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PATCHARA WONGPAISARNKIT : APPLICATION OF
THERMOELECTRIC MODULE FOR IMPROVING OF EFFICIENCY
IN LOW TEMPERATURE DRYING SYSTEM. THESIS ADVISOR :

ASST. PROF. KRAWEE TREEAMNUK, Ph.D., 103 PP.

LOW TEMPERATURE DRYER/THERMOELECTRIC MODULE/RED CHILIES/

EFFICIENCY

This research objective was to design and fabricate a 216 liters low temperature
dryer with a preheater. The preheater was installed 12 pieces of thermoelectric module
model TEC12710 that can generate heat to hot side and can make the other side cool.
The passed air from preheater flows through heater for heat up the temperature of
drying air. In an experiment, dryer chamber’s temperature was controlled at 54 ° C with
0.0288 kgair/s air flow rate that separate to hot side of preheater 0.023 kgair/s and cool
side 0.0058 kgair/s. For the prototype test, red chilies were selected to be a sample for
drying with two cases: using preheater to assisted main heater (TEC + Heater) and using
only main heater (Heater). The. results of experiment showed that the preheater can
reduced moisture from air with MER 0.083 kgwater/h by cool side’s TEC and can heat
up air about 10° C by hot side’s TEC. The preheater effects on a good quality of drying
air and it can reduce the load of main heater. The drying efficiency of TEC + Heater
case are higher than Heater case in DR, SMER and gives lower SEC than Heater case.
In addition, the using of preheater to assist main heater case can reduced drying time
about 10 hours and more save energy when compared with using only heater case. The

comparison between dried red chilies by the prototype dryer and sundried, found that



the dried red chilies by the prototype dryer have less color changed than the sundried

red chilies.
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Heat Absorbed (Cold Side)
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Heat Rejected (Hot Side)
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Factors and the various of experiment run

Power input for TEC (V) 3 6 9 12 16
Power input for hot side fan (V) 3 4.5 6 9 12
and air flow rate made (m3/S) 0.0094 0.0127 0.0145 0.0178 0.0202
Power input for cold side fan (V) 3 4.5 6 9 12
and air flow rate made (ms/s) 0.006 0.0079 0.0091 0.0115 0.0133
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Results and Experiment runs

Factor Best result TEC Hot side air  Cold side air
flow flow
Hot side temperature 523°C 16 V,85A  0.0094m’s  0.006 m’/s
Moisture extraction rate ~ 0.016 kg, ./h 6V,3.5A  0.0202m’s  0.0079 m’/s
Q, 160 W 16V,85A  0.0145m’s  0.006 m’/s
Q. 24 W 6V,35A  0.0202m’/s  0.0079 m'/s
COP 1.14 6V,3.5A  0.0202m’s  0.0079 m’/s
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Hot side Cold side
Volt of
Speed Mass flow Heat Speed Mass flow Moisture extraction
TEC

rate rate rate

\% m/ S kgail/ S W m/s kgah/ S kgwatet/ h
5.5 8 0.023 16 2 0.0058 0.017
5.8 8 0.023 130 9 0.0058 0.014
6 8 0.023 150 2 0.0058 0.014
6.3 8 0.023 120 2 0.0058 0.02
6.5 8 0.023 220 2 0.0058 0.013

9

! 9 Y
ﬁ”lmsmﬁ@um'%mqummﬁwﬁuwﬁiwﬁu Iﬂﬂﬁ”lﬂ”liﬂ’mﬂuﬂﬁi”lmillﬁa

1 Y Y @ < 1 Y < o <
WIUATUIOU 0.023 kg, /s (BNTUTI 8 m/s) UATHIUATULIY 0.0058 kg /s (BNTUTI 2 m/s)

¥ 1 A ' 3 9 g & \ o Y
“I,w”lwamumimqummﬁmu@mﬂuigﬂzn’m 1 52 Tu9 Glumuﬁumamﬂwammﬁmmugﬂ

[ Y Y Y < ag Aa o @ J a a
HUUYUATUTOU 80% LAZATULTU 20% AINATNITIFIAUAVUDIUNITAU NWEIND (2545)
A Y ' Y < /T Aad a Y o a
Lummﬂmmmﬁ”lwamumumuﬁummaﬂmmﬂmﬂmaammﬁ"lﬁaqa QUNYUOINA

[l =2 ) o Y 1 a ] g @ A g
"lum%aﬂmmﬁmmmwﬂw"lumﬂmimmmummmmwiummﬁ szneunuINIANEY

o 2 [ Y ' Y =2 1 A Y a Y A
SFI’Ja\‘l‘ﬂi1JT’quﬂﬂﬂﬁ]31’]ﬂ‘ﬁﬂTﬁ’Q‘LlfJ1ﬂ1ﬁ11’i’qmﬁQNQ’QﬂQﬂWﬂﬂ@\‘lﬂﬁhmEﬂﬂ naaNuaulang



29

wsnuga nazdenlfusedu lihveunes Tudidansai 6.3 v FaansaniumiuaNuFy
18 niigadaesasinisaiuty 0.02 kg, /b Tudivesdnfeudmsaguermealaoi
wgauanuden egi 0.12 kw udludeseuuisdeamsldaanigii sac iilofimuald
annzvesemeanisaniauas i, Yszmalnedaundod 32°C, 80%RH susafiui

wasnuanudoulumsmugungillaanaunsi 3.1
Q, =m,(h,-h) 3.1)

idloanizazoimiaii 1 'e)g'ﬁ 32°C, 80%RH 1A h, 1110 94.569 kl/kg,, A
49195017 2 ﬁwmuﬁumm%ﬂ%mm%umﬁﬁqqmﬁgﬁ 54°C UA1 h, 1M1
117.667 kl/kg,;,

Q,  =0.0288(117.667 — 94.569) kW
= 0.665 kW

[

lumsgueimeaiomuguugiiainandesldanuiouainmsmiuiaegh
A 14 a d a dy Y A Y o
665 W 1iloannganes ludiaansaninmanaaeudesduiusean i 6.3 v awisaim

A~ v & 4 @ 1
anuioun 120 w asiiuvaala i wiedames Iiihazdedldnasnulunmsguernis
(Qp PN

Q =665 -120 W

heat up

=545 W

2 a

Tunisguoimalasldines ludiananiaiio 1 laguuad 54°C doans

q QU

) A 2 Y a Lo P < v A ) A X A A D)
ANUIDUINY 545 W ﬁ]\?@@\i@ﬂ@\?ﬁ@m’E’)'ill‘wﬁTLﬂULLWﬁQLWNﬂ31N§QULWN WQ%HT@VILaﬂﬂGlG]f

= 14

v v
t?mmamms"lﬂﬁmgﬁ 1,200 W #1%5Un15@3190 1m0 UUHe 1azAnAITzIuAILAN

a o

g iion luiauuy PID aou Insa iNeniugugurgiiomaeunieliniiaaeanmsnaaou
a o ¢ o (Y] A Y Y
3.2.5 ﬂ1‘5ﬂﬂﬂ\‘iQ‘1.]ﬂﬁﬂ!iﬂ?i‘JU!ﬂ‘JENE]‘U!!‘i’NﬂH!!UU

A DY) A ' 9y o ) Yo
mim’éml,mQmmﬂimqummﬁﬂjuﬂuimﬂmma’m"lﬂﬂmmmuulﬂmmi
Y

a 9 Y 1 Y A 1 g 9
AAANTZUUAT N0 INMAD LR Y 2 ﬁ'JullﬂLLﬂ INIDIYUDINIAVUAY (TEC Chamber) Uag

= J o 2 Y 2 Y
aﬁl@]@ﬁkh/\lﬂ'l (Heater 1,200 W) N1TNINIUVDITSUULTUAUINNDINIAIINAILIAAD U

Yy =KX A ]

° ' A A o ¥ 1 A ' ) &
(MU UIN 1 Gluq‘;jﬂ‘w 3.6a)Qﬂunm1qmimqua1ﬂWﬁf’uuﬁucﬁ uﬂﬁu‘mmmﬁaamﬂu
Y Y S a o o 9 Y ~ [ @ o [ < [
2 1T UNMINATUIUAANUNUATUIDUNUINBDININNU ﬁWﬁiUﬂWHLﬂuﬂﬁ‘]Jﬂll@@li']ﬂ']iulﬁa

A ] ~ 9 FY <3 o ] A A
81NN 0.0058 kg,./s ”lwamuﬂimwwmmiaumuwu (MR UN 2¢ °lugﬂ°n 3.6a) INDAA



30

Y 9
gangionalinegaihf1auduian1snIuEiUANINFUDIEIUEBNINDINIAD LN
dndumaniisemslvariuaiuszurennudou (Fwmnis 2h Tugdd 3.62) Sudoudae
Y 4 o o ad a o a
8A31M13 1Ma 0.023 kg,/s t0IMITzDIBANUSOUDENIINMES TuBiaanIAnazh Idinans

) < Y < dy A o 1 v 2 9 . a9
V]Tﬂ'na\llﬂueluﬁ’nuwu UDNITNUDINIANNIUAULYIUS 2h WHNYUIUAU (Preheating) 9nA8Y

WOHT22

Blower
lk@tde heat sink 1
il
7e iy
: . 8]

| —Ambient air suction

- -
\@ \'Hi(i Chamber
old side heat sink

Heater 1200 W

>

(@

(®)

- a g’/ o o [ A Y 9 A J 2’, 9
gﬂﬂ 3.6 ﬂ'lﬁﬁﬂﬁ\?Qﬂﬂiﬂ!ﬁWﬁi‘UlﬂﬁfNf]Ullﬁ\?Wi@Nlﬂiﬂ\iqu@1ﬂ1ﬁﬂIUﬁH

(a) BUVIAD4 (b) IATD9934

] ] Y 9 v
e ATeIgueIMATUALLED 0101ANT 2 1dun1eee Tnausaunudnas

@ 3 Tug1it 3.6a) Aoutililiudames Iihauia 1,200 w Ainauqunisiinudie



31

4 v a g a P Y . . 1 = g’/ 1 Aa Y Y Sld'

M3 INAANDIAANTBHUNT0N0 Linking §U LT400 F9asa1guuninieludeseuniuer14n

o c;y/ g A o 19 ¥ A 9 1 a A X

s4°c natetlesiu liliiRanansenunnanuioudenuainvesnaananldlunmsnagou
Y Y

v o a Y J

DUUWI (Marnoto, Sulistyowatim, Mahreni and Syahri, 2012) UBNAUIININTAAAUT UL DT

9 v Y
TAUUYNAUAINFUFY DHT 22 80 Shenzhen NINUA 5 9@ ¥1191UTIWAY Arduino 1 UNO
< o a gj [ o gj
R3 lumsiuiiufindoyann q 5 wriinasamsnageu lunisaaawaziaieglnsainmue
c;y/ o A Yy a Y [T ~ o w
luszuunuuudiaes wazgihniesouuienslduaangdi 3.6 a uaz b awdiay
d' d' 1 o 1 o ]
nszuaumalasulasangeimeadie Inadiuglnsal lunaazduia

4 Y S a a ¥ 4 ' g v v
GU@\ﬂﬂ%@\1@UL!WQﬁullﬂﬂuuﬁ’lu’liﬂa‘ﬁﬂqﬂﬁqWaell@\°|ﬂ'lﬁ@@@Qlﬂ%@\?@“'ﬂ']ﬂ’lﬁmu@uvlﬂ

Y . o 9 1 o [} [ §
#1738 Psychrometric chart Ll,agih],ﬁl‘lflTﬂﬁLlﬁﬂ\‘l"llﬂll”mma‘ém1LLWUQGUENﬂ§$°U’)‘Llﬂ15ﬂ\1§ﬂﬁ 3.7

Absolute humidity (kgw/kg,;.)

Temperature °C)

31 3.7 annzoimaludaazdunivesyamsoso UL

An12299991M1A9INTUN 3.7 NTLUVIUNTVBIDINMIADULRUTUIINDINA
9 ° oA 9 9 1 ~ 9 Y 9
wadoumouen (@i 1) gnifewihgszuuli Inarmusivszunennuioududouves
o [l I'4 Y] [

TEC module (§1t11iq 2h) argTuaes ilhwuuliudasinis lua'ld (Blower 1 lugil3.ea)
f I A o 1 4 §

N3zUIUNI5910 1 -2h ifunszuaumisiiuaniuieunuudasigiunniusuaci
TuvaziRednnu omanndunadovzgnaadigszuuuaz namuas uszuienNuiouaIu
<3 o 1 4 Aa o ] 4
18Uv09 TEC module (f11114 2¢) 1Hoan1nnavesmsnanuauan lunesnkavose1n e

A A 9 < 1 ] o [l = v a g’/ P
maau‘nmﬂﬂmmﬁqﬂummmumm 2h 99 3 '1J5$ﬂ@ﬂﬂﬂﬂﬂTi@ﬂ@QIUﬂ?L?ﬂiﬁ’Jﬂ 2



32

(Blower 2 Tu31 3.6a) 1o lddsomad o souniadnaae Nareniad (Ambient air suction)
= a ] b A @ 9 I3 ' = Y = Y
N1TAAUAUNNEAIUANEATINIT Inatd191ndInwual 89 2¢ Idnsnandoanis
dy 3 a = ] o Y tg ~
N32UIUMIN 1 - 2¢ § i umsanguurglaudegaaiumiv s ldanuiulueimenlaeu
I @ kS o 1
anuzilureavournalaziendi0enaINeINIA 1INUUINMADINA WU 2h wag 2c 92 Tva

[ { o 1 a I { a 2 ¥
FHFNAUANIZUIUMIHANOIMANA KUY 3 allusimanligungiigaliuaz Ay

1 A ] = 4 A 1 s AaA o 1 = VoA Y
aaa ﬂﬂu“lflﬂ%llﬁaW'luEWILGIﬂﬁl’lV‘Iﬂ'lLW@QH’é]'lﬂWﬁ%uiJQﬂ!ﬁ@.iJ‘ﬂﬂH!ﬁu\? 4 NNINABDINIT

k4

= & Y} % o 1 A A Ay v
NITUIUNITIIN 3 -4 ﬁ]\1L“lJLlfﬂiElfﬂﬂ’ﬂlliE]ull“].l“].lﬁ)ﬁi1ﬁ’)uﬂ’ﬂu°]5uﬂ\ﬁ/] ®1ﬂ1ﬁ‘1/]hlﬂ"l]$@jﬂ

Y 19 Y { o ' 3 A
ﬂaumqwmammaﬂamﬂwaaaﬂﬂwﬂizuuﬁmgmm 5NISVIUNITAINSG -5 %QLﬂuﬂﬁL‘Wil

(2

agilns

2a

f Y a =~ A o o {
ﬂ')'lll%ul(’]ﬂq@']ﬂ'lﬁgnllﬂig‘]J’Juﬂ’liqmﬁﬂuhﬂiglﬂ1$LﬂUﬂﬂ\1Vl ﬁWWﬁUigﬁJﬁJﬁ
' ) I 9 = 4 = ' = A a
Qu’mmﬁmu@uma TEC module 890 ﬂﬂgal(’]f\ﬂu?,ml,@f]i]lwvs‘hlwﬂﬁ@ﬂTQLﬂﬂ?iuﬂWilWﬂquﬂﬂ”N

Y o 1 a o o . o A
Lla'ﬂu'l]lﬂW'luwawaG]ﬁ'lﬂiUﬂ'li@ﬂllﬁ)ﬂ@]'lﬂﬂigﬂﬂuﬂ15ﬂu Psychrometric chart 9¢A1UUUNT
Y Y A
AU 1 - 2% - 5 danaaalugin 3.7
] dal A a d? o Yy Y v
ﬂ'lﬁﬂ')‘]JLLUUﬂ')”J“HHinﬂE]'Iﬂ'IﬁVILﬂ@"Uuﬁ’lﬂWﬁﬂﬂ’luﬂmUl@ﬂﬂﬂﬂﬁi'lﬂ'lﬁ
1 a ¥ A 14 a d a

AYVULUY (Moisture extraction rate, MER) A9 M 1a1a1u¥uNines Tudiaansaa1u1so

i ldanaunis (3.2)

MER :Ihc (Hin-Hout) (32)

[ 1

o MER f0 8A51013AUMUY, kg, /h

(%

A 1 o Aadg a 9y <3
o @]ﬁTﬂ”I'inlWﬁ’E)”lﬂWﬂWTMWI@iTN@Lﬁﬂ‘ﬂiﬂﬂWl‘!!ﬂu,kgah/h

@ G4 9

4
A9 ANUFUTUYTAUVDIDIMAVUN, kg, .. /ke,,

in u

4
o 4
H  Aoanududusaived1manonn, kg, /ke,

o U

3.3 AUABUNITNINY

9 v v 1]
A o a (2 A

TuuadTeil Mmsnaaoulsz AN MNUBIUAT I UURIAULVUNUNTAAAUAT D
1 g‘z Y = 4 g‘/ Y o [ I~ 1 A Y
guomATuAuTwiUdames liniu 1dhnsudmsneassesnilu 2 aaue miouui
a 2 v A y v 4 9 X A o A ' d v
WINTHYUAIAIATOIDVURIAULVUNTT 197U TasTlan15119111AT 099U IMATUAY
1 v A 4 d’Q o A' v 3’/ 9 a o
sanudames I uazszuuntansiinuveuniesguomeaiudu laailanisianuves
= o ~ 1 = A = a Y Y
danes I uissethufed oS euoungAnssunsouLRe ausTOULMTOULNA LAY

a @ Jd o 3‘/ 3‘/ f o o a 1
QMﬂTWGIJ@QNaﬁﬂQ!W]Wﬁﬂﬂ”liﬂﬂllﬁ}ﬂsll@ﬂizﬂﬂ‘ﬂﬂﬁ@ﬂ mﬁﬁ'mmsmwm%wgum%wm



33

Yy 9 an a A Y =t o Y 4 a
UHIABITNNETIN I TF lumsifSeunsuguniunaimsouura Tudiulsuw
tg a g A Y 9 ax a
ANVFULALAVNINUYDINTNIHYUAINAINLHIAIBITNNTITUHIA
E4 a\ dq’ 4 as a
331 MIMNRINIDUHYUAINIITNETINIA
Y ~ A o Yy 9 A 9 o
UONINNAINTIUTIUNIUNAANUNIINNITOLUHIAYIATO 10 VLH I A8
A ) A A ) A , Y Y o oo & ¥ ~ A o oAy Y
matlaldau vietlaldnuniosquormaiuduuds dsduiludewlsouieunaadumin |
[ Y a 9y A o a dy o a [ [l
AUMTAINIAINIETTUIARIY Ao TN N yuasd 1w 3.5 alaniulnelduu
azunsa Mlunlas vazaunsodudadunaaaald szeznarlumsimsn ldanuaalusig
4 ' 4 a A 1 @ !
8.00 1. 19 17.00 w. nniunteaih ldsdlavunsenans nivyuasiidiminasiuazawso

