ET_ R M U |
Y 1 atun 2 wouneu - Famau 2565

WUl wasuiuglonsud (A1) feidudrmumiugininuaeuiuiusuea (A2) dauTanuan
yneninyadsnnuazyaldifeulidesidudrnuvugeiian nnsinwiluassll agulei

o

wapwituglowsud (A1) wazanugnaindeniinainyale yadean wazyaldifoummnzauay
dnldlunsudnudeudunsd waglaguanandevinyaansliesmaneauiiaztanldugni
douBunIe

U a

AdnAty: Nulndun3d lsuseudani nisugniuden JeBun3id

Abstract

The production of melon productivity quality is very important. Especially
organic melon due to various nutrients sources, organic fertilizer used manure, which is
the main component in planting materials, which still doesn't have much study data
about the type of manure suitable for producing organic melon which has the potential
to produce quality products. Therefore, the potential of nutrients from each type of
manure to produce organic melon has been studied. The 4 x 2 factorial in CRD
experiment planned for 4 replications. The factors studied were factor A (2 melon
varieties namely Orrancy melon Al and Princess melon A2) and factor B (planting
materials with 6 different nutrients sources six types of manure are hydroponics (B1),
cow manure compost (B2), pig manure compost (B3), chicken manure compost (B4),
earthworm compost (B5) and bat manure compost. (B6)). From the experiment, it was
found that the varieties of Melon had different growth in stem and leaf in every growth
phase. The Orrancy melon (A1) had higher growth characteristics than the Princess melon
A2 varieties. Plant material from cow manure compost has the best potential for growth
through trunk and leaves. But in the amount of chlorophyll, it was found that the plant
material from compost, bat manure and earthworm were the highest amount. And
Orrancy melon (A1) grown on planting materials from cow dung, bat manure and
earthworm manure have the best growth characteristics. Yield and yield components,
found that Melon strain Orrancy melon (A1) had higher weight per fruit, fruit size and
fruit thickness than Princess melon (A2) and planting material from cow manure compost
gave the best yield characteristics and yield components, followed by the material.

Planted from compost, bat manure and earthworms. As for the quality characteristics of
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the produce, it was found that Orrancy melon (A1) had higher percentage of sweetness
than Princess melon (A2) and the planting material from compost, bat manure and
earthworm manure had the highest percentage of sweetness. In this study, the Orrancy
melon (A1) and plant material were obtained from compost from cow manure, bat
manure and earthworm manure. Suitable to be used in the production of organic melon
and planting material from pig manure compost is not suitable for organic melon

cultivation.

Keywords: organic vegetable, greenhouse, melon planting, organic fertilizer
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A15199 1 dnwazn1siasqivlavens 2 ug Tu 6 Taguaniidunassineimsansiuly

Puuanvugluludiedavii 2 feduavin 7 ndadeugn

Number of leaves (leaves per plant)

Factor
2" week 34 week ath week 5t week 6™ week 7t week

Factor A (varieties)
Al 11.1  a 16.1 a 21.1 a 248 b 287 b 320 b
A2 6.1 b 111 b 165 b 280 a 30.8 a 354 a

F-test o *x *x o *x o
Factor B (nutrient sources)
B1 75 d 124 d 218 a 268 b 29.7  bc 354 a
B2 113 a 162 a 20.7 a 29.7 a 324 a 351 a
B3 71 d 123 d 189 b 228 ¢ 263 d 295 b
B4 89 ¢ 137 ¢ 174 ¢ 265 b 30.1 bc 349 a
B5 99 b 149 b 173 ¢ 268 b 312 ab 339 a
B6 71 d 123 d 165 ¢ 259 b 290 ¢ 335 a

F-test *% *x *x *x *x *x
Factor Ax B
Al B1 8.0 e 135 ¢ 179 de 229 ¢ 28.2  def 31.9 bcd
Al B2 129 b 185 a 246 a 273 cde 30.3 bcd 325  bcd
Al B3 78 ef 135 ¢ 17.7  de 220 ¢ 273  efg 31.1 de
Al B4 120 ¢ 162 b 218 b 259 de 29.3  cdef 320 bcd
Al B5 148 a 189 a 239 a 278 «cd 303 cd 328 bcd
Al B6 114 ¢ 16.1 b 20.4  bc 229 ¢ 269 fg 31.6 cde
A2 B1 70 fg 112 d 16.8 ef 306 ab 31.2 bc 39.0 a
A2 B2 98 d 139 ¢ 189 320 ab 344 ab 377 a
A2 B3 30 h 85 e 139 g 236 fg 253 ¢ 279 e
A2 B4 64 ¢ 11.1 d 154 fg 253 ef 29.8 cde 370 a
A2 B5 79 e 135 ¢ 196 ¢ 276 cd 33.0 ab 357 ab
A2 B6 28 h 85 e 142 g 289 bc 31.0 bc 35.4  abc

F-test o *x *x *x *x *
Mean 8.6 13.6 18.8 26.4 29.8 33.7
% C.V. 6.14 5.04 5.24 4.61 5.27 6.79

* and ** = significantly different at p<0.05 and 0.01 respectively.

Mean within the same column followed by the different letters are significantly different according to LSD (p<0.05).

Melon Orrancy Variety (A1) and Melon Princess Variety (A2). Hydroponics fertilizer (B1), cow manure compost (B2), pig manure

compost (B3), chicken manure compost (B4), bat manure compost (B5) and vermicompost fertilizer (B6).
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M13199 2 AnvaensRsyiivlaveuwns 2 fiuglulanuan 6 wiandundisinemisaieaiuly

AnvazANNIERUTENINEUAT 2 BedUannl 7 ndsdhedan

Trunk length (cm.)
Factor

20 week 34 week ath week 5t week 61 week 7t week

Factor A (varieties)

Al 688 a 1155 a 1556 a 185.7 a 201.8 a 2174  a
A2 493 b 955 b 1276 b 1573 b 166.2 b 1764 b
F-test *% *% *% *% *% *%
Factor B (nutrient sources)
B1 855 a 1280 a 163.7 ab 1916 ab 1982 ab 210.1 ab
B2 856 a 1285 a 1764 a 2008 a 2127 a 219.2 a
B3 234 d 740 c 1114 d 156.4 cd 169.2 ¢ 1816 ¢
B4 275 d 726 1049 d 146.8 d 1689 ¢ 1888 ¢
B5 721 b 1148 b 151.6  bc 173.2  bc 181.0 bc 194.7  bc
B6 60.1 c 1148 b 1415 ¢ 160.2 cd 1740 ¢ 1870 ¢
F-test *% *% *% *% *% *%
Factor Ax B
Al B1 94.6 1334 169.9 196.6 209.2 226.4
Al B2 96.6 1435 203.9 224.1 234.6 243.0
A1 B3 33.4 84.0 121.4 168.8 183.9 195.1
Al B4 35.7 82.6 114.9 153.1 183.0 200.2
A1 B5 82.1 124.8 161.6 1934 203.5 225.2
Al B6 70.1 124.8 161.9 178.0 196.3 214.6
A2 B1 76.6 1235 157.4 186.7 187.3 193.8
A2 B2 74.6 113.4 148.8 177.5 190.7 195.4
A2 B3 134 64.0 101.4 144.0 154.4 168.0
A2 B4 19.2 62.6 94.9 140.4 154.7 177.5
A2 B5 62.1 104.8 141.6 153.0 158.5 164.2
A2 B6 50.1 104.8 121.2 142.3 151.7 159.4
F-test ns ns ns ns ns ns
Mean 59.0 105.5 141.6 1715 184.0 196.9
% C.V. 7.55 9.92 9.81 8.99 9.45 7.81

ns and ** = not significantly different and significantly different at p<0.01 respectively.
Mean within the same column followed by the different letters are significantly different according to LSD (p<0.05).
Melon Orrancy Variety (A1) and Melon Princess Variety (A2). Hydroponics fertilizer (B1), cow manure compost (B2), pig manure

compost (B3), chicken manure compost (B4), bat manure compost (B5) and vermicompost fertilizer (B6).
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M19199 3 Anvain1sRseyiulnveduns 2 WusluTanuan 6 vllandunassigemseineiuly

anwazaAaslsiadsenIedUn v 2 fedunnin 7 ndedhedan

Chlorophyll (SPAD unit)

Factor
2nd week 34 week 4th week 5t week 61 week 7t week

Factor A (varieties)

Al 39.8 426 a 42.0 a 433 a 441 a 40.3
A2 39.9 398 b 39.2 b 382 b 377 b 39.1
F-test ns ** ** o o ns
Factor B (nutrient sources)
B1 397 b 419 b 40.8 bc 451 a 427 b 44.4  ab
B2 359 ¢ 387 b 384 ¢ 375 bc 422 b 409 b
B3 338 ¢ 396 b 364 ¢ 356 ¢ 364 ¢ 300 d
B4 393 b 394 b 370 c 385 bc 367 ¢ 352 ¢
B5 46.2 a 46.0 a 46.7 a 404 b 39.5 bc 402 b
B6 441  a 417 b 443  ab 474 a 417 a 478 a
F-test *% *x *x *x *x *x
Factor Ax B
Al B1 354 ¢ 416 ¢ 39.5 bc 419 bc 39.5 de 464 b
Al B2 422 b 44.0 abc 420 b 377 d 39.4  de 414  bc
Al B3 333 cd 348 d 295 d 271 e 256 f 240 e
Al B4 367 ¢ 42.1  bc 308 d 322 de 312 f 318 d
Al B5 443 ab 454  abc 444 ab 40.6  bc 382 e 422  bc
Al B6 46.6 a 48.0 a 490 a 49.7 a 524 a 56.1 a
A2 B1 440 ab 422  bc 420 b 48.4 a 459 bc 425 bc
A2 B2 295 d 333 d 348 cd 373 od 451 bcd 40.3  bc
A2 B3 454 ab 44.3  abc 444 ab 44.1 ab 472 ab 359 dd
A2 B4 308 d 36.7 d 421 b 447  ab 42.2  bcde 385 «cd
A2 B5 48.0 a 46.6 ab 490 a 40.3  bc 40.9 cde 382 cd
A2 B6 416 b 354 d 39.5 bc 452  ab 430 bcde 394 ¢
F-test o *x *x *x *x *x
Mean 39.8 41.2 40.6 40.8 40.9 39.7
% C.V. 6.28 6.64 9.93 8.24 9.11 9.92

ns and ** = not significantly different and significantly different at p<0.01 respectively.
Mean within the same column followed by the different letters are significantly different according to LSD (p<0.05).
Melon Orrancy Variety (A1) and Melon Princess Variety (A2). Hydroponics fertilizer (B1), cow manure compost (B2), pig manure

compost (B3), chicken manure compost (B4), bat manure compost (B5) and vermicompost fertilizer (B6).
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M19199 4 JeyanandnuazdiuusznaunandnaNuag 2 iug dedanuan 6 vliandunassis

I
Yield component (cm.)
Factor Yields (gram per fruit )
wide legth thick

Factor A (varieties)
Al 628.8 a 99 a 11.0 a 289 a
A2 5218 b 9.0 b 102 b 248 b

F-test *x *x *x *x
Factor B (nutrient sources)
B1 536.0 bc 9.1 ¢ 103 ¢ 243 cd
B2 790.6 a 10.7 a 120 a 3.08 a
B3 3458 d 73 d 923 d 228 d
B4 4612 ¢ 9.2 ¢ 9.45 d 263 bc
B5 710.2 a 103 ab 11.1 b 298 a
B6 6082 b 99 b 113 b 268 b

F-test *x *x *x *x
Factor Ax B
Al B1 639.4 cde 9.8 bc 11.2  bc 263 cde
Al B2 868.2 a 11.0 a 122 a 337 a
Al B3 3620 g 82 d 89 ef 223 f
Al B4 576.8 de 99 bc 10.5 «d 283 bc
Al B5 655.5 bcde 10.1  bc 11.2  bc 330 a
Al B6 671.2 bcd 103 ab 119 ab 297 b
A2 B1 4326 fg 85 d 95 e 233 ef
A2 B2 713.0 bc 104 ab 11.7 ab 280 bc
A2 B3 3295 g 65 e 9.6 d 223 f
A2 B4 3456 ¢ 86 d 84 f 243  def
A2 B5 7649 ab 10.5 ab 11.0  bc 2.67 bcd
A2 B6 5451 ef 9.4 ¢ 10.7 ¢ 240 def

F-test *x *x *x *
Mean 575.3 9.4 10.6 2.7
% C.V. 11.75 4.69 5.04 6.99

* and ** = significantly different at p<0.05 and 0.01 respectively.
Mean within the same column followed by the different letters are significantly different according to LSD (p<0.05).
Melon Orrancy Variety (A1) and Melon Princess Variety (A2). Hydroponics fertilizer (B1), cow manure compost (B2), pig manure

compost (B3), chicken manure compost (B4), bat manure compost (B5) and vermicompost fertilizer (B6).
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M19199 5 ToyanndnuaiEANAYBILAS 2 TS vuTanuan 6 vlialilluvassinensanaiy

Factor % brix (°brix) Firmness (N/mm)

Factor A (varieties)

Al 128 a 1.98
A2 11.0 b 2.04
F-test ** ns

Factor B (nutrient sources)

B1 119 b 195 ¢
B2 103 ¢ 1.65 d
B3 109  bc 1.67 d
B4 110 bc 248 a
B5 138 a 2.08 bc
B6 136 a 223 bc
F-test *x *x
Factor Ax B
Al Bl 13.0 bc 1.63 ef
Al B2 10.6 de 197 ¢
A1 B3 114 d 147 f
Al B4 13.0 bc 207 ¢
A1 B5 144 a 237 b
Al B6 143 a 240 b
A2 B1 10.7 de 1.67 def
A2 B2 100 ef 193 cd
A2 B3 9.0 f 1.87 cde
A2 B4 104 de 290 a
A2 B5 13.2  bc 1.80 cde
A2 B6 128 ¢ 207 ¢
F-test * *
Mean 11.9 2.0
% C.V. 6.90 8.51

ns, * and ** = not significantly different, significantly different at p<0.05 and 0.01 respectively.
Mean within the same column followed by the different letters are significantly different according to LSD (p<0.05).
Melon Orrancy Variety (A1) and Melon Princess Variety (A2). Hydroponics fertilizer (B1), cow manure compost (B2), pig manure

compost (B3), chicken manure compost (B4), bat manure compost (B5) and vermicompost fertilizer (B6).
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mui%’aﬁyﬁumﬁmiwﬁmumﬂmiLLazWﬁmﬁLma%ﬁuyjsaﬂmaaizwmuﬁqﬂﬁm
V404 Gem dunanisaiaiendedininssadasviounasuaduriugudnats 0.7 wns Jalln
wn3Fendesddiinuuiunsesuasludasauenedusasdiiiunasuasdivies o egam
WRANWSHIAEsH 7 seunszauamsss Swinuasswdin Judl 9,10 uag 12 uns1A WA 2562
Ysudsenmanedatuinsgiunazinalefuinsiagldinalafviveisuidealulnuniaig
TUsunsy SIRIL 3AT129iAUN15IAI5T0ITEUUANEGMIBUEUAT (O - O) uATIginTnuadiay
nensdnesduysalvesszuunngaielsunsy PHOEBE HAIINNTIATIZNAIUNTLALS

VOITFVULRNTUAILEATY dP/dt = 3.45(x0.20) x107 Tusial Avgaumailfanavesnigun il

&

gaunnIfINareIn1IALNT YuL889095EUIUILATS Fndiuii wazdnadruanadian 5528
WA 5440(+15) 1ARIU 78.63(0.37) 84N 7.21(x0.01) ua 3.43(0.01) suddu Mafisdy
yosmumstaasilinauissuuaneieglutidimunmsiianandniiaesdnadoud
20N%199INAAUGNANNIS HaRasTeIdmesduysaluansliifiuinszuuaigausian
V404 Gem dneglulszian W Ursae Majoris %ila W-type

o o w '

AEA: AegusIA1 MsUAsuLUaIn unsiAes WuuTaeensIkas IIMuIN15UeIng

4

N
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Abstract

In this research, we analyze the orbital period and absolute parameters of the
eclipsing binary V404 Gem. This work used the 0.7-meter reflecting telescope with CCD
photometric system in blue and visual bands. The photometric data were obtained in 9,
10 and 12 January 2019 at the Thai National Observatory, Nakhon Ratchasima
(Chalermprakhiat Astronomical Observatory Commemorating King Bhumibhol's 7"
Birthday Anniversary). The data reduction and measuring the magnitude were processed
by differential photometric technique with SIRIL program. The orbital period was
analyzed by Observed-minus-Calculated (O-C) diagram. The synthesizing light curves
were predicted for absolute parameters with PHOEBE program. The results showed that
the orbital period changes increased to dP/dt = 3.45(+0.20) x10" days per year. The
effective temperature of the primary and secondary stars, the inclination, surface
potential and the mass ratio were 5528 K, 5440(+15) K, 78.63(+0.37) degree, 7.21(x0.01)
and 3.43, respectively. The increasing of orbital period revealed an evolutionary status
of the eclipsing binary V404 Gem, which both components moving away from the center
of mass. The solutions of absolute parameters showed that the classification of this

system was a W-subtype of W Ursae Majoris binary star system.

