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A3 aoang afiny aeuuiia Weyeyn Wugwann uaznans Ingiined

Siri Doungporn®, Aphirak Loykaew, Parinya Panprom and Pakorn Thaipituk
AYBTNANA AULINEAARNT uNINENaE 1] 8A7071

Physics Program, Faculty of Science, Udon Thani Rajabhat University

*Corresponding author; E-mail: sirido@yahoo.co.th

Received: 22 March 2019 | Revised: 25 April 2019 | Accepted: 17 June 2019

UNARE

MeAsuilisnnszacdifeAnmnaaunaransnnsaLLfITan At LT LAT ANTTIUL TR AR
aUUINAs LA Aiaeantudunsn Inalinsyanlawaziaudyuiiusiaiui@uazanunieuudis 50
60 uaz 70 °C AniiuntmaaeslaariindsanannesiaaduEubu 309.2 %db. siumnaanaiiduing
2UIA 0.5 cm. AU 10 kg ﬁﬂﬂ@uuﬁwumw%yuzgmﬁmwhﬁ”'u 6.0 %db. NANFITENLFI AN LETNTIR
uasenindiaaniedu HANRE 751919 666.8 - 687.1 W/m’ ANTULARIAAE WAz anaRLneReiiag
Tngeufignumnfiauudia 70 °C anasSuazlinaranfieanirgmumnieuudi 60 uaz 50 °C Shansavia
lugneBubium Wndulugasnaneiuiazanasdntiaslugoaiu dudssaninaundamduilagszming
8.68X10% - 9.85X 10 m’/s uaz@NN1IN1IALLIURS Page arunsanennsainnsauuiianaas i alinans

v o a a

SuSduaranuniauuivliinasdelsc@nsninaein1sauiauasANNARUABINAIIUATINNE LAz

o

a v

uuglauwisinaseaud@uiaasnaseusanmnziageufianmnleauuia 60 uay 70 °C HANgIN31 50

al

D

o

C

C L ATANALLINANILLAID AATIINTUDUNIIA AAUNAANFARSNNTDLLIN NAILNANND

30
=

A,
De

q

€

The Sci J of Phetchaburi Rajabhat University | Volume 16 Number 1 January-June 2019


kanokrat
Typewriter
Received: 22 March 2019 | Revised: 25 April 2019 | Accepted: 17 June 2019


-
s NIANTIN AR TN AN AT NTTLE
T T 16 Ul 1 wngAN - Aguneu 2562

Abstract

The objective of this research was to study the drying kinetics of gros michel banana and the
performance of solar combined with an infrared dryer by using flat plate glass and convex lens as solar
collectors and drying temperature was 50, 60 and 70 °C. The banana with 309.2 %db. initial moisture
content was sliced into 0.5 cm. thin pieces. Ten kilograms of banana was dried until the final moisture
content was 6.0 % db. The research found that the average daily solar radiation intensity was between
666.8 - 687.1 W/m’. The moisture content and moisture rate decreased continuously, and drying time in
the case of drying temperature at 70 °C was less than that of drying at 60 °C and 50 °C. The initial drying
rate had low, increased during the daytime and slightly decreased in the evening. The moisture diffusion
coefficient was between 8.68X10™- 9.85X10™” m?s. The Page drying equation can predict the drying
of banana. Types of collectors and drying temperatures do not affect on drying efficiency and specific
energy consumption. The drying temperature affects on the specific energy consumption which 60 and

70 °C drying temperatures have SEC higher than 50 °C.
Keywords: The solar combined with infrared dryer, Drying kinetics, Gros michel banana
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2.1 MANANTULALE AT EIUANNTY 1A

ANUINARINANNNT (1) WA (2) [15]

(Mm+ 1)Wt
MC=[—]1-1 (1)
W,
M- M,
— 2)

Min’ Meq

2.2 UBMINNITOLLINUBINRIENBNND

in

MR =

TaeIANUIMAINENNNT (3) [15]

M, - My,
DR: t t+dt (3)
dt

2 3 WANdusrdnanisuniaanTy Ine
ANNIINWENUINIAINANNI3UAS Fick N1 L3

FRIVAINTULRALUDI N ANADUTTLHBULY NAIUAT
219 lAR Tadiglunnannisg (4) Asl [16]
w 2

T Dt
exp[-(2n-1)" —=1 (4)