0 =] 9 o {
wunusnpIdasgi 3.8

X v

317 3.8 MIMNURINT NINYUAIAIBITNNTITUIA

332 MSIAUNAIBEIINOUNTNATDVD LN
yY a dy ,il d' [ [ =
Tumanageuldnsninyuasdadoriniinaraaalusainiauass1¥au,
& o o Yy v 9 9 Ao A v 2 a o 2
HutagnageuimssuuieaIsdouunIgungimNainIuasIag 3.5 dlansy Tudunen
Y Y
o 1 % [l a 1 o % I a
M euMIMNMIguAloe v N nIryuaslunauaazsulszum 15 05y 1Wundana
v 1 < %} Y] a 4 o (] 4 <3 1 90’ o A 1 o
a1 lunmsnaaey FuihMinueIns nUryuasaeg o ua i minisuaunoui
=1 d‘ Y o % 3 [ Y = a dy g’/ Y o
Foammazunsanlddmsuiumansiagounds TaemsiSeans nvnyuasuunianu 1am
~ a dy = [ I =\ 1 &l A 1 @ Y a A Y
MsieanInaIryuasluuunfeInwdunnd uasinisuusiunsgninnulvwed e lv
[ v o a L4 1 < [ I g’/ g’/
pIMA NI SO FUATA URAYDINI N YLAd TADE 192D niseeniTuniug 4 Funia

udnhoadnldnea A ludounitesagali 3.9



34

E4
=

517 3.9 MsTanaE NN YLAIE T UM IO ULNS

s Y
333 MIUNVYDHANANIINAAD
v

Tugruvesmanudoyalumsnaass Idimaiuiindmasan Trdh i 14

9 v Y ! '
910 Watt-hour meter i01& Power supply N1 UA uazmumuﬂmamﬁmaauﬁ'wm?awa

4
o [

aa = o A A g v R o Y o o
WminAIaeannuazidea 0.01 nFuNN 60 WA eV uinwa tazii il lddmsums
AU

9 @ o 1 I
AT UAN1IZYINMINAABITIMILLNNITNAa0I0aNTY 2 N15NAADY AD
a\ 4 J g’/ U [ 4 ) [ a a 4
Wansosguermaruauswiudames Inihdwmsuraaonsounids wazitladames Il
4 Y
iesedufsrdmSunanoIMAR LIEINADIE 3 ATIE IS ULAAZNITNARDY
Y
Wmmsauauang lumseuniaaail
' [ Y 1 14 adg a = A A
- ensau I ldunmes Tudaanin 6.3 V (nsainadeuszuuinilanms
i1 v
MU0 UATOIGURINIATUAL)
& aq. Y Yy A oy A A
- asrgamgilludeseunden 54°C MenIosniunugual
[ [ {1 @ g @ [
- dFunseau llihinelldsTuanesuaazda Tasaruauoasi Inaves
4 ' b < & )
p1maluasosguormavudulnaiudowilu 0.023 kgairs uagdrudwilu 0.0058 kg, /s

@ <
Iﬂﬂ@lﬁ?ﬁ]ﬁﬂﬂﬂ'ﬂlﬁ')@']ﬂ']ﬁﬁljﬂ Hot wire anemometer

de

(3 ]

o <] o ¥ ¥ @ a @
Vl'lﬂWﬂﬂUﬁJuﬁﬂﬂ\‘]u'quﬂell@\?Wiﬂ"U“ViHlL@\W]'J’E]Eﬂ\? L!ﬁ%Wﬁ\?\‘ﬂuU]ﬂ‘lﬂ'W]ﬁ’ﬂ@

U

l
(2 1 =

J Y 4 1
ﬂ1i°l/lﬂﬁ’é)\1’é)ﬂll,“rﬁi}\iﬁ]uﬂi%ﬂ\‘luﬂ’iuﬂwﬁ"uE]\‘]Wiﬂ“llﬁullﬂﬂﬁﬁﬂﬁﬂﬂﬂﬂﬂ (umuﬂ”luﬁmi

U

De

v
v =K o

d' ) = [ a (4 o 1
wasuulasnelu 4 G]f’ﬂllﬁ) WNINTYANTINAAND ﬁadmﬂuummmmuﬂﬂmmmmm



35

¥ o Y Y o 3 o ' ° o a 4 Y Ay Y
u’]ﬂuﬂllﬂ\iﬁﬂulﬂulﬂ Lla31/]'lﬂ']ﬁlﬂ‘llﬁ')ﬂfJ'Nﬁ'lWﬁ‘Uﬂ']ﬁﬁ3'3%?(@1]ﬂﬂ!ﬂ'lWWﬁﬂﬂka!l!ﬂ\ﬂ!Wﬂﬂhlﬂ

nnMInaaeULaadlugili 3.10

33.4  MIHINEIUTY

¥ a 79 o o 4
IR UNUKRINAIUAIAUADNITIAUATIEUUDYA Iﬂ&lmmmuﬂﬂﬂmamﬁem

o U

o Y A o o 1

Y

4 Y Y §y 2 g’; @ ' a2 1 A o Y
mli‘muzmmm%wmma”lﬂ IﬂEllfl’é]’s’fui‘;fﬂﬂ'li‘VIﬂ’d’EN“L!“L!GI’J’E]EJNWiﬂ%ﬂl&t!ﬂﬁﬂu1h1@ﬂl!ﬂﬁ

o = dﬁl A L] =2 9 o a dy @ ] o 1 a
El\‘]ﬂ\?llﬂ'ﬂll“b'uﬂaﬁlﬂﬁﬂ@gﬂ’lﬂiu %\3GI’E'Nu'1NﬁWiﬂGlJWUL!ﬂQGI'J@EJ'NVl‘]JVI'Ifﬂiﬁ'lfnﬂill'lﬂ‘l

U

2
¥ @ Y = A

1 g o % 1 a g’l 4
HIMUNLUTIN Elumimmumi,!ﬂuﬁ'wamaamawaﬂmmgumﬂ%’clumimamuu Lﬁf]\‘]é]jugljf]\i

2 Yy Ay

J 9 ' °
mwmmm\gummaﬂu Moisture can u,azmumuﬂﬂauuu%’wé’auamauw’e) FRANCE

. 4 &y 2 4 A . 4 a o g
ETUVES §U XU058 (gﬂm 3.11a) e lapnuFunviaavaensn MMIoUNYUNNY 105°C 1wu

q

S v ¥ v o ] { 1 § a
JTYLIN 72 GH'JI?N‘W%@ﬁ]uﬂ')"m"muﬂ@n’ﬂﬁﬂﬁ]zﬂﬂ‘ﬁ ﬂﬂ"l’Jﬁ@ﬂ'J"lﬂJ%ullﬁjiSL‘Viﬂ’ﬂ’ﬂﬂﬁ]"lﬂWiﬂ

2 v
ﬁlm‘ggumi]uwuﬂum



36

(@) (b)

v
=

Y Y ) [ 1 dy A @ ] a 2
3U7 3.11 () qovavFeudmsuldannururaunas lua10d 19N NINYLAIINNITNARDY

@ 1 Y Y Y
(b) ﬂ'li‘]Jiii]G]')’t‘]UW\TE]U!LWQiH@@U@iJﬁ@‘L!

a

a 2 o ' X Ay v ]
3'].]1/] 312N ﬂleihlllﬂ\ﬁ’iEN"l]1ﬂh],aﬂ’J"Iﬁﬁ]fuﬁaﬂlﬁaﬂﬂ')ﬂﬂﬂﬂaﬂﬁi’]u

a dy 4 2 ) ' d” Y o Y Y y
W5ﬂ"lJﬁHlLﬂQlili’]ﬁuq@ﬂ"liu"lll‘l]llaﬂ')”lll%ullﬁ'Ju”l@@ﬂu”ﬁnﬂﬁ]'ﬂﬂaﬂi@uuu

1 (= ti} A [ A 9y o ] %} v 9 A @ =
mﬂuummmuwmmaamgﬂw 3.12 !Lﬂ’Jufl‘l]‘IN‘LH‘HUﬂﬂﬂﬂlﬂiﬁﬂ%ﬂﬂ’ﬂﬂﬁm@ﬂﬂ 0.01

DD

2

{ ! ' o 9 %’ Y .
SUBR0 Sartorius JU 85A - 32025 - CW nouii liWneenaleimiinyes Moisture can 3914
4

1 o @ Y

g 4 1 Q.'I 901 o v 1 =) g
animinudeveans nryuiaie 14 lunmsduaude 1l msdaihmindiedianininyuaa

' v o Y 9 Y o A
ﬂauuawaqmmmauamauuﬁmmgﬂﬂ 3.13



37

¥ @ Y 3 o v o Y Y 1 v 9 '
Usuanhminuns = WInunaduIgendeuaNIdou — wivinnelan

sy rdov
sartonus

. r,_w,.,,,m s Aoy St sy
: 25 g =
a o g e @D
Jr
(a) (b)

v

' Vo ) o
317 3.13 MmsFalminueaws nInyLAs (a) Aouuay (b) nauingouauion
335 ANNTUUBINILEIININMINATOL
1 90, o { o = 4
MFnanimiaued 1di Tl 15l umsfnsmganssumsenuredonies
Yy v A g X X v A ~ v
puumIaUnUINa eI Felseneu ldlSunamnusuinasgiuilen uazuiasgiunis

! Yy 9 A Y v 4 9 X A A
U YININUDINTDULHNAYATOID UL ULUUNT T NUUIINTUNITIN 3.3 asaun1in 3.4

£ = In_rnd
ANUFUINAITIN)In MC = x 100 (3.3)
m
2 v m-m,
ANUFUINTIIULY - MC, = x 100 (3.4)
m

e MC, o %’aaa:ﬂ?mmmmsﬁummgmﬂfm
MC,  # Zovazifinaunnuinasg
m Ao thiminveadesunadey o nanla 9, kg
m, Ao ﬁmﬁﬂuﬁ'wmﬁa@finmﬂﬁ@u, kg



38

33.6  M3UsNUaNIIOUSUBANTDID VI UMY
A A a o A Yy v A 9 X &
M5Us2INUTLANTAINAITIINIUVDUATBIDUURIA ULV VN T 19V UUUIN
A 9y Ay v Yy a A ' A o Y v
msisziulaslddoyan ldvinmsevudansninyuaslugrsarniiniseunidie
A Yy 9 g’/ A A o A 1 g}.: Y 1 @
inseeuLRIduILUNITzUUNTansiureunIosgquematudus i uvaala vl
v [ Y
HarszuuNansiiausvaala lniiedraden dan1sdszmulszansainiiu lda
a r'd [ dy
MINATIZYiNaaane 111
33.6.1 NIMLAAINGANTTUMTOLUNA (Drying curve)
1 a ¥ { o 3’; o I
alSmannusunaivaa ldiuaivrsosi ldadraduns
Y [ v o Y A a Y a dy 9 gl.l dy
pun T uANUFNRUST A UNAIMIODURUNDANYANTTUNITOULTIVOINI NTINYUAL A N4l
dy Y o o o I % [ da’ d' =
anuFuasgIuededesusath lddnaniudasdiuanudu iwenSoufounsiu
Y a Y Y 2
wn THuUeIngAnNITUM IV 14 183U

@ Y

3.3.6.2 9ATINTOULNUNAY (Drying rate)

@ Y

A & = dy a
@ﬁi'lﬂ']ﬁ@‘ﬂllﬁﬁlﬂaﬂLﬂUﬂ1§LﬂﬁfJﬂ']ﬁﬁﬂﬁﬁ‘llf]ﬂﬂ'l']ﬂclﬂlﬂ']ﬂ(luvﬁﬂ

de

g’/ 1 A Qy (] { o a Jd v
mwgumamzﬁ’mmmmﬁ’u%uﬁuqﬂumuam‘ﬁmmimam TAenN15ATIZHONT

Yy A oy w A & P A Vo

ﬂ']ﬁ'l’)‘]JLWiQlﬂﬁlelﬂGlﬂfW'ﬂSU@\‘]ﬂTﬁﬂﬂa@ﬂV]lﬁﬂJ’]ﬂlﬂﬁTN“ﬁuﬂl@ﬁWﬁﬂﬂ]ﬁ}éllﬂ\?llﬂ'] 14%wb (IN1nU
9 9 v Y

‘]Jﬁll']mﬂ31%%“%@@W5ﬂ%ﬁgllﬂﬂﬁWTHﬂTﬁ@TﬂLLﬁQVHQ‘ﬁ?ﬁ%T@]) L!ﬁ%WﬁﬂTﬁﬂﬂﬁ@Qsﬁﬁﬁﬁuq@]

ﬂ”l'i’Vlﬂﬁ@\15@]ﬁﬂﬁ’t’]‘]JLLﬁ}\‘]maﬂﬁW“lﬁ}mﬂﬁiJﬂﬁﬁ 3.5

DR = —= (3.5)

Tag DR fi0 8A5INITOUUNN, kg, /h

v , o

m, Av WminAsuMIo LR, ke
A %’ Y] [ ) Y

m, Ao M nHaIiIMsa UL, ke

t Ao a1, h

9
3.3.6.3 9AI1INITLNIUIVUNIE (Specific moisture evaporation rate)
v Y o I = ¥
E’Jﬁ3"IﬂTiiSL‘HfJ‘Ll"Iﬁ]1L‘W18L‘]JUﬂiil'l_ﬁﬂ‘]JWIfJ‘]Jﬂ1ﬁi$L1’ifJu1’f]ﬂﬂiﬂﬂ
a Y o o =q Y a ¢ o 3 o vq ¥
wa@waammmuwawmﬂcﬂmzuu Iﬂﬂﬂ”lii]m51$W@¢]§1ﬂ1iizlﬁﬂuﬁnlw1$llﬂbl“]fWﬂ
1 4 Y Y
sll’f)\‘]ﬂ”li‘i/lﬂa’E)\‘]‘ﬁﬂiu”lmﬂ'JTN%H%@QW?ﬂ%WHLLﬂQﬁﬂT 14 %wb LATHANITNADITINTUTA

ﬂ”lS‘VIﬂﬂ’ENﬁ'”lﬂJ"Iiﬂﬁiu’Jthll@%}ﬁlﬂﬁiJﬂ”lﬁ“ﬁ 3.6



39

SMER = ———— (3.6)

TasA  SMER

9

A0E1INTNUNYLAT TAsNMTIATIZH

Y
A BATIMITEMEIT UL, kg, /kWh
Y f °
An tminneusiimseuni, kg
Y
An minrawihmseuniy, kg

Ao wasu lulihnls, kwh

Y
3.3.64 anuauasanasnudumne (Specific energy consumption)

I =~ @ Aq Yo @ dy
LTJHfnﬁl‘]_r%fJUL‘ﬂﬂ‘UWﬂQQWHVﬂ%ﬁWﬁﬁUﬂWﬁﬁgLWﬂﬂl@Qﬂ?Wﬂ%u@@ﬂﬂ’]ﬂ

J

Y [
mmﬁutﬂﬁm‘wmqm"lﬁ'“l%’wammmﬁmamﬁiﬁmm

k4 9 Y
mm%ummwmmwwmmm 14%wb LAZHANITNAAITNAUFANITNADIVINTUNIT (3.7)

Tasf  SEC

3.3.7

3.6P
— (3.7)
m. -m

9
Ao ANuFWLavINas T U, Mike, ..

' o

WHARBUIIMI DL, ke

o v o

H
H
¥ v

HINUNHANINTINITOULNN, kg

A
o

a0 waau 1l nle, kwh

N3ATIVAVLAUNNHAINIOUIT

9
Tudruvesnisdaguaimndiniseuuiaveanninyuas laninis

~ a o ' a X J 9 o Yy 9 A Y
L‘]ﬁﬂ‘umEJ‘]JETNWU@W]’J’OEJNWSWUWHLLN NOUBULUUILASHTAINITIDULNIAIYIATOIDULN

A 9 é’ 2 o a 1A A J gﬁ Y o Y 9 amn
NAaFNIUFINITNAa0ULIA LLa8"lﬂJL‘]JﬂLFI3E’NQHE’)”Iﬂ”lﬁslluﬁuﬂ‘ﬂﬂ”liﬁ"lﬂLLWQﬂ’JEJ’J‘ﬁT]N

a 9 A o A Y 1 [ ~
FITUEIN AWATOIIATYHD HunterLab 31 ColorQuestXE @Ngﬂ‘ﬂ 3.14



40

| A oo
319 3.14 10509707
v AaAq Y [ A o A
msaaldnanmsvesnisganaundsvesdns TagimsniondIv nioudas
~ 1 (] v A A [ [ o (] S A 43! A a d
nogluwaesadyd llda luanavesiagaiedis Usingmsainiiaduae aianaseunisluy
a = a d' 1 [ g’/ % dl 4%’
pzapmNaMsganauudavnamsasuaniug ligseAusunasaungau (Wang, Peng,
. @ = @ ] x Y 1 I
Xie, Bao and He, 2015) n1353aa1d lauaaseanuiludinlsveanileddalduiisoaniilu
9 v [
L*, a* uag b* lagluaiuvesdveaugazaiainlsnitediu ldnanuandiaduesn liaad

=2 v o o [ A
ﬂ’l3ﬂ\ulﬁﬂ\‘lﬂ'J’lllﬁiJWUﬁ"U@\?ﬁ'Jllﬂiﬂ\?Eﬂﬂ 316

Black

1 3.15 arwduusvesdmlsveemd (L*, a* 1az b*) AN : Cuesta (2016)



41

o w 1 ) Y = N Y A A 9 v 9 A [

nnmMsdeda liimstaad adulsadanldnnmsiaalensesing

gﬂ o o A = 1 1 = o A Y 9 [

vy aunso ldunanienSouieuannuasuesduesiagnadouiidesns la Tagin
Y v 1

A3 1FaaIlsuead@Ne L, a* uaz b* 1 1491An1379 7521119620619 2 A19819Nd0InIs

[ o o [ 1 = 9 d'
NINUANUUANA N UINIATUIUHIAIANUA VDI (AE) AWANNIIN (3.8)

N e ) 69

Tasd  AE Ao ANMVUANVBITIZHINAIDENNIIMTSTsuRew
* * * A L= 1 @ 1 @ dd’
L,a,b, Ao Aa1unUI9 CLELAB 1999208197007
* * * A 1A ' o ' v A A
L.,a.b Ao A lunIe CLELAB 9996208197031 2

2 27 72

9
= o

d‘ = a % o U =)
517 3.16 fﬂimiﬂllﬂ1i‘Wiﬂ"ll‘l’i“lé!&ﬂxiﬁ?ﬁiﬁilflﬂ?]ﬂﬂ"lﬁ

u

9 g v A

E4
dsumaiwaninldad laskinsuenwansninyuaseanvindiunou

Yy Y P
= o 1A 9

v k4
1317 3.16 Nathive TinisTadueuiions nuu lulidvesdiulzilulidre nazimsiad

IS

4 a Y ] [ 4 @ ' A o aa I
VDINTUNINUINAISLTUNU Q‘ﬂﬂ‘iﬂ!’Uiii]@]’)f]ElN“VIﬂﬁﬂﬂﬂl@ﬂlﬂi@d’)ﬂﬁ“h’\‘iiJﬁﬂ‘Hﬂ‘lm‘]Ju

Cubic YUIA 6 cmx 5 cmx 2 cm an¥YUAIFN 3.17



42

A 4 o ] v A
319 3.17 gnsaiussydtedanadeumsiag

A o - & A o . 4 2
mmmﬂmmENwamﬂﬁumgummem"lﬂmmflu Cubic NMTRIYUTIUNDINDY

Y = A A a1 1 [ a dy =KX 9 o d
ﬂ'l@l’J!,HJil,L?NE]'li]iJﬂﬁﬂﬁW]Lﬂﬁ’E]HLH’ENi]1ﬂﬂJ"]fEN’J'Ni%Vi’J'NNﬁWiﬂﬂJ‘Hl“}uﬂ\i i]\i@]’@\i‘ﬂ1ﬂ'l§ﬁu
= a dy ' o ) o v A ' = v v 9 a2 dy ~
azl,@ﬂﬂWﬁ‘WiﬂGUW‘L‘}LL@Nﬂﬁluu'lhlﬂ‘uj'iﬂﬁ']ﬁiﬂﬂ'li’mt’f UAYINUNUNTUUYDINIT NV YLAIN

Y o Y = ' o o Y @ {
wasvhimstuazideanewi liims adasgl 3.18a naz b

(@) (b)

£4
S

{ 4 =) ) o o y a 4 y 4
3U7 3.18 MaTuns nUnyuasd msumsiag (a) mitunindrensestiuemnilszdn