Keywords: Eclipsing binary, Orbital period changes, Light curve modeling, Stellar

evolution

unii

nsfnwiszuunigaunanduiitefididglunisisensansaans agndd
Usnguuviesihdnlnginginssuiiuanddisdaunaiiuitundedninssmildindussuuan
FeUszneudieanadn 2 nevdennd szUUANEEIATITEUAAUENANIIIA TNy
(Adams & Joy, 1919) Lﬁj’li/iu’lﬂﬁlLﬁaﬂﬁmﬂﬂuﬂ%ﬁﬁﬁai%UU@’]’J@;qUi’]ﬂ’] V404 Gem %39
GSC1330-0287 aglunqua1iAue (Gemini constellation) Heunisludidnlsiuoaiyudy
(Right ascension; Ra) A® Gy = 06"47M02°.81 wazdlsunisluniininaaiudu (Declination;
Dec) AD byoy = +15°37°22°7.98 (Simbad, 2020) amaundnssaeaduauase (dwarfs) 3

YUIRLALANUAINIINALABITY



J ET_ R M U | Journal of Science Engineering and Technology Rajabhat Maha Sarakham University 19
Vol. 1 No. 2 May - August 2022

GSC1330-0287 Aumuafausnlag Lasker et al. (1988) waztufinlilugnudeya Guide
Star Catalog (GSC) (Morrison et al., 2001) 9Nt Ahterberg & Agerer (2005) W11 GSC1330-
0287 Wuszuuanggusimuszan W Ursae Majoris (W UMa) %138 EW type Saiflumsdumy
Tnetadgdodmnendnluaeiufossuuniidgusin KV Gem Bnidsdudusiumisvos
szuuamgidunuinmsdisavedasans ROTSEL dsgndufinlugtudeya Northern Sky
Variability Survey (NSVS) dgdia NSVS 9801698 Bslunituilddmaamaunsinasseu
PAuSnasanaesTrUUAGlFvaAy 0.308705 u uasamnsatunideuduauns Linear

Ephemeris léfsaunnsdi (1):
Min.| = HJD2452690.5116 + 90.348705 x £ (1

o £ Ao Aga (Epoch) vesmsdainanisailusaziauasldiasiian (Times of
Minimum; ToM) Lﬁ'awmmsﬂ”qﬁ’usuaﬂmnam%ﬂiuizuuma@qﬂswm GSC1330-0287
HUbscher, et al. (2006, 2007, 2009, 2011, 2013, 2004) la52UsaUALIEaT ToM 910215819
Bundesdeutsche Arbeitsgemeinschaft fur Veranderliche Sterne e.V. (BAV) Imaiwiawﬁaga
N1971A313W Y09 Ageer and Tiefenbach (AG), Achterberg and Norderstedt (ATB) wa
Quester and Esslingen (QU) Wit etanelnaluansans Informetion Bulletin on Variable
Stars (IBVS) 313U 6 adufe IBVS 5731, IBVS 5761, IBVS 5874, IBVS 5984, IBVS 6070 Wag
IBVS 6118 91U3uU 26, 2, 12, 2, 3 Lag 3 Yoyan1ua1iu Liwﬁ’uwui’mwmaﬁjﬁmé"au%alﬂu
Va04 Gem AYsusnluangans IBVS 6029 @siiiauadn Tom 13 1 U8ya (Diethelm, 2012) &4l
nsUnauer1 ToM ¥e1 V404 Gem T Nelson (2011, 2015) 8n 2 Yaya Tusans IBVS 5929
uag IBVS 6131 uaﬂmﬂiiﬁuwusﬁaga ToM Tunnsa13 Open European Journal on Variable
Star (OEJV) §1424 1,3 waz 11 Yeyaluatuil OEIV 0137, OEJV 0160 waz OEJV 0168
AuaeU (Brat et al,, 2011; Hofkova et al., 2013, 2015)

1{19991nA" ToM ¥8355UUANIEUTIAN V04 Gemn ﬁqﬂﬂ’uﬁﬂﬁ'ﬁy’nm A.A. 2002 fi9
A.A. 2014 Bariuanuda 8 T (Hagtu ae. 2022) dilsifimsmesiu @1 ToM daniu Snviedald
Wumiiwmuﬁ&nﬁ’umﬁLﬂiwﬁﬂ’mmiIﬂﬁ]iLLazWWﬂﬁma%ﬁmyizﬁ ATeiiE el
ATUNITLATTHAE NS AUYTal1095EUUANIA B UTIAN V404 Gem LagldYayaainnis
Funnnisala19na 09InTNTsANLUUALY o ULAY (reflecting telescope) TalWlnLNAT
(photomety) Tneldimatiadwinotsudealulauns (differential photometric technique)

° aal a I3 ' S & o o o I3 .
‘Ll']Lﬁuaﬂ]ﬁﬂﬂﬁﬁLﬂi?%ﬂﬂ’mﬂ’ﬁiﬂ‘iﬁ‘\]’lﬂﬂ'1 ToM NNIFIUNLAUDNITAUATITNATIN LA (nght
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Curve; LO) wazlanman1siwensdimesduysaivedssuun1iggusnni V404 Gem aag
8 n1sAunuuil uguvesseLisuisiadu-niuid (Wilson-Devinney method) (Wilson &
Devinney, 1971) Lwaaﬁmmmmmwmmaqﬂ@%aLﬂwﬁugmﬁummiﬁﬂmmiﬁ”nLﬁmLaﬂnw
1§ wansadevinlildteyaidulsslomidmivdiaulawazsidunuimelunuidoninis

AEnsingIiusEUUATIARUTIARalY

oANLUNITIY

mAdeilldfnmziamunislaasuazinafiweiduysaivessruuanegguim vaoa
Gem lnglddayaanmsdunanisalmenaednmssadasisulauiniduniugugnais 0.7
AT 04 VIERA LRANNSHIRESA 7 SoUNSTIUINITY SeminuAsTIeANN & Fufl 9,10 uay 12
1UNTIAN WA 2562 TalulaunIn1enae@@a (Charge-Coupled Device; CCD) NIULNUNTDY
wadluremNeMmAduLasLt LIy Blue filtter, B) uazuasdinaos (Visual filter, V) UFuuse
ANANEEANINTEIU (reduction) kaginAlyAuns (Magnitude; M) Tngldinadaaviaisy
WealWlawnsaigluswnsy SIRIL (Freeastro, 2019) ImaLé‘aﬂmmﬂﬁﬁﬁsﬁLmuﬂnélﬁwﬁ’u Ao
A1 TYC1330-1197-1 (Qy000 = 06"46™56°.90, boge = +15°38’5°°.86 ) way TYC-1330-717-1
(@000 = 06"46™315.60, byggo = +15°40°36°.13) (Simbad, 2020) 1t eléidua1aiFeuiiisu
(comparison star) LazA1I81994 (reference star) ANEIAU

AIINA1 ToM aaelusunsd MINIMA 27 (Nelson, 2019) 4 LaueIzn153LAT1Ew
aun1stARs91nAT ToM HruuNuam Observed-minus-Calculated (0-C) Bnvsdainauonis
fFuanginsmuatiasinueniiwmesduysaireeszuunigausian Vaos Gem UuilugIu
9995810835 T adu-1niud aaelusunsy PHOEBE (Prsa & Zwitter, 2005) Wag @170l
AmIsdimesnienIneegasiedlniaea (empirical formula) ¥89 Harmanec (1988) lng
Ananavesmgnd (M) ldanaunisd (2) duasaivesnngnd (B ldanaunsi (3)

wagALIUATINTIATULAINSNUBIAINY (M) IaNnaunisi (4) fall

log M/Me = [(1.77141X - 21.46965)X + 88.05700]X - 121.67820 2)
log R/Rp = [(2.166639X — 26.91528)X + 112.10890]X - 156.11700 (3)
Mpg = [(-10.8320X + 134.57640)X — 570.54460]X + 822.89520 (4)

= 4' = Ao ¢ o & 1% a 9
W X = log T el Tor Ao aaunnddanavesnnigny i ldgasioulniroads

nailiwinanzaln Saduazuunidyalulawn3nvesn1ivgundvindy 31ntudadun
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ASEUTgUAUAERTIEILNNIE (g = MyM,) 8asdsall (RyR,) wavdnsdruuwuniiyn

TUlaRASN Moo, Maooy) FaTunadnsanvine (solutions) anszideuiziadu-taiud nvis

ANuAIMaIdIaINUeIngne (L) lainauns /e = (R/Re AT/Te)* Inemuinainal

gauniifmanayAilveInIANTNTINEDd

M13197 1 wansAaNuaItaeNandaus a.a. 2002 9 A.f. 2019 Yszianvesausial Aga

A1 (O - C) waLlonaI59194

ToM (HJD Error  Type Epoch (0-0 Reference
245000+) Residuals
2359.4159 0.0069 I -949.5 -0.0003 -0.0040 IBVS 5731
2690.3392 0.0010 I -0.5 0.0020 -0.0006 IBVS 5731
2690.5116 0.0011 | 0.0 0.0000 -0.0026 IBVS 5731
2691.3847 0.0002 I 2.5 0.0013 -0.0013 IBVS 5731
2692.2576 0.0037 | 5.0 0.0025 -0.0001 IBVS 5731
2692.4307 0.0003 I 55 0.0012 -0.0014 IBVS 5731
2694.3485 0.0006 | 11.0 0.0012 -0.0014 IBVS 5731
2694.5234 0.0006 I 11.5 0.0017 -0.0009 IBVS 5731
2697.4853 0.0009 | 20.0 -0.0004 -0.0030 IBVS 5731
2707.4253 0.0005 I 48.5 0.0015 -0.0010 IBVS 5731
2713.3551 0.0021 I 65.5 0.0033 0.0008 IBVS 5731
2716.3170 0.0024 | 74.0 0.0012 -0.0013 IBVS 5731
2721.3747 0.0007 I 88.5 0.0027 0.0002 IBVS 5731
2722.4219 0.0014 I 91.5 0.0038 0.0013 IBVS 5731
2735.3237 0.0028 I 128.5 0.0035 0.0011 IBVS 5731
3007.4879 0.0013 | 909.0 0.0035 0.0017 IBVS 5731
3028.4116 0.0017 | 969.0 0.0049 0.0031 IBVS 5731
3055.4366 0.0007 I 1046.5 0.0052 0.0036 IBVS 5731
3070.4299 0.0009 I 1089.5 0.0042 0.0026 IBVS 5731
3088.3831 0.0021 | 1141.0 -0.0009 -0.0025 IBVS 5731
3407.4501 0.0014 | 2056.0 0.0010 0.0000 IBVS 5731
3408.4977 0.0021 | 2059.0 0.0025 0.0014 IBVS 5731
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M3197 1(s0) uansAIaiLasiosaanausd a.e. 2002 89 .. 2019 Uszinnvesgusian

A1EA A1 (O - C) Uavlanansonsds

ToM (HJD Error Type Epoch 0-0 Reference
245000+) Residuals
3410.4142 0.0005 I 2064.5 0.0011 0.0001 IBVS 5731
3410.4194 0.0042 I 2064.5 0.0063 0.0053 IBVS 5731
3760.3386 0.0008 | 3068.0 0.0001 -0.0007 IBVS 5731
3760.5120 0.0004 I 3068.5 -0.0009 -0.0017 IBVS 5731
4092.4798 0.0015 I 4020.5 -0.0003 -0.0011 IBVS 5761
4092.6554 0.0048 | 4021.0 0.0010 0.0001 IBVS 5761
4454.4391 0.0004 I 5058.5 0.0033 0.0020 IBVS 5874
4505.3493 0.0005 I 5204.5 0.0025 0.0012 IBVS 5874
4507.4419 0.0007 I 5210.5 0.0029 0.0016 IBVS 5874
4509.3602 0.0010 | 5216.0 0.0033 0.0020 IBVS 5874
4509.5339 0.0010 I 5216.5 0.0027 0.0013 IBVS 5874
4515.2880 0.0040 | 5233.0 0.0031 0.0018 IBVS 5874
4515.4626 0.0004 I 52335 0.0034 0.0020 IBVS 5874
4516.3342 0.0005 | 5236.0 0.0032 0.0019 IBVS 5874
4516.5090 0.0005 I 5236.5 0.0037 0.0023 IBVS 5874
4520.3448 0.0007 I 52475 0.0037 0.0024 IBVS 5874
4531.3273 0.0005 | 5279.0 0.0020 0.0006 IBVS 5874
4531.5030 0.0040 I 5279.5 0.0034 0.0020 IBVS 5874
5159.8652 0.0005 | 7081.5 -0.0009 -0.0038 IBVS 5929
5578.3124 0.0003 | 8281.5 0.0003 -0.0043 OEJV 0137
5578.3157 0.0025 | 8281.5 0.0036 -0.0009 IBVS 5984
5578.4866 0.0015 | 8282.0 0.0002 -0.0044 IBVS 5984
5956.3120 0.0004 I 9365.5 0.0037 -0.0027 OEJV 0160
5956.3127 0.0005 I 9365.5 0.0044 -0.0020 OEJV 0160
5956.3134 0.0010 I 9365.5 0.0051 -0.0013 OEJV 0160
5956.3134 0.0010 I 9365.5 0.0051 -0.0013 OEJV 0160

5968.6914 0.0005 | 9401.0 0.0041 -0.0024 IBVS 6029
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M3197 1(s0) uansAIaiLasiosaanausd a.e. 2002 89 .. 2019 Uszinnvesgusian

A1EA A1 (O - C) Uavlenansensds

ToM (HJD Error Type Epoch 0-0 Reference
245000+) Residuals
6001.2949 na I 9494.5 0.0037 -0.0030 IBVS 6070
6001.4694 0.0005 | 9495.0 0.0038 -0.0029 IBVS 6070
6002.3453 0.0006 I 9497.5 0.0080 0.0013 IBVS 6070
6319.4920 0.0002 | 10407.0 0.0075 -0.0011 OEJV 0160
6319.4922 0.0003 | 10407.0 0.0077 -0.0009 OEJV 0160
6319.4923 0.0002 | 10407.0 0.0078 -0.0008 OEJV 0160
6643.4419 0.0027 | 11336.0 0.0104 -0.0003 IBVS 6118
6643.6172 0.0027 | 11336.5 0.0114 0.0006 IBVS 6118
6693.6557 0.0003 | 11480.0 0.0107 -0.0004 IBVS 6131
6694.3570 0.0005 | 11482.0 0.0146 0.0035 OEJV 0168
6703.4203 0.0003 | 11508.0 0.0115 0.0003 OEJV 0168
6703.4210 0.0001 | 11508.0 0.0123 0.0011 OEJV 0168
6709.3489 0.0001 | 11525.0 0.0122 0.0009 OEJV 0168
6709.3489 0.0002 | 11525.0 0.0122 0.0010 OEJV 0168
6729.3968 0.0003 I 11582.5 0.0096 -0.0018 OEJV 0168
6729.3975 0.0003 I 11582.5 0.0103 -0.0011 OEJV 0168
6729.3976 0.0005 I 11582.5 0.0103 -0.0011 OEJV 0168
6739.3385 0.0005 | 11611.0 0.0132 0.0017 OEJV 0168
6739.3388 0.0003 | 11611.0 0.0134 0.0019 OEJV 0168
6739.3389 0.0003 | 11611.0 0.0136 0.0021 OEJV 0168
8493.3419 0.0001 | 16641.0 0.0304 0.0011 This paper
8496.1305 0.0002 | 16649.0 0.0293 0.0000 This paper
8496.3072 0.0001 I 16649.5 0.0317 0.0023 This paper
8493.3388 0.0002 | 16641.0 0.0273 -0.0020 This paper
8496.1309 0.0003 | 16649.0 0.0297 0.0004 This paper
8496.3063 0.0001 I 16649.5 0.0308 0.0015 This paper
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NaN1538azaNUIuHa

