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ABSTRACT

The objectives of this thesis are to design, fabricate and test of sweet corn hydrocooling
system. The developed hydrocooling system has two water supply methods: immersion and spray.
Another objective is to develop the heat transfer model for predicting temperature of a corn during
precooling. A sweet corn was considered having three main parts: peel, seed and core. Physical and
thermal properties of the three parts of a sweet corn were evaluated. The experiments validations
were conducted using both immersion and spray hydrocooling. The predicted and the experimented
core temperature of a sweet corn agreed well giving the RMSD less than 2.91 °C. The predicting
model was applied for calculating the recommended 7/8 cooling time of sweet corn undergo various

hydrocooling conditions.
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a o I 3 o J < 14

ANIZVDINTAAYUNHY MUIU weosiyua wesiyua SIESRI

@ ] A dzl 3 A

AIDYN NITIWUUU SIERYRL VDILUIN

A v

UDNUIA AIMNYU ﬁ%ﬁﬂﬁlblﬂ

AIUAY 10 0.0 77.871.09 15.040.7

NaIangUNYil EY 20 3.6+1.5 80.90+1.58 14.7+0.5

un anlsd 20 11.442.7 77.69+0.41 14.6+0.3

nasanguvniuay | ALY 10 -1.3£0.3 76.95+12.0 13.3+0.8

3 o v A

MUINEITIUN | gy, 20 2.61.5 81.43+2.23 13.2+0.7
QUNYN 0°C »

anlsd 20 9.242.6 78.36+1.99 14.940.5

2.5.3 half cooling time 81a% 7/8 cooling time

INHANITNAADY ALNABVDIRUNYN VOINUTII THANIIU AWI50AAAINN 28 D4 15
23 saBea (half cooling time) T113@1 30.71 1az 41.50 W1 LALIN 28 D 3.25 BIRUFALTYE
A o [ 1 4 o w 4
(7/8 cooling time) 111181 82.05 1Az 114.46 W dmTUM3 Inanuuguuazmilsd awday e
=\ o . 1 ~ a F) AAa o I~
SeuMeuny Vigneault et.al. (2006) ANRASVOIQUNAN HAUI INAKNUNAAANDINER @ 1015D)
ANRIIN 24 D412 BaFIATYE (half cooling time) 1A 16 ¥R taz19.2 WA dwmsumslva
[ 4 o o < Y 9 Y 1 o A 1 v A 9 o
puuuazandsd ey azmu lanldnaniesniunsiz inguugingauanaanu Aadenu
A A [ 9 a 1 1 ] Aaa 9
nfeNns Inauuuguez ldna lumsanguugininni aauves aveuaziiser (2535) 411 1na
Tasugazdnueniuaz 19 half cooling time 20 1% uat laluds lidouny 5 An 9219 half cooling
. AR 9 ya o a ' . .
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. . A < ) A aX 9 9 3
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i g . . . . [ Y4 [
A1519% 2.8 lagA I half cooling time L% 7/8 cooling time 1NN INANVAUHRUTIZHIN
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4.1.2 MIMHUAVDUIUA (Boundary Conditions) (COMSOL, Inc. 1998-2010)
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4.1.4 Biot number (Bi) (Incropera. 2007)
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RMSD = (4.23)

RMSD f1® Root mean square of difference (°C)

a

N Ao SMuIUVRIAIQUNYI

U

avgiinldnnmsnaass (C)

o))
o
o)

amgiin ldnnmsyue o)

<}
=)}

3]

2O

4.3 #aNMINAa0g

[ a £ 1 ) @ 1 4 v o J
iﬂﬂﬂﬁ"l’ﬂ’ﬁllﬂi%’ﬁﬂ‘ﬁﬂ1iﬂ1ﬂl‘1ﬂﬂ’)1h%}@uﬁ?ﬂiﬂﬂ1ihl?im!‘1jﬂﬂil Lﬁ’f]hlﬁ}ﬂ‘iﬂ/\lﬂ’l'mﬁhwu‘ﬁ
' . . @ a ¥ A Y 2 =
7¢UIN dimensionless temperature ﬂmaaﬂumiaﬂqmwgu AIIN 1 Uag 2 uan %3'1@?11 C 1nay
Ay Y o oA A A
ﬂWﬂﬁiJﬂTi‘V]vlﬂiﬂﬂﬂTi“VlﬂﬁfN MUV UIN 1, 2 Uag 3 A9 0.038+0.002 Llﬁﬂ\‘lslugﬂﬂ 4.9 1ag 4.10
) @ Jd 1 ~ A A o 1 dy
ﬁTl"ii“UﬂﬁleaLLUUﬁLﬂiﬂ A1 Cway A9 0.035+0.002 uﬁmiugﬂ‘n 4.11 uag 4.12 UIMIUIN
o A Y1 o a £ 1 9 1T W 2,
muraluaunish 4.21 hl@ﬂWﬁiJ'ﬂ'ﬁ%ﬁ‘ﬂ‘ﬁﬂﬁﬂﬁll‘ﬂﬂ’ﬂﬂifJuLWWﬂ‘U 1557.27 uag 1451.89 W/m™-°C
o @ ' 4 o w 4 o 1 o a £ 1 9 o
mmumi"lwmmm;mmzmﬂia ALY lﬁﬂu1ﬂ1ﬁ3J‘1J3$ﬁ‘1/]‘ﬁﬂ13iﬂmeﬂ’NﬂJﬁfJu UINUHIUNN
. Y 1w ) @ 1 4 o w 1
Biot number hlii’]!,‘i/n'ﬂ“]J 0.17 uag 0.15 ﬁﬂ’iiUﬂﬁhl“HﬁLL‘]J‘iJi]ﬁJL!agﬁlﬂiﬂ MUY LTAAIIINTT
a 9 as . g’a YR 1A A 1 a < 9 1 Aa A
NIITUIAIYIT lumped-capacitance HuguilumnaaiamaouINA1ILantiow (!WN@Q?JLUEJ?J
v 9 a X A ] 1A ] 1 o o a
"U’LHﬂmT’UTJIWﬂW’Nlﬁ]ixiclﬁﬂJ"lluW]GlﬁiUu) u,mmauﬂﬂgmuﬂﬂmmmnamﬂﬁmmﬂqmwgmm
a A Y I A Aa ~ = ) o !
DRUIUIULAINDIT UANAANAIANYY 0.69 LAL 1.56 DIAHALTY T mmumi”lwmmmgw uae
4 o @ ~ Y 3 1 Y a Q( 1 Y
asd auaay Gll!g‘].h’l 4.13 wag 4.14 uaaeldimun mdulszansmsmemanusouay
9 s
uuUTIeIMIiiegurglvesegiiioniugnaes annsnihmdulszaniminemanuiou
o dy Yo I a2 YR o 9 I3 o a
u,azLmumamu"lﬂcl%ﬂmnimmmﬂiﬂﬂ WHINIATNUYUIADIMUYYUNHUATINA N UD