(b) HANTN



43

]
I 1

A o a A 4 . 3 Y o v A Y A v A R A
LﬂJ@u’lWﬁﬂﬂlﬂHllﬂﬂﬂuV]Uﬁﬁ%iﬁ Cubic !ﬁﬁmla')u11ﬂ']ﬂﬁﬂ’lﬂlﬂﬁ@ﬂ')ﬂﬁ EINRY

q
9
A v v o

msaeadumia lilidussguduladegla 3.19 Snisduinmstlaseaiodoadulildiuas

U

AMEUDATINTUAIUM TG 5T

~ v L4 @ T v A
3191 3.19 M3t nIalusTgdIeeviad



YN 4

o a\ a v a\
NaNMIANHUMIetazmMsenewa

41  wavewswlihndeulvimesluddansa

Y
Y awv A

. o Yo ¥ 9 A ' o
1uﬁ3uﬂJ®QWﬁﬂ'li‘ﬂﬂ'ﬂf]\?cluﬂﬂ]sll@']ﬁ]ﬂu ”lmn1mi‘ﬂﬂﬁ@umu@mm’aw1mmmu"lﬂﬂ1

9 A 1 3’/ Y

A ) @ Y 4 ad a A 4 A Y
nnuzaudmsudouldimes ludidansanldlunsesauoinadudulumisiouni

Q

Y H
wWinInyuas 1nmsdsuamssau liihluges.s - 6.5 v ldhmsidenussinTilihn 6.3 v

[

A = A YA a ] dy A U
ﬂﬂl!ﬁﬂ\il’l’ﬁuﬂﬂﬂ 3 "]NNﬁ‘V]llﬂﬂﬂ Lﬂﬂfﬂiﬂ’J‘ULluuﬂ’J']ﬂJ“D'uﬂ']ﬂEﬂﬂ'IﬁﬂWﬂGlumﬁﬂﬂqu’fﬂﬂw’{

d 9

a ~ 9 AAa g’/ 4 adg a y <3 ~ 9 [ ~
ﬂluﬂuﬂil')ﬂ!ﬂiﬂﬂﬁnﬁ@u‘ﬂ@lﬂﬂﬂﬂulﬂﬂiiﬂ’ﬂmﬂﬂiﬂﬂﬁlﬂuﬂﬁﬂqﬂllﬁﬂﬂﬂ\‘lgﬂﬂ 4.1

~ 1 g A a dy Y 4 ad a
qil‘]JVI 4.1 fﬂiﬂ’J’]JLLuuﬂ’J'liJGlfuﬂWﬂf]']ﬂWﬁ‘VlLﬂﬂ“Uuﬂﬁﬂlﬂ@iiuﬂlﬁﬂ‘ﬂiﬂ

v & L/ G o R Ay v 7o
mimmmuﬂ’mJ"lfuinﬂmmﬁuum61/11m’iﬂm’JmTﬂﬂ“lﬁlfﬂj@gaﬂ"lﬂmm@ﬁumaim

3

Y
qmﬁgmmzmm%u DHT 22 WU A9AI1NMIAIULUULINDIMA (Moisture extraction rate,

Qé’d '

[ v Y )

MER) §81g9ga0g# 0.083 kg, ,./h MIAIVUHUAAATUTANUNULIGIINITAAAUATOIGU
9 X Y o 2 Y 9 @

@1ﬂ”lﬁﬂlu@]uuuﬁ”lll1§ﬂaﬂﬂ')’]uf’lfu"l]ﬂ\iﬂ']ﬂ']ﬁ@ﬂllﬁqﬂ@uun\l"llwuﬂ')"m3@“@383@&@@51Wﬁ1

P

A U o k4 4 ad a F) Y A a ]
wonnH ludIuveINISIANNS o UV UNDS IuBIaANIA (AIUATIVINNDANITAIVLLUN)

@ o Y Y= v ~ A
ﬂﬂﬁTﬂJTiﬂVITﬂ?TﬂJiﬁlullﬂﬂﬂ 120 W 94115190 3.3 1HUTITI 3



45

a 4 .& Y Y
4.2 mﬁﬂizmutm55ﬁmzmmmmwmmsmammmmmu
a 4 d' £ a &' 4 d' Yy Y
4.2.1 NEANTIUNTOVUHAUNIIVUVIININVHYUAIAIAIATOIDVUHIIA ULV Y
A Y A~ o A 1 o YT v dJ
mseaemmamﬂﬂmsmammmm‘seaqummﬂwﬂm’mnuammm"lw%
Y a 2 Y A Y A a o A '
mﬂmsmamammwsﬂmm&!ummﬂmsmammmLﬂﬂmiwmummmimqu
g}.: Y v A 4 P 1 o 2 dy A
@1ﬂ1ﬁﬂlu@]ui’.lllﬂﬂ8m¢]@5vl‘1/\l‘ﬂ1 (TEC + Heater) VUNTETNUIAUNVOINT DU YLAIAININ
a 4 o o ) a e o \ %’ v o &)
gANINAaed oidred 1w ninyuas liduiamaniminuiaazduiannilsuw
dy ' A o Y Y v o J dy
ﬂ’)'lll“b’uclu“b”Nig83L’Jﬁ11/]1/]1ﬂ15’0“]_lu°ﬂ\1 AT NNTINLFAIANUTUNUT TS HINANINTY

Y Yo {
uazna lumsouuia1dasgili 4.2

——1al —— 1172 1193 1104
100
S 80 e
2 ¢
2 >
= 60
2
=
=]
5] a Y
g 40 ANTOYANITOULN
2 i 32 9 Tus (Aunde)
S 20 | 14%wb
————————— 7%1\’:_: —————
I
0
0 10 20 30 40 50
Time (h)

9

A v o 49; A A o Y 9 A Y
5UN 4.2 ﬂ'J']llﬁlﬁ/‘lu‘ﬁﬂl@Qﬂ%lﬂmﬂ'J'liJGI)'uW3ﬂ"lJWHLW]\TfﬁJL'Ja111!ﬂ?ﬁﬂﬂllﬁﬁﬂ?ﬂlﬂi@ﬂ@ﬂuﬁﬁ

U

Y A o o A ' gﬂ Y = 4
@uuuummﬂﬂmi‘wmumsmqummﬂmmusamua@mm‘lﬂ%

9 a

A ¥y 3 = 2 Y] A Yy v
Eﬂ‘ﬂ 4.2 Llﬁﬂ\iiﬁlﬁuﬂ\imﬂuawiﬂallﬂuuﬂ\iﬂﬂLlﬂ\iﬂjﬂlﬂiﬂ\i@ﬂllﬂﬁ@ﬂllﬂﬂ

U U

Y v
g 1 S A o a

4 g X J ' A Y A
1/]ﬁﬁ'N"UuI@Ulﬂuﬂ’qnG]'J@EJ’N(’U’f]\?Wﬁﬂmwullﬂﬂﬂﬂ'lﬂ']iﬂﬂﬂ'lnulj NWUIUNITNTS1YDINA

U
9
=<

9 o A A Y @ = A a &
'EJ°]JllfVNU]J']JENﬂ’lﬂ’J’l\‘]Wiﬂ"llwl‘{l,!ﬂ\iulﬂflﬂ'mvnﬂﬂ ﬂ’lﬁﬁ@ﬁQGU'E'J\‘]']JﬁiJ'lﬂ‘lﬂ'J'liJ“]fuéU’f]\?Wiﬂerl‘{llﬂQ
Ao Y ya o = o o & g o 1 3
i T lndifesiulugnoia (Geeddurunnsunuga lddsange ifuoia 1 - 010 4)

v Y a A vy A, v )
11!9”1!5383Lila”liuﬂ”liﬂ‘]ﬂlﬁﬂwjﬂmﬁl_ﬁlllﬂﬂiuﬂ1@LW]azﬂfuuuliJﬂ‘ﬂ”lﬂ’]iﬂ‘UlLﬁﬁ Tﬂﬂlﬂ@l

o A U g’/ Y v L= 4 U 9 = o
ﬂ"lﬁ‘VI"N"I‘L!“]Jﬂﬂlﬂi@qqu91ﬂ1ﬁmuﬁuiﬁuﬂﬂaﬁl@]@511/\]1/9‘(1W‘]J31151ﬂ3a”|u1uﬂ\1 40 GIVJT?JQ
d'i a dy a A dgi’ = =\ A
Lu@ﬂﬂTﬂWﬂﬂlﬂQWiﬂmﬁkll!ﬂﬂiuﬂﬁliﬂﬂaﬂﬂﬂﬂiuﬁlmﬂﬁﬁlﬂﬂfuqqa\‘] 77.4%wb LAZUE1TINADL

(Wax of chilies) N195554%14 (Marnoto, Sulistyowati, Mahreni, & Syahri, 2012) danaling



46

) 9 k4 [ v 4
inaoudveinelunans nlivyuasoenugridudmmonanildsunnusunuenis
Y 2 o 9 Yq¥ Yy a X 1S o q ¥ ' o
ulﬂf,l']ﬂﬂ\‘]ﬂ'lclﬁalsb'ﬁgﬂglja'lcluﬂ'ﬁﬂﬂll,wqw3ﬂsllﬁk!uﬂ\1u']u Llﬁﬂﬂqﬁlsﬁﬁgﬂgma'lufJfJﬂ'J'lﬂ'lﬁu']

A 2 Y ¥ an adqy = o
W5ﬂGUﬁ1&!Llﬂ\1llllﬁ']ﬂL!ﬁ\‘]ﬂ']f]')'ﬁﬂ’]\‘]‘ﬁﬁﬁugﬁ']ﬂ‘ﬂﬁl%ﬁgfng'Ja']EN 59U
1 1 Y td‘ o =)
WU'J1111°I)"J\1igﬂglja1ﬂ1ﬁﬂﬂllﬁ\iﬂﬂigu']m 0-15 GD"JIiJQ UNITIAAANIUD
9 [ ] Y ) Y ] Y
ﬂ'JuJ%u&']fJﬂﬁﬁ’]ﬁlW?Jﬁulﬁ@q%’]ﬂWﬁﬂ%ﬁHl!ﬂ\?lﬁuﬁilWﬁﬂﬂﬂ’]ﬂ']ﬁﬂﬂllﬁj\u!a%lﬂﬂﬂ’]ﬁﬁgl‘ﬂﬂu']
v Y Y v
@ﬂﬂ%']ﬂﬁjwa%uﬂ5$1’]\1ﬂ155$l‘ﬂfJu']ﬂ1ﬂWaWﬁﬂ@f)ﬂulﬂfJQ@'lﬂ'lﬁﬂﬂllﬁj\?lﬂﬂﬁu@ﬂ']\‘]ﬂQﬁ
A o Y Y o Y o A ] )
Wi@@@i'lﬂ’liﬂﬂllﬂ\cllm'lqauﬂ'ﬁ Tﬂﬂﬁ\uﬂﬂvlﬂﬁ]']ﬂﬂ'g']NG]quU@\iﬂﬁ'W\l‘ﬂllLlu’)quaﬂa\i (ﬂ'J13J°]5u
v v H Y Y v
ﬁ@aﬂl!aga@aQ) fl]uﬂjg‘VNG]f'J\Cljgﬂglja']ﬂ’liaﬂllﬁj\clﬁlfjiu\?ﬁ 15-28 Glalgfllga']ﬂ\iau 13 615'3111\1
) A Y ] [ b
G?N’5@51ﬂ15aﬂaQ611’ENﬂ’Jm%ucluﬁi]ﬂmQWiﬂ"U‘VIHLL@QLﬂJﬂWI ﬂ’g'lu%uﬁ]’lﬂﬂ'lﬂcluell@\iwa

a e 4 (Y 1A (% Y 1 {
Wiﬂzﬁﬂl‘guﬂﬂlﬂﬁﬂHG]’JE]E]ﬂiJTQfW’Jﬁ'iJWﬁ'uﬁ3Lﬂ@ﬂ15581!,148@6ﬂh],ﬂﬂ‘]JE]'lﬂ'lﬁﬂ‘]Juﬁilﬂﬂ'l{IﬂQﬁ

! Y a A~ 9 A 1o o S
ﬁ\clWaiﬂﬂqiaﬂaqmﬂ\‘]ﬂﬁu']mﬂj']u%uullujiuuiuﬂ']ia@a\‘]llﬂﬂﬂ\clﬂlalfuﬂu HAJINNUU

]
1 o

A a2 dy a dy A =\ = o Y A ~ dy

WeUTMIUANUFUVOINTNUHYUAITNAAAI LA Fa TnITIndauNYRIAINEY
a dy Y Y A o dy A e

meluwanininyuaseoniimeusn latiesas (Hosnnanuauvesnnurumeluiad

Y ' Y g 1 o I 9 =2 A A 9 9 o

A10) F95zezna1 lumsounieana 28 Faluailudull Jelinsanasinoudne aunsens

= dy = dy a dy Y~ 1 Y 1 dy
lufimsanasvesnnudu tazlfmuanuiuueanininyuas laiaudigannuiuduga
9
oge . . v Y 1
(Equilibrium moisture content) NUD1MABULHAS IAeliA 1AW ULATTIUElon 11.93% wb

' < v A v 0 v ) &
@8’]\113ﬂ@’]uiuﬂ’]ﬁiﬂﬁ’]ulﬂﬁi’)\‘]@ﬂl!ﬁ\ﬂﬁ’]ﬂzcﬂ']ﬂ']3@1]LLW\‘]%1!ﬂ5$‘V]\1ﬂ'J’]1]Glfu

]
= -

o A dyy Y ¥ ax Al &
UN191I1 14%wb (@nﬂ'ﬂ‘lﬁu']ﬂ!ﬂ'n1]6151'!7]‘1@ﬂ']ﬂﬂ']3@]’]ﬂllﬁ\‘]ﬂ'§ﬂ’3‘ﬁ%’]\1‘ﬁﬁi?~lﬁb’1@]) FIFIUITD

3 o

a dy Y 1 [ 9 9 ~ ]
Lﬂ‘Uiﬂ°lsl1Wiﬂﬂlﬁl‘gl!ﬂ\‘lllﬁx‘]i’)ﬂ%‘]ﬂﬁ@ﬂﬂﬂ IﬂElblslﬁgme’JﬁTﬂluﬂTﬁ@‘ULLWQLWEN 32 GI)"JI'JJQ
1o QY Y v A Y 9 2 A A A A
]11]%”IL‘iJ‘L!@]’E)\‘1’E)‘ULL‘Vi\‘]ﬂ'JEJLﬂi’t’N@ULLWQ@]HLLUU%HﬁH@ﬂﬂigﬂﬁufﬂi UIDIUANUTUUATIAIN
A o o Y a2 Y
LW@ﬂiZﬁﬂﬂWﬁ\N"Iuﬂluﬂ”l'i@‘ﬂuﬁﬁﬂﬂﬂ’?lﬂ
A Y Aa o = d v 2
!ﬂ5'0\‘1’0‘U!!‘VNTI!'ﬂﬂﬂ15‘7]1\ﬂ‘l!sllf‘Nﬂﬂmﬂiulﬂﬂ]@ﬂN!ﬂﬂ’J
a = J 4 o w 1 a g
Tumsevurta Tasilammizdamas 1 (Heater) Lﬁammamqmﬂ%ﬁy}um
Y < g Y a dy A 1 A 9 ' %} @ Y o o
ulﬂ@ﬂllﬂ\ﬁ]uﬂi$ﬂﬂu1ﬁuﬂﬂl@\1w5ﬂ"ljﬂ1‘{LL@\?Mﬂ'IﬂQ“VI ummmumuﬂl,l,mﬂauuﬂﬂmuam
a X 1 A o Y = Y ¥ o Y Y
“rT'l“]JiiJ'lﬂ‘lﬂ’J'liJ‘]ﬂ!Glu‘b"J\‘]i$EJ$l'Ja'I‘WI/I'lﬂ'li’f]ﬂl!ﬁﬂ%\?ﬁ'lll'liﬂﬁi'lﬂﬂi'l"l/\lllﬁ@ﬂﬂ?'lllﬁﬂwu‘ﬁulﬂ

Aagiln 4.3



47

——a1al 21A2 213 2184
100
s % I I
z2
: U
2 60 '
= | I
% \\\v‘ | | - v
g \ i LANNT0YAMIDULIS
g 40 I 14 .. ¢ oA
L 37 91114 (ARl
2 14%wb I e g )
=] I | 1
=20 | | \\ L
_____ - - SPem -
1 | IV"""‘"‘AW
0 : L
0 10 20 30 40 50
Time (h)

A v o J dy a dy Y Y 9 A Y
gﬂﬂ 43 mmt’m‘Wuﬁﬂlmﬂfjmmmm%uWiﬂﬂlm‘g!,!,mﬂ‘lJL’Jaﬂumi’ammmwmimamtm

Y A A o ~ 4 ~ ] =
@ullﬂﬂlu@!ﬂﬂﬂWiﬂ%ﬂuﬂJ@\‘]?IG]LGIE]SIIW‘VQ‘I'ILW‘(’NGEJNL@EJ’J

] 9 v
= =

A ] A o Y 9 A Y 9
31N 4.3 HEAVDYAVOINTNIHYLAINTINIDVUHIAIGIATDIDVUWIAULU
A 9 Lg I 1 (Y 1 a dy A o a 9 =
nadnrulasilunquaiedisreaninivyuasiiinisaaain 13 nuninsnszaeeima
9 o et Y o = a X a & a 9
pUuH 1183019195 nAnyuas Ided1enadsFuannuduveans ninyuaeiinug Ty
Msanadnlndlfae N UFUAeINUAVTZUY TEC + Heater 1ua1uszozarlunisouui

a ,:9’ 4 a o dy 9 2 & Y
Wiﬂellﬂléllﬂ\ilﬁalﬂ@ﬂ']i‘ﬂ'l\ﬂulﬂw'lg Heater usl,(’]fﬁgflgna']ﬂQﬁll@ 50 G]f')IlN Gluﬂ'lif]lll“’i\i

v 4
a @ o

v 9 9 '

n ﬂﬂl‘l’il&uﬂdiﬂﬂ‘lﬁlﬂmﬂ’ﬂh%u 77.45%wb ﬂUﬂi$ﬂQu1ﬁﬁﬂm@QWiﬂ%ﬁl&tlﬂﬁ‘%ﬂ\lﬂWﬂ\iﬁ IUag
a = Y 9 ' o A dy Yy 9 as a o o
gani1snaaey Gﬂdi%i%ﬂ%nﬁﬂ!@EIﬂ’NﬂﬁuWWiﬂﬂlWHLm&nlﬂ@]?ﬂllﬁﬁﬂ’)ﬁl?‘ﬁ“lmﬂ‘ﬁiiil‘]ﬂﬁL‘]fuﬂu
19 9 E4 A = @ Y a Y
lmﬁlﬂﬁgElm’)ﬁﬂuﬂTi’E)‘Ul,H’iQ“LlTL!ﬂ’J']LlI’E]mEJ‘]Jﬂ‘]Jﬂ1§6],GD' TEC + Heater 1uﬂ13Naﬁ81ﬂ1ﬁL!W\‘1
o [ Yy 9 A 9 A 1 ;’ﬂ Y 1 a 9
FIUTUNITDULHIA UL Lummﬂmﬂmmmqummﬁmumummﬂumiwa@mmﬁamma

