3rAonssudaIsINBUUrUAa Jn 14 alun 2 wnunNAU-AVKIAL 2567 ]

wansz‘nmlaaﬁaaanaaa%ﬁsdaqmwgﬁuazmw%yuﬁuﬁ'ﬂﬁ“lu
nsruIBNNTaUNTIna 83 aneTssa uuFInaseuEsaia
EFFECTS OF DOUBLE DRYING CHAMBER ON TEMPERATURE AND
RELATIVE HUMIDITY IN BANANA (MUSA ABB) DRYING PROCESS BY
GREENHOUSE SOLAR DRYING

Auss dasnwning' 9ws Sunziin’ nreas Ralsd® waz wiaTen A3y’
297139158, #1213 IAINTINNRIN ﬂm:’immmmam‘im:mﬂiﬂaﬁq@m%ﬂﬁu
UM ININRUTITAYNTTYT, 38 6.11719 8.1089 2.LWTTY3 76000,
1chermdhong.pra@mail.pbru.ac.th, 2jutiporn.int@mail.pbru.ac.th
*019138, @I Insmaudszduazmnlsznauenms amAnenmaasuazing lulad
amInsamaluladnsusaaiaulnduns, 96 0. ANSUMNAING 5 0.AAET . ANTUANA
2.4A7U3u 73170, kanokorn.hus@rmutr.ac.th
*an13d, mmﬁf*mmmnmﬂn‘*ﬁmmiﬂszqn@? AnANINrasLasnalulad ywIngIas

TTAYNTIYS, 38 4.8 @.u134 8.1dlad 2.LWBTY3 76000, pornariya.chi@mail.pbru.ac.th

Chermdhong Prattanaruk', Jutiporn Intanin®, Kodchasorn Hussaro®, and
Pornariya Chiranang®
"2 ecturer, Department of Energy Engineering, Faculty of Engineering and Industrial Technology,
Phetchaburi Rajabhat University, 38 Moo 8, Muang, Phetchaburi, 76000 Thailand,
1chermdhong.pra@mail.pbru.ac.th, 2jutiporn.int@mail.pbru.ac:.th

*Lecturer, Department of Food Processing and Culinary Science, Faculty of Science and
Technology, Rajamangala University of Technology Rattanakosin, 96 Phutthamonthon Sai
5 Salaya, Phutthamonthon Nakhon Pathom, 73170, Thailand, kanokorn.hus@rmutr.ac.th

“Lecturer, Department of Applied Food and Nutrition, Faculty of Science Technology,

Phetchaburi Rajabhat University, 38 Moo 8, Muang, Phetchaburi, 76000, Thailand,

pornariya.chi@mail.pbru.ac.th

UnA2IUI9Y ACUI3AINSSUANAQOS UK13NY1AYINBUUIUAQ




E Kasem Bundit Engineering Journal Vol.14 No.2 May-August 2024

UNAALD
o XA &aa

3139 EI‘I/HJ’JWQﬂ§$ﬁdﬁLﬁ€]ﬂ@ﬁ€]Uﬂ’]iauLLﬁGNa@ﬁm‘VTﬁ')ULﬂ%BGBULLﬁ/{ILLﬁG NagNa
v A v

WesautwdslSoufisuiuwasauaasdn uazldndrsinindudagnslunisnasaudie
NTEUURININITNIAMNTORLLUTF TN AUAzLUUTIAY 1Faaudundisinfisudud
65 — 67 % W1a3g utdan (w.b.) LI AN TRANNIN 20 % (w.b.) IINANFANHINL
130 uusnlTWasougastwaNTanszatuanufauluiasouldiinedd annd
muluiasaudalnaifoany ﬁﬂs:ﬁw%mwL%dﬂﬁﬁﬁﬂ%ﬂﬁﬂﬂLLﬁagaﬂhm%mauLLﬁa‘ﬁ
Iesoutudss uazdannuFuldasmasnuitmeiasnii lagesssouuoussanfiag
AldwasoumastuuaziasuauTondodanaiBunsasununindauss lidawaau
T2 1881z WU S BINS U 2.52 Uz 2.19 KWhikg Mad1ey Sesuy
lFanutomasuuas lidawasuszungoimeszlfinaiasnii 2 Sulumssuukindroan
ANUTUAINTIT 20 % (wb.) EWIUANFVBINERN Mo UM ST ULIES IR T T HA N

o @ aa

.:' @ Y o oA, : A a X A
7]'51@1 I@]Elﬂa')Eluﬂ')qllﬂqﬂ')q&lﬁ?qda@]adLLﬂzﬂqaLLﬂﬂLWNT%SHWGN%U@WQWVVH\‘J&Q@] (P =0.05)