MAATIENAIUNITIATVBITEUUAIARUIIA V404 Gem WIB#ia15eu1A1 ToM ign

Juiinlidaus a.a. 2002 §i4 A.A. 2014 Wu1AATIERTIAUAT ToM 9 ndayalnlaunives

4

av o =

ATl A.A. 2022 151AwIUNIIAT ToM aaelusunsy MINIMA 27 wanssigavidenns
A5197 11500 518%N51UA BuLUaIA1Un151A5Y09TEUUAIG AN TR UIMTIAgA
(Epoch) Amarswestaafiuastiosignlunsazgaiivnnsdannnisalivinsnaiiuasios
flanluusiazen (Observed-minus-Calculated) Fsfuamainaiunislaesiilddneds (Alumen
7l 2 vosaumsi (1)) Mndudouununim ©0-0 Tddanmd 1 uansnsnszasvesteyalu
mié‘fﬂwﬂumgﬂaﬁmLLam’J’aga‘uaNm?a‘i’aﬁ M1N1334AI1IN150A008LTUd UR TI0E 1998
(Simple Linear Regression Analysis) Imj'maaﬂﬁayjaﬁﬁmm%’mﬂumr\Lﬁaﬂ"wmmmamms

Linear Ephemeris “LmjmﬂﬁmiLﬂ?}lauLLUmmumﬂms‘uaﬁzwma@meﬁﬂaumsﬁ (5):
Min.I = HJD2458496.1306(+0.00009) + 90.348708(+:0.0000004) x £ (5)

NEUNITN (5) NUIIAIUNTTIALTVRITEUUANIARUIIAT V404 Gem B LIa1#YiINTg

oy
U a =

WelfinAuan P = 0.348705 Tu (Ahterberg & Agerer, 2005) 1Uu P = 0.348708(:0.0000004)
fu Bsaonadosfiuarunislaasivuiinlilugiudeya The ASAS-SN Catalog of Variable Stars:
Il Jayasinghe, et al., 2018) Fannd 1 uanmmfl,iwé’ﬁmeﬁmimaaagﬂquwnmmﬁwé’q
@84 (Quadratic Regression Analysis) ﬁuﬁagamwmuwgwmLﬁ'a?mswzﬁmﬁmwmi
WE suUaszeze11903a1Un151A3 (Long-term orbital period variations) wan ety

ANUFURUSIaRIENn1SN (6):

(O -C) = 1.65(x0.09) x 101%x F?-1.14(+0.14) x 10°x £+2.66(+0.45) x 107 (6)
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A ] . LI
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-0.006 L— . ‘ : :
0 4000 8000 12000 16000
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AMA 1 waunw (0-0) delnszvinisannseidudunsiegielurideyaiinnududuuan
(#e) WnTrevinisannesgUiuunynaidEesiudeyan ns Wiaun (1I1UY) way

ASINUSEUNUAIANLAAIALAZDU (U1E19)

Wethaduuseanshumeui 1 anaunsi (6) dAuumsns1n1sasuilasnnu
N35lA95U895EUUANIARUIIAT V404 Gem WUl snTmsilAguunlasaiunisiaasiiutiuegia
sewlledludngn dP/dt = 3.45(x0.20) x107 T/l MmFATgimsiinesduysalvesssuuniig

gus1A1 V404 Gem melusunsu PHOEBE Litea3ansmuaddinsieiiazasnauuudnaauss

o~

is‘uuma@: isndenlduuudnassluluun Overcontact binary not in thermal contact

v v
I o ¢

WUV ARIHANANINURIVOINIENITATIEDS (surface potential; W) HAWYINAU A1@unTnva

anadlAngunnidang (effective temperature, Toy) wane1aiu 131ldAQMNY T MavEIA

o

Uguadl T, = 5528 K aananseauduiusues Flower (1996) wledsudd (B-V) = 0.708 U3u

9 U
ARSI NAINANENYSEANSNsinRa ot nANlENa 29 (gravity darkening coefficients)
YOINNIENITN ¢; = g, = 0.32 (Lucy, 1967) Arduuszansnisazoululaiunin (bolometric
albedo coefficient) U99A1M@LITA A, = A, = 0.5 (Rucinski,1969) A1dulsza@nsaiuinnaii

¥9Un129nY (logarithmic limb-darkening coefficients) U3 Un11#113199849 Van Hamme

Y o

(1993) auufbiszuuangiialeesiduisnan (crcular orbit) E8ms1n13MyUsOURIDIVEIAT

Au18NAUENTIN15IAITEURAAUGNATNNIA (synchronous rotation) AN VRIILAS

a0 <

(eccentricity; e) fiANTuAUSuAzAATINUNENVBILATS (semi-major axis; a) Sy 1
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T T T T T
1.2} E
1.0 | e
on
]
3
0.8 |- i
0.6 |- E
Cod a_ dho,
& Synthetic 2
o o
0.4 1 1 1 1 1
0.00 0.25 0.50 0.75 1.00
Phase

AR 2 nemlkasresteyadaunanisaliiSeuiisunsnuasdunsieilugianuenniuuasd

Ydulazhasdang

MnuAuEllAvInzauiige (fitting curve) AWINAMITITNBSTMLARAIY

A1 cost function M91gA TUANAINEENEIINNITAINUINNTEUNTINUAUAAIAINING 2 ey

?1%”1\‘1LLUUﬁ’]ﬁ@ﬂIﬂiﬁﬁ%’Nﬂ?EJﬂ’]WﬂJ’ENi%UUW]’J@:LLﬁﬂ\‘i(’ﬁ/ﬂﬂ"l‘Wﬁ 3 dIUNALRAYINNTEUIUNIT

FuAT1ERNIMUAIRIRN13199 2 gavineLsIAwuAINITime sy TlveITTUUAIRRUTIAN

V404 Gem mugnsielnineaves Harmanec (1988) WaAIAIMNSIIABIAINITIT 3

AT 3 LUUTIaadlATIATINNNENIN VBIsTUUAIARUIIAT V404 Gem
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Abstract

The development of semi-automated chicken fried machine with oil
recirculation system had the objectives as the following: 1) to develop a semi-
automatic chicken frying machine with a circulating oil frying system, 2) to develop a
quality control system for circulating frying oil by filtering out impurities, and 3) to
increase the production capacity of the establishment's frying process. The machine is
designed to work in two parts: a semi-automatic chicken fried machine that serves to
pack the frying oil and control the frying oil temperature through the thermostat, a
frying oil recirculation system with the oil filter. The frying oil quality control system
circulates by filtering the impurities through an oil filter paper which can filter the
impurities more finely. The tank capacity can hold many filtered contaminants. The
amount of chicken frying in two pans can fry two kilograms of chicken at a time,
average oil temperatures 135.22 °C, taking an average of 7.2 minutes per round or
0.556 kilogram/minute. Total oil consumption is 14 - 35 liters per pan for frying 40 - 100
kilograms of chicken per day. Experimental results show that the machine can fry four
kilograms of chicken at a time, average oil temperatures 199.46 °C, taking an average of
2.21 minutes per round or 1.81 kilogram/minute. Frying with a fryer has a larger
capacity 80 — 300 kilograms of chicken per day and total oil consumption is 23 - 45
liters per day. The developed semi-automated chicken fried machine can increase the

production capacity of the chicken frying process of the establishment.

Keywords: chicken fried machine, frying oil, oil filtration

o
Unu
manen WWunsihduemisldasluiiuvaeSeu Aruenvetemisizlioumg sty
' & oquld & & o & a o
919590157 i liiidudiudseneunanluemssemenateilule AiuenveseImisasuin
FeldnwaurAAIENITOUNIINITLNN NTTEREURINAEARY 9 LAdsuTilUAulureITU IS
HIueNveee M sazilgauniitiagaduauwin q fuindiunven Beinguszasdananvenisven
d - N a 9 s a @
Ag WaldsununmN1TUsIAATeIe Mg TngUsratAses Ae n1Taususn¥IemMIslaunis
o & a e ¢ - a - < &4 aa
Ma1etredunid wuled wazdu q 11191115 N30AA0ATUBINIT FIITNITNBANIS

gaamnssuImwunlnenisatslounudould 235 fe 1) n1smeawuuuniusiy (Shallow



JSET-RMUI Journal of Science Engineering and Technology Rajabhat Maha Sarakham University 33
Vol. 1 No. 2 May - August 2022

Frying) tunsnesildUsinaniniutios viewleddifundouuuionssny Josiulilfeoms
fansenziintu Bimuzdmivemsfiisnmdiuvesiuiiiadouiinsgs Wy waou 1d
Wwosines wazwiesianig o uag 2) AsneALUULTuYaL (Deep-Fat Frying) 1dun1snen
pnsluthiuysuuunn Tasemsiinenazauasiuluiniu nismenisiumns fueimann
sUs9 omnsfldrnmMmenuuuthiuhs s iidnuasangduendsnniinimenuuuusn
fio fdnwagnsou W 13 nduwazsaniameiafiiaaniifuilflunsven il msii
Sutssmusnniu Gla Ssnaves, 2546, $1984lu A3 Fuans, 2551)

'
a (3 A

nnsdrTnszvIunsndndagiu a Fefudiudiin aydud gasingd Weiu

3

¥
=1

Foyarlowiu Anwanmiamuazanudens wuin fusznounsidiGuinansusidiln
fadundnsusilineasaea dmsuiuslnamudunionufudingme Tnedesiu fuszney
nFoutngauidelidmiunenfuuilsyunenadunssngintuwuuitily dhiuilédudity
Undw Ferhdsnswdnlunsiagiuuszanas 40 - 100 Alansusio¥u THussnulunsvendwou 1
au o o9ty wdsanguszneunistiauendndasiluguuuuinsuled Usingindoend
IngAulrnenduliadigs silkidsnsndndiogludagtuliviome Wesandsdeafian

o a o o

ussuAY Bniadienueienlunismuisuthduneaulddn fehtunemduinguddailu
nsnen Mndgymasnanguseneun1swedtuzikariumslun siauUseansam
nszurunsnealagldiadesing wiouiadszuualruaunismyuidsuifunen 19013
wanasudoyamuiinaniundiadu Q’UisﬂaummazﬂfjuﬁﬁaﬁqﬁLLmﬁmLazmmé\'aami
i'mﬁ’uﬁ%i'wf“fumiﬁsumLﬂ%‘lawamlﬁﬁqé’miuﬁaé’aaizuuﬁmumawuumau iloLdis
UsgdvBnmuazmasmnansely
IMQUIZEIANITIVY

1) ileuiedemenlifsdnludfidsszuuihifunenuieu

2) WoRmunsruumuauAunwiduenyuisulnensnseumwIovy

3) Wlauiumdansnannszuaunmenlivesanulszneuns
uATeiiieades

Jan¥ad lasdnd (2563) lefnwides mamanzivsnzauilenonuaunysieinied
NeARULTRIMAILENTY TingUsrasdifioifiununinliiunn Susomslusluuunismen
LazNAFDUALSIALE T UIesAomenduLUy TasvinsiuSeufisunamsvadeuszsing
\nSesmandunuufunszneitaly Tufugaaudinaaiezauandinisnisnmeesitu
awldideuluguugiuazinanlunisnend 210 °C uaz 40 a%e My Tnoszydn

nsrUIuMINenmIskuLtnduii Wethdiunldnenlisuanuioustissieiliosignmgiinas

U



MITINeEans Iennssumans uazmalulad winingrdeseigunaisay
> Ui 1 atuil 2 wgunew - ;WMN 2565 J ET- R M U |
Hunauu q asdeliiAanansusiuieiailiawisoaaredaluifuly saudnisidon
Qmm‘wsumﬁwﬁuiwdwamzmumwamﬁ'damamzmﬁiaqwmwmanﬁu?‘[m 31NN5ANYINTT
yanmefinzauiienenuaunydisiaismonuuuTasamenty arliudnnmstema
Sousswhavauvad 2 ¥ia veniduuastn sAdeldTinsUssdiuduyilunsldndsnuuas
Aunulun1sHanLAUNYHAIINNISANYY WUl USunuauneseanlydrnsalududase uay
ﬂ%mmmﬂwm%ag’lummeﬁﬁﬂgmma AMuUA Ao 0.6 mg 02/kg, 0.33% Way 11-20%

o

prua1su Juulduiutueg1siidedfy (p < 0.05) WeatarlunisnealiuuInyu n1s

o

Wasuuasdvesthiuuasdvesuaunyiuwliufiuuntuilegamniivasnatlunisnen s
11NTY UAZIINMTIATIERANTYINAEY WUl anmigfzaudmiunenuaunydisiaies
yenLUUTBsMaILENTusEil 30 aft uenanduiedomenuuueuvanendudsdinsliusina
downddlunisneandnsdust 1 Alansu anas 6,530 v1n Andu 50% Tefesniaadunudl

goyde@aindweansenenily Wenniasemensenuuuliiinsfansgunsaldmivaiuay

'
a a

gaungiveniduriliannsnysevdauiinaidomasiigydeluannismeananSusilddndy
nsemesily

A3un uduns (2559) ldAnwides nsdanminsunendivesfmingeismonlu
fuimaunaguatsld Sunoides JINIAYUNT dormuumislunmsinnisiifunendives

gusznaunisuiiuil Tnefnwingingsy Aus uazaunmUiunenom1sUe I8 emIs

Y

von Fudunguiadasladsinide 1w 10 918 wamsdnwimudn gimineldszeziianlu

Y Y

msnemdunuailunisidsudiduly viesiedndidudsluse nitenisneniiioldeans

v
a =

Umaansinanifidatulunssuauniamenuasiiinszeznalunisldditunendn 9103
Anseianuduiudveamnfingy g uazamnmthiunenmsvestiuiing wagnns
fafumuumslunsiamstsunen lflduamalunsianisthiuend daniendams
thuumslulduds Snsvsuutasiiaty Tnegmedammianudilafitu fnsfmisiu
Tifinsewiamavonanas sugunmihiuneams liwuiulediaTnansgafudosas 20
wagluiANUANAIISAUAUUNITHES WuhusEneumsanllngiidunulunsudnana

v a 6 L3 Y o % g L% ’(; U g LY
i wedeSanssal (2558) laiaue sunsigainindiuvend Ineseyin ikiunen

v v
o A °

91 fin Uduiliveno1mise unnin 1 A%t AfUTuaasiwans (Polar Compounds) laitAiu

=]

Sovay 25 Y9t kazduneng L F#eNan I Ao Wdunlenene1m1sEn WInn 2 AS9 N4

D.

