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ABSTRACT 

This research focused firstly on; constructing and improv,ing the 

proper equipment for measuring the specific heat (C )' thermal conductivityp
(k) and thermal diffusivity (0.) of giant tiger prawn. banana prawn. squid and 

cuttle fish and secondly. studying the effects of breeds (Penaeus monodon 

Febricius, Penaeus mergmensis de Man), freezing methods lair-blast freezing 

and dry-ice freezing) and temperatures (-30+ 1 -18+ 1 and -10+ 1 OC) for giant 

tiger prawn and banana prawn; and studying the effects of breeds IL.otigo 

formosana and Sepia pharaonis), conditions of thawing (unthawed and 

thawed) and temperatures (-40+ 1 -30 + 1 -18+ 1 and -10+ 1 OC) for squid and 

cuttle fish on their thermal properties. The Cp' k and 0. were measured by 

modified method of mixture. thermal conductivity probe.and thermal diffusivity 

plate, respectively. The corresponding Cp' k and of giant tiger prawn frozen by 

air-blast freezing were 0.423 - 1.148 cal/gOC. 1.109 - 1.288 W /m K, and 5.116 x 

710 - 6.942 x -710 m /s while the giant tiger prawn frozen by dry-ice freezing 

were 0.433 - 1.147 cal/gOC, 1.066- 1.291 W/m K, and 5.837 x -710 - 7.851 x -710 

m2/s respectively. The values of Cp' k and 0. of banana prawn frozen by air

blast freezing were 0.516 - 1.206 cal/gOC, 1.116 - 1.304 W /m K. and 5.908 x -710 

- 7.141 x -710 m2/s and t~ose of banana prawn frozen by dry-ice freezing were 

0.509 - 1.198 cal/gOC, 1.122 - 1.313 W/m K, and 5.942 x -710 - 7.800 x -710 m 
I 

2/s, respectively. The values of Cp' k and 0. of unthawed squid were 0.481 " 
I 

1.143cal/gOC, 1.311-1.567W/mK,and2.761 x-71O-7.451 x-71O m2/swhile 

those of the thawed squid wrer 0.375 - 1.017 cal/gOC, 1.156 - 1.349 W/m K. and 

2.833x 710 - 8.814 x -71 q m 2/s. The value of Cpo k and 0. of unthawed cuttle 

fish were 0.435 - 1.111 cal/gOC, 1.279 - 1.523 W /m K, and 2.891 x -710 - 8.492 x 
I 

-710 m 2/s and those of thawed cuttle fish were 0.426 - 1.066 cal/gOC. 1.244

1.493 W/m K. and 2.901 x -710 - 8.554 x -710 m2/s. respectively. The k and 0. 

were found to be polynomial functions with breeds, freezing methods and 

temperatures. while the Cp was found to be polynomial functions with breeds 

and temperature for giant tiger prawn and banana prawn. For squid and 

cuttle fish, the C , K and 0. were found to be polynomial functions with breeds,p

conditions of thawing and temperatures. 
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A = ~u~wUli~~v~nl,rll~1iluRl1~fvu 

Ce = Euler 
I 

s constant (0.5772157) 

C = ~11~fuu~I~~1~p 

CpA= Al1~fuu~IL~1~~il~il~~~LUu~ 

CpB= All~~uU~IL~l~~il~~il~L~~l~U chamber B 

= Al1~fuu~IL~1~~u~ilu~1~Cps 

Cpt= Al1~~uU~IL~1~~il~ stainless steel 

CpW= Al1~filU~IL~1~~u~~ 

Cpr= Al1~1BU~ILWl~~il~~1'~lA'31U~1~~~ 

Ds= ~11UWU1~u~ilil~1~ 

Dr= Al1~~Ul~il~~1'~1~'31U~1~~~ 

d =deflection ~iMiuilu~l~ 

dT/dt = Rl1~nU~il~n'1~L~u~'~nl~~ff~~lnnll~~~~~ 

dT/dx = Rl1~UAn~1~~il~~W~un~U~A~1~L~~lnunl'rll~1uUR11~filU 

E = U1~lWH11~~ilUfl~~L~~~iu1~,u~lnri~L11~~B~~~n~~u~ 
~ 

f 	 = Al~11~nu~il~ heating curve 


=Al~11~,Rl1~~uU
~ 

h 	 = ~~u'~~~~nl'nl~1ilUA11~~ilUfl~1 
0 

I = n,~u~1~n~~ 


k = ~1~nlWUIH11~1ilU 


= ~nlWUIH11~filU~il~~1'~lA'31~1~~~
kr 

= ~nlwuIH11~fuu~u~ililUl~ks 



xvi 

ME =~rwijn~a~filn~U"1(empty pan) 