o o a

Ada: 1390ULAIWRINULEIaNNaY, HasaugasTh, naaaind

ABSTRACT

The objective of this research was to find out the outputs of dried product by the solar drying
using the single-drying chamber comparing to the double-drying chamber. The bananas (Musa
ABB) was used as a sampling in the testing of the natural convection and the forced
convection. The initial moisture content was 65-67 % w.b., dried until less than 20 % w.b. The
studies showed that the double-drying chambers could internally distribute the temperature
well, and consistently similar in all layers. Its thermal efficiency is better than the single-
drying chamber. Its specific energy consumption was less than the one of the single-drying
chamber. The specific energy consumption of the double-drying-chamber conditioned by
including the infrared heater and compared between turning on and turning off the ventilation
fan was 2.52 and 2.19 kWh/kg, respectively. The solar drying with infrared heater and turn
of the ventilation fan, it took less than 2 days to dry the bananas which had moisture content
to 20 % w.b. The color values of the product dried with the inclusion of the infrared heater
were the darkest color, its lighting value decreased and the red value increased, both
statistically significant (P < 0.05)

KEYWORDS: Greenhouse solar drying, Double-drying chamber, Banana (Musa ABB)
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ATTUIUMIIUANNTUAARID 20 % (w.b.) lasszziiatauwitd 9801Aas wazwadinwlwin
d' v % = €A [ ai di a = o 1 d' v
ANUNARNLIZTALADTDUNILIA LRAIAIAITINN 1 WalSouflougmansnizdng nla
nnnszuInMIauLAInuin msvlasliidanaauszuisenmea (MInagaui 1 uas 4) 3
° [ A A [ & o A ° [%
ml%qm%gmaaﬂwaaaugwu madawasunywIuaIMa (MInasaun 2, 3 uas 4) il
qm‘ﬁgﬁmﬂluﬁaaauaaa%’uﬁ@haﬁﬁLa&lalnﬁl,ﬁmn”u nvaulagldainusouasuain
FaraastialiltiianluniTaunrianad LuNTEaLa 0T AuNIL IRV IR TNNT I WAII W
A‘ J ] v £2 v Gq: 1 Qs =1 a Qs o v A‘y =1
VANDY LENTAULAIAI BRI UFAITWIINNUTALAaIawNILIANAUYIN IR A NFWLLURB

WAINBI NN UNTODUAIRARY K I AMINaFaL 1 AaNNEBLRaINaINUI NN
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madﬁadauaad%gua%iﬁ 2.71 kWh/kg ®38L¥innu 9.76 MJ/kg Lfiaaml,ﬁﬂmu,ﬂ@w”@auwmu
omauazltanufonssuandainessuniia @snan1nasauf 4) azvilwdraanu
S LA DINS U UNIZAARILABLRE 2.19 kWhikg (7.88 MJ/kg) Winrusnanudulias
WAIITUANST 19.19 % nItifidanaanIzLgaIMAsINTY (GInamInagaud 3) asvhlwd
ANuAEWLUEaINa s ANTwTn 2.79 W8z 2.52 KWhikg S1HTURDI0URIIT WL ROITH
MURGD FIMTUNTEUURINR A e 3TN 4 2:diUseAnTawiBennutaulunisauuns
HAAA A2 8RB I UT WAL HBIDUFBITURA 4.70 UaT 6.05 % aud1ay luneid
AR AL A DINRIINUIINTE 2,76 WA 2.19 KWhikg ANE1eD FailiatdSoufiey
ANANUEUU A INAII Uz IMIB LU IR BRI T AN TUWa e UREITH i wlel
nseuusiewasausasninislEnaisuanas 0.57 KWh/kg W3a8089 20.65 % 1i8
R NalTzndan1nasen lastlsouifisuin3asauunnssanfinsuuunaday
dudsnugasTwiavindurasansastunigasiiazaansnaunioinldnsias 22 kg
miauLm’aﬂﬁamﬁﬁﬂmLﬂ@\W”ﬂau%yuauaﬁnnﬂi’auﬁ'ﬂ%‘mmafﬁuﬂ%m%ﬁaﬂ%’yﬂﬁnm 2
T (19.5 Talas anunamInasaud 4) lunitslauustsle 135 a3 (Aaf 270 39 auanIw

o Mauazngna) zfadudnasinunylszndale 1,603 kwh sall

] o ] A ¢ ] A v
A13199 1 Qmaﬂﬂmwaam%aoaml.ﬁaummﬂmﬂﬁmmﬁﬂumsﬂmaau

R s v v a o a ¢
HAaNIIDULLHEINRIYWINAVIYLAIDIDULLARILFIDTINA Y

% < A & [y g
Drying Process LUUVDIDUBULAYILASHADIDTW %%Iﬂﬂ'l']&l‘ﬁ% 20 % (Wb)