Y o A

Ysuuasinansifiusesar 25 vesdwiin dngaunaniddgyluomsussinnmen fe iy

Tdlunisven detiu 9mnneanisulsenuasiduemsiiivselesinesinevseliiuiueg
o ¥ o agw O Yo P a a A A
Aupunnvassiunldven iiudislasuanudeuninnsnenasiinnswdesuulamiuad i



J ET R M U | Journal of Science Engineering and Technology Rajabhat Maha Sarakham University 35
Vol. 1 No. 2 May - August 2022

naviliidudeuamunin f@6 nduwniiuiu gainaiusias e miemis wazneliiia
i Y] ] d i s = & o 2PN o
nauansUszneuiludunsigsesinie Sendt a1sinand suduanvaiideli Ainlsaaui
latinas lsaviala waglsanaeaiien wendani Tunssuiunisnenemisilduniiunendds
Aeliifnansnenateiug Fuduanngivinliialsauzise Sendt arsindleadn ezlsunfin
lalasAnsuau (Polycycle Aromatic Hydrocarbons; PAHs)
FunsIT Asdwimatna (2554) ivinnsfinwdadeuazaniiznisndniienmussuy

nsneanuurukes Fuduuinnssuiviuadelunisdanuaseenidudounifiusiuainiiu

@

HandTNdeININen lnelin1sauaugamnll wazdnsnsivavesidunenstaae

a o ¢ 2

HAndueiaziadeuiiuareeiiuieou JuuSeuailouwvinisvenay Tun1sdnuidulaldusiu

o a

fadaduingiv vnismeafioamgfl 190 °C Juszezian 17 il lneimunan1izdns

q
v

msvurleeiuineiu 3 sedu wazanusseulumamyundenenfisnsiu 3 szau ndain
Mudenanzn1menianga lagwudn LHuTIRMINILATEUIUNTNEALUUTIUNBEAZATY

ddiuluvinafidesndnszuiunismeauuuie d8nsniswudiu 0.3 Gasdedundl Anusa
i = @ = o P < ' a &

59U 60 FOUABWNY LAZNTARALYILINAINITNEATNIANNLEITEU 800 seusioundl Lluan 4

Wil Aeannganga amnsaanUuunsgaduliivatiauinndt feeagz 60 Janandladn

N3EUIUNTNEALUUNUHBEENINTRaAUSIANsRAdutunenlundn dusiomisle

31NN13ANBIITeMALITIATULAT NTEUIUNITNBARIBLATINDATLABIATE

Auaudanainar AuaudRinenmenmvestiiu ngldleulvgamginmunzauuaziaily
n1snendn n3emanalseenkuuliinisinfigunsaldmiualuquanmgiivesduinli

anunsaUsendauinanvemdsgydsluanmsneandndnsilafninseneinly

ad o

onHUNITIY

v
[

Tunsaiiunside Usznaumedunauny o d51uaziden Al
1. MTAINUNINEIININUNUIUITeUSUSZNOUNTS

nanmdagiu fusznevliwieuingivielidmsuneniuudayunenadlunseny

suwuumly dnsfunlidudniulndy Sindanisuanluwsas Ty Useunad 40 - 100 Alansy

sodu ldussulunsvendiuiu 1 au delninendnuasfgniieddigndmandud@oun

[ a

3 v ° o, ] U v a i A a
3‘141%5%@@%1]33ﬂaUﬂ']ﬁu'ﬂ;ﬂLﬂu']mﬂ@UUSﬁm']ﬂm@ W @1VIVDINUY I@US@@&Q?WQWUiﬂW@ﬁNUi

mmgjmﬁﬁu ‘V‘l”llﬁﬁ’léjﬂﬂWﬁNaWWMaQTuﬂQQUUINLWEN‘W’?] 917 AU LAY ﬂ?’lllENEﬂﬂ

Tumsvudeuhdunenanldsh Sehdunenduingivddalunsven wwmmamsuidym

JesduTaldaniesziwazagudaym 3 Usziiu aail



36 MNIATINIEENS Inssumans wazimalulad aninerdessAguasay J ET_ R M U |

Ul 1 atuil 2 wquniau - Asnau 2565

Useuiudl 1 AUADINITIZUUNITNOAMIENTIAILLATaIan N mludRsessuy

v
o @ a

uhsfuneanyudeu TneTanmdndumanndiliata (Stainless Steel) 1Wulanznay (Alloy) i
foulfiitedutagaraunesinsuargunsaiuUssuenms (Food Processing Equipment)
Usziiiudl 2 senuuunasifmuIssuuauaunIInyLdsutunenfiaiunsonsos
Aadeuunnnszuiumaven enwnanwingunenlunslden
Uszidiudl 3 iilerfiuUszavsnmindaimsnanlaganunsavenllsiuiinaiiganinga
2-3wh
2. MsgenuuUBUdIuATesInsuazaUnTal/Ms AT esiuuY
wdosdnauazgunsaifldlumssnidunsedall Usznaudae
2.1 w3eameanuuldufia Suuin (09 x 8719 x 1) 63 x 70 x 95 LEUALLAT YU
mmaﬁwﬁu 23 03 MIUANNSYIUMERInesluada (Thermostats) a1XN30AIUANGUNAL
Igfsening 160 - 220 °C FuaFoswdnarnivdnnd lfadu (Stainless Steel) Tanufeulasufa
L3sdush (LPG) waznszanearudousiessuuglusdliviilinudouidavinfunun dvesie

o Y '

YIUATUENT AININA 1

S co o
@VI’QLF’]?’EN N’ﬂ‘ﬂﬂﬁ‘ﬂAﬂ’W‘Hﬁ“ﬂLﬂIqu

thilnananan @

AZWNINTANIAITRE AL

@ A19NAA BAGATL
S GRGRVET) - FLASOAEITARZLNGS
ar \
Aangptlaalv neaduazvialinouiau
tlasile ARRT AU AN MY

A998 @

o < -
Aulaniialaagiindunen

AN 1 LUULASRIBA LA



J ET R M U | Journal of Science Engineering and Technology Rajabhat Maha Sarakham University 37
Vol. 1 No. 2 May - August 2022

2.2 \A584N589TUNeN YUEINNTTUNenNlIneanNan AN EUSaLAT tnY
HIUATELNTINTOUAENTEAYNTITNAAAI0g N8 lUg N ToNNTY WiluasgnnserunsE Ny

nsosuazlduawmastuiogaudunnseudmuiedgiiuietndunildlug dsnmi 2

AN 2 1ASeINTRINNANan

namdl 2 in3esnsesindufivuin (9 x 81) 445 x 79 lwURLAT ANNGIAINGIY
dovudsfutudmiudu 82 wuRiuns dulsznoundnveaniesnsesiiiy Usznaude 1)
s 2) daaseudiuewned 3) useiwnes 4) mevdesthiuiinsesd 5) azunsildnszay
nsos 6) Mddeshiufus 7) ndwdesihifufioaeUdesingu 8) viegatniiudda
wowes 9) FuduaneUdestndiu 10) ynde way 11) Aududmiudu
3. MswaATasdnsuazgUnsal

Fanilinaniadosdnsuaraunsaidumanndl3adu (Stainless Steel) ifunsiu Metal
Sheet wuy SUS304 FugtlasnsiuuazmaiaizBadasany dlasaadosmenddnuasuuad
fgrmensgiuuy nglusreliananszunsanseaiiedniaulinaziavudsszninmenag

1%

fuang Wneldnnnnzunssaziiviemnusaun ttdoindssnltniannuiainaseaiusiuiy 5 vie

o 1 a A a % vo o o d" Yo = ° o v g X o
G]']‘V]allﬂ’ﬁlﬁ]']g?;lfwaqj'ﬂﬂLWllﬂ’J’]NiauIﬂﬂUu’]ﬂJuiuLﬂiaﬁimW?ﬂ\?LLagwqﬂqqlﬁau‘lﬁL5'36Uu aN19

v
o

Andumnesluadviionsiadugamgiaiuieu nieuaindilaUauia n1sAevieliaazae ng
auandasesarlisziivhAulend msuldesuniuneninenudioenu
4. n13AnALATRITNIUAZaUNTAIAS 9

o a & B 9 & 1 = v v
nsfnnsasesdnswazaunsalang q luaaiudseneunis FelagUuddldauns

. 2.

wuuAnlunsUuRnuiesnndviununiudeinisinnenst 1sdeiiies Wesiuidsldnug



38 s sIermans Imnssumans uazsalulad wninedenedgumansai J ET- R M U |
Ui 1 atui 2 wguniau - Bnew 2565

FiAs1ufierInIsAnawaznaaeInIsuILEIEuysalnun sTUIun1sLEL 319 sly

o 1 ldl 1 2 dl
G]WLLMUQVILWJJWB@MWGIU PINTINN 3

2uil 3 Msiadaasesinsuazgunsalluaniuuseneuns

5. N139DALUUNTZUIUNIINAADINWIUTZANS AN

NNTEUIUNITNEAtAYRIUTENOUNIS dauUsidAydmSunisvenmieiniamen

lown Anuazenvesintunen, Usunadndukazininlnfldvenluwsazass aamndlunns

9 Y
v

non uaznsanazneuveavilsuaziavliluvaznon diuinieensesinfudunism
Usransnmlnesanlunisnses Tnefudsddey Wun nanildlunisnses Uinanhduiliu
Tugnenses auamiduiiiunisnses Swiusevgeanvenhfuiikiunsnses wargungd
yosfuiianasuuesiiunisnses iudu dufunszurunismaassgnuiady 2 du do
nszUIUMIMAABAilon UL AMEAMYBATEMen FURTEUIUNTNIAGBLT DMUTEANEA M
vounTasnsoniumon
6. NM1IVAHRUTTULLATUTUUTS

nManaseuszuudesiufuedosingits 2 § wud1 awnsavihenldund Tneiades
neavanAnsagamuaumsUdesifatuiuiauds nnaesaliiiteduiisld sausingi
gty annsausuarmuswesild wazndrannsndn-Uanisddesiils vaed

w3eensasdiumenszuumsvineduund neasdleagliinan in3eansesaunsagauiuas

UaseruveUaseinduldniuund Jynindesusulssludesdiu fie nsteuseviasening



J ET R M U | Journal of Science Engineering and Technology Rajabhat Maha Sarakham University 39
Vol. 1 No. 2 May - August 2022

\ndowmeniuladoanses Fssdudediaednvanndnndliatuiinuenuiouresniviunen

VU URNUle

7. Aisevinauszansnmuaaasesins
Mnmsvaaeumsingamgiimsnenlunsenzuvuiiuiethinfidudeyaioudou

yhnsvaaewiidu 5 asa lasTngamgiveniviuluudazdas Iun deunenld sewinmenld

roudnlieen uazndmenliiaouds fvheindussmiadea (") nieumanadoeumgd

YDILABLY N

NAN1538azaNUSIUHA
WNANTIINADY

a

ynmsnadgeunsingamgimmentunsynzuuuiuiiothunldiludeyafoudieu
MMIneaeisau 5 ass Inengamgiivesdndiuluudazd laud deuneald, sewitmenls,
fewdnlnesn wasndmenliasauds dnbeiadussmwadea (°C) nSeunuadegumaiives

LAAYYIN AILERINISIN 1

M5 1 gauninisvenliluldaydiaveinisnenlunsenguuuiay

. - sauil L4
N133nganna (°C) ALY

1 2 3 4 5
1. grungisuriounenld 160.2 1426 1362  129.1 1252 138.66
2 gumpfithifusswiwonld 1421 1398 1382 1392 129 137.66
3. gamnfthiudeudnlieen 139.4 1381 137 1383 1285 136.26
0. gumgiihiundmenliia$a 1285 1273 1296 1293 1267 128.28

Ao

guuQiineaaty  135.22

a

*ynewme gamniiduniisesmwalea (°C)

Y

31015199 1 nudngamgiunduneunealilunseny Jaamgiiaie 138.66 °C

A a a )

gaungiundusenitamenla Tgaumgiade 137.66 °C gaumgiundiuneudnliesn Joumgl

q U Y
° a

10y 136.26 °C wazgamaiuundmenliiaiauds fgumgiiinds 128.28 °C uazgungi

U

wamaaa 135.22 °C



40 NIATING NGNS ’Jﬂ'lﬂiill?n?ﬂ?ﬁ uazmalulad NWW?WSWaHsWTﬂQN‘V]'}ﬁ'ﬁﬂ’]& ET
Uit 1 atuil 2 nquaew - Aenau 2565 J R M U |
waznMIMedeuninenliluaiemeniiimin insingungivenidunenluus
azgintufunIeasmenlunszns Suheiadussmwaded (°C) wieungamaiiede
YDIuAazYae Iutoyarionun 10 50U lneiflaasusoud 1-5 9zv1n15n509U18iu 1 AT udI3s

insiiudeyaseudl 6 - 10 nSeumAadegumniivedudazyin AANINNTINT 2 uaz 3

M13199 2 gaumgiinisnealiluidagdicveinsnenluaiemenafiiaul seui 1 - 5

o - iEJ‘U‘I?i .4
n13Ingangal (°C) ALRAY
1 2 3 a 5

1. grumgiiiutounenln 2102 2026 1963 1997 2030 20236
2 gumgithiusswimenld 2046 2017 1951 2013 2072 20198
3 gumgithdureudnliosn 2037 2016 1942 1991 2054 20080
4. gavgivundmenld 2026 2004 1884 1908 2036 19716
WESauan

guuniiveaads  200.58

e gamliluniseesrwaidea (°0)

NNA397 2 nuheumgiunduneunealilunIomenfiiann seun 1-5 lgamad
wdy 202.36 °C gaungiitdiuseninmenli foaumgiade 201.98 °C gaumgiundunsudnln
gon Tgaumgiliade 200.80 °C wazgamgiundundmenliiaiouwds Joamgiinade 197.16 °C

wavgnuuiveniade 200.58 °C

M137199 3 Yamginisnealiluidazyiueinsnenluaiemenfiimul soud 6 - 10

. R 0l .
n133nganna (°0) ALRAY
6 7 8 9 10

1. qmmﬁﬁwﬁuﬁauwamld 2023 2007 1988  199.4  197.1 199.66

2, qmgﬁﬁwﬂuswﬁwamirﬁ 2016 199.1 1977  199.1 19638 198.86

3. qmgﬁﬁw:ﬁ’uﬁauéfﬂldaan 199.2 1989 1971 1984 1957 197.86

4, qmgﬁﬁwﬂuué’waﬂd 1989 1982 1961 1967 1950 196.98
FERIEe!

guuiinenats 19834

e gaumgiilumbheesmeadea (°C)



J ET R M U | Journal of Science Engineering and Technology Rajabhat Maha Sarakham University a1
Vol. 1 No. 2 May - August 2022

v
o

NnA13ad 3 wuhgamgiitfudeunealiluindemen seud 6 - 10 fgumgiiade
199.66 °C gangiitiuszwitmenln Tguvniiads 19886 °C gamgiitndunoudnlieen 4
guvgiiady 197.86 °C uargungiihiundmenliiaiauds Tonmgiiads 196.98 °C uaz
gunniveniade 19834 °C lngA19unnfisnanaInd 3 uag 4 mearguuniiveniads
199.46 °C

lusounisvendl 5 illednlnfinenaiaudiazshmsdieihiuauaionsenidunen
Lﬁaﬁﬂmiﬂimﬁﬂﬁu ﬂ'auﬂa'aaﬂé’uﬁugim%"mmm%ﬂﬂ%gaLﬁ@lﬁ?ﬁf’]ﬁumaawamldiauﬁ 6 - 10
soly wagndszaudl 10 vmansesindudnafamils deyaivihmaiuldun Usuantudld
nsos (Bn3), guuagithifudeunses (esmeaido), nariililunisnses wfh), narifldlums

o

WAL (W) LLazqmmﬁﬁmwaamamm (eFNTATEA) AIUAAINITIN 4

A51991 4 WANISYIAABINISNTBIUNTUTRLATRINTEIUNTY

~ . nandild
Ysuna iy vIana Ly - iy
N15VAABY y . gaungiungiy lumafin  gauuglvnduy
4 Wi . Tunsnsas . § )
# - flaunsas - nau nsnaudn
(an3) (1) -
(W)
1 24 202.3 2.4 3.6 193.4
2 14 195.0 2.1 3.4 184.7

MU N1SNARRIN 1 (M8INTNeATEUN 1 - 5), N15NAERIN 2 (VeI IMensauil 6 - 10)

*gungiidumisesrieaidea (°C)

v
°

NAITNA 4 WU MINAaeIATen 1 indeUSunanigiy 24 §ns gumgiiunduneu

A594 202.3 °C LIa19LghuN151589 2.4 W19 LA EluNISHINNEU 3.6 W19 aaundundun

9 Y

LY

N509U&7 193.4 °C Msnaaeindait 2 wdeUSunanisiu 14 ans qmmﬁﬁmuﬂaumm 195.0
*C nanfldlunisnses 21 it vandflflunafundu 3.4 Wi gampfthiuiinseadn 1847
°C

vananil mﬂmiﬁammamwﬁwﬁuﬁgﬂwafﬂﬁaammdﬂuLLGiaziaULLazﬂ'uﬁﬂ%'aya W
TULUUNSENERY WasuUULAIevenLAYNS BRIy mmmaqﬂmaﬁami’mﬁ 5 uay
6

9NAN59T 5 WUt Snwaisisumdsnisnenusavseulunsensuuuiy tifunenay
L%Mﬁﬂ']ﬂ@]xﬂamﬁuu’m%uwﬂﬂ%ﬂmLﬁa%ﬁ@Uﬂ’liV}aﬂ sauﬁ’qﬁmaqﬁwﬁuﬁﬁmju Un9dIudinng

Tnslvpannagnaunts dasldnszyeudeudaanisnoan



42 s sIermans Imnssumans uazsalulad wninedenedgumansai J ET_ R M U |
Ui 1 atui 2 wguniau - Bnew 2565

9NAN597 6 WU Snsaihiundinmsnenusazseuluaiemen thsumon a3yl
mnaznaufissnniuynailunsiasseuntmen savvavesTuiitugy vdmdnisiviives
mamznouuts uilusoudt 5 uay 10 dmsnsesituneudurldnenll vlvidunensialen
ndu waglifinnazneu

v

A1519% 5 SnuwaridundIn1snenkiazsauluNTENE LU ULAY

N15N2AASIN ANYULUNNUNAINITNDN

1 1hsfuaedidla dnneenawantios

fusuaeud wasiinnagnauiinduainasasndntios

a Ao -

idusuiidyu Wesanniianisludvssninaznau

1

a1 '