A Y 0 ) Y & v &
ﬁ’nﬂiﬂﬁ@ﬂ’JHJ“I)’Hf]’é]ﬂiﬂﬂ’é]1ﬂ1ﬁf)1jL!‘H\‘]ﬂﬂuu1ul,ﬂl"ll11/i@Q’é]’]JL!‘ﬁQG]Nﬁ’QNﬁGIMﬂ’NiJ%ufﬂhﬁﬂ
a & Y 1 Aq ¥ = I
i$mEJf]fJﬂiﬂﬂWiﬂGU‘Hl‘{l,m\iu],@ﬂﬂ’ﬂ'iMJU“ﬂGl‘]f Heater INYIDYNUAYD
[ 1 Y A < 3 [} ~ dy
W“]J’NGI,L!GD"J\‘]i$8$£’3€11ﬂ15€)ﬂllﬂﬂﬂﬂi$ﬂ1m 0-22 "]f’ZlIiN L‘]J“Ll%’N‘I/Iﬂ’JHJ"]fu
a dy = ) Y o A A dﬁl A a dy A v v W
11!‘1/‘!3ﬂ“]J‘HL&!LL@]\‘lllﬂ”liaﬂaQﬂ’JEJﬂ’JEJ’EJG]i"IVILW%J“II‘L!LM’ENi]”IﬂWiﬂ“llTik!LLﬂQLﬂJﬁ%JWﬁﬂﬂ’f)”lﬂ"lﬁ
a g U Q'I S0‘ a 3 L} { 4
@ULLﬁQLLaSLﬂﬂﬂ"liiglﬁflu”li’)’ﬂﬂﬁ]"lﬂ@]’maﬁ]uﬂi$‘VNﬂ”IiiSL‘HEJu"ILﬂﬂ%u@EJNﬂQﬁ ‘Vi%’f)@@]i”l
v A o v o A v < A
N1IDULTIAIN TﬂEJE‘NLﬂ&i]"l,ﬂil”Iﬂﬂ7.]”I3JGlfuSU’E)\‘]ﬂi”IW‘V]NLLH’JTUN@@]@Q%U%Uﬂi%V]QﬂQV]

J Y [ 2 9y 1 v Y ~ Hq ¥
ua lagsauualszeznal lumsUsuaudngseonsinisouuriansivesssuun 1y Heater

£l



48

Y
TumswaneimaouuIe1uae L 1FTze2a1IUNINILUY TEC + Heater 1UMIHAADINA
[l Y Y ) Y v

pUUHY AU TUAINS NUHYLAUAADUAIDBNNIGIRIVDINT NYNYUAIDE AN OATT

=Y g a dy ®K A d' 1 Y o d'
M3anadvedllsuannusulun nunyuasralanan lureszeznaIm o a9 Tuan

Y Y ' Y 9y
22 - 35 1918199 au 13 $2 109 U ULV TEC + Heater 1U%2980A 105U 1Ud1U09N05 0
2 v o 2 9 2 - 2 A
YnyuauiganganuaNuruluoImAe UL ANNFUIINMETUYBIHANI NI YLAIAADY

v @ a

AreemNgarduAduazinamMsszirensn liueimae U ieduas danalinisanasves

Y
A

=1 9 d' ] Y [ g‘/ d‘ dy a
S uannusuiivu Iy lumsanauuuaanEs Uiy 1aaniuislSnannuyuyeansa
2 - At A . aw A 4 2 - 2
Yryuassuaaasauiaim e ldmandeunvesnnuiunielunansnivyuasesnu
) 1 ¥y & & 3 Y =2 A v
meuen latiesas Baszeznarlumsouuiianaus 35 9 luailudu i alimsanasnasudig
)] @ = & X 1 Y Y 1 X
1 unsznd lutinsanasvesnnuiu uazilFinannusuvesns ninyuas lndigain
Y Y d' dy ~
duganuomeeuuiINUFinannudunasgilen 12.37%wb
! < v A v o ¥ & X
pe14 13011319 NuAT 09 VLT UIIVLIINTOUURIIUNTENIANVFU
Ao ° ' A Ay oy Y Y ax A, X
A1 14%wb (A1 N5 1ANUFUN 1A 1AMTAIALITIAI8ITNIITITUIA) FIa1UITD
3 o P 1 9 ' o 9 Y o
musneminivyuasndsedietlaoads Tasldszezinarluniseundauiies 37 52T
' o 1o & 4
(WIUNITLVY TEC + Heater 84 5 %2 119) Lis1uiludeaevuiiadlanssiouuiaduniuiy
Qy A dy A A A [ [ Y Y A o
fAuganizuIuns nioauaNurulmasimelszidanasnulumsounidedndie e

9 1] 1 H
W9 2 szuumadnslienSeuiounganssunmseuuianan lauaasaagli 4.4

90

80 ) —e— TEC+Heater —+— Heater

70

s
Z 60
5 50
5
s 40
g
g 30
20 14%wb
10 TEC + Heater |
1 |
0 L !
0 10 20 30 40 50 60
Time (h)

d' a Y = dy d' =) d' a a o
gﬂ“ﬂ 4.4 Wt]ﬂﬂiﬁuﬂﬁ@‘ﬂL!‘VNGU’BNW3ﬂﬂJﬂHLLﬂQLNfJL“LG'EI‘UmEJ“]Jiz‘U‘U“VILﬂﬂl!ﬁ%ﬂﬂﬂﬁ“ﬂNWN

] Y
YDIUATOIGUDINIATUAY



49

= v g ¥ ~ A a2
13U 4.4 naaliiuuu TiumMsanadveIlTuIUANNFUNI NI YA
A Y v A Y 9 4 9 X ' A A P A ,
PR UUHIAIYIATOID UUHIAULVUNAT 1Y UTL NIz DU a3 1591UIAT09g U0 INA
35 Y [ o A A 9 = J A (] = = 9 1
Tuduiutudames iazszuunilaldnusamesmesedruden #aldulswaminaass
I 4 a gj gj a
pomiudoadu TagnisouunaNguugil 54°C YoaNIdpITZUUNUAINITOAALT U1
zg a dy 9}:, 1 a zg A [ Yy 9 ax a
ANUFUVDINTNUHYLAITHAINITUIUANUFUNTINITAINUHIAI8TTNIITI TSR
v Y
(14%wb) aanaasnudulzluglin 44 sanmsfSeufevnsaesszuunuimua Tidnlu
da' = A A o A J g‘-’ Y
MIaAaURILTNAUANNFUINATTINAENUBITE UUNAT AN ITINIUYBUATOIGUOINATUAU
] o A ' Y A Ao ~ ] A A o = 4
saufuFaaes Wi iuGuisasinsanasnuinnszuunlanisiauuesdames I
~ ' = o Y A o 9 o ~ ' o
feog1ufelsz s Tuanmseuuiian 10 (Funaldananusuveansidiuanaiaiy
Y 1 Y v
naznIMNIgo udUENLENDNIINAUBEINFALIY) UDNIINUUTZVUNIANTHINIUUD
A 1 g// Y o Y a dy o = dy ~
IATOIPUOINMATUAUIITINITDOVLHINT NUNYLAIIUNTZNIUTI A NNFUIAIFIUEon
~ 9 9 = o A A A 1 g.’; Y 1
A Taeldazoznaioondnng 10 42 104 109910NTNATRIGUDIMATUAUAINITOAIULUY
L \ YN Y2 o q I Y Y Aa A oA
AMUFUVNAIUDDNINDINIAD VLI 123911 197 IaD1mMAD LTI NI ANUFUMTANNAINITD
lumssuiaan
. nll
422  manssouzildainmsnaasy
o y = 2 o Y A YY) A 9
wasnnmamsnuryias llvihinseuuisaiensoseuuisduuuunas
Lg Y a Y g’-/ Y o < ) g’/ 1 %’ o a dy
YuMegARAnIMADULRING 2 5201 Tahmanudeyansludiuuesiminvesnsnivy
1 o d' o Y = 3’, v ) v K 1 [ d' 9 1 o
A lUnAaz I TNINNIN1To VLT DnNITInINITTUNNAINaIIUN IF luuaaz¥2 Ty

A o a o2 a A A Yy Y = [ A
WOINIAATIEHDIUTZANTAINVOUATOID UUIIAUUDUTILLTAID0NNIAIAIT NN 4.1 1A

A15199 4.2

Y

A5 4.1 HAUBINTOVUAINTNVHYUAILATAITTTOUZVYBINITOULRIAIYIATOIOVUHA

Y Y Aq ¥ A 1 g.’; Y 1 [ J|
G]ullf]J“]Jﬂ’)ﬂizﬂﬂﬂi%tﬂi@ﬂquﬂ1ﬂ1ﬁ%uﬂui’JiJﬂ“]JEl@]!,@]’t]iul%h/a\h

S18M3 éuqﬂmsmam 14%wb
dhwiindet (kg) 3.50 £ 0 3.50 £ 0
AMUTLEURY (%ewb) 77.40 £ 1.58 77.40 + 1.58
ﬁmﬁﬂ?fyuqﬂmsauuﬁ'q (kg) 0.80 = 0.09 0.83+0.11
ANLAUFATIY (%wb) 10.57 1.7 14.00 £ 0
nanlumseuie (h) 40.67 +2.08 32.00+3

USmanihszmenniag (kg 2.70 £ 0.09 2.67+0.11




Y

50

A15197 4.1 HAUBINTOUUFEINT NTHPUAIATAITUTTOUTVBINITOULRIAIYIATBIOVUHN

Y Y A 9 A 1 25 Y v A 4 [
WL!LL‘]J‘Uﬂ?ﬂﬁZ‘U‘U‘VIGl‘Iﬂﬂﬁ’éN’Quﬂ'lfﬂﬁslluﬂu333Jﬂ‘1Jﬁﬂlﬂﬂiul“Nﬂ'l (99)

18M3 éuqﬂmsmam 14%wb

W3 A (cwh) 47.10 £0.85 36.87 +1.14
8n31m3 Inae1me (kg/s) 0.0288 + 0 0.0288 + 0
§a1m3 lnaeimeariu TEC dadou (kg/s) 0.023£0 0.023 £0
§n31m3 lvaoimariu TEC fufu (kes) 0.0058 0 0.0058 0
DR (kg,,./h) 0.0665 + 0.003 0.0837 % 0.006
SMER (kg,../kWh) 0.0574 + 0.003 0.0723 + 0.003
SEC (MJ/kg,..) 62.8876 + 3.32 49.8228 +2.02

I 1 A a H ° ¥
HNANe - lﬂUﬂ1ﬁLﬂﬂﬂ1ﬂﬂ1§LﬂafJNﬁﬂ’liWﬂﬁ'ﬂ\‘ﬁ]’]uju 3 %1

{ Yy a A ' Y v 4 v
Gnﬁ'N‘ﬁ 4.2 Wa"UﬁNﬂ?j@ﬂllﬁﬁWiﬂ%WHllﬂqLlﬂgﬂ'lﬁlljiﬂugﬂl@\?ﬂTi@ﬁJl!ﬂ\iﬂjﬂlﬂ%ﬁN@ﬂuﬂ\i

Y Y Aq Y 7 ~ A
Glugmumaizuuﬂ%a@maa"lﬂﬁuwmamqmm

5185 éuqﬂmsmam 14%wb
dhwiindeth (kg) 3.50£0 3.50£0
AMUAUB R (Yowb) 77.34+0.43 77344043
ﬁmﬁ’ﬂé’uqﬂmiemgﬁ’q (kg) 0.88 =0.01 0.92 +0.01
ANLAUFATIY (%wb) 1038 £1.17 14.00 £ 0
nalumsevuite (h) 48.00 + 3 3533£29
Bnandszmenndag (e 2,62 £0.01 2.58 £0.01
Wana Il gewn) 56.29 + 4.42 40.28 +3.74
803115 lae1me (kg/s) 0.0288 + 0 0.0288 + 0
§a31m3 lnaemeariu TEC dedou (ke/s) 0.023 +0 0.023 +0
§a31ms lnaemeariu TEC dudu (ke/s) 0.0058 + 0 0.0058 + 0
DR (kg /h) 0.0546 + 0.003 0.0733 + 0.005
SMER (kg,../kWh) 0.0466 = 00.003 0.0644 + 0.005
SEC (MJ/kg,,..) 77.4715 +5.69 56.2414 +5.14

I { a { ° ¥
U8y - Lﬂumﬁmﬂmﬂmimaﬂwamﬂmammu’m 3 9



51

1 { { I
Tudauveen1sned 4.1 uaza1519i 4.2 1 ua1519UdAIHAYDINITO VLR
v A v 9 = ° A a A 9 ¥
aroinTesouniIdunuDT ldwavesmsAalss AN NMWUe AT 0IRUILUNG 2 STV
1 I 1 A a A Y a dy
Taguiaeanilua1snas 2 @21 Ao #anazdszanTAINMITUUTINT NUHYLAIVD
A Yy 9 A 9 A 1 25 Y v A 4 ~
IATP90ULRIAUIDUTE UV IFIATo9gueImMATUAUT I UBaaes 11l (a15197 4.1) uaz
4 o 1 4 1 o 1 a
seuudlFaanes liediufen (a15199 4.2) uaazszuuldiinisuleszeznainisga
3 Qy A Y %’ o a o S Aa g A A
MINAaeI0eNlu FUFANITNAAANDDVLHTIIUIHINVOINAAN MNNI NUNYLAINAIAN
a A X a o 1w & = a Y A
HAzgANIINAABINANUFUNAAS UNMIAY 14% ANNFULINTFITonyInT nuRInNa
1 o = dy ~ a @ [l A ¥ Y 9 an a
mnuSinaanudunasgiuilenueansnaiesien 1da1nmsanuriaeIsN9sTININA
H E4 ]
Aeng q Muaastaziuaue lugduuunsunaiemsendsienaluiidedalal
423 OA3IMIOULTINNAY (Drying rate)
' o { 1 <
Tudruvesdasimiseuuiuadeauisnusventinnialunisszive

& ~ & o =
AITUFUITINNINVN LA Llﬁ'ﬂ\iﬂ\‘lgﬂﬂ 4.5

[t
2
o
7
7
H—

)

0.06

74

(=]
(=)
E
7,
7,
7%

DR (kg ../h
7
AL,

7
7
s,
P AL AT I AT TP AT

TEC-theater Heater

B DR ] DR (at 14%wb)

~ [ Y = a dy A = A a\ 9 A 1
qi'ﬂ‘ﬂ 4.5 ﬂ@]i1ﬂ1i@ﬂllﬁ\1lﬂaEl"ll’ENWiﬂ"ll“ri1‘{L!@Nl,ll’E]L‘l]diEJ‘UL“I/Iﬂﬂizﬂﬂﬂﬂﬂ1ilﬂﬂi%lﬂiﬂﬂqu

9 v
pIMATuaUTINRUIames Il uazszuunldgames Iliuissod1ufen

A Y I3 =X ~ [ Y ' Y
gﬂ‘ﬂ 4.5 naalimunamadSouneuoas 1N UL HINNNITO VIR
v ' ' 9 1]
INIAEATN ﬁ?qmammﬁamgﬁ’amﬁmmazsz‘uuuuﬁmmgmﬂmaaﬂ”lwmﬁ]mﬁ@uam
Y Y v 9
ﬁﬁﬂﬂiﬁ/‘llﬁ/]\i ‘L!’EJﬂi]”lﬂﬁfl\iﬁ”lﬂWillﬂJQi%ﬁ'.l”l\‘]ﬂ1’EJG]31ﬂ13@ﬂllﬁ)ﬁ]@\‘]Wiﬂ%WHuﬂﬂﬁﬁu’q&ﬂ

v 4 v v
NMINAABINUYANITNAADINUTWIUAMINFY 14%wb WUNBATINTOULRURAGURITZUVN



52

a 4 U g‘/ 1 [ 4 1 % J 1 {
Waldasesguotmatuauimniudames liiiann 0.0665 kg, /h Falawnnszuunly
= 4 =} 1 = Al o Y A ] = o A o a
danes IliiiesediufodNlAdaIIMsouuiundo 0.0546 kg, /h IFWReINUEDIN1TgA
¥ A X ' A o ¥ A ) $ 9 o o P
mMsouuieNsuanuFY 14%wb wunszuvidaldiniesgueimarudusuiudamos

[ 1 X J 1 { A I'4 ]
IWdhiisasimseundaunioe 0.0837 kg,,./h FliarganNszuviidadames Tiduiissodia

{ @ { <3 1 A 4 1
AoaN10AIINITOUURURAD 0.0733 kg, /h uaaslmrudinisidlaldaiuaiosguernis

o=

9
%

Y A Y < o o 1 dy 1 tg Y 14

TuAunaIuA1IuvI09gUnIsiAINa1UAINITOAIVUUUANNFUDINIINDINIAD LTI |4

X ¥ o Y 1 9 v . ) Y a

(AAANUFUDONIINDINIADVURINOUU NI IGO0 VLNI) dInalHoIN Ao VIR

Y Y Y
anwawnsalumsszmennuiuesnannininyuas Idanil Bnnsdiamsnanszoznm
Tumsouurain v sendanardmsumsouuraonaie
424  DANMIILUHBIIDUNZ (Specific moisture evaporation rate)
Y 9
PRI ITLMEUNTUNIZ 50 SMER 191U00 1409993 10MI5LHEANUTUD DN

P2

1NWs N Yuasaewasau I 1 wiine (kWh) Faaasaagili 4.6

0.08
0.07 \é}\% Iﬁ
- 0.06 C}: N
55 0.05 s\\\%g §
H R
ig‘ 0.04 & §
g 0.03 :\\13 §
0.02 %\ N \
0.01 %Q\\ :}§
0.00 \\
TEC+heater Heater
[ SMER SMER (at 14%whb)

~ [ ?,’ o A dy 4' =3 PR a 9 A
sUn 4.6 ’E)@]i”lﬂ"liizmEJ‘L!"I"I]"ILW”IzﬂJ@QWSﬂﬂm‘glm&m’EJL‘]EfliJmﬂU§$UUﬂﬁJﬂ1ilﬂﬂ1%Lﬂii’)ﬂ

RY

9 v
guoImATuAUT WA UFaeT IWihuazszuuileamed luiiiiosodiufen

A Y I =K ~ [ ¥y o !
{ﬂ'lﬂg‘ﬂ‘l/l 4.6 Llﬁﬂﬂiﬁlﬁuﬂ\iﬂ?ﬁllﬁﬂﬂlﬂﬂﬂﬂﬁi?ﬂ1iﬁ$!’ﬁﬂu1ﬂ1lw1$§$1’i'3'1\1
9 ) Y v
ﬂ1§ﬂﬂllﬁ}\‘]°ﬂ\‘] 2 531]‘]J"'TNﬂ1@ﬂi1fﬂ§§$Lﬁﬂu1ﬂ1lw1mmﬁ$§$1J‘Uuu%ﬂ?WNllﬁﬂﬁ?ﬁﬂﬂ?ﬁ“]ﬂﬂlﬂu

4 \ 9’0/ o ) 1 1 o ?7, o =) e
Lﬁ@uﬁﬂ\iﬁ}’.}ﬂﬂﬁ‘w&mﬂ ‘Ll@ﬂiﬂﬂ‘ﬁlEN‘V]1ﬂ15ll‘].|\15$1'i’.]1\1ﬂ16@]51ﬂ1553mﬂuﬁnlWWﬂJﬁNWiﬂ%ﬂ‘k}



53

[ ' Y 9
umﬁﬁuqmmimam ﬂ’Uq%ﬂ'lﬁVlﬂﬁfNﬁﬂﬁiﬂmﬂ'ﬂiJ%u 14%wb WUIIBATINITIELHEUT

o { a 4 1 glz 1 [ 4 1
sunzvesszuuidaldinsesgueiniatuduswiusames lhiian 0.0574 kg, /kWh

= = 1 ~ PIEY 4 =\ 1 = A A [ %1 [

"IN3Jﬂ13J1ﬂﬂ’J1i$‘1J‘]J1’11‘1)’%&5]Wl’é]311/11/1111/‘!ﬂﬂﬂﬂ1ﬂlﬂﬂﬂﬂuﬂ1@ﬁ51ﬂ1ﬁﬁxLWEJ‘LH%HWW%
' ' ¥