Parameters nInagay 1 nINaday 2 nInagay 3 nINaday 4

TULAEI| FOITU | TULALD| KOITH | TULALI| FITY | TULALD| KOITH

Average Tenamper ('C) 4582 | 47.26 | 40.51 | 39.26 | 45.85 | 49.14 | 44.46 | 51.25

Max Tnamper ('C) 7319 | 7320 | 58.37 | 52.19 | 65.37 | 66.44 | 66.67 | 72.02

Max different Toumer (C) | 16.17 | 21.94 | 1002 | 431 | 11.32| 819 | 991 | 7.43

Average |y, (W/m?) 421.51| 421.51| 385.11| 385.11| 435.71| 435.71| 426.01| 426.01

Drying time (h) 305 | 32 29 | 285 | 285 | 27 23 | 195
Eon* Encaer (KWh) 0 0 014 | 014 | 289 | 315 | 299 | 254
Overall Ny, (%) 422 | 373 | 447 | 466 | 468 | 520 | 470 | 6.05

Overall SEC (kWh/kg) | 239 | 271 | 227 | 220 | 279 | 252 | 276 | 2.19
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3.3 aquandvasuannmi

QD

NANIIIAAIRYDINAIVUNINIRRINITAULRING 4 NIINAFOLUFAIAIANTIN 2 Lazen

dQ

PAINRILUIINFARDUAVRKINAIANNFING L* 1AL 82.1741.23 @1FLAY a* L¥in

]
a

1.28+0.16 LAZANFLWNADY b* LYINAY 10.9120.90 INNNITNAFBLUNUIN NAIUHIINNHIB

Do

v ad v ,&’ 3 VL«V 1 1 * n:i oA *
NIZUIRNTOUUAIATT VU INIUFILNA LAINNATAMVRIN (L) NAaILazAIRLAd (@*) 0
n:a' &/ v n:i o v Aa > €A o n:i ‘:i ada
LT laan1Taunwd lwni1Inasaun 4 a:mlvxwamnmmumwmﬂﬂq@ We991nAsNg
AUWKIAINAIII NI T A NTanI NN FaLaasaunILIaLaz b AN TIzu g na il
a d' v 1 2 Add‘ a [ Ccil v A v d' a dqo’
qmﬂgmaaﬂmﬂlu%aaaugam’lmiaummmu NRANTWNN bo 395 Wi kU Nz Na Finea

U ATeLuaania (Maillard Reaction) 810037 [21, 22]

A [y [y & o A @
N19719N 2 @!mn'\ﬂﬂ'\%aﬂa\‘lﬂa?ﬂ%ﬂ?ﬁﬂ NIWNITIDULLKAI

mI | @8 #asounilaTy WoIaUFDITH
Nagay [ NN L* a* b* L* a* b*

’ﬁzuuuqﬂ 50.51£0.49" | 11.64+0.27¢ | 12.60+0.54% | 48.01£0.45° | 11.57+0.35° | 12.73+0.49"
1 ‘ﬁz%d'ldﬁ;ﬂ 53.89+0.37%°| 11.85+£0.43%| 12.12+0.24%°| 54.37+0.27° | 12.08+0.55° | 13.90+0.46°
fuuuqﬂ 52.43+0.47° | 10.02+0.41° | 11.77+£0.51%°| 57.77+0.15% | 9.54+0.40% |11.87+0.65°
2 %a’uﬁhdij@] 54.31£0.39% | 10.38+0.30° | 11.98+0.44%°| 58.28+0.34% | 8.90+0.52° |12.82+0.45"
fuuuq@] 51.59£0.519 | 12.01£0.27%| 11.76+0.44°| 52.49+0.88° | 12.85+0.47" | 10.85+0.46°
° “Iﬁkﬁhdﬁ;ﬂ 53.42+0.46° | 12.18+£0.40° | 11.13£0.49° | 53.51£0.44° | 11.86+0.49° | 10.55+0.43¢
'ﬁzuuuqﬂ 50.64+0.34°" | 13.60+0.38% | 10.38+0.57¢ | 47.54+0.40° | 14.13+0.34° | 10.17+0.36°
‘ %a’uﬁhdij@] 51.1420.37%| 12.91+0.37° | 11.64+0.41°°| 47.80+0.29° | 13.98+0.22? | 10.16+0.43°
UERBIVEGE snuszfiadaunulunasuiidornu nunefls liflanuuandisadnadipianyfsey