PFUTAYUNINNINAL wazdnINAENBULANLINTU

1

hsfufidwassidudvesninagnau sanimdsznau

o A~ W N

afuTeNa

nswaLAIemonlitadaluifdae szuvthifuneanyudou gnesnuuulidnig
v 2 dau Ifun n3esmenlifdnlusa Vf’mﬁ’lﬁUiiﬂqﬁﬂﬁuwaﬂLLﬁSﬂ’JUﬂ@JQMWQﬁﬁ'}ﬁu
yoallAnuiidesnsriuimesiuaca (Thermostats) uazszuuiifunaamyuisudeinios
nspaifu Faumnsrsanmavenliuuuiiuiilinsengneasuaidnduu 2 Tu vhoumeuiu
nsmuaugamgiiiuneniafetenfunnudiuiguosy
msfmszuUmMUANAuAmTTuneavsusulasnsnseamm iUk T sn TN
FRnimamesuvuiduiléifissnssseudniavninidevuiiasseguinainihiunen v
iwieansasiiuazlinszavnsesdvaninsonseuamievulfazidonnit vuinaugen
awnsafniAvdsdevuiinseudildumaninlaghiesddnvus SunniniAutuunmsmen

LUULAN



J ET R M U | Journal of Science Engineering and Technology Rajabhat Maha Sarakham University 43
Vol. 1 No. 2 May - August 2022

a

Umaunisenlduvuidalivenlunsens 2 lu vealdldasiay 2 Alanfu sumgiivenads
135.22 °C THnameniade 7.2 unitdeseu wie 0.556 Alanduseud Adsnsuanegi 40 -
100 Alan3usietu MHfuneaUszanal 14 - 35 ns NANISNAADUMTTINITUTBLATBITIHRL
wud ausavienlildads 4 Alansu gamgfivenads 199.46 °C MWameniade 221 wifide
s8U 30 1.81 Alansumeunil ﬁﬂé’amiw%magﬁ 80 -300 Alan3usiotu Mhunendszunm 23
- 45 Ans wiemeaTinauIsa@nsafiuiidimsnannssurumsven livesaauUszneunis

19239

M99 6 FNWULUNILUNBALUULAS DIV BALATNTDIUI LN LITU

A19UNS AnwauzUnduY Anwaizunsiu
) . NUBLNA)
7an flounsas #8IN15N509
T ] a
Ynsiuneu - Jrsiudinnulaund
7190
Y UNIUNS - NeuNTY Unsudd
NOALAT 1 — RS INNISHANVDS
550U MnRznaunlanasau
FIUUNN
[ ‘0’ L = ale
- waansos Widuidla
Lifimnagnau
RIS - feunsee Unsudd
NOALAT 6 — WIABY INNSHANVDS
10 S8U MAnzneunafiayay

FuN MNALNIY
SuangfuuRIn

o ¥ o A
- M89NT89 Udulasuy

a a I3 3 1l
Fannudntes laifl

NNRENBU

dyunauaziauanue

dyuna



NIATING NGNS ’Jﬂ'lﬂiill?n?ﬂ?ﬁ uazmalulad unInendessigumansnin
“ Ui 1 atuil 2 wgunew - eimﬂu 2565 J ET R M U|
muingUszasAvedlasanis AugIdEanTaaLlunsUsTaRLingUIEaIRATY

#a 3 4o fio ioRmunAIomenlifsdnluliRdesruuihifuneavyuieu Inefindenenuas
\ndesnsesinduneniiiautuannsoldouldase msimusruuauguauaimindunen
mpusulnsmsnseuawiavu lunsmnaeunisliaueiesnsenirdunenannsansousy
Reouulsiduegnsi Tasiedesitiaunannsaaniiainmsvenls 4.99 wiideseu Anluiesas
69.31 wiouindminldlunisvenld 1254 Alansudeundt Andufesas 22554 Fadu
inFesdnsfiiananusniiuidmannszuiunisiivenldate Tnganmsaifiniidsnssdnle
wNAILAY 2 - 3 i waraad-ldielumslitanduideuhifunennyuiieuls in3edng
Funuufiiaunty awnsafmuuiuugaiedadmdisliungusznounissedu 4 uie
fuszneunsamsaUszendldfundndusivemenussiandy o Adeslinszuiunismen
sULuuRIiuTeadeadaiy nan1saliunsaansansvauaulvingvedlasanisia
dalauauuy

1. mywanieiesdnsviegunsaiildlunswdn enadndudoddsrernaiuinni 19
dionsmeaaeuuasUsuUlimnzautunssuunsdnvesiusenounts vsedsonafisaus
undiiuenmiiensnuaumisanaiatulussnitenisiam Wy n1sv desthifufinenuds
NnAuswesaIomen viliavudsiiazaue guiuasnnidlugasuluriedndsniilfszuy
nsnyudeuiduhldliasan feshmadswianuaveraidussey q Dudu

2. mavaasafunmsnsesdamenimifionseuawIsvuwiniy enasndusesding
naeuUinuansinarsluhiufiinuninsewdneunyuisunlddn fusznounsses
ﬁmim’]LLazﬁmumﬁﬁ’wmuiaumimuﬁauﬁwﬁwamﬁmmaauLﬁ@lﬁlﬁﬁwﬂumamﬁﬁ@mmw

warUasnun1udaniun

ARRANISHUZNIA

Ya o

AurIToRerevauAm tasensduasuwaratuayuyaainsauineg aans
welulafuaznisdamsnnaaszuazaniugaudnululfoRnuileofindaanuannsans
wisduluniansuanuazuInis (Talent Mobility) and@rtinauaniuleuienisgaufnw
Inereans Ideuaruinnssy (@e19.) angldduiindennasnarusiuiielasinis Talent
Mobility 5e%319 ddnauaniuleuismagaudne Ingreans Weuazuinnssy (@3v.) lng
gneun unTInendodedival fu uninedeseigensang way atudiusaie vydud

gnshnd Tunisativayunuideasail



J ET R M U | Journal of Science Engineering and Technology Rajabhat Maha Sarakham University a5
Vol. 1 No. 2 May - August 2022

LANE1531989

Fun§ie deduitming. (2554). n1sdnwrtseuasan1IsMSNANTORALITZUUNITYEALUY
Rlog [IneinusUsggyIvermansumtudal. unive1dedalins.

tfufisn wedaiaasani. (2558). Sussemnunsiunendn. 77553990 9UaY 358 A3 WIzUAs,
9(1), 163-175.

Fan¥ad lns3nd. (2563). M9MaN19E IS aUTONOAUAYIYH IELATDINEAYLYOUNAMEN
s [U3gimnssumansumdadiol. aminendousls.

#3unn udluna. (2559). msdantsdiumendwessmisemsnenluiiuimauiadivails
gunaides Vaniayuns [nerdinusuSyyinermansuidndin).
UATIMEFAUAIUATUNS.

#5311 Juans. (2551). magaduiiiilunssuiunmenwuuihifuviag. 2155 IneImIan YW
, 14(2), 139.



a6 NIANTINYIANENS IANITTUAERS Wazinalulad wnwmaﬂiwngwwmsmu J ET R M U |

‘U‘VI 1 Q'U‘U‘VI 2 WE WA — AmAy 2565

I39NUVETUNRIUIRIENEIULENTInduuUAIUAY
AgauTTNInY
Solar-powered Water’s Surface Waste Cleaning Boat Controlled

via Smartphone

Wsnad uasnuil, suns Budy, Syuuun nedlyd, Ngy ATy, A Yiaue
way Tyva Wsntuadan
Peerapong Seangkhuntee, Thanakorn Aimkhum, Ratchanon Thongchot, Krit Tashoo,

Narong Boonsaner and Shutchon Premchaisawatt”

waluladenaimnis aagAsmansenaIvingsy umIngraemaluladsivusnadad Inenvnvouuny
Industrial Technology Program, Faculty of Industrial Education,
Rajamangala University of Technology Isan KhonKaen Campus

*Corresponding author. E-mail: shutchon.pr@rmuti.ac.th

UNAnge

Uszinealnefindusu 6 vesUsemafiudosvezasgneiasnniigauazannds 1 &uduse
T andlug)du vathwanadin maauf Tl Safemnuanisviesdleuas mﬂﬂ%msumm 1N
yaAa AAdEU guamnTIy Fwewmani duvilignudesasgunanii drnaes win wasdn
dunilsgnudesasgneiadadu Tassnsildlianuddyfudgmiingn Snhnseenuuuide
Fursrdmiuivesiinosuuind Al93nsauaunsldnudsainsvlvuiuszuy Wi-Fl
Al 2.4 GHz Tunmsmuaunsiadend uazldszuumstuind eudsussiuiuuudaly
msdartds Inendsnuiildaningdundsnulihildnneaduasefinddonuwunnadidu
W&uMdn MnsansvaassiiovansTauzaifvterndsnulaAinguuuTiduf e v
Tolu lunsifvaey 3 Ussavmuinannsaifivessiddwidniusazassthldind Ausum
AsLdLABNANY 60000 LUX (474 W/m2) filtlumsuszqlaiin dawaseszezinainsiiany
Tumsifveerlanss uazidevihnismaassmanuanunsalunisanveznuin anasalunis
Fuedeufiunliuanasmuminuesuey Tnsnaannsauauedsasvlnukiuszuy

WI-FI iusgansamesaniunisdsdunisiadeuiisseg 0-60 m

o o w A @ o a 901 v a 4 1 (3
ATEIAEY: LIDLNUVYE NITVIAIUATDIANIUT WAIIULEIDINANY ESP32 NULUR



J ET_ R M U | Journal of Science Engineering and Technology Rajabhat Maha Sarakham University a7
Vol. 1 No. 2 May - August 2022

Abstract

Thailand ranks sixth in the list of countries that release the most waste into
the sea and up to 1 million tons per year. Mostly plastic, water bottles, glass bottles,
foam are resulting from tourism and activities from individuals, households, and
industries. Some are released into water resources such as canals, rivers, and some are
released into the sea. Therefore, this project has focused on this issue. The surface
waste-collecting boat was designed to collect trash that floats on the water surface.
The control method is done via smartphones through WI-FI frequency 2.4 GHz to
control the movement and use a water pressure drive system with a water pump to
transmit power. Most of the used energy is electrical energy from solar cells connected
through batteries as the main power. Results of the experiment determine the
performance of a smartphone-controlled solar garbage collector to collect 3 types of
garbage. It was found that the boat could better able to collect lighter and floatable
garbage. The light intensity greater than 60000 LUX (474 W/m2) is the optimal intensity
to use to charge electricity which affects the duration of work in garbage collection
directly. Another point is when the experiment was done, the ability to drag garbage
depends on the weight of the garbage, and dragging speed is decreased when dragging
more weight. Finally, the control range of the boat via a WI-FI system provides

maximum efficiency in maneuvering at 0-60 m.

Keywords: garbage collecting boat, water’s surface cleaning, solar energy, ESP32, robot
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Abstract

This research presents a method for developing a wireless transceiver from local
waste materials. Different materials have a parabolic curve shape. Materials can be found
easily at home and low cost. The transceiver made from 5 types of materials is
aluminium, zinc, stainless steel, steel, and foil. The material was selected for a diameter
of parabolic curve shape of about 29 cm. The wireless transceiver is made from
aluminum basins, zinc basins, stainless colander, iron pan, and foil-wrapped wireframe.
The finding for the point of signal impact and combine the signal, test the signal strength
of wireless LAN network by computer and test the increase of mobile phone signal were
investigated.

The results showed that the best material to increase the signal strength of the
wireless LAN network by computer at 140 meters of distance was an aluminum basin
with an upload at 945.84 Kbps and a download at 184.69 Mbps. The best material that
increases mobile phone signal is an aluminum basin which have the highest signal
increase of up to 16%, followed by a steel pan have the highest signal increase of up to
14%, and a stainless colander have the highest signal increase of up to 12% respectively.
These results conform to the lower electrical resistance has better the wireless signal

reflection.

Keywords: Increase the wireless signal intensity, Signal reflection, Parabola
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\u/ Parabola Caculator 20
File QOptions Wifi Calcustions Print About

Enter the Parabola
Dimensions

Both demensions must use the
same urits firtegers onky)

Diameter [23 1 i ]|
Depth |3 2 -
Focal Length S84
Linex Dismetes [ 3527

Segments | [ +|[ %6
Calculate

Save to Tewt Fie
Est

A/ Wifi Calculations for Parabolic Dish with Centered Feedhorn

s 7D - 020
2.4 Focal Length = 58.40 mm.
(A, i Illumination angle for feed = 204.6 degrees
Enter Diameter  |230 mm. Space attenuation = 8.10 dB
lgu— Desited taper = 1.90 db for 10 dB edge illumination
Enter Depth .

A simple feed hom would have a diameter of 0.26 wavelengths

; . degrees
SelectUnits @ mm. € in Gain  50% efficiency = -45.75 dBi

Edwlale Save ‘ Exit |

()
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LAN Speed Test (Lite) - m| X

Computer Name: | LAPTOP-C390IAMB |

IP Address: 192.168.1.180 W

Folder or Server IP: | E:\wijai\msasuaznlszdniamadudedeue)|| ...

Mbps:

Writing Reading
(Upload) Download)
Packet Length: | 20,000,000 | 4 Po,000 |
Time to Complete: | 0.0281242 | Tgzz3sso | 3
Bytes per second: | 711,130,937 | ’0,761,389 |
Bits per second: | 726,091,112 |/
|

|726.0011120 %

Status: | Finished |

, .

Help Exit Start Test
1

[Log window

Version 1.3.2 2 Z008-2015 Totusoft.com
Many more features are available with LAN Speed Test (Registered Version)

amd 8 nsldaulusunsy LAN Speed Test

N
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NaN153BUazaNUTENE
1. magaulszansnwlumsdedoyaszuuiaiadielaaauau
nsdsdaya (Upload) Ae Arunialunisdsdoyareunii Ssandaaedamnniilus
wailuusasdund annsadedoyaldun Sedmnndadasaiues Tnganunsnsuaiain

Upload) fivbaendu Mops dsmssnuardnivan

—~

TUsunsu LAN Speed Test l9a1ntes Writing

Re

‘f‘ja]w’hmimaaﬂul,wiaﬁa@ﬁaavmawaswwummvawmﬁﬁmuﬂimsJﬁawmsaémmﬁm 9
waragUlffumseeiolud

et 2 agdldilunslinuanius maviauunAnisdsdayaalaaadlli¥an
axﬁauazmmaadﬂé@wwmlé’ﬁﬂﬂﬁa&ﬁiwwwlmﬁu 60 wns azvuldmniuszesiing
m%zjzyL?mﬂiz?ﬁn%ﬂwwiumifiaﬁagagmﬂuﬁi’ﬂmummLﬁuﬂ%"aﬁwmﬁ@@ymﬁmadﬂé’ Faszey
?fﬂlﬂaﬂﬁyué’zymmﬁ%Lmaammzaww LLazLﬁawmaaﬂ'ﬁﬁ’u’faqazﬁauﬁﬁwma%’wﬁa%’uda

o

dugraluaasseglnaaniagmasldnalsinginlusseenie 10 89 140 w5 a1u1508s

duaraldaniwuulildTanazioulunntanidumeaeyu deagiidunsliauise

A

WSsuiigunansnaassladneusadl

A399 2 Aronlnanvesdygaluszeznie 10 - 140 WS

Upload (Mbps)

) it . nzz:z:a N3zYIU Iﬂiqaw:w'a n;zazﬁ;ﬁ
azgiliien Auauad Wowa danzd

10 11.186 12.195 12.962 11.609 11.600 11.609
20 11.010 11.774 11.959 11.405 11.309 11.504
30 10.578 11.337 11.948 10.885 11.895 11.062
40 10.012 11.123 11.597 10.492 10.968 11.052
50 9.339 10.573 11.124 10.408 10.969 10.787
60 8.064 10.369 10.940 9.117 10.887 10.673
70 3.926 9.258 10.742 4.906 9.852 10.666
80 3.701 9.147 10.726 4.024 5.856 10.249
90 3.696 4.252 7.925 4.810 4.000 3.716
100 2.206 3.657 5.290 3.862 3.597 2.987
110 1.226 2.837 3.655 3.296 2.754 2.005
120 0.462 1.987 2.458 1.988 1.621 1.532
130 0 0.845 2.458 0.942 0.745 0.571

140 0 0.247 0.945 0.472 0.217 0.187
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A1 Upload
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sz (lUnY)
Y — N3eNzargiilen neazdiozgiilly

ATLVOUNOADTVNG e LATIAIAVONDY e N ALIATU
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Abstract

The aims of this research are to improve the limited of oscillating heat pipe
(OHP) and study the effect of evaporation length and working fluid on heat transfer. In
this study, R123, ethanol and water were used as the working fluids. A set of OHP was
made from copper capillary tubes with the dimensions as followed; 1.77 mm inner
diameter, 5, 10 and 15 cm of evaporation lengths. 50% total volume of working
addition ratio and 10 turns were used. Heat was provided to the evaporator section
heating plate. The adiabatic section was properly insulated. In the test operation, heat
was supplied to the evaporator section and the temperature at the adiabatic section
was controlled at 60°C. Flow rate and water temperature were continually measured
until critical conditions were obtained.