9 a ] 9 2 A v A A o 2 [
11 Inarnu Tasgunglazanatedase tazisuaanlu ¥ luen 2 werhwnseumesunuwa

1 1 a 9 o I 1 4 ~
m3snaaedlasguarvesguugiivesdnInannu 3 dn dmsums lvauvuguuazanlsd Tudnh



107

'
1A

1,2 uag 3 UanAanataies 0.41, 0.58,2.91,0.77, 1.85 1ag 0.07 e9Asaiied Aua1ny uaag

[

A = A (o Y ) o <3 A ~
CRERINL 4.15 110z 4.16 FaRanlsuunmnnusous Iz ANaatazilaanaunT 19N 4.1

U

4.4 ajdwamInaaes

< 1 ) [ 1 g T o a 4 1
fl]”lﬂNﬁﬂ”liTlﬂﬁENi]%!‘l’iullﬁj’ﬂ ﬁTViﬁ‘UﬂTﬁll‘WaLL‘UiJi]ﬂJ UU ﬁﬂ?ﬁﬂﬂigﬁ%‘ﬁﬂﬁﬂ18l%ﬂ31ﬂ

a a

Y A ' 4 dy = 9 = v o o 3 ]
ﬁﬁ]u‘lﬂlﬂﬂﬂ31ﬂ1§h],1’iall,ﬂ'ﬂ’dlﬂiﬁl MIIENUAY  palitlensd 417 Tnanuiing dunanuileds

£ U

9
o v 3

3 A ' 13 1 @ o A Qdy Yy 9 2

@UANINNI uAn iantuninmszns osaaguugiesdudinnin  Wusenuuum i
LR o 1 o a o 1 J

anlseniaznirinInannusah i adudszansmsmomanudoulndifesns lvanuugu

! Y o o a 9 a & Yy 9 3 g
Lﬁ'ﬁ]ﬁi'l\‘ll!ﬂﬂi]'lﬁ@\?ﬂ'l'i‘VI'I‘Ll'lEIQm‘HQN%@Q%W?IW@W’NHNQAZ'@@QNWQMlﬁflﬂﬁuﬂﬂﬂu1ﬂiﬂ15‘l‘ﬂa

D.

o 1

1 4 o Y 19 a2 [ 1 ' )
uum;mmzmﬂiﬂ Tﬂamwumumiwmwniwmﬁq @Niﬂ“l/] 318 UIMANUHUWUU ATNITU

U

¥ ' Y o 9 L o A S
AITUIDU !La%ﬂWﬂ'JHJiE]uﬁ]HWW%"UEN"UTJIWWH’JTL! Glf\‘]L‘]J‘Llﬂ1Lﬂﬁﬂi]1ﬂﬂ1i1/lﬂaf]\161uﬂ1/l1/] 3 MHUUA

Ql 4

a Y a o Y 1Y a LY a 4 1
BUNJULTUAULIASIUNHUU Glﬂ@i\‘lﬂﬂﬁﬂT)%ﬂﬁﬂﬂa@ NI Lm%ﬂ?ﬁllﬂi%ﬁ‘l/]‘ﬁﬂﬁﬂﬁllﬂﬂ’ﬂw

U

) = Y ' a A 2L o o Y1 ) o
iaumﬂ"lﬁ”lmnwu 1uﬁﬂuI,LiﬂﬂWﬂ’NﬂJWﬂWﬁWﬂiJﬂHﬂﬂi]\iﬂWﬂﬁﬂ‘i’U!LﬂﬂWﬂ’JnJi’EJuiﬂLWW

A o A o a o Y o g 9 2
Gl,mlmz‘wmuﬂiaummmwﬂmmumamuugﬂﬁmmﬂmu

1.20 -
Q,0m © AN 1 = 007 o
~ 100 § A SWHUIN 1
§ 0.50 R?=0.9949
= * T o [} { |
g O Aunan 2 = e y
5 0.60 - W Aunan 2
= U R2 =0.9994
wn v
2 0.40 - O dumian 3 =%
S 0 v A
z R? = 0.9993 AUNUIN 3
2 020 -
£
0.00 : : .
0 20 40 0 80 ~. 100 120 140 160
A (£, 2N)

Y v o d 1 o a
gﬂ‘ﬁ 4.9 NIMANVTUNUTIZHIN  dimensionless temperature ﬂunaﬂumia@qmwgn VD3

a A 9 A 1 gﬁ A
’E)QllL“LlEJﬂJg‘]_]‘lJTﬂWﬂﬁ'ﬂuﬂﬂﬁhl‘l”im!f]_l‘]_lﬂqll AN 1



108

1.20 - .
O dunuan 1= e 00" o
_ & Munuan 1
Qo L00A R” = 0.9665
% [ |
0.80 - ;
< 2 ' oSl A -0.037t ° oA
5 . © dunuan 2=¢ B S 2
}LEJ 0.60 - m R2=0.9862
a
(9] [ d'
E O AmnUaN 3 = 00 o d
S 040 - - ¢ AMUNUIN 3
g R2=0.9807
£ 0.20 -
0.00 :
0 20 40 60 80 100 120 140 160
a1 (t, INN)