0.0466 kg, ,../kWh 15U1R820 U110 1N158AN S0 DURINUTUIUAMNTU 14%wb WUTLUL

A A 9 A 1 gj 9 1 [ Y=\ 4 =Y % [
Vllﬂﬂﬁlslf!.ﬂ3@3Qu@1ﬂ1ﬁﬂluﬂui’luﬂﬂﬁﬂlﬁﬂiulV‘lﬂnJﬂﬂﬁ1ﬂ133$£ﬁﬂu1%1lw1$ 0.0723

Y
v o

J 1 { A 4 1 1 o
kg,../kWh Ja1geniiszuuiidadamos ldufissod1afernioasinsszmerindumie

d v

] Y a 9 4 1 o
0.0644 kg, .. /kWh 1iaven lamsilaldauginsaimsgueimsarududinioimsszive
¥ = dy Y A Y o ) 12 Y A 1w A A
wennnws ninyuas laaniuieldnasnu Iiihdmsumseuudeaimiu ilesniniase
' Y v o q .Y Y ~ Ao 1w L 299 o
guomavruaugIsninldomaeundeligunimnanialsmsannnusuaeldnasanu
J 9 o o @ J ac a 4 1 dy 4 1 o
ApudemIdmiumes ludiaanialun3oagueInis LonINIATEIEUOINIATIAINIGD
o ' g L g Y 14 I~
mmsguetmaiuduailumsannmsz Iiundgames lnvh 1dondae
425  manuawlasanasanud g (Specific energy consumption)
] 2 A o o A Y I K o A Y
AMaNuAWdoIndsnus g nie SEC uaaslimudamasnunagliun
A Y 9 £ A & a o &
13090 UNHIALI DD TUNITTZMEANUEURONINNT NN YLAL 1 A Tansy FINasInnIs

(% ! I H 1 a 4 ' H
naaodlauaasaagdi 4.7 JumsnfSeuieuns 2 ssuunuinmadalfinsesgueinmarudu

£ 2

o [ Y a dy = Qy A @ A = Y
?ﬂ‘ﬁi‘ﬂﬂﬁ@‘uuﬁﬂwiﬂmﬁHL!ﬂﬂNﬂTﬂ’ﬂﬂJﬁuLﬂﬁﬂﬂW’d\NTL!‘VI 62.89 MJ/KE,,.1ier Fagulaestios

J A

1 A Y 1 = A Qy A [ =
ﬂﬁ?igﬂﬂﬂiﬁﬁﬁl@mﬂilwENE]EJNL@EJTI/I&J?YI?I’N&J?HUL‘IJ’Gi’NWENQTLlQQﬂQ 77.47 MJ/KE, ser

=

1A [ A a A A dy = ,;l A A
L%ulﬂﬂ’lﬂuﬂﬂﬂim%EJ@]ﬂ”li‘VlﬂﬁfNﬂﬂiNTmﬂQTN%HﬂJ@QWiﬂﬂJWHLm\1 14%wb Tagszuunila
9 A 1 g’/ Y A Qy A [ A Aa Qy A Y
“lsmﬂ'imqummﬂmumuummmauLﬂamwawmagw 49.82 MJ/kgwamVlﬂJﬂ’JTJJﬁuLﬂﬂ?NUEIEJ

J A 4 ~ ] = { 1 Qy @ ]
anszuu1gaames Ivliifissediufoaniinnnuaulaoanasaiu 56.24 Mikg,,., UIUDN

Y a 9 A 1 g’/ Y [ [ 1 A a 9 A 1
llﬂ’?ﬂ ﬂTiL‘]JﬂGIﬂ)’\ﬂuLﬂ‘i@\‘lq‘L!’Eﬂfﬂﬁ"ll‘L!G]‘L!’]J‘i$‘Vi‘c’lﬂ‘WEN\‘ﬂ‘léﬂ’ﬂL‘LlENiﬂﬂﬂﬁlﬂﬂiﬂ)’\ﬂﬂlﬂi@\?@ﬂ

P
A A

9 '
PIMATUAUTIGINUAUNINYDIBINAR UL I IR ITaTnsouudansninyuasld

U
9
v

= a A 1A d oo J A = 4 dy Y o
Nﬂi$ﬁﬂ‘ﬁﬂ1wn1ﬂﬂ’ﬂ ’éJfWNENllﬂﬁqu’éﬂﬂ1mW’éJﬁﬂﬂ1i$"ll’t]ﬂEl@ll@]’é]iul“ll‘lﬂ1 MUTDANADIND

1w ¥ = -
ﬂ1ﬂ§li1ﬂ1ii$!fﬂEIHT’U’EJ\?ﬂ1i@ﬂllﬁ}\1Wiﬂ%ﬁHLm\1



54

=l
(=]

~J
wn

(=]
<

SEC (MV/kg,...)
.
wn

30

7 3

TEC+heater Heater
[ SEC SEC (at 14%wb)

d’ 1 Qy A v o a2 dy d’ =S d‘d a)
310 4.7 Manuaun)aeandsnudumnzve s nunyuaaieseumenussuuniniila

1 Y H
1HiaTe9gueIniadudusfusanes lihuazszunildanes ldduio

1 =
BYNIAYI

' 2 A o ¥y a A A Y v
ﬂ'lf"l'l'lllﬁul‘llﬁ'E)\TW@\1\1']1!6114ﬂ'lﬁf]‘]_lL!WQWﬁﬂ"’UWIu!L!ﬂﬂmﬂﬂlﬂﬁ'ﬂﬂﬂﬂuﬁﬂ@]ullﬂﬂ
VA A 9 A 1 Y A dy g Y Y [
NUNNATNAD UV Lu@x‘lﬂTﬂ']'lﬂluﬂ']ﬁi’)llLL‘ﬁ\‘]W3ﬂGIJWHLWNuuiﬂﬂi?ﬂ@]ﬂﬂi“ﬁWﬁQﬂTuiu
o A Y a y Yy o Y4 a
NITNNIUUDUATOIDULHIGN ﬁ']lﬂiﬂﬂ‘ﬁ']_nﬂllﬂﬂ'JfJﬂﬁTV\I!Lﬁ'ﬂ\‘]ﬂ'l']iJﬁiJWH‘ﬁaUﬂﬂﬂiiJ']m
dy A a @ Y v Y 1 o A o
ﬂ'ﬂl]“]fu‘ﬂﬁglﬁfJ'E]?Jﬂﬂ'lﬂWﬁ@]Naﬂ‘Uﬂ'liﬁlTWﬁ\‘N']uﬁluﬂ']ﬁf’]‘lll!ﬁ\‘]ﬁgﬁﬂﬂlullﬁagﬁﬁﬁjﬂﬂﬂﬂ']
Yy _a & v A Y v 2 A o o A4
fnﬁ'E)‘]JLLWQW?ﬂmﬁElLﬂQﬂ?ﬂlﬂi@ﬂ@ﬂllﬁ\?@ul!ﬂﬂﬂﬂ3$1J1JTIUJﬂﬂTﬁﬂTQTuﬂlﬂQlﬂﬁﬂQquﬂ’]ﬂTﬂ

35 Y = 4 ~ Y 4 =\ ] = [ ~ ~
dudusmiudames Wi vazszvunlddames Iiiuiiesed1ufodnszln 4.8 uazgii 4.9



55

100 70
—+—Moisture content loss Energy used
= - 60
5 80
& - S0 §
s 60 A <l
e -3
g 3
=}
5 i F 30 &
é 40 Slope of Energy used %D
- 20 &
2 =1.147 kWh'h -
< 20 -~
- 10
0 = - T T T T T 0
0 10 20 30 40 50 60
Time (h)

Li' = &I Ld' a v 1 1
gﬂ‘ﬂ 4.8 1WFeumeuaNurunszvigoonINRaanataznasnuazanluuaazsaa v

Y A Y A A o A 1 gj 9 U v A 4
ﬂTifJ‘ULWi\‘lGU@\‘lLﬂ3fNfJ‘ULL‘PN°I/lL‘1Jﬂﬂ”l31/1NTL!Lﬂﬁ@QQUfJTﬂTﬁﬂlu@]ui’JMﬂ‘U8@&@@3

Iulvh

100 70

—4—Moisture content loss Energy used
2 80 | . -
E o°
& ) F 50 =
e s @ Sdriciriricicicicied =
& 60 =
E - 40 <
3 Sl fE d Q%J
2 ope of Energy use 30 Z
S 40 on
o =1.179 kWh/h E
E L 20 &
g 20 A
= - 10
0 - T : 0
0 10 20 30 40 50 60
Time (h)

d' = dy d' a 2 1 1
51U 4.9 WSsumeuanurunsiveesnnHaarataznasudz an luuaazywa lu

RY

9 4 Y A~ o a J ~ [l a
msammwmmimammqmﬂﬂmimqmmmammm"lw’hmﬂmmﬁmm

= P 2 & o 2
%$L°ﬂuU]J@Q]I'J'llﬁ@\‘]%'lﬂﬂ'li@ﬂllﬁl\ﬂ/‘liﬂ%‘ﬁul!ﬂﬂﬁ]uﬂi$ﬂﬂﬁuq@ﬂ1§ﬂﬂa@\1

U

3 A A ° A , S v v I v ) =
°VI\‘ligﬂ‘llWlﬂﬂfnTVI'NTL!GUﬂﬂlﬂﬁ@ﬂqu@’lﬂWﬁﬂIUWUTJNﬂUaﬁlﬂ@ﬁul“l/‘lﬂ'lﬂ@\ﬂ“lﬁ%ﬂ%l']ﬁ'lﬂ'ﬂ!ﬂﬂ

o I A o I'4 [
40 ¥ T4 tagszuuNamsianueddames Iniuissedrude ldszeznarlumsouus



56

' P '
‘L!Tl!ﬁ\i 50 ‘H?Ill\‘l L‘Wﬁ'13ﬂ$‘L!‘L!ﬂ'lﬁdl‘]%}wa\1\1'luﬁluﬂ'Iﬁﬁ'N'lu*llf)ﬂlﬂ%ﬂ\‘lﬂﬂllﬁ}\‘lgllullﬂﬂﬁgﬁll
v y A dqy A4 9 ¥ aw Yy &9 '
QNGI'I?JUhJﬂ'JEJ ﬂﬂuﬁ%ﬂﬂﬂiﬁflﬂi@\‘lqufﬂﬂ'lﬁ‘llu@luuui‘]ﬁ%U%L?ﬁ?iﬂﬂ'ﬁ@ﬂllﬁ\?‘ﬂﬂ@ﬂﬂ??
P v ' v
‘L!f)ﬂ‘ﬂ'lﬂuuEl\?ﬁﬂ'lﬁi‘]?‘l/‘lﬁ\?\ﬂﬂﬁﬁ?ﬂ')'l (Lﬁf]\‘lﬂ'lﬂﬂ'ﬂiﬁb’u‘llﬂﬂlﬁuﬂﬁWﬂWﬁﬁﬂTUﬁgﬁiJﬁgl’Tﬂ'J'])
1 YA -Qy A [ ~ c‘) 1 A A o =1 I'4 =1 1 =
?NWaal‘ﬂﬂanﬂ'J'Illﬁulﬂ'ﬁfNWﬁ\‘N'lu‘l’l@l'lﬂﬁ'lﬁ%ﬂﬂﬂlﬂﬂﬂ'lﬁ‘l’n\‘l'luﬁﬂmﬂﬁulﬂﬂHWﬂ\‘lﬂﬂNm&?
A A 9 [ %’ 1 ] A o %‘ A 9 [
mewmimwmﬂ%wawm“lumiizmElmwmwawl’amwmiizmﬂmﬂmhwawmiu
%’ aldd' 1 1 9 9 [ ~ %’ A
miizmam"lmmm ﬁ?‘hl“lf'N“Vl'lElellfNﬂ'lﬁ“l/lﬂ'ﬁ@Qi%WﬁQQTHQQWQﬂiHﬂTi33&??81!'] LHBDNIN

9 v
NAANAIMADAUFUA

a (Y] 4
4.3 miﬂizmuﬂmmwmemiamme
o a2 dq' o L4 an a
4.3.1 Nﬁﬂlﬂﬁﬂ1ﬁu11"l’iﬂﬂlﬁH!!ﬂﬂﬂﬂ]ﬂ1ﬁﬂ1ﬂ!mﬁﬂ]ﬂﬁﬁ‘i’n&ﬁﬁiu‘mm
v
vinnsnaaenimininyuas llanuaanusssualugianat 8.00 .
= 1 @ 1 Y o A =2 @ o Y a 2 9
D49 17.00 Y. UDUAASIU wu’nmimmmqmmumﬂﬂm 5 ’J“L!Gluﬂ1i‘1/]ﬂ1’i1/‘liﬂ"1]1’ilél!,ﬂ\m,1"i\1

s o Y v A Y o a2 ds’ 9 a dy
ﬂuﬁ’lﬂ’liﬂlﬂUiﬂE’]]‘l@ﬂ\igﬂﬂ 4.10 L!,a’J‘VI1mi‘ﬁ1“1JiiJ1mﬂ’JHJ%HQ(ﬂﬂVJ"UENWiﬂ"lmHLMQ

A 1 o a a Y

Y oA 1A = 9 a o
ATNLYY NUIUAIBYN 14%wb “]Nilﬁ'gul‘l'lul,ﬂﬂl"]fshllﬂTi'Jmi1$ﬁﬂi$ﬁﬂﬁﬂ1Wﬂ15@U!LW\1

Y A Yy 9 A 9 ag 1 A = dal A dy A o
AFYATNDUUVNA ULV UNYN AT WUU NAIND USUANUFUVDINTNINULAINTINTAN

R'

Y A Y dy A A o o 1 A 3 o 4
me’e)’mmmﬁf%mmmmGlmmaawmmmmmm”lﬂmwmﬂ ﬁﬁ@!ﬂ‘ﬂiﬂ‘hﬂ]lﬂ

\/

}
al

l v

= ° a A Yy 9 axy a
gﬂ‘lfl 4.10 W’d“llENﬂ15u1WiﬂMﬁHLLﬂQVLﬂﬁ1ﬂLLWQﬂ’JEJ’J‘ﬁ‘VIN‘D'§'iiI‘IﬂGI




57

a o 4 :’J (Y] d
4.3.2 wmlmmﬂﬂﬂmsmﬂmmmm%ai’jumnmmuéfm'wnu?nmms"lﬂﬁﬂu
A ]
NI VLUHN

Y 1
MINMINATOUHING NINYUAINITINITOULEIRI0IAT 090 UURIA UL

Y
=2

Y Aq Y a Y o [ dyd A ' g 9
HINVU Iﬂﬂi%ﬁﬁ‘ﬂi“ﬂiuﬂ']iWEWI’E]'Iﬂ'lﬁ@ﬁll?i\iﬁ']ﬁiﬁﬂ'liﬂﬂﬂ’ENLlﬂ’E] INTDNYUDINAVUAU

=)'

1 [

o 4 ' a g v
%131”53%ﬂﬂ%@&@]651?\|ﬁ1 (TEC + Heater) Nﬂﬂ'li‘i/]ﬂﬁ@‘].l”l/‘lﬂ’.]']NﬂWiﬂ%ﬁy}LLﬂﬂﬁﬂiﬂ'li

=).

Y o A = 3 v A A a A = Aa A &R g A
ﬂﬂllﬁﬂﬂﬂﬂﬂuﬁllﬂﬂIﬂﬂﬁ“ﬁﬂaﬂaﬂmﬂuﬂﬂ ﬁﬂﬂlﬂaﬂuqﬂﬂ@ﬂﬁ'lulﬁﬂUﬂlﬂQW?WﬁWﬁﬂ“ﬁﬂlﬂulﬁﬂﬂ
a A = dy Aa ' =y v Y a g A o I =
‘]Jﬂ@llil@ﬂﬁﬂ']mﬂ'l'lﬂ“lfu‘luﬂﬁﬂNﬁaﬂﬁ\‘] !ﬂﬁ«llﬂﬂ?ﬂﬂﬂ?uﬂl@ﬁWﬁﬂﬂlﬁHllﬂﬁﬂfJ\‘]ﬂ\‘]ﬂ'J']ill‘lluﬁ
= 1 [ o a Yy 9 ad a 1 Qy a % L] a dy d'
YY" LW]ﬂﬁ'Nﬂ‘iJﬂ']Sl!']Wﬁﬂ]lﬂ@']ﬂ!LW\‘]ﬂ'JfJ'Jﬁﬂ?ﬂﬁiﬁﬂﬂf?@@ﬂ?ﬂﬁu!ﬂffl ATIDYNWINVUYLAIN
: v v A vy 9 4 9 2 a o A ' d 9
WIH NITDUUMNAIYATOIDULHIAULUUNT I NUU IﬂEJHJﬂﬂ']ﬁﬂ'N']ulﬂ'i@\iquf]'lﬂ']ﬂ"lluﬂu

aufuBames lihianuaedagili 4.11

F2 v
=) =

~ o 1 A Y Y A Y A A o
5‘1.]1/] 4.11 @]'J@fJ'NWﬁﬂaUﬁkllmx‘Wlllﬂi]”lﬂﬂ'lﬁ@‘llllﬁﬂﬂ')ﬂlﬂi@\?@UL!TN@]L!LL‘U‘UVILﬂﬂﬂ'li‘l’l”lﬂ']usll'ﬂ\‘]

U

A ' g 9 v A o a 9
lﬂj@ﬂquﬂﬁlﬂnlﬁauuﬁuiallﬂﬂaﬁl@]@iqwﬁqiuﬂ"ﬁWa@]@’]ﬂ’]ﬂ@uuﬁﬂ

o d
433  waveamslamsmauvesdamas liunaseshaufen
Y, y X Y, A y v 4 g X v
N1INAADIAITDVLUNIUNYUAIAIBIATOIDUUHIAULUUN TS 19TY Tag ]y
a Y 9 ~ 14 =\ [l = T W a dy
nMsnane Mo uuiIAIeFameos 11 (Heater) tiio0810Re7 WUIRIVDINANT NUHYLA

[ Y A o =} o 4 A ' g’/ Y 1 v A s
‘ViE‘Nﬂ"lii’)‘]JLWNZJaﬂEﬂ!SE‘HllE’]‘L!ﬂUﬂ]Si%lﬂiﬂQQH@?ﬂ]ﬁmuﬁui’Jllﬂ‘]J%W]W]’EJS"I,WV’{"I

)

Aa

Y] 1 3 { 4
(TEC + Heater) A9 faralauaduadaanauaniios nazn11uEsuveininanad 11103910

9
= A A Y a

Y 1
Pnannusuidell ludruvosmuvesns ninyuasdinadimderdaadiody uana1any

4 1
= =3

Y
ﬂﬁﬁw\liﬂllﬂ@]"Iﬂllﬁlﬂ@S])’JEJ’J%VINTJiﬁJ%W]@EJNﬁHWQ G]’J’EJEJNWSﬂﬂJWHLLﬂQV]N"IHﬂ"Ii’EJTJLLﬁ}Q



58

v A Yy v 4 9 2 A o a ¢ a A Ao
AYATOIDUVLNIAULUUNTIINUU Iﬂﬂlﬂﬂﬂ’]ﬁ‘ﬂ’l\ﬂumﬂqaﬂlﬂ@ﬁqwﬂ'ﬂwa\jﬂﬂ%‘uﬂﬂ?uaﬂ‘]&lﬂ!g

A3 4.12

E4
(% ]