From the results, it was concluded that the evaporation length had an effect
on rate of heat transfer of oscillating heat pipe (OHP) under critical state. When the
evaporator lengths increased from 5 cm to 10 and 15 cm, the critical heat transfer was
decreased. The working fluids affected on heat transfer rate under critical conditions.
Changing the R123 to ethanol and water resulted in the decreasing of critical heat

transfer rate.

Keywords: heat pipe, heat transfer, closed-looped oscillating heat pipe
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viovaufeurneld Snuvusdudnoimomienuioufio afrvduldiglidudouuay
Usenda wianunsoiemanuieuldas vethanuouildfunisimuniunldusslovily
Snwaesneg Wy mIannnufeusenantudiudiaanseling N33NYIRUNN VI IUDINA

Idlanuaduaveiunnya Mstanuieuanlimlanunldlunisazaeiing n1sseuieaiy

o

YousonatninTessusd wazn1sunauounnfefiiainduinldnulddn (Noie-Baghb

et al., 2000)

v
o w

Frfunuideiiajatiufnniddadiin vemernufeunuuduney waskavesaa
gnduhsTsLarasTuiitiseniseewmenuseu
1. wdnnsvhanuvewiemuseusuudy (OHP) (Charoensawan et al., 2000)

WU oA deuLUUdUseURRRRINE U TdnwazidussuuTn
Usznaumiey ?hwmﬂéfﬂﬁ dauvinsene (L) dauiuainuiou (L) duaiuiiu (L) @wnse
ﬁmuiéﬁ,mEJLﬁamsﬁmugﬂuﬁﬁgaﬂuﬁaﬁ'ﬁmwmﬂﬁaﬂﬂaﬁ%qa;ﬂuaﬂnmaamm&éfuﬁm

nmaieauuuaskazsaiuduieule (Vapor slug) Tnearussuudsvesnmsnataduloway
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asgrudmtunuTeuludimmuniudadugungifidinit feuleasiinnismuuiunas
gusaslulufign fduansinuiifudouledsaunsosemenufeunnuaeduniilugsn
Uaeiunilsld frgamgiseninsdiwvissmeunazdiumuntuiidunndeiudnuuznis
wasusvesteaule (Vapor slug) fidnuwaniswdeuiilulufirmaiedlnenaen Lﬁaamﬂgn
Sefuiimmansinalasndaiundy unalifeuloansnndeuildistuwazauiluns
\douiivesteuleandiuhssmeludsdiumuuiudanuiifiuandwilfaunsn fues
fewanudauldfiniviennudeuwuuduriindug anuawisalunisdeeanudeuverie
arufeunuuduissevtu enatuegfuruiavesvie wlinvese nwaznsviu viavesans

gaungivesmassuAuTou gaumgivesdiusruauiou Awanduning 2

q

W U N

AT 2 LEAYIBAIINSDULUUEUIITU

ﬁmw: Charoensawan et al., 2000

2. 1M&1UNau (Check Valves) (Pipatpaiboon et al., 2004)
Néfunduimthfidauiiemensivavesansinumeluvisliifienisnisivaluly
Aemafeiunainundurhanvienssassnaumediulsznaunan 4 @ums Yaoninda
fundu (Case), Ball Stopper, Conical Valves Seat uaz Ball Fsfidnuwaznisvhaude Ball
ﬂixﬂaua&uimaiuﬂaamwa‘qﬁ’uﬂé’uLLazUaamwa‘qﬁ’uﬂé’UQﬂﬂizﬂauﬂmﬁﬂawﬁgﬂ 2 fnumne
Ball Stopper uag Conical Valves Seat 1ng Ball Stopper Uizﬂauagjﬁﬂmadauﬁmuwm
Uaendfunduvimihiivganisiadeuiives Ball uazfivesindimsinnunievesleindeui
Inariulduaz Conical Valves Seat UseneufivaneduansvesUasndafundu Sdnuaue

Wunsiwsessuiu Ball wazyinminntesiunisluadaunduresalsvitanuswansluning 3
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N

———

2NN 3 MENUNaU (Check valves)

fisn: Pipatpaiboon et al, 2004

3. iANSeununsauliauseunnduyinssve (Heat Sink)
AUINAINTT Calorimeter Ingn13inA1gungiiviavidiuazviasn 3ndudIan

AAlABTIAINITE1ELAILSDUTDIDALTDULUY OHP w1laain (Pipatpaiboon et al.,

2004)
Q=me, (1, —T,

Taein
Q = 9MFINNSHYANYMAIUSBUVDIVIDANUSDULUY OHP

= 9ns1NTIvaLTeanavesun (kg/s)

m
C, = AANNIANTBUTINNZYRNNTIAINAUAST (k)/kg. °C)
(Tour Tr) = @0unilvavieen ~gaumngiveswninvesdiuniuiy

gnsInshualtanna mlaann
m = pVA

Taedn

m = eATIMIlralianaves (kg/s)

p = AUNUILUUYDIU (kg/m?)
X A v oo | Al o < % 2
A = unvtnanveiafNlglun1snaasuinanmsiti (m?)

V = 8n51AuS e ilglun1snaaay (m/s)

4. anyAgrunisiinanyingivesieninuiou
Wiaussyansvihnudnlumeluveanudou Fuinisgaeinmeasenualansvinauluye

Aufauazyinsisesegludnunzveiourennal wasesleaduiulaedfiduveunar

WFBUUY NrtwislasauyfAguveinsiinan1isingAivewiennuseunfanadiiundu fe
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4.1 fleFulvianudeunivionudou asvialuvierudeu deegluguuuurladle
wazfeuvauvanvzinnsduluwuIuny

4.2 \doldenufeuuderufouiunniudes « vedleaziaruiilubuiunugs
1n Tnefnwunulowsazvlesiiipnudalusunuuandieiu szsdanssuiiluuads e
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iflosnnussvesrnuduledilianunsaienvuzusiiaiiveedleld

4.3 dleleudounnvierudouiiuinniudes o usailewnarusuiiuansiwes
wasloazgaturuanninoirurussiiontadeld vesloazsmiatudunedlovungnian
Winduriseme lunszuaunisinesloesldannsandeuiilUluwuunuldsndely widnadl

raa

Wémamuaﬂwamm,ﬂﬁauaqmmmawamﬂmau

4.4 dlol¥anudeuniviennudeufiniulusn Hduveunalaviinnssvieeang
InSuariuseiulegs auleftszmetiu ﬁmmL%’ﬂ,aﬁﬁmﬁquwaﬁazi‘dﬁmmﬂ‘wamm
youna FausingnistiFendt maviay Tuiigaiiduvesmariidadnsegludiuvinszive awiin

M35 L UAUMUARASVIDANUSDULAANITWIAS

NaN1INAAdILAZAUTIENE
SnwuznsaIemaNTauveiaaUTouluy OHP %uasﬁuﬁmﬂwmaﬁmﬁ
Aeiugy 8n3IN15ANAITU Yades Fllnvesa1siney vuadurugugnatanely
AMUEIEILYSEME S1uUTAEY PUNNNNITYINNIY Uag BRIIEIUNAINUNTU Fatiily

N

QWN’JF\]EJUT\]SLLG]EJSU’]EJQQLQWWS AUYIFIUNNTELNY LLa%‘UU@]‘UENﬁ']iV]N’mﬁNGl@élﬂi?}mgﬂ’]i

o w

femAnuteuiinitnsia vesionuseuLuy OHP Ssesunesasoluil
1. NaveInNEMIEILsTmETiisnsINsanemAuSeuTiidnste sewioruSou
WUy OHP
PNNINTINUISITINsIeweuSeuiiuwltufiazanailornuevesdiu
Vssmeinty dmdu R123 2siidnsnnisanomannudou 45.40 kW 13.14 kW wag 6.29 kW
dlennuemvesdiurhsymeiivuin 5 wufiung 10 WuRwung uas 15 wufwns muaisu
dmSuomueadziisnsInIsaemAINSeu 34.74 KW 9.19 kW uaz 5.60 kW auaisu wile
AMAEIVRIEITNSEMETNR 5 WURLAS 10 WURWAS LA 15 WURWAS wavdmusutiines

$9MIN1T18MANUTOU 32.54 KW 9.61 KW Lay 5.33 kW anua1iu Luammmwaamum

SLMERYUIA 5 LWURUAT 10 WURLLAT LAY 15 WURIAT AUaIRY
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5.

Critical Heat Flux (kw/m?)

o
4
=
o
=
13

Le(cm)

—e—R123 —a— Ethanol —a— Water

AN 4 NFLERIANLFUNUSTENINVUINVBIANNENIEIUIINTLY BALDENTINITANENAINY

[%

DU

2. NAYDENSYINIIUTLADEATINITANENANUSDUNTIATNNA YBIVIBAIIUSBULUY OHP
1NNTINNUINUSUIUAINUSDUNVBIAITVIUAUAINUYIVDIFIUNTE LN DY

v

Juagiunnantivesasvinnu fnuautivesasvinnuaziansiaiu daduagulaiinis

a"mwlm’1a,J%auﬁqafozéfuaQﬁUﬂwqmuqﬁmaqaﬁﬁ’muLLasmmm%faml,mﬁﬁ?w uazqALieadis
lashnundluiernufeudiansidenlifidmaliaaneslofinnauuasleslofifiniu
sionaidusivanufeunndmshssmeludemdsdmauuiy mnnsrasdiuidien
§1U09AIYNTEME 5 IwuRlunT R123 axdin1siemanufouiianiigingAfa 45.40 kw
wmueatzinsiemanuieutesnin R123 feAnistiemanudeufiannzingiuseanm
30.74 kW wazthaziinnsiemaudeutiosniviaesarsdsanisdeimanudouiiane
%ﬂqaﬂﬁvmm 32.50 KW dwfuiinnnuenvesdiuyinseive 10@uRiuns R123 aginsdiew
anudeuian1eingdiia 13.14 kw theefinsdiemennudeutesndt R123 fsansdiem
muFeuiianngingiuszanal 9.61 kW waglovnueadgiinisaemanuieutiesndn R123 &
Anstemanufeuiian1ngingivszann 9.19 kw iesainanududuriszinevesin
wnninenuea Tnsdy agﬁuqmwﬂﬁmaﬂdaw‘hszmsJLLammlﬁammaaa’liv‘mwuu@iawﬁmmz

ada

fAAuEvIdIUTNSTIME 15 WwURWAT R123 avm'15mammwmauwamavaﬂqmm 6.29
kW 1811u0a2¢dn15818 AN UL agn3N R123 ﬁmmmimammmaaumamamﬂqa
Uszanad 5.60 kW wari1aziinnsangmainlsoutagnInye@adasedaInIsaemainusaun

dngingAusEan 5.33 kW Llee1ngaiienvetansinauidar s lauanaeiuyinlviens
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#5vinvu
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AN 5 NSNLERIANLFUNUSTENINOATINTENENANNS BUTBIEN SV U8 luvioANy
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WUU OHP
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q

WINAign S09aAe 10 Lufiwuns wazls wufiwns Mluguiingziarinnuenivesdiu
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2. NAYBIDATINNTANUMAINNSDUN TNT1NA VBIVIBAINUSDULUY OHP ¥89d15%1191U
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inldudgwdinisesgiavlanisdiuuinianliwaned1aiu walinuanuwnnaiaiueged
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Abstract

Cannabis is an herb that is accepted for medical use in many countries and
Thailand, because of its active ingredient. One benefit of cannabis is antioxidant activity.
The antioxidant activity is varied by plant nutrition that cannabis is absorbed. This
experiment aimed to study the amount of organic fertilizer on growth, chlorophyll
content and antioxidant activity of cannabis leaves. It was designed by Completely
Randomized Design (CRD) in 5 treatments such as 8 ¢ N/plant of chemical fertilizer and
different of organic fertilizer (8, 16, 24 and 32 ¢ N/plant). The experiment showed that the
growth of cannabis was significantly different. By applying organic fertilizer at 32 and 24 ¢
N/plant and chemical fertilizer at 8 g N/plant (Control), the cannabis had the highest growth
rate non-difference. However, there was no significantly different of chlorophyll content in
cannabis leaves. The antioxidant activity showed that the free radical scavenging activity was
significantly different. The factor of organic fertilizer 8 ¢ N/plant showed the lowest
antioxidant capacity compared to other factors at the same highest free radical scavenging
capacity. Therefore, if considering the use of organic fertilizers in cannabis cultivation, organic

fertilizer application at 24 ¢ N/plant is the most suitable factor to use.

Keywords: Cannabis, Organic fertilizer, Growth, Chlorophyll, Antioxidant activity

o
UnNuI
Yoy Fednendnans Cannabis sativa L. daiduiieluaed Cannabaceae Wuiivdugn
a S A a @ A Y oa AX i i = S Ao 13
foggahiguaziduiynanundueglulunsuguremiviedeiidnwuy lukeneaniunan
o < d' o Y aa A o a a Y | a da v
anvaglulufiubey ddulidlengs 1-6 wns aendgwdl 2 vl laufslianinonnaguay
a 5% o Y o a A v = o ! v Z o 2,
wellgagmeiuluiusniu wasvlalnaguazimadisueniuegauazay wWanddnwuzidy
sUlvASey (Usedaas Andsad, u.U.4) Agordansdrdgymenisunmdiioglunguuauund

weed (Cannabinoid) 14w THC, CBD wag CBN (435507 93 MUWIA LNATS LaZANY, 2562)
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TNUHLNINARBIUUdLALYTH (Completely randomized design; CRD) Usgnauld
se 5 dmnass laun Jowad 8 n3ululasiausiodu (g N; Control) uaztlodun3diusuim
Tulnsiausnaiu laun 8, 16, 24 uag 32 nsululasiaudenu (g N.; Trl, Tr2, Tr3, Trd aua1su)

dwnansaz 10 91 9z 1 du laevinislideduaviaz 1 ase Wuszezian 12 &
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AN5IATITRVDUANIED R

U

v

Joyaannsuiinnsasyivle wasdoyansiaseiuTinaasiueyyadase Iy

U

a

UNIINMTAATIZAANULANA NN NEADAA8TD Duncan’s multiple range test
n1stuiindaya

Mnsduiintayan1sasyiulaneasunnduad loun Augeiu Auninemse
Wy wazidushugudnansérdiu waziileduiuilenyasu 2 Weudwimsiiusegluiiieuily
AATwiansiueyyadase (Predner et al, 2008)
ATENARIDENINY

tiegsitmanatndasienuealusnsdiu 11 Gmidn/usung) werdaegasil
qquﬁﬁaqLLasLﬁul‘ﬂuﬁﬁmﬁunm 24 9. 1S ehlvdunieefinanangs 8,000 seu/
Junit sndusahdnddlurmsiasze
nsaaszilsununaslsiade aaslsiadl wazaaslsWadsiu

myinUsinuraslsiladie raslsilaal wazmaslsiiaasiu lnganllainuisnisves
Rakesh (2009) Tnpyrarsadaluinaigandunasdloins esadnlastulndines
(spectrophotometer) fianuenady 470, 644 Uay 649 UlULAT wthandilalu I am

USunaumanlsilade Aaalsiaal wavAaalsiadsiy Asaunis

Chlorophyll A =(13.36 x A664) - (5.19 x A649) (1)
Chlorophyll B =(27.43 x A649) -(8.12 x A664) 2)
Total Chlorophyll = Chlorophyll A + Chlorophyll B (3)