51 4.10  nIMANUANRUTIZHIN dimensionless temperature HUNAluNITAARUNYN VBA

a A 9 d‘ 1 g’; d‘
pglitiong i Tnannunms lvauuugu asei 2

1.20 1 O AN 1= %
QO 100m R® = 0.9838 & MUNUIN 1
5
5 0801 O dumian 2 =%
& o ' A
5 060 - R2 = 0.9829 B AUHUaN 2
% v
% 0.40 - O Munian 3 =%
gz o A
g R2=0.9795 AN UIN 3
£ 020 -
£
0.00 :
0 20 40 60 80 100 120 140 160
DA (t, IUN)

" o v J 1 o a
sUf 4.11 nsmaNudNUEIEHI1e dimensionless temperature ﬂmmﬂumiaﬂqqun SN

Y

Yy
v A

a A E) A 4
pgiitlougid Inannuinms Ivasuvanlsd asei 1



109

1.20 O Munian 1= 0% o a4
& MunUaN 1
~N R2=0.9589
DO 100m
2 b ¢ :
2 .80 = O fumiian 2= 0O s
g B UKL 2
g 0.60 \ R2=0.9566
q) .
¢ .
T 040 O duniian 3= S
g o " AWK 3
2 R>=0.9441
£ 020
o
0.00
0 20 40 60 80 100 120 140 160
A1 (¢, IUN)

s 412 nswlanudninugsenine dimensionless temperature fuNA1luNIaRgUYYl Voq

a A

H Y H
ppifiouz i Inanuims Inanuvalsd a2

U

30.00

25.00

O

RMSD =0.69 °C

20.00

aaunnlvetogiiion

Q

)

15.00

a

10.00

U

5.00

0.00

0 20 40 60 80 100 120 140 160

na1 AuN)

Y v o 1 a o o
iﬂ‘ﬁ 4.13 ﬂ'iW\'ﬂ’ZﬂllﬁllWH‘ﬁ’i%ﬁ?NQiuﬁ{]iJﬂ‘Ul’m”I‘UfNLL‘U°]Jﬁ]'lﬂf)\‘]LLﬁ%Naﬂ'liVlﬂﬁ’f)\ﬂuﬂ”liﬁﬂ

Y

A dy Yy 9 3 a A 9 1 A 1
Qm‘quum@1uﬂ3fJu1611mfJgmuﬂmnﬂmmmclumummLmuwmi"lwmmmgu



110

35.00

30.00

RMSD =1.56 °C

O

25.00

a A

DUNNUVDIDQUIUYY

20.00

£

15.00

a
£

10.00

Q

5.00

0.00
0 20 40 60 80 100 120 140 160

na1 (11N)

51 4.14 nsnlanwduiusszniguuginunaveuuiasuazwansnaasalunisan

U

a % a A 1 d'
gangiiesdudieivesegiifiondn Tnavnuludiwvewnuins nanuvanlsd

30.00

_ m dan i

Q = .

< 2500 RMSD A 1 =041 °C

= , A HpN2

[ = o

= 20.00 RMSD Ann 2=0.58 °C

g 4 X #nN 3

& RMSD An# 3=2.91°C

€ 1500 oy

= X gurglvol i

2 10.00

é —_— U1

»S 5.00

(R iiNGensaeasomsssssonsssensstasnetsssstitstistisssosnssroetstistotisstotisstsstt e RSN

Cr e R R s st e

= 000

& 0 20 40 60 80 100 120 140 160 180
na1 (W)

o J 1

‘]J‘?l 4.15 nanuduiussErINgUNNN ULV IaeaZHan1snaaed lumsan

q u

a d’l Yy 9 3 9 1 A 1
Qf,u‘Vigmmmumauwawniwwmmﬁlumummuﬂuwmﬂwmmuqn



111

3000
@ m dnn1
o 1]
(= 25.00 RMSD An# 1=0.77 °C '
= J Anft 2
= RMSD flan 2=1.85 °C
S 20.00 .
€. 20 i o .
= RMSD #af1 3=0.07 °C % fnfa
2 15.00
o A y g
S X QuUiUeI NGy
= 10.00
(_O
(_ o
e — 111804
2 5.00
(,__O?
g ..............
€. 000
0 20 40 60 8 100 120 140 160 180
DA (1W1N)

o J J

sUn 4.16 ﬂiﬂ/\lﬂ’)'lllﬁlllwu‘ﬁ‘i%W'JN’E)mWﬂﬁﬁUL’JﬁWJ’E]\iLL‘]J’]J’ﬂHﬁ’E]\HLﬁZNﬁﬂﬁ‘l/]ﬂﬁ’f]\‘lbluﬂﬁ’ﬁﬂ

U Q U

a dy Yy 9 2 9 ! A 4
QﬂlWiq]llL'U'E]\W]‘L!ﬂ’)EJ‘L!'l"ll'EN"ll'I’JIWﬂW')TL!Gluﬁ’)uﬂlﬂﬂllﬂuﬂﬂWithﬁ!LUUﬁ!ﬂ‘iEJ

4.5 FouuzihnnuuudaeamsininegargiivesdnInany

o o a 9 a & Yy 9 T,
LL‘U“Uiﬂa’é)\'iﬂ13‘ﬂTL!1EJQ‘EL!1’7{]11"ll’E'N611TJI‘Wﬂﬁﬂuﬂlmgaﬂqmﬁgmﬁﬂﬁﬁuﬂ’JEJ'L!TVI\?ﬂﬁ]l'l’ia