~ o a A DY) A DY A o
g‘ﬂ‘ﬂ 4.12 ﬂ’)@EJNf‘lﬁ‘l!'l‘l/‘liﬂﬂlﬁl‘gllﬂﬁﬂﬂlmﬁﬂﬂﬂmiﬂﬂﬂﬂl!ﬁﬁ@]ulmﬂ“ﬂlﬂﬂﬂ"IiVI"I\‘]"IWUfZN

o [ a
Fanos i ufiesedraferlumskane AU

43.4  manfSaumiguaaana
a % Y Y o o w 1 a dy Y
lumsisziiuganimnasmsouniie Idinmsthdod 1 aws ninyuasouui
= A dy o v 1 a2y A v A A Y 2 J o a
s ldansnavyaa lihmsiamamoniesiad 1naien 4.3 uaaldmunmaimin

dy g’/ U kY o Y o Y A A 1 = tg A
mwwmmmummmuuazWa"lﬂmmi@uummﬂlﬁﬁcmmmmmﬂm L* 4mMguuuiiodan

P
A A

oA 2 A A @ ' - 3 <3 P =
ANvaINANNIUIeATAaTues Tudiuveswansninyuautiu 1A Wi ninyuadall
1 { I { 1 A o 1 a
A1 a* (+) Mnaasanududuasgeiiganadion lUmseunisdioszuuniniaidaldau

A 1 & Y v A J Aq Y = ] = o Y
MTONIPUDINMAVUAUTINNUIALADT igﬂﬂﬂi‘lfﬁ@]m@ilwfN@fJNLﬂfJ'J uazmsm”lﬂmﬂum

! Y aq 9 A

1 o @ < 1 U 1 [
NWUIN flfﬂ a* ’dﬂﬁ\iu’é)flvlﬂiﬂﬂﬂ1llﬁ1ﬂ‘u Llﬁﬂﬂﬁlﬁ,ﬁiu’ﬂ JeUUN mmmqummm IUNUY
= o 2 Y =~ 1 o A <
El@lm’f)’iiﬂlcﬂﬂ’ﬂlllﬂuﬂl!ﬂ\‘iklﬂlﬂﬂi/]QG] IFURAYINUFIUUDINITNUAT a* (-) uammmuJu
2 A A Y A v W 1 A A o ' Yy 9 Aa 2 Y
meuEm/muuﬂuummuﬂuﬂnmummwaﬂa I,iJ’é)u1U|,‘]JNTI!ﬂ']'i’é)”]JLlfHQﬂ’)ﬂi%ﬂﬂﬂmﬂﬁlﬂﬂi“ﬁ

A 1 g’/ Y v A 4 AQ I = ] = )
qmmimqummﬁmuﬂumuﬂuammi i$UU%1‘B€IG]LGI@§LWEN’E]EJNL@EJ’J Llﬁ$ﬂ1iu1ulﬂﬁ1ﬂ
! 9

v Y v
urte Imslasuntlasat a* () vindes ldunawdiay Taesrvesdrunintivyuasiivirl

Y Y ax Y- I A v 9 Aa A I A A
ANUUIAIYITN T ITUFIAUAT a* I,‘]Ju + l,ummﬂmmuuamfm]uﬂmmﬂuﬁmam



59

A (3 =) F) a dy ] Y 1 as
M1I1N 4.3 ﬁﬂllﬂﬁﬂ1ﬁ"’llf]ﬂNﬁ/ﬂ?l&WiﬂﬂJﬂk&LlﬂﬁﬁﬂLlﬁ%WWHﬂWiEJ“]JLL‘HQSlL!Lmﬁ%ﬂiiu’)‘ﬁ

a day
o SEmsnnIesile 2 it
aaun 11399 Hunter Lab Color/ QuestXE
ﬁ?ﬂd'ﬁ/‘ﬂﬂﬂ]ﬁﬂﬂﬁf’)ﬂ L* a* b*
I funin 337 1 TEC 49.52 -1.84 27.98
2 fun3n 537 2 heater 4837 -0.86 28.6
3 MUNTn A1nuea 49.84 2.86 26.89
4 Munsnan 3241 -2.41 22.69
5 Haw3n 339 1 TEC 33.73 30.39 32.35
6 KaW3n 339 2 heater 33.97 29.4 30.79
7 NANWIN ANLAA 30.66 28.66 29.02
8 NaNINGa 27.67 36.16 38.22
NUYING 1. AT L* (+) 1aadDanuaINg

1 I~
2. A1 a* (+) taasdnnuluauag
1 I~ =
3.8 a* (-) LanInIn N U
1 I~ =
4. A1 b* (+) uandnanNuiluFmaes
1 = I = ﬂol a
5.A1b* (-) HAAIDIANT UF Y

v
v

Y ] Y ]
naldvinsaharan Iaiu lwiasanualasuualas lvesd (Delta E) Tas
U

[

Y o o 2 dal T ax ~ 19 dy
llﬂ‘lfl”lﬂﬁ‘LHWiﬂalm LL@NLLGI&%ﬂiil]?ﬁllﬂlﬂ%ﬂ‘ﬂmﬂﬂﬂu JU
Y

~ = a o a ~ Yy 9 dq o A
- L‘]JifJULVIEJTJWaW'iﬂﬁﬂﬂTJWﬂWiﬂllﬁ\iﬂﬂﬂLlﬁﬁﬂﬁﬂigllll‘ﬂ(ls]ﬂﬂjaq

[ g: 9 1 1Y 14 a
Qummﬂmmm’mﬂﬂ%@]mas"lvmw (Wsnda - 2UUTEC)
~ a 9 A Y Y 9 Aq Y s
- nlSsudmeunansnaadunans nutanouuIaleszuUN lgaamas 1uih
= 1 = a
INYIDYNAYY (WINAA - 55UV Heater)
=) =1 a [ a Y A Y v as a
- 1SN URANSNEANUNANT NLHINOUVLHIAIITNINFTTNHIA
a Y
(WINTA - AINLLHY)
a Y A v v a Y A Yy 9 Aq ¥ A
- fSeuNe UM UNTAAANUATUNS AUHINOVUHIAETLUUN 19HIAT 04
v
1 o 1 o o a
gquoIMAtuAUI WA UTames Wl (WSnde - STUUTEC)
~ Y A v v A Y A Y 9 Aq Yt s
- SeuNeUMUNTNEAN UM UNT NURINOVUHIA8TE VUM 1Faatn 05

Tlihiissodna@er WSneaa - 52UV Heater)



60

= Y a v 9 a Y A Yy v ag a
- wSsumeumunInaan U IUNS AUEINo VIR 18T NIIFTTUIA
(WINAA - AINLITI)

S A 9 [ A
Waﬂ'l'iL'IEEJTJWIfJ’UVI‘lﬂLLﬁﬂQﬂ\WHTI\WI 4.4

9

~ = = 9 A A A 0 o Y 9 9
AN 4.4 Waﬂl@ﬂﬂWﬁlﬂ%ﬂ‘Ulﬂﬂ’UﬂWﬁﬂlﬂ\iWa!.La%ﬂTLlGU@\‘]‘W3ﬂ‘ll‘ﬂk!llﬂ\illlﬂuflﬂﬂflﬁllﬁﬂﬂ'lﬂ

NFTUITNUANAIAY
- Delta E
mafSeuiie - T
Hanan MUN3N
Waiﬂﬁﬂ -32UU TEC 10.22122 17.91818
WINAA - 52UV Heater 11.85717 17.08953
WINGAA - AL 12.24051 18.68737

A A o A Yy A

A Y & = A 2
ANA1T NN 4.4 Llﬁﬂ\inlﬁlﬂua\iﬂ'ﬂ?\lLﬂﬁﬂutlﬂﬁﬁﬂl@\iﬁlﬂ HINTDUNULTINN

u
v
= Y

mmseunteslouaaznssuIBeuiunsnaa noludiuvesnsnInyuasouurIae
4 Yy v & E 4 oy oa A A o
AT uNiIA N UNIdoszuUNulimalasunilaslivesd@desndmininyuasnii il
9 9
ANURIAIGITNNETTUHIANIAIVYDINAUAZAIUVOINI NUHYLAT LAAIANUANAUVOIT
£ < Y1 A1 A 9 Y o & A o w T a A o
vy ldndiandeudalndinesnunavua wesninlumsihidedandninyuas i
v ad Y o [ S ' ' AN Y a Y = Y Y b !
msdaduudesirhlhinisduneuedienldesuie 13 Tunni 3 udrlunsenuiaindiu
Ay Yo I v A A A T A o o ' a A ! = Y
n1dsumansznuilunanae Aanmeuen ualoharedanintryuasliifuazidoandd
d’ o o (3 1 AR A 1 a (3 1 2 dy ~
wieth llvimsfamatelimszlusenimimeuenuazneluvesdiodansninyuasi

1 liTuaz@eaiiues



UNN 5

unagluazterauenny

51 ayUwamsddw
4 a I o o
Tunmseenuuuuazaruniesouniiduunuyua 216 ans Inmiluazunsadmsy
a A 0 Y 9 ~ a ¥ A 1 ) 9 = J
awdananaziinnlFlumsonudts Taslimsaaduniosgquormatudaunazdames Tl
I d o o @ 1 o
Wugiasaidmiunisduaanzvesomalimvuizauunnisii 1 luniseuuds
A o Y o ] Y A dy o J @ 1 a =y a %
o I lddmsumseuuiansnduryuassuiluatedanaananadoulSum 3.5 Alansy
o [ o Y 9 A Yy 9 A a a A 9 1
AmsumMaeUNIAeAI 00 VUNIAUIDUMBsZu sz anTamlumseuuiany I
9
laseasolai
511 WaUeINSAAAUN309UIMAYUAY (TEC)

9
(%

9 Y A 1 % Y AR a J J ad a
’ﬁﬂ’i5°ULﬂ56\1Q“LJfﬂﬂWﬁGU“LlG]‘L!‘L!‘L!llfﬂ5@@@Q%ﬂﬂﬂﬂimlﬂﬂiiﬂﬂmﬂﬂiﬂ

Q Q

d 9 A

4 a o @ 1 '
I@ﬂﬁ'lil'liﬂEl,%}ﬂﬁgIﬁlclfuﬂ’]ﬂﬂ’liWa@]ﬂ’J’lll%}auﬁ']qﬂiﬂﬂ']ﬁqua']ﬂ']ﬁeuu@u LNDAANTISUN
2 J 9 < A Yo @ ] dy 9y 1 ' o
aﬁlﬁf]iulV\Iﬁ'l L!a$ﬂ']ﬁﬁﬁ']\‘]ﬂi]’lllLEJULWE]GI,GHET’]WTUﬂ'lﬁﬂ'JULLUUﬂ'J'uJGHuElfHLLﬂ@']ﬂ']ﬁ ﬂf]uu’lhlﬂ

' 9 9 ! 9
LWquHQNLLé}’JﬁH%}WQﬁSQB’]J!,!,“YSY}Q ufwfnmzuumimmm%qqummﬁuummmmﬂa@

9 v
v @ a

9 [ Y A Y Y 9
m3sldndenuadla Bnsdseinsamiuganmassemaeunie laonae
a a A Y d‘ Yy Y
512 msdszdivlsganimmmsevurisveaunIese U MUY
Y i1
TudruueInavreIn1TiINE NN YLAILITINITODURIAI8IATDID VLR
9 & ] A A A o A 1 2‘, Y = 4
Auuuuswtaiudesszuuie sruundamstauveuniosduenAiudui WA UGanes
{ J v % Aa I
T wazszuvnldsanesifiosediufion ¥ ldnmauguuginldlumsevuiauilu s4°c
HagAILAUEAIINTS laonia lnar1unosounia 0.0288 kg, /s Tagutisenia lnaniu
Y ' ) & < g
insogueIMATuAUs U oy 0.023 kg, /s tazauduilu 0.0058 kg, /s
5.1.2.1 wqaﬂssummmﬁ’q (Drying curve)
9 A dy =Y a dy Y
Tudrunisaadiuiannusuuiasgiuidlonvesnsninyuainie
A Yy 9 g}/ g‘/ RPN o A [ g‘/ 9y g‘/
1090 UITIA UL DN ITRITT UL U UUTlan1TauueunT e g ueINIATUA LY

2 X =~ A A a 2 Y Y3 =
mmaaamJimmﬂmn%ummgmgﬂﬂﬂ%unmﬂw Wi@ﬁuﬁ:{@ﬂ1iflﬂllﬂ\11@Li’)ﬂ’NiN

10 92139



62

5122 8A5IMI0ULTIRAY (Drying rate)
1 [ Y ti' 3’, t:' a o tﬂ'
TugruvesonsimssvuiuRaeuuszuuMUaN519IUU09AT 09
1 ?J Y = 4 Y a ,i’ U o Y A
guoImATUAUI A Tanes I saeuuians nlinyuasdleonsnso UL unae
A 1 Aq Yt 4 = ] = A a o 2 A (=
ngeannszuunlgsames liufissedrufeniionnsannimsaugaminaaes Wodsuiu
g - 4 4
ANUFUTIUA)oNAIN LAz 14%wb
Y
5.1.2.3 9a31MITLNeUIVUNIE (Specific moisture evaporation rate)
1 % %’ o g.}l 1 a o
Tugruvesonsimssemes iz iuszuussuundan1siiau
A ' g g o s Yy a A Yy o
YOUATOIGUOIMIATUAUTIWAUBAADS IrlTha s neuuRans ninyaIRIe8 AT INTT2ID
%,' o A 1 Aq Y 4 ~ (] = A A gl.: 2
wsumzigenszuunldsames Il uiissed1ufonionasuninmsauganiinaass
) Y v v
Welsmannurugiuidlonneil uazi 14%wb
Y
5.1.2.4 manuaulasanasau (Specific energy consumption)
v Y 1
Tugruvesmanuauassnasausumzuuszuuiaanisviiau
A ' 9 o A o Y a A A 2 A
YOUATBIGUOINATUAUTINADFAmT IThamsoe uuiaws nnyuaslisianudunlaes
@ o A o 1 Aq Y J ~ (] = A A gl’ Qy
wasausuwz Adnnszuuilssaaes lddudissediaufonidenasuininisauga
ManaasIniuasnasguilenaan uazn 14%wb
9 ] Y ) '
a3U1a71MsANA AT o9 U IMATUA LU LA TONNANTNYDI
9 [l
91INMABLLHA IAsNTAI UL UANUFUONIINOIMARLLT T adIna o mra TR sTIvHY
& o 2 L. Q | § ! y g
ANUFUDONIINNT N YLA IaATIT Uz FIelszdanarlumsounds venaniinisgu
Y] [ 1 o
1madiannsems lanasnuluaiuvesdawmes Ivih 1donae

513 mslsziivgaumnnainseuntia

Y i1
=) A

INNITHINAVDINITIATVDINT NV YLAL NI/ ToUINIUAIAIINAIIAY
E4 £ H

FZHINHA/AIUVOINT NUNYLAIAN HATHA/AIUVDINTNVHYUAINHIUNITOUIAIAY
A Yy 9 A g ds! @ o Y 9 ax a U 1 =
wsoseuuiIduuuRadunumsth ldanudedaedsnesssuena Tasannuaedd

g ) a & ~ & Y v 4 Y 9 g
NINA AMUVDINTNVHYLAITALUALWINYNYLAIDVUNIAIYIATOIDVUHIAUUDUNIA DTS
A 1 9 1 = - P { o ~ 2 A 9
UAIAINANUBENIINTISTHUNEUTVOINTNUNYUAIAANUNT NUNYUAINHIUNITAINUN

Y ax a
AVYITNNDITUBIA

Y
5.2 UDdIAUDUUS
1 A 1 g Y gﬂ =\ a gﬂ 4 ad a %
GlummlmmimqummﬁmuﬂuuuumﬁmmmaﬂuaLaﬂmﬂ 1267 (2 U9 UDIaY
@ = 1 o Aad A A [ Y 1 [l [
6917) GINEﬂ?ﬂﬂ']i“lflﬂaENWU'JWL“V]@')'IﬂJ’E'JLﬁﬂ“l/liﬂ“lfl'JNMHITL!ﬁ')u‘VI']ElUNﬁ'JulliJﬁWNWEE‘Iﬂ'JULLuu

X yod " A ' y Yo ¥
ﬂ'3111'sb'uulﬂlu’ﬂ\‘lﬁnﬂGlu‘lfj\iﬂucVn\iGUf)\‘]lﬂ5fJ\‘]Qu@1ﬂ1ﬂuuﬂ1ﬂ1ﬁ1@1’]1ﬂ’]353ﬂ’]ﬂﬂ313~139u



<

a

4 a
P0NIINAIUTOUVDUNDS TUDIAANT A

4 Aad a 1 9 [ A o
Lﬂ@ﬁjuﬂlaﬂﬂﬁﬂ%ﬂﬂﬂ'lﬂlluﬂ@‘t’Jﬂl!ﬂ

=

AL

i

63

Y
=< o

aa v £ Y
AIUUYUNDAUNTIUVUN °lmxmammmu°lmm

Ulﬂ/ =

v
1 =

UTIUN

Q U U

-7 o -7 dal
sl admiumnaanail



318N1591999

as A a o t4 Aw o A Y <]
YNMIAU WINNTAT LAsAIANHU ﬂmmu. (2555). MIPDNUUVUASNATOULATIDUUAILNAA

o J o 9 & 9 a a ]
WU ﬂTﬂfJi‘IfﬂiJﬂ'JHJiﬂu. ﬂTi‘ljig‘lgN'J‘U1ﬂ15ﬁ3~l'lﬂN?ﬂ?ﬂiiﬁlﬂ‘]&lﬁil!ﬁ\‘iﬂi%l‘nﬂ‘lTIFJ

[}
v A [ (%

San 13 Y a¥ea 1l W 4-5 1weU: 566-570.

o)

o -4

'd 'd
710 T e1uud, aud laausugns uaysia adaaad. (2541). mseuuialaely
4 o a d a d
Juanudoulusgaugaa1nisy. 1N5aSINNIINBATMAAST A1VIINAIEN5.
33: 461-473
w a £ a 7 A v & P a a ¢
ANNT NIGNT. (2554). MITAUATIEHAVITOULIATOD VLNV VTUANNTOU. INNUWUS

=

Inssumansuniatia sInaumalulagyusenatyys.
@ Jd a a o a 4 4 4
MASa NWedua. (2545). LUUTIADINAAARIAATUDUAT DI UUHITZUVTNANLTOU
a a da LY a a [y d
AINNUNUBIFINTINAAATHINVUNA NHIINENALNHATAANS.
[ Jd a a a [ Y 9 d‘ Y &
MITaY Awedna Lazduod IFYONYT. (2551). NMIPULRI InadunTevouuieszuuy
9 [ % a 4 4 a d
anudouiawnylulasni: msdmsngimauassgmans. NsnINenmaninuns.
39(3) (WiFH): 164-167.
[ Jd a a w a
N2591 NNeIVA. (2552). MIDUUHAIMALMIHUSIHINANAANYAST. 19NA15UTLNBUNTAOU
ANMIFIAINTIVABAT UM1INOGeNA Tu Taggauts. 3-7.
o J a a % Y R o & 9 a Y
M50 MNeINE. (2555). MIAIUNINANBUUNINIG1TFUAemAtinnIToUUH UL
Tuanuion. :1891HMINY MNINIAINIINNBAT NWINendemaluladgsun3.
aa o Jd A o 9 Y a A a o o y::'zod
Tadanl a51ugNa. (2550). AINABINIVBIHLS InANFENaAN MNHNTINOVUNINIFUT 1)
Tudunedealvl TanTaFoelvy. srenumsaundidaszlSarusnisgsne
NN NHINeNaeBe .
d a a A o = o %’ 9 %’ <
guwad 31w, 831 Yumes waz Tnmu ey, (2557). MIANBITE LU ULAZ 1T
Y 4 ad a Al ) [ 4 a [y Aaa da v
Ames luaiannandsaun Teauwaa. msdszyadnmsszauina InenamaniIag
ASIN 6 B UMIIMGEYINT TUN 20-21 WuAY: 231-243,
4 [ A{ 4 a o 4 a v a
Aowad douw, AuANA QHIEITIANT HAZANNNA FITUIDIANT. (2556). MIIDIMTOUNEINTN
Tagl¥anudounneumoiy. 9189198 M1 INWAININBATUAZMIIANS

NSNENN3 anAIWaENIZIONINAINAUMHITANANIZTA.