Agao = AMIAANGTULAIYRIANTANAT 649 WIUUAT
Agsq = AMIAANGTULAIYRIANTANAT 664 WINUUAT

{y a

N153ATIENONSAUBYLADESE

aLﬂiwquwémwuauuaaaiz FinuUaInuisn139es Predner et al. (2008) 1netioang
ansazanslusanfinnududusing q deeniuea (Ethanol) Tnduhansainu3ang 0.5
fedanswauivasazany DPPH Anududu 0.1 Jadluans Usuins 3 Hadans waua1sazany
Wiy antudulslufiioduna 20 wil ﬁ’la’lﬁaﬁmﬁm?auvl,é’lﬂifmﬂ"lamnﬁuumé”;am%"m
spectrophotometer fiAue13AAL 517 Wiluins ﬁwﬁwﬁiﬁlﬂﬁmmtﬂai%uﬁqw%féhua%a

dase lawaunns
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gisAuauLadase = [(As;blank - Asj;sample) / Agyzblank] x 100 (4)
Asisblank = AINIAANEULEIYDIES DPPH fifimuenindy 517 uluwns
Asizsample = AIN1IAANTULANYRIANSANARALIUAS DPPH innueninau 517

P ULUAS

NAN1538azaNUSIUHA

a =

navasTnleduvsdaanisiasyiiulnvasiyy

(Y '

nNsAnwINISRSAvlavestuiyureUsalulasauludedunidnuin 113

o w a

Wiiulnvesduiarunnsnfiueeiiteddymietn ALY ANUNTINTINY UaE
dusihurudnansddiu InedufyuildFuledunsd 32 (Tra) uas 24 (Tr3) niululmsiaw/dy
wazsumuanitinislilewndl 8 n3ululasiaw/du (Control) Imsataudulnuniigaliunnsng
AU 1ANEIVBIAY 56.18, 49.00 Uag 48.40 LWUALUAT AMEINU AIUNTIINTINY 51.78,

50.50 wag 51.50 WUALUAT ANAIAU Lavld UK 1uAugNaeaIiy 055 0.55 way 0.58

a

WURLNAT MNARY drusuiyrnlasuledunid 16 (Tr2) waz 8 (Tr1) nsululasiau/du wuin

fanunimsaisiaziduinugudnanadutosigaliwanaieiy winslidedunsd 16 ndu
Tulasiaw/eu (Tr2) ibiduiyuiianugainniinsdedunid 8 ndululasiau/su (Tr1) 210
wwiltiunsiasgivlnaziiviinsbidedunsdludasdneddulnsiauinuiivualduyinli

nssivlavesduiys ity widlaieududyuintasudownd 8 nfululasiaw/du

a

(Control) fudedunsd 8 nsululasiaw/su (Tr1) Fedivsunalulasiauiminduty wudeudyy

3

ldsudendiiinmaaiaivlnifnitegraiulada (n15197 1) Seaenndesiunisnaasives

[ [V 4

Wnnsiigy ginus wavaney (2559) nudmstadendlidudnaiudanssaus 1 vililinag

]

| a

WiaiulakasUSnamandnuinninislddedunid Wednsndiuvessmlulasiaureseny 2

3

a

yiawitu heildesndendifuledfsmomisluguiidulselowidens uazdnanig
UanUdosmmamisvestaaiifiiatulfesnsinga fedenusogaldsmemnsantendld
vuiiluvag? Sasnsvanddessimemisvestedunidaniuluegned « esansinems
fiwdnilngjegluguvesansussnouduvidfiegluguluanaiilvainin Wy ansuszneuyszian
TWsfu iudu fefufivasliaunsonaluldusslonildiud dosiunssuiunsgesanisves
unigluduneuinzUantdesinemsooninegluguasUsenevedunid defivausnge
WL (Choi et al, 2003) ¥l¥nsn1sUanuaossinemisiiglu sdunisiind udnds

Joiall (1U19 gI350UGVIT, 2548)
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navasUualeduniddeusununaalsilaaluluiyy
PNNsANIUTIIUAaelsHas Ninaslsilad 1o Aaelsilad U uazmaslsiladsiunudn
sufywlaniudelunnnssudsiuiiliviinueaslsilad 1o Aaslsilad U uazanelsiladsiu

Arldumna1eiun1sad @ MedenatlewinainUsuadadiululasauiliiududyviunag

o
ad v o [ =

nssnAsuudlaunnaaduauyn s uiyrIinsasyAulaiuana 19y LARINAI5UI91A

o

Neda

M15°99 2 wudwuiynnlasudeBunidniiviunalulasauiwaneeiu lnedadiululnsiaui
Winguwiliauiyudvsuueaslsiaaniiuiu sisiiiosanlulasinududiulsznauves
lassaisluananaelsilad Tuddiddendy dwalidnsinisdaunsgsinasegsty (Bobadi & Van

Damme, 2003) T IdINAA DN1TELANDINITVOIN VYRR UA Y NT YA UIATUAY WeiLdle

+} a a 6

wWiguiiguvilavesdeniiudeduns

i

fidndruvedlulasiauiivindu wuinduiguiilasu
ﬂ;aLﬂﬁﬁzmm@QU'%mmﬂaaIiﬂ?\Iaa‘ﬁmﬂmfwe?im,i‘]umamﬂmzaw%mwmaﬂmi@ﬂiﬂﬁﬁmmmimaq
W (Choi et al., 2003; 81U qaiimqv%‘, 2548) flFnanudluiteninasyiulnvesiymn
navasUTulBunidnonuddiueyyadasy

| aa o o

gissnueuyadassuanuludi EC50 Tunhensudedns lneaniduiutesuansds

P

ANNAINNTININA UL AATENANTY FearnwanInaaesnuI AUy lasudeluusay

o

£ o

n3suAsnnsdusuyadasziiuandsfuegefidoddymeada Tnodufyuiladsudoiad
(Control) YeBun3d 16, 24 uag 32 niulwlasiaw/du (Tr2, Tr3 wag Trd) IAuaunsalunis
mmé’wawa@aszmﬂﬁqmlﬁLmﬂﬁmﬁ’u Tagdan EC50 winfu 2.99, 3.50, 2.76, 2.87 NSUAD
an3 muddy wagdudyuiladsudedunid 8 nsululasiaw/su (Tr1) danwannsalunis
nndseuyadaseaiige Inedid1 EC50 winfu 6.01 n¥usedns (an519fi 3) Fsaenndesiy
nsAnwIwes Ahmad et al. (2022) invinnsiiuduvedlulpsiauilidaing Aanssuves
Superoxide dismutase (SOD) Faifueulesififinnuaunsalumssoduoyyadass s
wulml catalase (CAT) uazioulel peroxidase (POD) iintu Fsusualulasiauiildiiis e
wsanninuluylidinAnAueseanuiisersendwdu (Yanez-Mansilla et al, 2015) iin
N38UIUNIINEN Reactive oxygen species (ROS) LLazﬁﬁmiiuﬁmaqgaSaizﬁLﬁ'wﬁyﬂuﬁ%

(Kong et al,, 2017)
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5197 1 Effect of organic fertilizers on growth of Cannabis sativa L.

Treatment Height (cm.) Width (cm.) Stem (cm.)

Control 48.40 + 4.41 ab 51.50 + 3.09 a 0.58 + 0.05 a
Trl 34.68 + 7.89 c 3433 +7.22b 0.45 + 0.06 b
Tr2 37.48 + 5.50 bc 30.68 + 6.43 b 0.45 + 0.06 b
Tr3 49.00 + 7.37 ab 50.70 + 4.34 3 0.55 + 0.06 a
Trd 56.18 + 14.34 a 51.78 £ 6.75 a 0.55 £ 0.06 a

F-test *x o o

C.V.(%) 19.67 31.78 11.92

** = Statistically significant difference at P>0.05

Control = 8 ¢ N/plant of chemical fertilizer, Trl = 8 ¢ N/plant of organic fertilizer, Tr2 = 16 ¢ N/plant of

organic fertilizer, Tr3 = 24 ¢ N/plant of organic fertilizer, Trd = 32 ¢ N/plant of organic fertilizer

3197 2 Effect of organic fertilizer on Chlorophyll a, Chlorophyll b and Total

chlorophyll
Treatment Chlorophyll a Chlorophyll b Total Chlorophyll
Control 241 £ 0.79 0.79 £ 0.31 3.20 £ 1.10
Trl 1.63 + 0.07 0.52 + 0.01 2.14 + 0.07
Tr2 1.85 +0.35 0.66 + 0.16 251 + 0.50
Tr3 1.75+0.73 0.63 + 0.22 237 +0.96
Trd 2.01 +0.29 0.67 +0.10 2.68 + 0.38
F-test n.s. n.s. n.s.
CV.(%) 15.66 14.77 1547

n.s. = No significant difference at P>0.05

Control = 8 ¢ N/plant of chemical fertilizer, Trl = 8 ¢ N/plant of organic fertilizer, Tr2 = 16 ¢ N/plant of

organic fertilizer, Tr3 = 24 ¢ N/plant of organic fertilizer, Trd = 32 ¢ N/plant of organic fertilizer
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3197 3 Effect of organic fertilizer on Antioxidant activity

Treatment EC50 (g/V)

Control 299 + 0.65 a
Trl 6.01 £+232b
Tr2 350 +0.82a
Tr3 276 +0.29 a
Trd 287 £ 056 a

F-test xx

CV.(%) 37.58

** = Statistically significant difference at P>0.05
Control = 8 ¢ N/plant of chemical fertilizer, Trl = 8 ¢ N/plant of organic fertilizer, Tr2 = 16 ¢ N/plant of
organic fertilizer, Tr3 = 24 ¢ N/plant of organic fertilizer, Trd = 32 ¢ N/plant of organic fertilizer

v
dyunanazvaLauaLuy
msfinwiinslddedunid 24 nsululasiawsiu Wuladefivunzauiianiaginluly
Tunsdgnigy widwansneassagliunndaiusgninnssudtauaudadunsidewnd 8

ndululasiaw/siu wasnslidedunid 24 waz 32 niululasw/su Manssyivlawasgns

v

nsiueyyadasy kavnslidedunidazdeddddnsdiuvetlulasiaunuinnineniiluns

nsrAuNsRsaiulnkazNTeNgERueuYadasy uiAnandRvesledunsdasiidiuuiuuse

lassasnnunldugniauliiausiuge Jadednduiudeniimunzandmsunisuanigyily

q

o

anuanvisevandluniuiiudunaiuiy

9 Y Y

LONEITO19DY

o
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UNANED

oy (Cannabis sativa L.) Wudrmusznevlusdueunulngsuiusnustifiesain
gnimualiduiivanin Useiand 5 luwsesvtyafenaninlilny wa. 2522 Fsvans
thanlfifuensniduszezinaiuu S Tud 19 Weu nuaiwus wa. 2562 uduin Uszne
Inglatnsaygnlimhiyyuildusglesimanmsunndlasnsunisunndunulnauasniswnng
madenisiimsugnigriiievanldUselovdnenisunng Gasmemnsiimdudndadeoniad
ddromaaiyiiulnvesiividluiaduiiinvesnsfnwdviwavestelulasiou Tnunadoy
way Weaveda demsiasaiulnvesinyn Tneruaun1Tnaaswuuduanysal (Completely
Randomized Design) uwiseeniiu §1uu 5 n35338 nssuizay 8 o1 lnsluusaznssadainnis
Tiignstorndfiunnsnaty 5 gns 6uA T1 (16-16-32) T2 (16-32-16) T3 (32-16-32) Td (16-16-
16) waw T5 (32-16-16) vhmsliduaniay 1 ade Ingliusinauinfuyngns (156 n¥udedu)
FamiusnlyUzaina 2 n3u waziiuuSnamsbillsduamias 2 nu nseiafuifeamandn 1n
MsdamumseTauAuln wud T1 (16-16-32) famsisdgdulafifinigasdu Taeddaanugs
yuindwu wazanundlugadian Ao 147.50 1.19 waz 11.82 wufiuns audiu Tuvazd
Ay uazanudevedugaiignidunaannnislieiriians T4 waz T5 annansmaaes

Fauandliiiuigasdefiuananiulnasenisiesgdulafiunnaeiu Jsdoyadnaranse
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Abstract

Cannabis (Cannabis sativa L.) is an ingredient in many Thai traditional medicines.
Because it was designated as a Category 5 narcotic plant in the Narcotic Drugs Act of
1979, it had not been used as a medicine for a long time. Since February 19, 2019,
Thailand had allowed the use of cannabis for medical purposes. The Department of Thai
Traditional and Alternative Medicine had grown cannabis for medicinal purposes. Plant
nutrition is an important factor in cannabis growth. Therefore, this experiment was
interested in studying the effect of nitrogen, potassium and phosphorus fertilizers on the
growth of cannabis. The experiment was designed in completely randomly (Completely
Randomized Design) for five factors and four replications in each. The five factors
consisted of T1 (16-16-32), T2 (16-32-16), T3 (32-16-32), T4 (16-16-16) and T5 (32-16-16).
Every factor was treated in equal amount every week (156 g¢/plant). The first week
applied for two grams. It increased amount for two grams every week until harvesting.
Growth monitoring showed that T1 (16-16-32) had better growth than other factors. The
height, stem size and leaf width were 147.50,1.19 and 11.82 cm, respectively. The best
leaf length and greenness were T4 and T5. The results showed that different fertilizers
had different effects on growth. This information can be used as a basis for selecting
fertilizer formulas to be appropriate for growing cannabis plants, while the leaf length
the best leaf greenness resulted from T4 and T5 fertilization. The results showed that
different fertilizer formulations had different effects on growth. This information can be

used as a basis for selecting fertilizer formulas to be suitable for growing cannabis.

Keywords: Cannabis, Fertilizer formula, Growth
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unin

gy duiinluied Cannabaceae siufiinoguauiailionas uaziinsnszaneiug
Ugnluvansauvaslan TagvhluiFenfivfiyu1dn Cannabis, Marijuana waz Ganja Ingfyydl
Foinenansin Cannabis sativa L. lusdniinisld iy ndueisnuilsauazeinisiyia
UszasAanng 9 1 lulssiwadulddmsunieniseounds unanse Tddumdnsnewioins
Aamidsdniay 88UAlTUITINIDINTUIN Uavein1swiavidn Useinadangulduiuin annis
Sniau uwionisaduld endeu dwludsymalnenuifyrndudunanildlushsvevans
A5V YU grunuouluvau sviatensealus (Abel, 1980; O'Shaughnessy, 1843;
Sripanidkulchai, 2019) & sluf gl arsdd i 19N 1sunne doans7ioud (delta-9-
tetracannabinol, THC) & s qninszdutszam 1 idus1udvan aansdniau uazdda
(cannabidiol, CBD) 7 lifqnisefuusrain 19lun1sanainuiandara d1un1sdn
(Sripanidkulchai, 2019) Duangdamrong (2022) 51891 sknngunung Juanldiganduen
ussmen1snduiienaind a1msiisdsvasdluguaelsavasndssamsniay 81n15dn
omsUans edennlsanzise Wudy Fedundn q findnansdanans lwn lu wazanen
(ElSohly et al., 2017) dvduuszimalnedudelaindanmeined iz anaiunsaduumas

o

Ugnuagiwunaneiudiayn (Thongsuk, 2020)

o P a a

Nefluanangwdinssaule 2 sseglaun szoznmsiasadulanisaaunuly wag

q

§ =

JreYMTASYAUlAEINIEIeTLS Fansasyiulansadund eslasudeldaasluludu

3

N v oA

ierfinsnemsviuiivlas st Jeuldlaefiinguszasdndniilovaivesinomsiudud
melufumsiiuiemananseniniiuiiissndudeddlutiinamnnuasnisuiuuiuanisld
dieliAneuaunavesaysn faiy uumsifasaneaudmsunsliiaunan el
\Aavselemigagauusingrudideduaisiinslieiniuazdedundd saufunmsdanisiignios
wingaulsendanaziuseansam (Hadd onmrdunyd wasUsediu semauidsuns, 2558)
dmvanmuwindeniivinzan Tunsguaryusianizndn Peiily uaztisinen Taeszoz
W1endn wagyinlu (Seedling vegetative) 9ndudasriuauadene o laun aaumgd 24-25
osueadea AuAudnivg (RH) 60-70% Falusmsiuuas 20-22 vy, sletu aidhdszesin
non (Flowering) Aududuiinslueiniaeg# 40-50% wazgamgiaasey 22-24 aaen
walea wiounseRumMaAnnendesuialunsidsuas 12 Haluwietu damvesnslii
5uagjfﬁuamwumé’amLLazi’aﬂUQﬂ dwiusmemsdudusmemimanldun Tulnsiau
(Nitrogen, N) Woaweasa (Phosphorus, P) uaglwunadon (Potassium, K) d@1daysaiayyilue

azszuzmMsasAulaauguiianaly Ineszozyinlu (Vegetative) Lazda9usniiuszazn1svi
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aen (Early flowering stage) fufaanianudesnisusinalulasiauiiinn wmssdudiuddy
Tunsiasaiiule wigashnen (Flowering) Agywndasnistulasiauiisinia saufuusuna
woanefafiqalu uarsnmormissessng 1 Asuduresendymauisszozninfuies (na
FMsnens, 2564) Ins@nwinareinisiiderenisiasaidulaveiiy ety Inunad
ANTad way w3 wdlini (2564) naaeunslideluninueannuitnislidendllinandansn
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weangsiigadlafisuiunisliyanueunensiinaddaluledunid 1wuds i uwasaue
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(2561) Anwmavesleindl uazdeiadsuiuyadsandfenaniniazaan naaiauassiug
Fodlml 60 wuhmsladeiniigns 8-24-24 mnzdmsumsnanmiouiudieduel 60 anfiga
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nsnaaesnsstifledesnisvnsfnmisTinusnemsisfuanmatusiomasiyivlaves
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M15°990 1 MIRTRvlanwIuaNgs (v vesiyyrmaminidnstidenuansiulugisssesiaan 12 e