=1

1 J o 1 o Aa a
LL‘]J‘]J?NLL@&UJ‘U?(HJ?EJ Lﬂu@l’J“If’JfJGl,l.!ﬂTiU@ﬂ ANLUSUT mmszazwaﬂumiaﬂqmwgm Ny

L]

- < 9

A Y o ' ° A A o 1 A A 9
LTUAUANN ﬂuTﬂﬂﬂ’lﬂ’lﬂlluu%’lﬁ@ﬁﬂllﬁﬂ\juu'lﬂ'ﬁ]'lﬂﬂﬂﬂLﬂu“]ﬂ‘ﬂq@ﬂlﬂﬁﬂl’niWﬂﬂJ'ﬂmuﬂ'ﬁ

P}
A 9 v

o 4 d‘ é Qd‘ a d' 1 = 1
ATUIU Llﬁ'ﬂﬂﬂﬂgﬂﬂ 4.17 G]N'ﬁ%ﬂglﬂﬁﬂuﬂﬁﬁﬂQﬂ!ﬁ@juﬂ@ﬂ!ﬁ{wliuﬁu%ﬁﬂﬂuuuUlﬂJﬂJNﬁmﬂﬂ
unuaaalugii 4.18 naz4.19 Tasd29819 MIAIUIA half-cooling time, 3/4 cooling time LAy 7/8
. . ' ° a o 9 A A
cooling time ﬂ1ﬂﬂ§1ﬂﬂ1llu$u1ﬂlﬂ\ﬁ$83L’Jﬁﬂuﬂﬁﬁﬂqmﬁ{]ﬂllﬁﬂ\ﬂmuﬁ’ﬂl@ 2.14 1uuwm 2N
) = = ° Ay ¥ 3 X~ a
ﬂﬁhlﬁa!,L‘U‘Uﬂqu ‘llTJIWﬂ“H’J']‘Ll“VI 24 DIFLK LK m"hJ AAYUNDUAIYUUYY FINYUNHY 2 DI
LT half-cooling time, 3/4 cooling time 4L01& 7/8 cooling time N 46.48, 74.42 1oz 102.44
= o w ' 9 A = Y . . . .
IR MWAAY @IU T INANNUN 42 serrated e half-cooling time, 3/4 cooling time, 7/8
. . [ Y ~ o v J A 7 9
cooling time NNV 45.44, 73.96 L1ag 99.38 UIN MIUAIAY mummﬁ"lwmmumﬂﬁﬂuu ‘ll']'JTWﬂ

NIUN 24 osrsassod half-cooling time, 3/4 cooling time 4L81& 7/8 cooling time MNY 46.57,



112

74.75 uaz 102.57 W muday @3 Y Inannun 42 ssenesaidea 1@ half-cooling time, 3/4

(%

cooling time 1A 7/8 cooling time 1MAY 45.80, 74.24 LAz 99.47 WIH mwaay AnmuInla

' v A 3 9 9 A a 9 a gy ' = '
ANNUINSUANU DY IﬂﬂmTﬂTWﬂ%@mWQNQQﬂ31ﬂ$thnfniuﬂ]iﬂﬂ@ﬂ!ﬁguu@ﬂﬂgnl HANFINI

E]

= 3 9 7
IWSAUANUDUNTIUU
Time=10800 Max: 2,374
Surface: Temperature [*C]
Subdomain marker: Temperature [*C]
' 11 3 2.33
~
i}
2.3
-0.05
r 12.25
3578
-0.1
F 2.2
-0.15 F H42.15
-0.2 21
2.05
-0.25
min: 2 =
-0.05 Q 0.05 0.1 2
Min: 2.00

! < ! & A y a &
517 4.17 auaudniiga wazgaauiEaiga vesin Inannuiiioanguvgi Tuda 3 5 Tus

Y



113

—
\\

NN\
NN
NN NN

N\

Ve r / /
d /

]

0 OV < N O 00 O <
~N N N

20

0 O < N O 0 VU <
N D I T B B |

(BRGIVLILLBLR) @wgrp:a@w;En:@;wngv@gm:aw
14 A I [ =

20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180

10

N3 (117)

Q

narlumsangumng

1
=1

ISUAUANNUNAIT

eI R T IYEFY

519 4.18 ns 1A

Y

O

9

Tvauy

[

EY

E}

voznalumsang

115

v
%



114

—

~ \&V
\§

NN
NN A N
NN NN
~.

7 T 4
|V /

SEEEEN

N0 O < &N O 0 O < N O 00 O < N O 0 O <
N N &N AN N A A A

(BRGIVLILBLR) @wggsa@?:S:@_ﬁngggmxa.@
154 e = ® <

20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180

10

TRGIRE))

K]

nanlumsangung

1
=1

ISUAUANNUNAIT

eI RV IYEFY

519 4.19 ns 1A

Y

Tvanvuanlss

[

EY

E}

voznalumsang

115

v
%



115

=
Unn s

azdaidauazvatauanus

a a 9 4 o a ¥ %I
Ineninusmiuilldimsesnuuy a3 waznadeu sruunsangurgiiiiosdudleii

(9

< 9 2 o Y A ' s A
LEJHSUENSUTJIW@]W')'IH GINﬂ'l‘ﬂ‘L!ﬂll‘ViiJ 2 ETJLL‘]Jllﬂ'lill‘Viﬁ o L!‘UTJ‘Q?J ngfﬂﬂiﬁl ‘V]@G]ﬁ'lﬂ'li]l‘ﬂa

a 1< a =

Mot Ny Tnarnuidioimsanguygil tazinuiny 7 Tu Ngavgll 0 seruwaBoaud)

e

9
o Y v

v g’/ A 2 1 4 1
dansnann 13 1ansanumnu anwaa vaz iy Mawugu waganlsd seninisan
a3 : ~ ad g ' cd Y ¥
gy Ms mauuuguaziinsanasuesgurninGg 1 nanuuaalsdianios uaaqld
lus1 half cooling time 11az 7/8 cooling time d115UMT IMaUUVYY A1 half cooling time WAL
30.71, 21.00 1@ 3.29 U1 LAz 7/8 cooling time (AU 82.05 , 63.01 LA 44.51 UIN d1H5UNS