65

'
an a A o =

I 4 @ ) 4
ATNT WNane, 21315 BB, Ty5al He9Ana 1aznsed AI81UTIN. (2558) IATDIDVLUNA
& 4 a d a a U a a
Juaduioumeas lustaania. Iassarudalnssuaansiaung. a1v139)
Aa A a o ~ ~
AAINTTVIATOING NHIINGoNA TU TadgIuTs.
Aaow £ o o 4 & a a d
gniAna AnsanInsna. (2543). Mswau AT U szUDTuANT o U, InnTfinus
FAINTINAAATNINTUNG HHINNSLNHATAAAS.
d ala Y] a U Aaa
gninsel Jans. (2552). Tufinvesuruay o: v o1 anulnslndda. Us13us: yaiis
T3aNe11AATYIUAT.
~ 4 Y == 9 o ad a av
auay NANTIAL (2549). TEVUIZINEANNIoURATY T lHmes ludianasn. InsansIde

U

a d a [ a
ﬂ1ﬂ3‘lﬂ?‘lﬁﬂﬁ HNIN1a8 NHINNA8ULIAIT.

N

4 A a a

A355 qn1A1s, AU aeuna, duiin Ssznanand uazena 019UNTe. (2559).
msouuiansen lasldnTosouuiauuuguanusougyINIA. 113815398 WY,
@Uudanafne). 16(3): 1-11.

a (% 4 = Yy Y v v A a d
@3 Tunime. (2560). maluladimseunfedsndanuisdgeiing. lonaslsyasumsaou
a ara 4 a v a
Madiand umaneaeaailing. 2-9.

o 4 o
v gUszna, 95 auuse uaz Inlsed daeuns. (2558). mseuunarnaus lagldseuy

9
& Y (v a d =
TuaNUToU. dnNes: ’J'lﬁﬁ'lﬁ?ﬂtﬂﬂ1ﬂ§!!a$!‘Vlﬂi‘iﬂﬁﬂ. 2(1): 35-40.

=

BNTINW N4, (2559). m’?}mﬂ’muﬁuﬁﬂmﬂizqﬂm%mmﬁﬂé{. INHNUTIAINTTN
mansnrUada i Ingaemalulaggsus.

Abasi, S., Minaei, S. and Khoshtaghaza, M.H. (2016) Performance of a recirculating dryer equipped
with desiccant wheel. Drying Technology. 34(8): 863-870.

Aemarine. (2012). Vapor Compression System. [0 ® 1 la ﬁ']. Taa1n: http://refrigerations.
blogspot.com/2012/01/vapor-compression-system.html

Al-Madhhachi, H. and Min, G. (2017). Effective use of thermal energy both hot and cold side of
thermoelectric module for developing efficient thermoelectric water distillation system.
Energy Conversion and Management. 133: 14-19.

Artnaseaw, A., Theerakulpisut, S. and Benjapiyaporn, C. (2010). Development of vacuum heat
pump dryer for drying chilli. Biosystems Engineering. 105: 130-138.

Cao, L., Han, J. and Huo, C. (2017). Design and Experiment Study of a New Thermoelectric

Cooling Helmet. Procedia Engineering. 205:1426-1432.



66

Chakravert, A. and Singh, R.P. (2002). Postharvest Technology: Cereals, Pulses, Fruits and
Vegetables. Enfeild: Science Publishers, Inc.

Cuesta, A.M. (2016). An investigation into different post-harvest treatments (MAP) on Green Bell
Peppers (Capsicum annuum L. cv. Cupra). Submitted as part requirement for the Degree
of BSc (Hons) Horticulture, Writtle College and the University of Essex. April 2016, pp.
9.

Enescu, D., Ciocia, A., Mazza, A. and Russo, A. (2017) Solutions based on thermoelectric refrigerators
in humanitarian contexts. Sustainable Energy Technologies and Assessments. 22:134-149.

Fatouh, M., Metwally, M.N., Helali, A.B. and Shedid, M.H. (2006). Herbs drying using a heat
pump dryer. Energy Conversion and Management. 47: 2629-2643.

Fellows, P. (2000). Food Processing Technology (2nd). New York: CRC Press.

Harmony House Foods, Inc. (2014). Do Dehydrated Vegetables Lose Nutritional Value? [On-line].
Available: http://www.harmonyhousefoods.com/blog-nutritional-value-dehydrated-veggies

He,R., Zhong, H., Cai, Y., Liu, D. and Zhao, F. (2017) Theoretical and Experimental Investigations
of Thermoelectric Refrigeration Box Used for Medical Service. Procedia Engineering.
205: 1215-1222.

Jiji, L.M. (2009). Heat Convection (2nd). New York: Springer.

Kivevele, T. and Huan, Z. (2014). A review on opportunities for the development of heat pump
drying systems in South Africa. South African Journal of Science. 110: 1-11.

Marnoto, T., Sulistyowati, E., Mahreni, Syahri, M. (2012). The Characteristic of Heat Pump
Dehumidifier Drier in the Drying of Red Chilli (Capsium annum L). International
Journal of Science and Engineering. 3(1): 22-25

McPherson, M.J. (1993). Psychrometry: The study of moisture in air. Virginia: Springer

Paine, F.A. and Paine, H.Y. (1992). A Handbook of Food Packaging (2nd). New York: Blackie
Academic & Professional. 306.

Perera, C.O. and Rahman, M.S. (1997). Heat pump dehumidifier drying of food. Trends in Food
Science & Technology. 8: 75-79.

Putra, R.N. and Ajiwiguna, T.A. (2017). Influence of Air Temperature and Velocity for Drying

Process. Procedia Engineering. 170: 516-519.



67

Rahman, M.S. and Perera, C.O. (2007). Handbook of Food Preservation (2nd). New York: CRC
Press.

Shi, Q., Xue C., Zhao, Y., Li, Z and Xang, X. (2008). Drying Characteristics of horse mackerel
(Trachurus japonicus) dried in a heat pump dehumidifier. Journal of Food Engineering.
84:12-20

Universal Industrial Gases, Inc. (1992). Psychrometric Chart [On-line]. Available: http://uigi.com
/psychrometry.html

Wongpaisarnkit, P, Treeamnuk, K and Treeamnuk, T. (2018). Thermal Performance Evaluation of
Thermoelectric Module. Proceeding of the Eighth International Conference on Advance
in Mechanical, Aeronautical and Production Techniques (MAPT2018) at G Tower Hotel,
Kuala Lumpur, 3-4 Febuary: 25-29.

Yadav, A.K., Singh, S. and Gupta, G. (2014). Solar Air-Conditioning: Design for a Compressor-
Less System Using Peltier Effect. International Journal of Advance Research and
Innovation. 2(2): 429-432.

Wang, H., Peng, J., Xie, C., Bao, Y. and He, Y. (2015). Fruit Quality Evaluation Using

Spectroscopy Technology: A Review. Sensors 2015, 15(5): 1189-11927.



MANHIN D

MINWaMINUTOYA



69

= 3 9 Yy a A v A Yy A a
AT NN N.1 Waﬂ’]ilﬂﬂﬂlf)ll”am@ﬂﬂ’]ﬁ‘ﬂﬂﬁﬂ‘ﬂf)‘llllﬁ\ﬁ/‘lﬁﬂﬂlwl“!llﬂ\jﬂﬁﬂlﬂﬁﬂ\?ﬂ'ﬂllﬁ\jﬂlﬂﬂ

o A 1 g’/ Y [ 4
ﬂ'li1/]1\1114‘1]@\1&?]3@\1@14@1ﬂ1ﬁ511uﬂui?ﬂJﬂ‘U8%!,@@5“11/\'17\[']

Im ‘IQI'J'JTNQ kWh wasNUazaw 210 1 210 2 210 3 910 4
11.40 0 102.4 0 12.15 14.94 13.25 13.18
12.40 1 103.3 1.159 11.8 14.48 12.76 12.67
13.40 2 104.1 2.218 11.09 13.8 11.71 12.04
14.40 3 104.9 3.277 10.58 13.27 11.44 11.58
15.40 4 105.7 4.336 10.11 12.8 11.17 11.09
16.40 5 106.5 5.395 9.51 12.21 10.57 10.52
17.40 6 107.4 6.554 9.16 11.85 10.18 10.17
18.40 7 108.2 7.613 8.75 11.44 9.81 9.74
19.40 8 109.1 8.772 8.28 11 9.37 9.32
20.40 9 110 9.931 7.86 10.65 9 8.77
21.40 10 110.85 11.04 7.49 10.14 8.61 8.53
22.40 11 111.7 12.149 7.05 9.79 8.17 8.08
23.40 12 112.6 13.308 6.69 9.35 7.83 7.65
0.40 13 113.5 14.467 6.33 9.03 7.48 7.4
1.40 14 114.4 15.626 6.01 8.67 7.12 6.88
2.40 15 115.35 16.835 5.71 8.41 6.86 6.76
3.40 16 116.4 18.144 5.33 7.94 6.43 6.31
4.40 17 117.2 19.203 5.06 7.6 6.14 6
5.40 18 118.2 20.462 4.81 7.28 5.87 5.67
6.40 19 119.2 21.721 4.53 6.84 5.58 5.23
7.40 20 120.25 23.03 4.27 6.6 5.25 4.98
8.40 21 121.1 24.139 4.08 6.24 5 4.73
9.40 22 122.1 25.398 3.81 5.88 4.75 43
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19.40 32 130.74 36.628 2.85 3.79 34 2.96
20.40 33 131.7 37.847 2.84 3.75 3.35 2.94
21.40 34 132.6 39.006 2.82 3.71 3.31 2.92
22.40 35 133.55 40.215 2.82 3.69 3.27 2.92
23.40 36 134.5 41.424 2.82 3.68 3.25 2.92
0.40 37 135.5 42.683 2.82 3.64 3.25 2.92
1.40 38 136.4 43.842 2.8 3.63 3.25 291
2.40 39 137.4 45.101 2.79 3.63 3.25 291
3.40 40 138.45 46.41 2.79 3.63 3.24 291
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Im ‘IQI'J'JTNQ kwh azAUNGY 210 1 210 2 210 3 910 4
17.30 0 143.5 0 11.54 13.86 16.29 13.43
18.30 1 144.6 1.154 11.09 13.41 15.75 13
19.30 2 145.9 2.508 10.55 12.87 15.18 12.45
20.30 3 146.9 3.562 10.13 12.45 14.71 12.08
21.30 4 148 4.716 9.89 12.03 14.23 11.64
22.30 5 149.1 5.87 9.58 11.61 13.75 11.25
23.30 6 150.2 7.024 9.12 11.21 13.35 10.89
0.30 7 151.3 8.178 8.78 10.88 12.95 10.52
1.30 8 152.45 9.382 8.43 10.51 12.57 10.19
2.30 9 153.6 10.586 8.17 10.16 12.2 9.8
3.30 10 154.75 11.79 7.92 9.93 11.92 9.64
4.30 11 155.9 12.994 7.72 9.48 11.08 9.22
5.30 12 157.05 14.198 7.47 9.22 11.11 8.95
6.30 13 158.2 15.402 7.27 8.86 10.82 8.65
7.30 14 159.37 16.626 7.12 8.42 10.27 8.18
8.30 15 160.56 17.87 6.82 8.28 10.09 8.06
9.30 16 161.7 19.064 6.52 7.95 9.76 7.75
10.30 17 162.9 20.318 6.24 7.63 9.42 7.45
11.30 18 164 21.472 5.97 7.29 9.06 7.16
12.30 19 165.2 22.726 5.72 6.95 8.7 6.87
13.30 20 166.4 23.98 5.52 6.68 8.36 6.56
14.30 21 167.5 25.134 5.32 6.41 8.04 6.34
15.30 22 168.7 26.388 5.12 6.04 7.72 6.03
16.30 23 169.8 27.542 4.92 5.75 7.41 5.62
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Im ‘IQI'J'JINQ kwh azAUNGY 210 1 210 2 210 3 910 4
17.30 24 171 28.796 4.72 5.48 7.14 5.51
18.30 25 172.1 29.95 442 52 6.84 5.26
19.30 26 173.3 31.204 4.12 4.97 6.54 5.04
20.30 27 174.4 32.358 3.92 4.69 6.26 4.83
21.30 28 175.6 33.612 3.62 4.53 6.03 4.65
22.30 29 176.75 34.816 3.47 4.28 5.8 4.48
23.30 30 178 36.12 3.32 4.09 5.56 4.34
0.30 31 179.05 37.224 3.22 3.97 54 4.2
1.30 32 180.2 38.428 3.12 3.82 5.2 4.04
2.30 33 181.3 39.582 3.06 3.73 5.08 3.96
3.30 34 182.5 40.836 2.99 3.63 4.94 3.84
4.30 35 183.6 41.99 2.95 3.57 4.82 3.79
5.30 36 184.8 43.244 2.94 3.53 4.7 3.67
6.30 37 186.1 44.598 2.93 3.49 4.62 3.6
7.30 38 187.5 46.052 291 3.46 4.49 3.53
8.30 39 188.5 47.106 2.89 3.46 4.4 3.47
9.30 40 189.4 48.06 2.87 3.45 4.36 3.45
10.30 41 190.4 49.114 2.86 3.45 4.35 3.43
11.30 42 191.6 50.368 2.85 3.43 4.3 3.38
12.30 43 192.7 51.522 2.85 3.43 4.28 3.36
13.30 44 193.8 52.676 2.84 3.42 4.27 3.34
14.30 45 194.8 53.73 2.84 3.41 4.25 3.33
15.30 46 196 54.984 2.84 341 4.24 3.33

16.30 47 196.9 55.938 2.84 3.41 423 3.32
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I g kwh ALAUNGS 21l @2 A3 0a4
17.30 48 198 57.092 2.84 341 4.23 3.31
18.30 49 199.2 58.346 2.84 34 4.23 33
19.30 50 200.3 59.5 2.84 34 4.23 33
WU : dhniinudsuesnnadi 1 79 2.58 ¢
dhminudsuesniafi 2 A9 3.09 ¢
dhminudsuesniaii 3 9 3.79 ¢
dhminudsuesniafi 4 #v 2.99 ¢

1 1 Y
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Temperature (° C) 23.4
Air input (Position 1) RH (%) 77
Abs humidity (g, /kg,.) 13.988
Temperature (° C) 23
Passed TEC’s cool side (Position 2¢) RH (%) 57
Abs humidity (g,,./kg,.) 10.032
Temperature (° C) 33.1

Passed TEC’s hot side (Position 2h)
RH (%) 48.1




MANHIN U

A0ENINM I I



75

9
Gluﬁ'ﬂu‘llf)ﬂﬂ1§ﬁ1u’3ﬂ!llﬁjﬂﬂﬁ3681\1Wﬁfﬂi“l/lﬂﬁ@‘ﬂﬂlﬂﬂﬂ?ﬁﬂU!LﬁJQWiﬂ%ﬁullﬂﬁ

U

A

areonsosouursaunuy Taeldsua 3.5 kg Tagldwanisnaasualoszuunlansosqu

d v
DINIAVUAU

W1 MIAIIIUMSAIVIHUANINT YD IADIQUOIMATUAY
o Y A Y y v . o QWY1 o X
NVDYAPNAITNN N.3 LAZAUNIVDYANIY Psychrometric chart Ml lasaeil
@ =13988g  /kg @ =10032g_ /kg_ uardnIINIg lHaves01nAfiniu
<
AMuBuved TEC = 0.023 kg, /s
A 0 v oA 2 ' y A4 Y
I¥\J3) ALLUUIN 1 A9 DINIANDULVUATDIYGUDINIAUVUAU

o oA 1 < 4 1 9 <
AULHUIN 2¢ ﬁfl mmﬁaﬂﬂmﬂmuﬁ’mmumm TEC mﬁflum%qqummﬁmuwu

MER = m(@), - @, ) =0.0058(13.988 - 10.032) = 0.0229 g _ /h

=0.0229 x 3600/1000

=0.083 kg, /h

9.2 MImuIuA M5 UINTOUVUHINID
o &’ = Y} \i &’ Q' % d‘
2.1 msminaBnamnurunasgiuilen @edsvesnnuruzNAUMIAN 1)

y 1 U
fuualmiminuiaiinu 2.5 ¢

m-m, 12.15-2.5

MC =

w

x 100 =79 %wb
m 12.15

2.2 fnﬁﬁ]u]mﬁ15ﬂﬁ]ﬂ1§@uuﬁ@!ﬂaﬂ
o Y < 14 dy =t Y A (Y
ﬂ]ﬁuﬂiﬁ!ﬂﬂim‘fu@]ﬂj]usﬁuu']@]jﬂ]ULﬂﬂﬂq@ﬂ]ﬂlﬂaﬂl%']ﬂu 11.33 %wb 4ag
5$ﬂglja11Uﬂ’]ﬁﬂﬂllﬁ{\uVi1fTﬁ 40 h

v 3oy A0 A g 4 ~ A 2 g
WINPT g5 AA VAL ONI1IUUT U NUFUTUAY 79 %wb

79
m =mx (1 -MCW)= 35x(1-—)=0.735kg
100

v 2 ] v H v
W%1ﬁﬂ!1ﬁﬂ’]1u%uq@ﬁjﬁllﬁ@ﬁ1u1ﬁuﬂﬂl@ﬂWiﬂ“ﬁﬂH!ﬁuﬂﬁuq@fﬂi‘ﬂﬂaﬂx‘l



76

m 0.735

d

m = = =0.829 kg
1—MC,  1—11.33/100

[T

= o [ Y A Y dy
%\‘1?ﬂiJ150ﬂ1u3ﬂ!@ﬂ31ﬂ13@ﬂuﬁ%ﬂaﬂﬂlﬂﬂﬂWﬁﬂﬂaﬂ\‘]llﬂ JU

m -m 3.5—0.829

f

DR = =0.0668 kg/h

t 40

2.3 MIMUIMOATINMIISIHYHID W

mnualindsnuazaunlfuduganisnaaos = 46.61 kWh

1

m -m,_ 3.5-0.829

SMER = =0.0573kg__/kWh

P 46.61

2.4 MsmaaNNaMasanasny

3.6P 3.6 (46.61)

SEC = = 62.82 MI/kg_

m, -m,  3.5-0.829

1



MANHIN A

a d' Yo Aa A q Y | =]
‘].I‘Vlﬂ’ﬂ?ﬁ’lN’J‘lﬂﬂ]‘i”ﬂ"lﬂﬁUﬂ1§ﬂWNWENﬂE!W§1N3$ﬂ’JNﬂﬂ‘lsﬂ



A a c; Yo aa [ \J | =
‘518]‘lfﬂ‘lJTIﬂ’ﬂN’J‘mfn‘i“nvlﬂ‘i‘ljfniﬂWNW!NS!!W§1N53ﬂ31QﬂﬂH1

Y5 109 Ineans, dnsuns 11zin, 5 a381U35A LazmnITA @3611IIA. (2560).
mﬁﬂﬁmﬁuﬁzﬂzmmqmmmﬂaqﬁmeﬂ‘lﬁ’ﬁ'ﬂﬂmﬂﬁﬂmweuaummmmu?ﬁ?{m.
m3sdssguinmsinemsndaimaiuieusiana A%a 15, veuuru: Tsausuend
vouunuTama ueus aounusuFuaes. senieiuil 13-14 nsngiau 2560.