T (2n+1) ?
n=1

NANTUNANIZINANT 1 UBIANNT (4) ALl

AndutlazAVENNTUNIANNT L Bann9denTeTil
3Tn17 The Regular Regime Method t3 &N g1
ANANNUFIZUING Ln (MR) AuUan lun19e Ui
azlfAnAesa 2 A1 annAINduaeInsINnn 1%
anunsunAndulsLAnennsundaanuduliann

AxN9 (5) [17]

D, = -slope( %) ()
2.4 @51agunisnnseLueuLLduLNg Tag
Hanunsuee Page ﬁq‘ﬁ[m]
MR = exp(-kt") (6)
2.5 MUse@nsnIweesn1saLuLie lag

ANURILAINANNNT (7) [19]

M, L

N = —x100 (7)
Eqry

Edry: mcp('l'i -T,) (8)
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Figure 1. Dryer and measurement position (1) inlet temperature of the solar air heater (2) outlet

temperature of the solar air heater (3) inlet temperature of drying chamber (4) temperature of drying
chamber (5) outlet temperature of drying chamber (6) ambient temperature (7) pyranometer (8) load

cell (3) electric meter and temperature controller (10) Infrared tube (11) computer (12) data logger

2.6 ‘mmmﬁiumﬁmmmwﬁwmﬁﬁL‘Wﬁ: D, = ﬁuﬂ@:@m’émml,wémw%yu (m?/s)
4NNTRLLIN 1AEATUILAINANNNT (9) WAz (10) t = szgzinanlun17auuii (s)
[20] W = ANNANNTRIN e e L (m)
SEC = eee! Feor 9) Eyy = WAL s LU (kJ)
MW

m = 8n3n17 AN a2898 N A (kg/s)

Eqoar= AL (10) N = UseAnsnnaesnisaunia (%)
ila MC = mmm%”u (db.) M, ZlﬁuﬂmiﬂﬁixLMﬂ@@ﬂ@Wﬂﬂﬁﬁﬂ (kg)
MR = 'a"m’]m*m%yu L = ﬂfam%@uLLsJﬂumﬁxmm‘iﬁ (kJ/kg)
W, =u94 ?{Lmﬂm (kg) T, = gaunReanaingauui (K)
W, = WnaENE (kg) T, = guupidngeuuiia (K)
M, = ANNAUENEY (db.) Cp = ANANINAANNIRUANNIZIBIRINA
M,, = mw‘dﬂyummm (db.) (kJ/kg.K)
M = mm%yummslm (db.) E.. = NAWIULAIRINAE (KW.hr)
DR = mIN17aLLTI SEC = Anudun/aemasnusnmne
M,.,, = AU a0 t+ dt (db.) (KW.hr/kg, ..
dt = e daananfiiisidu (s) E,.. = waald Al (kw.hr)

The Sci J of Phetchaburi Rajabhat University | Volume 16 Number 1 January-June 2019



I = Aonudinugsening (W/md)
A, = ﬁ”uﬁm%ﬁﬁmqmﬁmﬁ(mz)
¥> = laawmn3 (Chisquare)
RMSE = Root mean Squared Error

R® = Coefficient of Determination
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(MR) 109nnsvannesanaatinafaiiies TnasAd
A NTUELFueET 309.2 %db. uazaLAUMARAN
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Figure 3. Moisture content of banana

(G =Glass and L =Lens)
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Figure 4. Moisture rate of banana

(G =Glass and L =Lens)
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Figure 5. Drying rate of banana
(G=Glassand L = Lens)
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Table 1. The moisture diffusion coefficient

ANANNUTTZUING Ln (MR) Auan lun1sa L

Iasauanslu Figure 6
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Figure 6. Changes of Ln (MR)

(G =Glass and L =Lens)

arnANdurasnsnniliacnisanian
furlazAnEnsungaansiu nudnsainlinszanla
WludaFused gruunieuuiia 50, 60 uaz 70 °C &
ANYINAL 9.39X10%, 9.29X10% uazy 9.85X10™
m’/s ANANRL daunaiin iaudyuilufauied
goungieuuiia 50, 60 way 70 °C HALAY
8.68X10™, 8.73X10%” wa v 9.62X10% m’s

ANNAAL AILAA 11 Table 1

Collector and drying temperature Slope R Deﬁ(mz/s)
flat plate glass and 50 °C -0.0371 0.8574 9.39 X 10
flat plate glass and 60 °C -0.0367 0.8518 9.29 X 10
flat plate glass and 70 °C -0.0389 0.8470 9.85 X 10
convex lens and 50 °C -0.0343 0.7844 8.68 X 10
convex lens and 60 °C -0.0345 0.8702 8.73 X 10
convex lens and 70 °C -0.038 0.8306 9.62 X 10
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Table 2. Drying constants and statistical relationship values of Page equations