Ivauuualsd A1 half cooling time 1AV 41.50, 34.66 1Az21.15 WH 11a¢ 7/8 cooling time A

114.46, 103.97 taz 94.11 117 ludiuweauny waa taznldon auaiay

1 o o a 9 ES Y wa 9
ﬁ')uLLUUi]’la'f)\'iﬂ'lﬁ‘ﬂ'IHWEJQQJWQQJ%@Q%'I')IW@W')'IHHUi]gﬁ'f)\?ﬂﬁ'lﬂﬂmﬁwﬂﬁeuﬂ\?eﬂ'nIWﬂ
YU ﬁ@ ﬂ'mﬁﬁmﬁm%}@u ?hﬂ')WiJ%}fJufli'ILWWZ nag mmﬂumﬂu IﬂﬁlﬁWﬂ’lﬁﬁ’lﬂ?WN%}ﬂumﬂQ
3 9 o = A A o w A
LuaﬂﬂJnTWﬂwamuﬂmmﬂqgﬂ mﬂmmﬂmﬂaﬂmmmﬂu ATNA[INY A0 0.256+0.086,
~ = 1 9 o < 9
0.167£0.018 1482 0.105+£0.033 W/m-°C N 25 2 AUYALHFIT ATANUIDUIUNIL ﬂlf]\i!i]ﬁﬂ"ll’]'JTWﬂ
A I~ A A o w A =
HNUNATNINNEGA immmﬂmﬂaaﬂuamﬂu ATNATNY A9 3.70, 3.00 4az2.19 kl/kg°C n 25
= 2 o [ Y Y o ] 3 9 A
RNGRN IS G]N‘Vnm’iﬂimmﬂmmmmmumam LLﬁ%ﬂ'J’lﬂJ'ﬁu'llluu"Uﬂﬂluﬁﬂﬂl’lﬁiWﬂﬂﬁ’luNﬂ’l

WINiga 599091170 UnUEag 1WAsNANEIAD 0.98:0.05, 0.75+0.05 Az 0.52:0.08 g/cm’

Y s [}
u@ﬂ%1ﬂﬁLimﬁﬁj@\‘iﬂﬂ‘lﬁnﬁmﬂigﬁ‘ﬂ‘ﬁﬂTii;ﬂfJmﬂ’JTJJ%IEJHﬂ’JﬁJ%IfJuGUfNig‘U‘U?JﬂﬁI’JEJ “TN
J Y A a J 1 9 A 1 Jd A
ﬂﬁll“l/ia!,!,‘}_l‘]_l@iJ HuIMaudszansmsmamnanussunuINNI ﬂ']iulﬁmmﬂﬁlﬂ‘iﬂ A 1557.27
2 o w o 1 ' dy 1 o A a
o 1451.89 W/m™-°C auainy Ll'Iﬂ'Imﬁ'll!hlﬂﬁlﬁﬁluLLUU%'IEYENLLEWLIGEJ‘UW]EJ‘U QUNHUUDI

1 Twarnu 3 dn dwmsuspudiaesiuwain ldnnnsnaassvesgluuums lvauuy  que



116

a ' o o v ) o d
ANUAANIAIIAD 0.41, 0.58 1Az 2.91 °C My dwsugUuuums lvauuy anlsd Ann
AANAIANINDY (MDY 0.77, 1.85 11ag 0.07 °C ANa1AL

) o A = < 3 o
PoreruaIUz1INBAITUNTATIIARUAUNIN IALRNIZANUNIIY NIZEZMINDTNY
1 @ < 3 @ { A
ANAY 0IAVIIUTY 14 Az 21 T uaziinarlunsangungiiil  half-cooling time, 3/4
. . . . 4 g 9 J o o v
cooling time 1182 7/8 cooling time B 1HNTIUNAVNNYBINII INANNULANANAUNINY DY
- vaqy Ay o 9 ¥ KL 2
igala mrzaldszaznar lumsangungiivosazmlnilseudanmlgneunuu narluns

Yy 39
UNUNUBYAN

aEQ



117

VIIIUNIN

@ o a o 9 4 [ 4
Tyade oniaussa, assdany 910 Mo, ¥ luns wnieunssa , UNNId 909010 , AATNIH
11881, NANA Noda1n uaz 5% Asihszes. 2553. mﬁ%’auazﬁmmﬁmjﬁ’hﬂwwmm
amsuamadnaanazaaarinssunlszl . [Online] . Available

http://www.rdi.ku.ac.th/Techno_ku60/res-01/index01-2.html

o

=\ a Aaa [ 14 a wAa U < d' U YV
Al Yoyeinesa tag 1500 Saunduun . 2535 msdfifamendimsiiuieidnuazaaldl
= 4

nyunnd. TeReueng. 146 U,
als Yyuenesa. 2553. madfiamenasmsiiudeadinuazmalil [Online] . Available :

http://e-

service.agri.cmu.ac.th/course/course lecture_download.asp?CourseNO=359403&CID=423

'

AIIIU NIANAVITNA. 2553, Y1IWAHNU. [Online] . Available :

http://www.doae.go.th/library/html/2549/0709/Sweet_corn/U1.htm

an 4 a

< @ a J a J 9
IANTY UAIHDN, d37aU WIUY, NP ?J'Jﬁ’li, INMNNY UafnI, 'Nﬁ')a NBIADUNI LA

WUIAANA 1953, 2547. Differential Scanning Calorimetry (DSC) tag Differential
Thermal Analysis (DTA). [Online] . Available :

http://www.sci.buu.ac.th/~chemistry/staff/thanida/Polymer Chemistry/image files/chapter5

2.html

a o a a v o J (Y] )
NAUY YUDATAUANG , UTT Usenuneg Hagua3 meslduny . 2550. ﬂ1§'3ﬂﬂ'1ﬂ151ﬂﬂ313~l

Jouvesaaneaduateiadauvuvaadaior . mslssgndnims  aunal

=

dunadoutaziag A5eN 1 9alae puznalnudunadouazidg 31 @uAN 2550

Qe

a J
T59U5A9ENIU N1INIDS NIINNWe.