Patchara Wongpaisarnkit, Krawee Treeamnuk and Tawarat Treeamnuk. (2018). Thermal Performance
Evaluation of Thermoelectric Module. Proceeding of the Eighth International Conference in

Mechanical, Aeronautical and Production Techniques (MAPT2018). Kuala lumpur, Malaysia:
G Tower Hotel. 3-4 February 2018.

' a A A o @ Jd A o Y a Y
NYTI ’J@QHle’naﬂﬁ], NI ATDIUTIA UASINITAU ATDIUTTIA. (2563). NITOULHINTNAIY

[
A o

A Y A a o Y A J 4 a d a
Lﬂiﬂﬂﬂﬂl!‘l’i\‘lQﬂ!‘I’iﬂ“ll@]]‘ﬂLﬁﬁlJﬂTi‘VINTLlﬂUEJLﬂﬁﬂﬁQU@WﬂTﬁLW@iTN@LaﬂVIiﬂ.

MIFTIVINSUALIVG UNT.NTUAT. VN 14 R1JUN 1: 82-96.



79

Agricultural Sci. J. 48 : 3 (Suppl.) : 299-302 (2017) 2. ANeL. . 48 : 3 (Wien) : 209-302 (2560)

a il a &
msszifussazanugnaasnzisninanlifnamalianmsnauauamieanutides
Maturity Stages Evaluation of Mango (Nam Dok Mai's Cultivar) by use Acoustic Response Technique
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Patchara Wongpaisarnkit", Sakarin Papakae ', Krawee Treeamnuk' and Tawarat Treeamnuk’

Abstract

This research aimed to evaluate the maturity stages of harvested mango (Nam Dok Mai's cultivar) by use
the acoustic response technique. In this testing, harvested mango fruits were maintained in the storage
immediately at 26+1°C and 65.5% relative humidity of air condition. Resonance frequency of fruit (f), plunger test
firmness (F_peel) and total soluble solid (TSS) were collected from 20 fruits of mango sample per day, the test was
done in every day until the fruits was senescence. The result showed that the firmness and TSS could be use in a
co-variables to evaluate the maturity stages of mango into 3 stages include of unripe, ripe and overripe. A time
after harvested influence on the reducing of mango acoustic frequency in exponential trend form. The using of
resonance frequency in maturity stages evaluation gave 79.5% of precision include of 94.8% of unripe, 70.5% of
ripe and 80.6% of over ripe respectively.

Keywords: Nam dok mai mango, Resonance frequency, Maturity stage.
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Table 1 Maturity stages classification by peel firmness and TSS

Group Day Maturity F_peel(kg/cm?)
1 1-3 Unripe 16-18
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Table 2  Maturity stage classification by peel firmness and resonance frequency of mango

Predicted group membership

State Total
Unripe Ripe Overripe

% Unripe 94.8 5.2 0.0 100.0

Ripe 6.4 70.5 231 100.0

Overripe 0.0 19.4 80.6 100.0

a. 79.5% of original grouped cases correctly classified.
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Thermal Performance Evaluation of Thermoelectric
Module

Patchara Wongpaisarnkit, Krawee Treeamnuk, Tawarat Treeamnuk

Abstract—This article ascribes about the thermoelectric
module that conveniently creates the difference temperature
between the both of its sides by supplying the electricity. The
study aims to test the performance of the heat generating and
heat exchanging capability of the thermoelectric module model
TEC-12710 for the possibility evaluation when it will be
modified in the agricultural products drying system. The
experiment apparatus was prepared by install the air fin heat
exchangers on the 16 cm® of both sides of the thermoelectric
module and then, enforced the air flow through the system and
measured the inlet-outlet of air properties. The results found
that the supplying of 16 V, 8.5 A DC electricity to the module
gains the air temperature from 30°C 68%RH to 52.3°C
26.8%RH on the hot side of the module. The system consumes
a 40 W of power and gives the highest moisture extraction rate
(MER) at 0.016 kg,uo/h on the cold side of module by
supplying of 6 V 35 A and it have the coefficient of
performance (COP) at 1.14. It is possible to adapt this module
with the drying system especially the heat pump drying system.

Keywords—thermoelectric module, moisture extraction
rate, COP

1. Introduction

Nowadays the air conditioning system be important for
household and industry section because the usefulness of its
both cooling and heating parts. Generally, air conditioning
used to improve the comfort of occupants by control
temperature, humidity, air distribution and air flow rate. In
addition, it can be used for food preservation such as cooling
in refrigerator that can kept food longer and can applied to
be used to reduce the humidity and heat of air for the drying
process. Drying is a one way of food preservation that be
popular because dried product can keep for a long time and
can be caten as nutritious snacks else can be easy used in
cooking [1]. Drying food is the process which used warm air
to removed moisture from food. In usually, the sun drying is
casiest way by using surrounding air that warm and dry to
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remove the moisture [2] but some tropical countries
cannot do a sun drying because it need a low humidity and
warm air in drying. Another way, the artificial drying is
needed to solve this problem.

Heat pump

The application of heat pump system is a warm and dry
air producer for food drying process. In practically, a
mechanical vapor compression refrigeration (VCR) cycle
was applied to pump the heat in the system. Their
components are Compressor, Evaporator, Expansion valve,
Condenser and the refrigerants that was used as a working
fluid in system. Two components of the VCR cycle were
used in heat pump system such as Compressor and
Evaporator. When the refrigerant travels through evaporator,
it removes the heat from evaporator and transfers to the
condenser (Fig. 1).

—p—

Compreesat
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Fualn .
f

T
G
1

1 Tying chamber
1 3

H

= = = [Efrigeration cycle

air cycle

Figure 1. Heat pump VCR dryer (Closed system) [3]

From the Fig. 1 show the operation diagram of VCR
closed system heat pump dryer that has two path circuits,
one is air path and other is refrigerants path, both paths are
separated out. The operation of the system starts by the
drying air in air path was flowed by the blower. The process
122, air was heated up to be the drying air by condenser
and it have a lower relative humidity. After that, in process
2->3 the drying air flow pass the drying chamber and lose
the heat to the products while it receives the moisture from
the products too. Therefore, the drying air at position (3) is
high relative humidity and low temperature. Finally, in
process 34 the humid air flow through evaporator to
condense the water out and change to the dry air again. M.
Fatoh [4] has been dried the Jew’s mallow by VCR opened
system heat pump dryer. A new air from surround was taken
into the system and discharge out after through ,drying
chamber, the maximum productivity is 54 kg/m'h and
minimum SEC is 3,695 kJ/Kgyue. Qi-Long Shi [5] has been
used VCR dryer with the electric heater assisted in closed
system for the horse mackerel drying, found the VCR dryer
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in closed system is good for produce intermediate moisture
food. The advantage of VCR dryer in closed system by
internal recirculating the drying air is the dustless and free
other outside contamination. From the previous report about
usefulness of heat pump dryer however, the VCR system is
a complicated system and have many components in
operation. In addition, the VCR cycle use a harmful
substance as a working fluid and could be hazardous effects
on environment if it leaked out.

Thermoelectric module

Thermoelectric module is a thin semiconductor-based
electronic device. It can directly generate the heat flux on its
both sides when supplied the electricity. The difference
temperature between the sides of device was affect by the
heat flux generated, so its behavior looks like a small heat
pump. Moreover, the module that have difference
temperature between the sides can also convert the heat to
electricity too. Thus, the thermoelectric applications are
mainly based on those two aspects by either converting heat
to electricity (TEG) or converting electricity to heat (TEC)
[6]. The TEC module basics operation is applying a voltage
DC power to a device to activate electron, electron will be
the heat carrier from one side to the other side that make one
module face cooled while the opposite face is
simultaneously heated as in Fig 2.

Heat Absorbed (Cold Side)

Negative (-)
Heat Rejected (Hot Side)

Figure 2. Thermoelectric module [7]

The thermoelectric modules popular use in air
conditioning, heating and cooling system. Researchers are
applying thermoelectric module in many ways. Diana
Enescu [8] has been manufactured refrigerator that has a
capacity of 42 liters (42x42x50 c¢m) by using thermoelectric
module. Test result found that the ambient temperature 23°C
and relative humidity about 30%RH, this refrigerator can
make the minimum temperature at 8°C, for minimum energy
consumption can make temperature at 15°C. Linlin Cao [9]
has designed thermoelectric cooling helmet for the person
that work under the high temperature environment by using
TECs model TEC-12706, the internal temperature of cooling
helmet is between 24-30°C which in comfort zone of human
body. Hayder Al-Madhhachi [10] has been constructed the
water distillation system with both sides of thermoelectric
module, by pump the water through the hot side of the
module. The hot side temperature is about 50°C that can
make the water evaporate to vapor. When the vapor pass the
cool side, it will condense simultaneously. The result found
the distillated water production is 28.5 ml/h with the specific
energy consumption of 0.00114 kW h/ml of the 10x10x30
mm’ evaporation chamber.

The recently articles show that thermoelectric module be
able to apply the both hot and cool sides of the module to an
alternative operation i.e. VCR cycle. Thus, in the heat pump
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function the thermoelectric module are preferable than VCR
because it is smaller size, easier installation, operation and
parameter adjusting. Especially it is a solid state device and
never needs to use any refrigerants [11]. Therefore, the VCR
might be replaced by the thermoelectric module in function
of heat pump and air dehumidification of the dryer.

This research objective was to study the performance of
the heat generating and heat exchanging with air of the
thermoelectric module model TEC-12710 by testing and
investigate the highest air temperature, heat rate in air flow,
power consumption, moisture extraction rate and coefficient
of performance for the possibility evaluation when it will be
modified to use in the agricultural products drying system.

n. Experimental apparatus and
Testing

Experimental apparatus

The apparatus was constructed for test the thermoelectric
module model TEC-12710. The system was shown in Fig.
3a that consisted of a square air duct made from acrylic
plastic sheet and covered inside wall with insulation sheet.
The air fins heat exchangers were installed on the both hot
and cool sides of TEC module. The size of air fins heat
exchanger on the hot side is larger than air fins of the cool
side to discharge the self-heating that caused by heat transfer
output is less than the energy input on the module. The
ventilation of hot and cool air in duct are independent flow
and can vary the air flow rate by each electric fan. A dry
bulb temperature and relative humidity of air at position 1, 2
and 3 in Fig.3a were read by temperature and humidity
sensor (ShenZhen model DHT22 FZ0757) that works with
microprocessor board Arduino to collect the data from the
experiment. The apparatus prototype shown in Fig. 3b.

Ventilating fan

Cool side
Air fins heat exchanger

@ i
>
TEC-12710

Hot side
Air fins heat exchanger
Ventilating fan

Figure 3. (a) Diagram and (b) Prototype of apparatus
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Testing

Thermal performance was determined by investigate the
properties of air flow through TEC module, the DC Voltage
was varied and supplied to the TEC module. A couple of
fans at hot and cool sides outlet air duct were independently
speed controlled by varying each fan supplied DC Voltage.
The Variables and its level in the testing were shown in
TABLE 1. The maximum DC voltage on TEC-12710
module and fans are 17.4 V and 12 V respectively and there
were divided into 5 levels in the experiment. Each level of
voltage supply to ventilating fan, the air flow rate was
measured (Fig. 4) by electronic anemometer (Benetech
model GM8901). The tubing for the flow measurement was
shown in Fig 4. All treatments were test 3 replications in this
experiment.

Figure 4. Air measurement while vary the fan voltage supply

The data of air from the experiment used to determine
the absolute humidity (H), Enthalpy (h) and density (p) by
Psychrometric chat [12] for the heat rate of hot side (Q,) and
cool side (Q.) outlet air and the moisture extraction rate
(MER) calculation by (1), (2) and (3) respectively.

TABLE 1. VARIABLES IN EXPERIMENT

Variables and its level in experiment

Variables Level 1 | Level2 | Level3 | Leveld | Level5
-Voltage input for
TEC (V) 3 6 9 12 16
-Voltage input for
hot side fan (V) 3 prs o 9 =
cAir flow raie of hot | 6106 | 00144 | 0.0164 | 00202 | 00229
side (Kguy «ic/S)
-Voltage input for 3 45 6 9 2

cool side fan (V)

-Air flow rate of

cool side (Kgary i /5) 0.0068 | 0.0089

0.0103 | 0.0130 | 0.0151

Equations

The calculation of heat rate of outlet air on hot and cool
side use equations by Cengel [13]. The heat rate of air flow
through the hot side of module as in (1).

Q, =n¥, (h,—h)) )

For the heat rate of air flow through the cool side of
module as in (2).

Q :r&(‘nnl(hl —h,) (2)
Where Q, is the heat rate of the hot side of module (kW)

Q. is the heat rate at the cool side of module (kW)
& is the air flow rate (kg/s) for the hot and cool side

his enthalpy (kJ/kg); subscript 1 is inlet, 2 is hot side
outlet and 3 is cool side outlet

The moisture extraction rate (MER) was calculated by
(3) that applied from Amalendu [14].
R = r&éﬂol(Hl —H,) (3)

Where MER is moisture extraction rate (Kgyawer/)

H is absolute humidity (Kgye/KEary air); subscript
3 is cool side outlet and 1 is inlet

For the coefficient of performance (COP) of the cooling
ability of module, Stoecker [15] equation was selected as in

).
cop— Q Q.

"~ Wattof thermoelectric  1xV

@

Where 1 is current input to module (Amp.)

V is voltage input to module (Volt)

m. Results and discussion

Maximum hot side outlet air temperature: From the
various test, the results found that if the voltage input to
TEC module is increasing the module has more ability to
produce the large heat too. The temperature of hot side
outlet air while power input to TEC module is 16 V and 8.5
A is shown in Fig. 5

Hot side fan Voltage
°. 812V X9V X6V A45V €3V

55

50|

45

40

35

30 -
0 3 6 9 12 15

Cool side’s fan voltage (V)

outlet hot side temperaure(°C)

Figure 5. The hot side outlet air temperature while TEC power input is
16V 8.5A

At the high voltage supplied to TEC module, the lower
air flow rate of the hot side and cool side that were affect by
the low level of voltage supplied to the electric fan are
inversely change with the rising of hot air temperature on
the hot side outlet air. Because at lower air flow rate the air
speed is very low. Then, it has enough a time for the hot side
air to receive the heat flux from TEC module while the cool
side air transfer its heat to the TEC module in the same time.

Maximum heat rate of hot side outlet air (Q;): In Fig.
6a, the supplying of 16 V to the TEC module gives the
maximum Qy (shown by the left vertical axis of graph) at
0.448 kW with the electric power input of 16 V 8.5 A when
we use the lowest air flow rate of the cool outlet air side
with the middle air flow rate of the hot side outlet air
together. The heat rate of cool side outlet air (Q.) shown in
minus value (on the right vertical axis of graph) because
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under the maximum module voltage supplied, the electric
fan in this experiment cannot relief the heat generated on the
module rapidly enough. Finally, the self-heating effect is
occurring on the module and effects a cool side outlet air
temperature higher than the inlet.

Maximum heat rate of cool side outlet air (Q.): In Fig.
6b, when we desire to avoid the self-heating effect on the
TEC module by supplying the low voltage to the module.
The highest Q. that TEC module can received from the air is
0.025 kW with the electric power input to the module 6 V
3.5 A similarly in any fan flow rate. By the way, supplying
the low voltage to module also effects on the low value of
Qj too.

Hot side fan Voltage
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Figure 6. The heat rate of hot and cool side outlet air
(a) when TEC’s 16V 8.5A power input
(b) when TEC’s 6V 3.5A power input

From the results, the maximum values of Q, and Q.
never occur at the same experiment condition. Therefore, the
applying of TEC module with the heat pump dryer should
separately use the TEC module into two sets of module and
separate the power supply and its controller for use one set
of module as the heater (replace with the condenser unit in
VCR) and another set as the moisture extractor (replace with
the evaporator unit in VCR).

Moisture extraction rate (MER): Shown in Fig. 7. The
highest of MER is 0.016 kg,,../h at hot side air flow rate
0.0229 Kg gry air/s and cool side air flow rate 0.0089 Kg gry 1S
when the TEC module was powered by 6 V and 3.5 A. But
some experiment cannot calculate the MER because the self-
heating effect is occurred on the hot side of TEC module
due to the experiment. It makes the cool side of TEC cannot
extract the moisture from the air, so the outlet absolute
humidity is equal or maybe higher than the inlet.

Hot side fan Voltage
0.018 @ 12V ==V e 6V =45V & 3V
-0.016 e
Eo.om ' ° \
£0.012 2

o N\
2 0.01 ®
£20.008
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0.004 =
0.002

0 3 6 9 12 15
Cool side’s fan voltage (V)

Figure 7. The MER on experiment while TEC’s 6V 3.5A
power input
Coefficient of Performance (COP): The interested COP

of the cool side of TEC module is the worthy use in
moisture extraction process. It shows in Fig. 8.
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Figure 8. COP of cool side on TEC module while TEC’s 16V 8.5A
power input

From the results, the highest COP is 1.14 when the TEC
module was supplied by 6 V 3.5 A and the air flow rate of
cool side and hot side is low. Because at the low air speed
the time is longer than higher air speed and the moist air can
easy exchange the heat to the cool side of TEC module.
After that, the air will be cool until closely to the point of
dew temperature, so the moist in air will condense to the
water and extract out from the air in finally.

All the appropriate parameter results were shown in the
TABLE II.

TABLE IL. THE RESULTS OF EXPERIMENT
P Best TEC Hot side air Cool side air
result supply flow (kg/s) flow (kg/s)
Hot air Temp. (°C) 523 16V, 85A 0.0106 0.0068
Qi (kW) 0.448* 16V, 8.5A 0.0165 0.0068
Q. (kW) 0.025* 6V, 3.5A 0.0229 0.0151
MER (kgyuelh) 0.016* 6V, 3.5A 0.0229 0.0089
corp 114* 6V, 3.5A 0.0229 0.0151

a. The best results of experiment runs

iv. Conclusions

Study of thermal performance of the thermoelectric
module model TEC-12710. The results found that the
supplying of 16 V, 8.5 A DC electricity to the module gains
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the air temperature from 30°C 68%RH to 52.3°C 26.8%RH
on the hot side of the module. The system consumes a 40 W
of power and gives the highest moisture extraction rate
(MER) at 0.016 Kguu/h on the cold side of module by
supplying of 6 V 3.5 A and it have the coefficient of
performance (COP) at 1.14. It is possible to adapt this
module with the drying system especially the heat pump
drying system. The application of TEC module with the heat
pump dryer should separately use the TEC module into two
sets of module and separate the power supply and its
controller for use one set of module as the heater (replacing
the condenser unit in VCR) and another set as the moisture
extractor (replacing the evaporator unit in VCR).
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Abstract

This research objective was to apply thermoelectric module model TEC12710 as a
preheater and dehumidifier for red chilies dryer. The heat side and cool side of Thermoelectric
module affected by supplied electricity were used to produces the low humidity and warm air
in preheater before charging to the main electric heater of dryer. Fresh red chilies were
selected as a sample in the prototype testing during the use of preheater assisted main heater
and using only main heater. The test results are compared with the sample dried under the
natural sun drying. The experimental results show that the preheater can condense the
moisture in air with the highest MER of 0.083 kgmmh* at cold side of thermoelectric module
and can heat the air up in 10°C of temperature with hot side of thermoelectric module.
The final moisture content of sample is only 10%wb with the slightly changed in color when
compared with the sample from sun drying. The using of preheater with main heater gives a
higher specific moisture extraction rate, lower specific energy consumption, 14 MJ energy used

and can dry faster than 10 h when compared with the using of only main heater.

Keywords : Dryer; Thermoelectric Module; Chilli
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