Collector and drying temperature K n R? X2 RMSE
Flat plate glass and 50 °C 0.0002 1.5839 0.996 0.0294 0.1705
Flat plate glass and 60 °C 0.0001 1.6952 0.991 0.0009 0.0298
Flat plate glass and 70 °C 0.0002 1.6145 0.99 0.0027 0.0512
Convex lens and 50 °C 0.0001 1.6869 0.986 0.0033 0.0574
Convex lens and 60 °C 0.0001 1.7629 0.996 0.0132 0.1141
Convex lens and 70 °C 0.0001 1.783 0.991 0.0151 0.1219

2.4 gunsMseLILNAREMaN e TaLIE e
AR LU N UL TR N IR WS LIA
a1 liaunn9299 Page ANAIAINIIALILTAILAZAN
ANANRNUEN AT AN AALanalY Table 2 uaz
WReatfausasdaunisauuia (MR) lunsaifild
MNNIINAAANADN (exp) LAZANNTURN Page (pre)

IAsauanslu Figure 7

&— Prel50 PreL60 PrelL70
Figure 7. MR comparison of experiment and

Page equation (G = Glass and L = Lens)

3. ANITOUTIDILATRIDLLAINAINN LA ARET
FANALAUNILIA

3.1 Usr@nininniseuuiiansaildinszanla

o o o = a v o =

\usnFuiea goannieuuii 50, 60 uay 70 °C AN
WInU 33.4, 26.7 WA 27.0% ANNATAY daungalld
audyu qruugieuuiia 50, 60 waz 70°C HAn
WiNrL 27.5, 22.8 WAY 27.5 % ANNATAL AdLAR LU

Table 3 uazainessafuAnuguugRavuiie il

NARDLTYANTNINNNTDLLIN AaLanalu Table 4

Table 3. Efficiency of drying system

Collector and drying temperature N (%)
Flat plate glass and 50 °C 33.4
Flat plate glass and 60 °C 26.7
Flat plate glass and 70 °C 27.0
Convex lens and 50 °C 27.5
Convex lens and 60 °C 22.8
Convex lens and 70 °C 27.5
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Table 4. Comparison of drying efficiency

Source SS df MS F  Sig.

Temperature 9597 2 47.984 2.04 0.17

Collector 43.09 1 43.090 1.83 0.20
Temp*coll 3146 2 15732 0.67 0.53
Error 282.43 12 23.536

Total 14057.2 18

3.2 A NABLABINAIII BRI 2N 1
nszanlaufaiuied goumnfauuiie 50, 60 uay
70°C HAWWINAL11.7, 15.4 waz 14.9 KW.hrkg,, .,

o o ] a6 v o o o al a
mnaAy daunsdllfiaudyudusaiuid gl
AULAY 50, 60 AT 70°C NAWWNAY 11.7, 14.2

ANNAAU AaLk@nd Ll Table

water

WAy 15.1 kW.hr/kg
5

Table 5. SEC of drying (kW.hr/kg, ....)
Collector and drying temperature SEC
Flat plate glass and 50 °C 1.7
Flat plate glass and 60 °C 15.4
Flat plate glass and 70 °C 14.9
Fonvex lens and 50 °C 1.7
Convex lens and 60 °C 14.2
Fonvex lens and 70 °C 15.1

o o

LN S TEAT I TN a P Ea R IV Y EGNAT
AANAUILABINAN WA NN UALRNIZRIUNAT
Y Ao ' = a o ° o
BUWNNANAADANNAULABINATUINUNIT A

wanslu Table 6 Inansilaufiguunauuiis 60

waz 70 °C A1 SEC gendnguugieuuiis 50 °C

Aawandlu Table 7

Table 6. The comparison of SEC

Source SS df  MS F Sig.

Temperature 40.05 2 20.03 58.29* .00

Collector 042 1 042 123 .29
Temp*coll 196 2 098 285 .09
Error 412 12 0.34
Total 34899 18

* p<.05

Table 7. The pair comparison of SEC

Drying temperature SEC * S.D.
50°C 11.7 £0.7°
60 °C 14.8+0.9°
70°C 15.0+0.3°

Different letters indicates significant difference
(P<0.05).
4. N33 UL UNE S NONNDINDULATUAI

nsauwisAILansli Figure 8

Fresh banana

Dried banana

Figure 8. Fresh and dried banana
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