[ o

=) Qd 1 Y [ v J A Y =
MIFANA gra. 2540. Y Iwanu: msdsuljaiuguazmsigrivenisd. ngumwa . Tomeud

Tas. 188 u.



118

malulagy1ithie 2551, 41Inarnuveding ewnaadalilla aarauenil [Online] . Available

. http://siweb.dss.go.th/qa/search/search_description.asp?QA_ID=775.

upuningamm s1va. 2553, dunesTvalrih Ta3sh (KOIMA). [Online]. Available
http://www.nakarinbangkok.com/index.php?mo=3&art=184053

iwus lyenana . 2553, msangamgideundy  (Pre-cooling) . [Online] .  Available
http://natres.psu.ac.th/Department/PlantScience/510-111web/exercise/My%20Web111-
Activity5/images/precooling.pdf

Vnde Aeuysal, M wimauwed uaz sl Saumans. 2538, aadidimameanivuay

Franssuvesiatag . ngumn : 7MAINIRINTIUINEAS ABZIRINTTUAAAS do11iy

Yy 9 o
ma TuTagnszaoumnaunguUNMsmIANTL 1.

Py, 2553, 390.. ¥HAVIV1IWAKINY [Online] . Available :
http://it.doa.go.th/pibai/pibai/n11/v_11-feb/korkui.html

Toz 3@ Yoy -was, F¥1a dunied uag Uszasd o9gassar . 2531, MsangumginaANans
Flpousu 599 Improvement of Postharvest Techniques to Reduce Losses of Perishable

Commodities Produced in the Highlands of Northern Thailand, 10-13 9a1Ay 2531.

UMINOAT M.

lwea W5unagass. 2553, matinmsgndnalnarani [Online] . Available :
http://www.pacthai.co.th/knowleage base/sweetcorn.htm

vana gnld. 2553, manudouduwiz. [Online] . Available :
http://pirun.ku.ac.th/~g4765306/heat_transfer/specific_heat.htm

wnaei-Tnala (szmelng) 5190, 2553. Specific heat. [Online] . Available :
http://us.mt.com/global/en/home/supportive content/product documentation/product brochu
res/stare_specific_heat datasheet.rxHgAwXLuMvM.MediaFileComponent.html/51724808.p
df

131N Taned AesUels sy 19A. 2553. ICE BOX. [Online] . Available :

http://www.comosthailand.com/category.asp?pageNo=4&catid=22



119

X a a o Jd YY) .
AueIsendnsg Ine. 2548. maasaMdInanw : Tneasesndudu 3 veslan. [Online] .

Available : http://www.positioningmag.com/prnews/prnews.aspx?id=38075.

Auétvonans ne. 2553. Inlwannudl 52 : aseenanas. Inedeusaudilawi (ueunasugha
2UN 2615). [Online] . Available :

www.igetweb.com/www/mtmultimedia/private folder/pdf/2615.doc

(% 3 % a 4
Me¥a INQBI. 2528 @35 Ingmazmalulagnasmstiudeddinuazeald . njunwa . Tsanum

PHINAUNEATANEAS. 364U,

qiae gnotazamz. 2548. MsaemanuSnEdInanNulaemsangangiia gy
[Online] . Available :
http://dcms.thailis.or.th/dcms/browse.php?option=show&browse _type=title&titleid=61622&
display=list_subject&q=Granular%20Activated%20Carbon%20(GAC).

o w a a 4 [ Y : v A = d' .

FIUNUINITADNUNIUNDT, 2550. Tiaﬂf’ﬂi@@ﬂ!!‘UUﬁ%ﬂﬂﬁlﬁu“!ﬂwmllﬂ‘ﬂﬂﬂﬁl@ﬂ ADUN2. [Online] .

Available : http://www.ku.ac.th/e-magazine/nov50/agri/water2.htm

[

PATIAY AUFAA . 2547 . MsMANMEY . AJINN © 717 IAINTTVIATOINA AN

q

a J o @
IAINTIUAITNT ﬁﬂWUulﬂﬂIuTﬁﬁWﬁﬁ]fJiJLﬂigI)H%)'lf;lﬂlﬂW'lia'lﬂﬂigU\?.

NANY ﬂ@ﬁll“l/‘l\iﬁ. 2550. m‘émmgum%m. [Online]. Available :
http://www.thaiscience.com/lab_vol/P21/centrifuge.asp.

ASTM C 518, 2004. Standard Teat Method for Steady—State Thermal Transmission Properties
by Means of the Heat Flow Meter Apparatus, Vol. 04, No. 06, Annual Book of ASTM
Standards, pp. 158-172.

ASTM D 5334, 2004. Standard Test Method for Determination of Thermal Conductivity of Soil
and Soft Rock by Thermal Needle Probe Procedure, Vol. 04, No 09, Annual Book of
ASTM Standards, pp. 225-229.

A. Bejan 1993. Heat Transfer. Wiley.

Bowman, R.C. 1970. Thermal conductivity of cooked foods. M.Sc. Thesis, Leeds University, UK.

Boyette, M.D., Wilson, L.G., Estes, E.A., 1990. Postharvest Cooling and Handling of Sweet

Corn. Extension Service State Agricola N.C. State University, Raleigh, pp. 413-414.



120

Boyette, Estes and Rubin. 2010. hydrocooling. [Online] . Available :
http://www.bae.ncsu.edu/programs/extension/publicat/postharv/ag-414-4/index.html

Bryan R. Becker and Brian A. Fricke. 2002. “hydrocooling time estimation method”. Heat Mass

Transfer. 2(29) : 165-174.