ANNLTaNY 95%

NANTIAAANA A LEad L LAnI1 nsaulasllidawaanszuisenauaznaay
RYWIUDINA myansmanuTauwneluiasautdumInuuusTINa qmwgﬁ’[uﬁaaau
GRISRRGS I@ﬂqmmﬁﬁmmwwﬁmﬁwﬁfnuuq@ (mﬂﬁ 1) LLazfudwqﬂ (m@ﬁ 5) LANG1Y
AUA 16.17 °C Uaz 21.94 °C §MIURBI0UDT WA LILAZFOITUAUEIAL AINAMINARBLR 1
Tuens197i 1 qmmwﬁmadNﬁ@ﬁ'msvfﬁvlm”ﬁa@iﬁaﬁ'u wuldnasvesnaasusilummasoud 1

§°11aoNﬁmﬁ'msvﬂuﬁaoau%’mﬁmﬁmwﬁ'uuuq@ﬁmmmmfN 50.51 LLa:%'mmq@ﬁm 53.89
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LLaziuﬁadauaaafuﬁmmmaiwfuuuq@ﬁ' 48.01 Lm:"ﬁguémq@ﬁ 54.37 SIUDIANRUAILAZ
fndasnienliwandnsiumesda (P < 0.05) GesanndasniLwisuuas Kunwisawa et al [14]
ﬁﬁ'}msﬁﬂmwamaaqmwgﬁaml,ﬁaﬁﬁ@iaﬁmaanﬁamamaumuauLLﬁd‘ﬁqmﬁgﬁ 70 80 90
WAz 100 °C WUN ﬂ&i”smwiu%ﬁ?rﬁwnmﬁumnﬁmﬁaamﬁwﬁanm%nuﬁﬁgﬁru MIALA
QmmwNﬁmn”msnﬁluﬁaaauﬁiqzwgﬁ@hoﬁ'uu’mlﬁﬁ@hqmmwﬁlﬂﬁlﬁmﬁuﬁdﬁmmq\‘imﬂ
a%m%'umiauLL'ﬁ’{lNﬁmn”msw“l,uﬁaaafuaaafnﬁﬁﬂ'mﬂ@w”@awymummﬂﬁﬂﬁM%Qmu
wasaulndifsarin lunsnasoudl 2 uay 4 mﬁ”’;Uﬁﬁ'ﬂuﬁmauaaa’fmzﬁmqmmwﬁmaa
ndoin Idun dranusinsuazarduaslndiasens laglifanuuandrsiuasned
WURAYNIIEDE (P < 0.05) Ty meAiniInasash 3 GfiaLﬂumsauLLﬁoT@ULﬂ@w”ﬂaumg]mu
MALAZWAANTZLNE1NNA ANANNEIla lnaLAsanuaN LTIz daNuLana 9 kNNg
806 (P > 0.05)

4. asduansIve
£3 g’ v 3 gl’ 3 di v a {ai
luniInazeuaunf8¥1 N &AIULAANNTY 20 % (W.b.) AIBLATBIBUUAILEIBNAAEN
lEWasa U WA LIS LN B UNUW DI URBITUNL I
4.1 miaml,ﬁai@ﬂmiwwLLuumiwmavTaLLuuﬁaaaU"ﬁ'uLﬁmLLazaaa“ﬁ‘m:ﬁqmﬁQﬁ
mﬂuﬁmauﬁauﬁnga u,a:ﬁwa@mqm%gﬁszmwfmwNﬁmﬁmﬁum Iﬂﬂwa@mqmﬁgﬁ
afl 16.17 uaz 21.94 °C aui1AL NAAN WA laazd AT ART LRI RN aWI A INALALING
4.2 msauNﬁ@n"msﬁluﬁaaauaaa“ﬁ'ﬂ@mﬂ@w”mwymummﬂmﬂlﬁqmﬁgﬁs:mn
TUININRAN AT PRI LIS HURILFND INALALINT ﬁaﬁmaoﬁaaauﬁﬁqm%gﬁs:ﬁdﬁafu
In&LA89Nk Ao ®INITDYINDIAINAAN HN LA DI D UULRITAUN AR AUTH LABNENN AN
Teazfinnuursmainanalvin g nu uaslfRAan s INALALINL
4.3 NSOUWAINRAN T GIULATDIDULAILRIDNAAE WaINN1TETANNTONIINN
= o U, v Qs QI l&/ 1 a Qs v Y g: %
FaLna3aunLInz N A E NI TITWRINWANDY wan1TaunEan i lag T RasauRaITWARY
AN AL A0 INE 99T NN IUNToUWAIRARY IINNITANBINLIIFIANUFWLL B
i = -:i v v 3 1 o A [ e A a
WRINWAARINY 20.65 % Lualﬁﬂaaauaawuﬁuﬂuamuﬂmau%hwmm:wmaummu TIAQ

(Wuarwassuwnlsendale 1,693 kWh ¢adl
v
5. JaldAwauny

dasanmadawaauszunsamearligyidaanuiausanuanszuy Gnnsanie
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