Weeks
Treatment
1 2 3 4 5 6 7 8 9 10 11 12
T1 26.19+ 35.75+ 4381+ 50.94+ 66.71+ 76.31+ 102.71+ 113.5+ 126.75+ 139.13+ 148.63+ 147.50+
(16-16-32) 392 3.93% 5.82 8.86 11.26 15.06 11.23 19.66 22.75 26.08 28.88 27.08
T2 22.88+ 29.81+ 36.50+ 45.44+ 62.40+ 70.34+ 89.00+ 99.88+ 110.88+ 122.50+ 122.13+ 138.13+
(16-32-16) 3.49 5.54% 7.03 9.21 7.54 9.09 14.76 21.63 26.74 31.73 41.00 33.16
T3 25.20+ 32.58+ 42.50+ 44.36+ 61.35+ 68.45+ 94.00+ 114.38+ 118.88+ 133.50+ 142.75+ 133.88+
(32-16-32) 2.79 3.56° 6.33 11.14 17.82 18.90 19.46 20.49 13.22 8.40 12.49 16.37
T4 22.19+ 31.19+ 34.69+ 44.63+ 57.76+ 63.00+ 86.13+ 101.75+1 110.13+ 124.13+ 129.25+ 127.75+
(16-16-16) 4.15 3.33° 7.62 8.57 8.32 11.60 11.12 2.14 16.97 20.09 26.98 26.30
5 2221+ 23.88+ 34.93+ 44.13+ 57.93+ 66.64+ 92.75+ 95.75+ 101.38+ 106.88+ 114.00+ 110.13+
(32-16-16) 3.62 4.43° 5.65 6.62 8.79 9.21 10.70 21.50 19.87 23.79 2291 21.46
F-test ns ** ns ns ns ns ns ns ns ns ns ns
CV. (%) 14.91 14.46 18.05 34.87 18.71 19.12 14.46 19.05 18.24 19.20 20.10 19.88
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M13199 2 MIASRvlamuANUIN I (93.) Yesiarmainniiinsiidenuandieiu 12 §am

Weeks
Treatment
1 2 3 4 5 6 7 8 9 10 1 12
T1 23.56+ 27.38+ 39.31+ 53.94+ 54.50+ 48.56+ a47.71+ 34.25+ 41.13+ 40.33+ 41.75+ 41.50+
(16-16-32)  0.50°Y 3.53 7.34 10.67 7.55° 16.40 16.64 12.56 12.92 15.81b¢ 11.65% 10.74
T2 22.56+ 24.81+ 38.06+ 47.94+ 55.57+ 47.35%+ 43.43+ 42.38+ 44,38+ 34.75+ 47.00+ 41.88+
(16-32-16)  2.41%° 3.28 4.99 9.61 4.78° 12.86 12.40 15.23 16.04 11.61° 15.60%° 10.16
T3 24.86+ 24.63+ 38.43+ 43.93+ 46.36+ 47.38+ 42.00+ 37.50+ 39.63+ 40.13+ 51.38+ 45.13+
(32-16-32) 3.61° 8.24 7.19 8.26 11.56% 11.67 10.04 9.64 8.53 7.57%¢ 6.65° 8.64
T4 24.81+ 24.94+ 34.00+ 42.69+ 40.99+ 40.10+ 56.00+ 42.50+ 41.25+ 51.50+ 52.13+ 47.50+
(16-16-16) 3.17° 8.53 7.26 10.33 10.42° 12.85 8.30 6.55 12.28 10.95° 9.76° 8.57
T5 20.07+ 20.69+ 30.00+ 36.75+ 45.83+ 32.86+ 38.50+ 37.75+ 48.63+ 49.50+ 36.88+ 45.50+
(32-16-16) 4.31° 5.08 9.04 10.70 9.49% 11.63 6.30 13.69 13.60 16.52% 10.01° 8.80
F-test * ns ns ns * ns ns ns ns * * ns
CV. (%) 12.69 25.76 21.35 23.06 20.01 30.30 26.28 31.44 29.54 29.66 24.97 21.53
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M15°99 3 MIASyRulauvEaEl (1) YesigrmaIninsiidenuanseiu 12 dam

Weeks
Treatment
1 2 3 a 5 6 7 8 9 10 11 12
T1 2.02+ 421+ 3.79+ 5.69+ 6.71+ 6.99+ 8.95+ 9.55+ 10.12+ 10.33+ 1177+ 11.94+
(16-16-32) 0.48%Y 0.50° 0.46 0.84° 1.112 1.39 1.96 271 3.37 2.81 3.69 3.86
T2 1.68+ 3.75+ 4.05+ 4.92+ 6.22+ 6.14+ 7.16+ 8.25+ 8.66+ 9.56+ 9.51+ 10.13+
(16-32-16) 0.45% 0.50° 0.59 1.22% 0.41% 1.00 1.68 2.14 2.55 261 2.75 3.15
T3 1.10+ 2.83+ 3.82+ 4.67+ 5.40+ 5.98+ 7.87+ 9.42+ 10.10+ 10.73+ 10.56+ 10.84+
(32-16-32) 0.14° 0.53° 0.66 0.73% 1.33% 1.27 1.38 1.69 1.56 1.79 1.75 1.25
T4 191+ 4.00+ 3.44+ 4.03+ 4.95+ 6.48+ 7.53+ 9.50+ 10.71x 9.45+ 11.02+ 11.27+
(16-16-16) 0.48% 0.67° 0.63 0.80° 1.68° 1.46 0.93 1.94 2.64 1.45 253 1.91
T5 1.66+ 3.67+ 3140+ 4.01+ 5.00+ 6.11+ 7.52+ 8.27+ 7.55+ 8.14+ 9.82+ 10.06+
(32-16-16) 0.52% 0.56° 0.41 0.79° 1.05° 0.81 0.86 1.84 1.66 1.81 2.42 1.94
F-test ** ** ns ** * ns ns ns ns ns ns ns
CV. (%) 24.86 15.08 15.45 17.67 21.54 19.06 17.64 24.17 27.03 23.15 25.54 24.70
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M13°99 4 MaRsyivlamuanun sy (@u) veadyyraniinsiidenuandieiu 12 e

Weeks
Treatment
1 2 3 a 5 6 7 8 9 10 11 12
T1 7.19+ 769+ 877+ 1136+  14.28+ 10.40+ 13.24% 10.96+ 11.42+ 13.23+ 11.54+ 11.50+
(16-16-32) 1.44 1.33°Y 163 2.5° 3.98 1.84 1.4% 2.98% 3.49° 3.74 3.72% 4.30
T2 7.90+ 7.00+ 10.02+  11.08+ 13.83+ 13.25+ 15.86+ 14.48+ 14.50+ 12.79+ 14.64+ 10.12+
(16-32-16) 1.52 0.53° 3.42 1.8° 1.50 3.51 1.822 2.74° 3.13° 2.70 3.23° 3.05
T3 7.22+ 9.06+  9.40+ 1225+  12.70+ 13.23+ 13.21+ 12.88+ 13.50+ 12.92+ 13.63+ 11.82+
(32-16-32) 0.94 1.24° 1.67 2.6° 3.03 3.13 2.64° 2.95% 1.62% 1.84 2.85° 2.51
T4 6.71+ 7.75+ 8.06+ 9.46+ 10.86+ 9.83+ 13.46+ 9.92+ 13.29+ 11.65+ 11.68+ 9.40+
(16-16-16) 1.57 1.56° 1.70 1.38% 2.19 3.39 2.20% 3.453° 3.75% 3.89 1.59% 2.34
T5 597+ 676+ 802+ 877+ 10.71 10.42+ 11.92+ 8.67+ 10.31 9.64=+ 8.71% 7.56+
(32-16-16) 1.71 1.35° 1.61 1.45° 297 1.76 2.71° 1.45° 1.88° 2.34 1.65° 1.34
F-test ns * ns * ns ns * ** * ns ** ns
CV. (%) 20.72 14.11 17.88 1855 2371 24.84 17.02 2243 22.02 26.04 23.86 30.12
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M13199 5 Msasyivlamenuanuenly (@) vesiyrmanifinsidenwansdieiu 12 §am

Weeks
Treatment
1 2 3 4 5 6 7 8 9 10 1 12
T1 7.58+ 6.67+ 7.67+ 9.42+ 11.94+ 11.92+ 13.62+ 13.67+ 12.23+ 13.26+ 12.67+ 1097+
(16-16-32) 1.07 0.62° 1.31 1.18 211 213 2.21 2.15 1.45 2.41 2.04% 2.83
T2 7.52+ 7.04+ 8.33+ 10.50+ 12.76+ 13.81+ 14.24+ 14.37+ 14.26+ 13.83+ 14.19+ 12.27+
(16-32-16) 1.31 0.80% 0.58 1.68 1.30 0.91 1.83 1.51 1.67° 2.20 2.33° 2.31
T3 7.26+ 8.38+ 8.95+ 11.43+ 11.81+ 12.90+ 13.67+ 13.78+ 14.04+ 14.12+ 14.27+ 12.59+
(32-16-32) 0.89 0.83° 1.62 2.39 3.40 1.79 214 2.07 1.76% 214 2.82° 1.90
T4 7.08+ 6.58+ 771+ 9.75 + 12.14+ 13.07+ 13.86+ 14.01+ 14.25+ 13.40+ 13.23+ 12.68+
(16-16-16) 1.40 1.16° 1.15 1.80 2.01 2.84 2.16 1.73 2.09%¢ 2.42 2.17%® 1.77
T5 6.20+ 6.07+ 771+ 9.79 + 11.75+ 11.21+ 1321+ 1253+ 1121+ 11.19+ 10.29+ 11.55+
(32-16-16) 1.51 0.92° 1.28 1.42 1.90 1.55 1.98 213 2.54¢ 1.64 1.72¢ 1.76
F-test ns ** ns ns ns ns ns ns * ns * ns
CV. (%) 17.14 13.11 15.02 15.4 19.08 16.19 15.03 14.10 14.08 16.56 18.33 18.41
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M13199 6 ATEIlU (SPAD) vesfigyymasnnfidnistidenuansiaiu 12 dUam

Weeks
Treatment
1 2 3 a 5 6 7 8 9 10 11 12
T1 49.80+ 19.97+ 13.76+ 9.33+ 4484+ 8.08+ 20.47+ 2411+ 7.95+ 23.00+ 18.55+ 7.45+
(16-16-32) 2.47 4.38 3.83 1.11 2.99 1.84 2.84°Y 3.34 1.74° 1.63° 2.30° 1.15°
T2 48.94+ 21.80+ 17.05+ 9.91+ 46.85+ 9.23+ 20.51+ 28.92+ 9.01+ 18.72+ 19.81+ 8.52+
(16-32-16) 4.35 2.55 1.16 0.89 2.77 1.08 4.13° 3.01 1.86° 5.38° 4.18° 0.87
T3 5061+ 17.95+ 16.03+ 10.25+ 44.47+ 9.08+ 42.21+ 26.47+ 9.334+ 12.09+ 22.33+ 8.71+
(32-16-32) 591 3.67 1.01 0.88 6.43 1.48 14.80° 2.90 1.86° 2.11° 1.25% 1.10%
T4 54.04+ 19.53+ 17.26+ 44.13+ 44,13+ 9.11+ 43.68+ 27.44+ 8.41+ 11.94+ 22.62+ 797+
(16-16-16) 5.63 3.21 1.24 3.11 3.11 1.49 7.36° 1.95 0.70° 0.80° 0.97%® 1.325
T5 5244+ 20.15+ 16.58+ 9.98+ 46.86+ 9.71 2284+ 27.07+ 29.89+ 12.41= 23.68+ 10.13=
(32-16-16) 8.37 6.74 2.34 1.04 2.88 0.52 1.64° 5.56 14.6° 1.78° 4.37° 1.08°
F-test ns ns ns ns ns ns ** ns ** ** ** **
CV. (%) 11.85 20.48 14.61 9.86 8.83 14.95 17.43 13.65 36.04 17.65 12.38 11.25
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naun1guInTg eenmdinieduiat 6 dUav naaeunadeyalasadd Wilcoxon Signed
Ranks Test e Mann-Whitney U Test

Nans3ITenuin nueenidsnieseaisaiidinilienyiade 58.75 U (eGFR 52.4
18./1171/1.73 12) uagngumeuimsiiongnds 61.75 T (eGFR 50.05 wa./unii/1.73 1% nds
nseanidsnie 6 & wuhanusoudaiutulunduiioentidinedeasaiedinde
WIsueurasEniNnguiungunIeuInTg (p<0.05) Jsasuladiiniseeniidiniesesaeadie
FAnduan 6 dawi PaoiinassanmnisnefuanuseudalunduilieIouiiisudy

nmsmeuishugielsalasesissesi 3

AEfRY: N1sBaNMaIMeNiiLsdii Meuims anwuseusd fulelsalazess

Abstract

Patients with chronic kidney disease stage 3 are one of the causes of kidney
deterioration with age, behavior, and lack of exercise. Movement of body is reduced,
effect to the accumulation of fat mass and reduced physical performance. A previous
study found that effect of cardiovascular function and thigh muscle strength in exercise
with the life — build - line (LBL) had a greater than the calisthenic exercise group in
patients on peritoneal dialysis. Therefore, the researcher applied it in this study. The
objective was to compare the effect of LBL exercise training and calisthenic exercise on
physical fitness and cardiovascular function in chronic kidney disease stage 3 patients.
The research design was the Randomized Controlled Trial (RCT). The 8 subjects aged
40-65 years. Chronic kidney disease stage 3 patients have eGFR 30-59 ml/min/1.73m?.
They were divided into 2 groups, which were LBL exercise training and calisthenic
exercise performed the exercise for 6 weeks, testing by using Wilcoxon Signed Ranks
Test and Mann-Whitney U Test statistic.

Results show that: the LBL exercise group had a mean age of 58.75 years
(eGFR 52.4 mlL/min/1.73m? and the exercise group had a mean age of 61.75 years
(eGFR 54.05 mL/min/1.73m?). After exercise for 6 weeks showed that flexibility was

increased in the LBL exercise group when comparing with calisthenic exercise (p<0.05).
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It was concluded that the 6 weeks LBL exercise improves flexibility when compared

with calisthenic exercise in patients with chronic kidney disease stage 3.

Keywords: Resistance exercise, Calisthenic exercise, Flexibility, Chronic kidney disease

patients
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[ Enroliment ] Assessed for eligibility (n= 10)

Excluded (n=1)
+ Abnormal ECG (n=1)

| Randomized (n=9) |

A4 2 v
L Allocation |

Allocated to life — build — line exercise group (n=5) Allocated to calisthenic exercise group (n= 4)
+ Received allocated intervention (n=5) + Received allocated intervention (n= 4)

v Follow-Up v

Lost to follow-up (Withdrawal) (n= 1) Lost to follow-up (n= 0)

Discontinued intervention (eGFR > 59) (n=1) Discontinued intervention (n= 0)
v Analysis v

Analysed (n=4) Analysed (n=4)

+ Excluded from analysis (n= 0) + Excluded from analysis (n=0)

Amd 3 The CONSORT Flow Diagram (Moher, 2001)
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