Califano, A.N. and Calvelo, A., 1991, Thermal Conductivity of Potato between 50 and 100 C,

Journal of Food Science, Vol. 56, No. 2, pp. 586-589.

Caslaw H.S. and J.C. Jaeger, 1964, Conduction of Heat in Solids, 2 ed, Oxford Press, 58-60, pp.
344-345.

Choi, W. and Okos, M.R., 1986, “Food Engineering and Process Application,” London, Elsevier
Applied Science Publishers, pp. 96-102.

Chang, C.S., 1986, “Thermal Conductivity of wheat, Corn and Grain Sorghum as Affected by Bulk
Density and Moisture Content,” Transaction of The American Society Agriculture
Engineering, Vol. 29, No, 5, pp. 1447-1450.

Charm, S. 1978. The fundamentals of food engineering. AVI, Westport, CT. pp 164.

Chandra, P. K., & Singh, R. P. 1995. Applied numerical methods for food and agricultural

engineers pp. 163-167. Boca Raton, FL:CRC Press.

Clement Vigneault, Bernard Goyette,Yvan Gariepy, Patrick Cortbaoui, Marie Therees Charles and
Vijaya G.S. Raghavan, “Effect of ear orientation on hydrocooling performance and quality of

sweet corn”, Postharvest Biology and Technology, Vol. 43, 2007, pp. 351-357.
COMSOL, Inc. 1998-2010. Model Library
COMSOL, Inc. 1998-2010. USER'S GUIDE
Dilip Jain, Syed Mohammad Ilyas, Pankaj Pathare, Suday Prasad and Hardial Singh. “Development

of mathematical model for colling the fish with ice”. Journal of Food Engineering.

71(2005) : 324-329.



121

2

Dilip Jain and Pankaj Pathare, “Modelling of the Internal cooling of fish during Ice Storage
International Journal of Food Engineering, Vol. 3(2007), Iss. 4, Art.4.

Dincer, 1. (1995a). Cooling parameters and film conductances of spherical products cooled in
airflow. Applied Energy, 50: 269-280.

Dincer, I. (1995b). Air flow precooling of individual grapes. Journal of Food Engineering, 26: 243-
249,

Dincer, 1., Yildiz, M., Loker, M., Gun, H. (1992). Process parameters for hydrocooling apricots,

plums and peaches. International Journal of Food Science and Technology, 27: 347-52.
Dinger, 1. (ed) 1997. Heat Transfer in Food Cooling Applications. Taylor & Francis, Washington,

DC. 399 p.

FCRI online. 2551. ﬁ’uﬁi’hﬂwmmm. [Online] . Available :
http://210.246.186.28/fieldcrops/vcorn/var/003.HTM

F.P. Incropera and D.P. DeWitt. 1996. Fundamentals of Heat and Mass Transfer. 4" ed., John
Wiley & Sons.

Gariépy, Y., G.S.V., Raghavan and R. Thériault. 1987. Cooling characteristics of cabbage. Canadian

Agricultural Engineering, CSAE, Vol. 29(1): 45-50.

Golob, P., Farrell, G., Orchard, J.E. (Eds.), 2002. Postharvest Science and Technology, Principles
and Practices, vol. 1. Blackwell Science, p. 554.

Goyette, B., C. Vigneault, B. Panneton and G. S. V. Raghavan. 1996. Method to evaluate the average

temperature at the surface of a horticultural crop. Canadian Agricultural Engineering.

38(4): 291-295.

Gross, K., Wang, C.Y., Saltveit, M., 2004. The commercial storage of fruits, vegetables, and
nursery stocks. Agriculture Handbook number 66. USDA/ARS, Beltsville, MD, USA,

http://usna.usda.gov/hb66/contents.html.

Guillou, R. 1958. Some engineering aspects of cooling fruits and vegetables. Trans. of the ASAE.

1(1): 38-39.



122

H. Chen, B.P. Marks and R.Y. Murphy, “Modeling coupled heat and mass transfer for convection

cooking of chicken patties,” Journal of Food Engineering, vol. 42, 1999, pp. 139-146.
Heldman, D.R. and Singh, R.P., 1961, "Food Processing Engineering,” second edition, Connecticut,

AVI Publishing, pp. 129-250.

Heldman, D.R. and Singh, R.P., 1981, "Food Processing Engineering,” 2nded., AVI Publishing.
Connecticut, pp. 129-250.

Incropera; DeWitt, Bergman, Lavine (2007). Fundamentals of Heat and Mass Transfer (6th
edition ed.). John Wiley & Sons. pp. 260-261.

Jianbo Lu a,*, S.R.S. Dev a, G.S. Vijaya Raghavan a, Clement Vigneault a,b. 2009. “Simulation of a

forced-air-twin-chamber for measuring heat treatment uniformity in harvested tomatoes”.

Journal of Food Engineering, 95 (2009) 636-647.

Kader, A.A. (Ed.), 2002. Postharvest Technology of Horticultural Crops, 3% ed. Coop. Ext. Uni. of
Ca. Division of Agriculture and Natural Resources. Univ. of CA, Davis, CA. Publ. no. 3311,
535p.

Kays, J.S. (ed) 1997. Postharvest physiology of perishable plant products. Eaton Press, Athens,

Georgia. 532p.

Kustermann, M., Scherer, R. and Kutzbach, H.D., 1981, “Thermal Conductivity and Diffusivity of

Shelled Corn and Grain,” Journal of Food Process Engineering, Vol. 4, No. 1, pp. 137-153.

Mohsenin, N.N., 1980, Thermal Properties of Foods and Agricultural Materials, New York,
Gordon and Breach Science Publisher.

Nesvadba, P., 1982, "Methods for the Measurement of Thermal Conductivity and Diffusivity of Food

Stuffs," Journal of Food Engineering, Vol. 1, No. 1, pp. 23-113.

P. Cortbaoui. 2005. ASSESSMENT OF PRECOOLING TECHNOLOGIES FOR SWEET

CORN. Department of Bioresource Engineering. Thesis, McGill University, Canada.



123

Phil William. 2007. Near-infrared Technology Getting the Best Out of Light : A Short Course in
the Prsctical Implemetation of Near-infrared Spectroscopy for the User. 5" ed., PDK
Projects, Inc.

Rahman, M.S., 1992, "Thermal Conductivity of Four Food Materials as a Single Function of Porosity
and Water Content," Journal of Food Engineering, Vol. 15, No. 4, pp. 261-268.

Rahman, S. 1995. Food Properties Handbooks. CRC Press, Florida, p.192.

Ramaswamy, H.S. and Tung, M.A., 1981, “Thermophysical Properties of Apples in Related to
Freezing,” Journal of Food Science, Vol. 46, No. 3, pp. 724-728.

Rapusas, R.S. and Driscoll, R.H., 1995, “Thermophysical Properties of fresh and Dried White Onion
Slices,” Journal of Food Engineering, Vol. 24, pp. 149-164.

Rao, M.A. and Rizvi, S.S.H. 1985. Engineering properties of foods. New York : Marcel Dekker

Romphophak, T. 2007. Postharvest quality of sweet corn stored in ice, after hydrocooling. Australasian

Postharvest Conference. 10-12 September 2007, Crown Plaza Terrigal, NSW, Australia. p : 69.

Sastry, S.S. 1985. Introductory Methods of Numerical Analysis. Prentice-Hall of India Pvt. Ltd.,

New Delhi.
Siebel, J. E. 1982. Specific heat of various products. Ice Refrigeration, 2: 256-257.
Singh, R.P. and A. Chakraverty. (eds). 2001. Postharvest technology: cereals, pulses, fruits and

vegetables. Science Publishers Inc. Enfield, NH, USA. 356p.

Singh K.K. and Goswami T.K. “Thermal properties of cumin seed”.  Journal of Food

Engineering. 45(2005) : 181-187.Ramaswamy and Tung (1981)
Stanby, E.M., 1963, “Industrial Fishery Technology,” New York, Reinhold Publisher, pp. 195-196.

Sweat, V.E., 1974, “Experimental Values of Thermal Conductivity of Selected Fruits and

Vegetables”. Journal of Food Science, Vol. 39, No. 6, pp. 1080-1083

USDA handbook No. 66. The Commercial Storage of Fruits, Vegetables, and Nursery Stocks


http://books.google.co.th/url?id=t4L4wX7zurYC&pg=PA141&q=http://www.crcpress.com&linkid=1&usg=AFQjCNG9sb7YhmU3fNfZ2en-vuWw5jeLKQ&source=gbs_pub_info_s&cad=3

124

Vagenas, G.K., Marinos-Kouris, D. and Saravacos, G.D. 1990, “Thermal Properties of Raisins,”
Journal of Food Engineering, Vol. 11, No. 1, pp. 147-158.

Vagenas, G.K., Drouzas, A.E. and Marinos-Kouris, D., 1990, “Predictive Equations for
Thermophysical Properties of Plant Foods,” in Engineering and Food Vol.1 Physical
Properties and Process Control, Edited by Spiess, W.E.L. and Schubert, H., London,

Elsevier Applied Science, pp. 399-407.

Vikas Kumar et. Al. 2007. Conjugate Heat Transfer Analysis of an Egg. Excerpt from the

Proceedings of the COMSOL Conference 2007, Boston.

Wang, N. and Brennan, J.G., 1992, “Thermal Conductivity of Potato as a Function of Moisture
Content,” Journal of Food Engineering, Vol. 17, No. 3, pp. 153-160.

Wang J. and Hayakawa, K., 1993, “Thermal Conductivity of Starch Gels at High Temperatures
Influenced by Moisture.” Journal of Food Science, Vol. 58, No. 4, pp. 884-887.

Wikipedia. 2010. thermal conductivity. [Online] . Available :
http://en.wikipedia.org/wiki/Thermal conductivity

Zainal, B.S., Rahman. R.A., Ariff, A.B., Saari, B.N. and Asbi, B.A., 2000, “Effect of Temperature on
the Physical Properties of Pink Guava Juice at Two Different Concentrations”, Journal of

Food Engineering, Vol. 43, No. 1,pp 55-59.



Fo-umana
2 A =)
U oY Uina

A
Nno

ecR .

15z3amsAn

WaNTU

125

) Y A
UNWHAI NET AU

3 UNIIANY 2528

e 28/1 1.7 awda onlud 9.5umjs 22170

[

1Y Ly = = =) 4 =\ a J a
2545 SeAUNTOUANT 1393 UATOYATA JUNYT A11ING — AR
% =} [ a =} g a % =
2547 sgauisemeatiorns IMINFU I urINeIaema Tu Tags1ruena
U a [ = = =
Az IUDON IMBUVATUNYT Azna TuTagm eI/ enma TuTagn1s
01113
[ ~ ) = Yy 9 %
2550 szauifsyanas aonfuma TuTagnszaomndungunimsmanziii

a J a
AUSIAINTTUATITAT /1ONIAINTIUINHAT

a o~ a a
IEiUUiUUWHWH‘ﬁ?JﬂTiﬁﬂHW 2550 MAIFIAINTTUNEAT AUS
a 4 o =~ Yy 9 4
AIAINTIUAITNT ﬁﬂTU’HW]ﬂIuIﬁElW‘i%%fJiJ!ﬂﬁ%ﬁ]1ﬂﬂ!ﬂﬁ1'561ﬂﬂigﬂﬁ
A ° wa 3 9 ) o 29
1399 LUV VIITUUANNNIYNTNUVDIUUAAU Lwamuuﬂwuqm’ﬂu
Uszma Inamwziiugninsdaondulaeds livhae
Modeling of Physical Properties of Thai Rice for Adulteration Variety
Classification using Non-destructive Method
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