Ms = ~11Ml~a~~lmh~LL~:::mnu::m', 


Mr = uJm1n~a~~1'l-Jl~'31~1~a~LL~:::mn~u"1 


ffir =~ln~a~~1'~1~'31~1~~~ 


T = ~~1Jil 

TC = ~~1J31 L;l-J~'U.~rNLLVltla1J1 L~ai 

Ts = ~~Li~~'U.~u~~lil~l~ 

=~~~~L~!'U.L~tl~~lnnl'nl'U.~tl~ stirrer ~'U.Ll~l tTt 

TW = ~~1Jil Li~~'U.lla~U'I 

WA =~nllu~a:::~~LUu~ 


WB = urwijn~a~ntl~L~nl''U. chamber B 


Ws = ~lla~~la~l~ 




xvii 

Wt 	 = iltmlnlltl~ stirrer 1:u chamber B 

= \t"mUn1lv~it1WW 

x 	 = d~tJ~rn~ 

'""'0•..., ' .' x·1 	 = a~dlG11u1~tJltmlinllf)~f)~~tI'l::r.;:nJS'h '~"1 "~";,i tl-: '':'''' .• -1".-;i .......: .J 


y = Dimensionless temperature ra··.io 

oc. =	~l~nl~u~iA1l~~tlU 


A1l~m!lLLW
fl 	= 



1 0 lIa~~~¥IilcmalWl"l~~tmn (lntl1Su, 2534) 1~m fo:·n:::11 :;;~:",.;!nl.!.~~ l~~ ·rU¥la~n~::;n..l,;':''1 -:~ 

mw)I"l~~¥I::1Jnlm1nUn::~~~JlLL1iU~~ ~u iUPlaUm1U-j~B1 ~-.J1"!'N l'~~~ll1n"l'l~~~ ':.~"';r?:iJ'1 

1J1~~mr~1 L~lrlffunl11.nL lnl1.W111u.nLL~~1.~L mn:::~u ;'11::: ·lim':::mUnl"L1'lll:.~'~ 

(~tlm{lilLLn:: LIn.) 1.JnlmlnU~::~~1~~n.nnnl''H~ml'!'~,;; 11;~'~U~:: LlRl~1'~~IU"'.il·"':.',,\rn : 

ullLL'~f)lWl"~ ln~U 1 ll::~w)ll:::;\1.nf)l~'Uhnrnl::~ ~ ~;~,(( ~::!:,l ~ fuJ~~ln1~Qi11JUJl~~~.fl~j~ 

"':;I. 	 .J ., ., ~ ."'ik .t '.~... Jot ,~' 
~~1J"m~nlf.J1l1.,tmm"l~nu JI~Wnl"~'ZIf)~nmllnH70~ ·..L~;;":1i'Virn~fl11~1f)U'lJIHtJ;'11i1~mL?:::fl" ~.. 	 . 
1~un fl11:J.l1'au~'l L1'11::: (specific heat) tltn'mi ;:Y11~J'~'ilU (thermal diffusbH.y ) 

m=!::: ~rnwulriA11:J.l~aU (thermal 'diffusivi ty) 1 1 'l1.i'&il~I·Hl\11~A:: I. UL lnl1.Uin1LdL~~·~ 

;\ L mJl::~:J.l1~ (Cleland, 1980) ~~ djUnl'l~'H lnlL~;l::~i,\~'~lmN ~~~~1.U~l'r~~lJ~·~.q{j 

l~UJ1J'::~~~ L~il 

1. 	 ~~I~un::1.JiU1.Jl~LAif)~~f);\L~::~~~lMiui~AI~~~~nl~A11:J.l~uU~f)~1Jn.~~n 

I.Ln::~~ 

2. 	 ~m:n~n'IJu~~~ nl"iil:::iillfJLLn::~tmoll;\llj\f)~J.l~liinl~fl11:J.l1'f)UlIil~1J,nm1n1.U 

~h~LLnu~~ 

~tm~ 

4:/ ~mn~nllil~Wu~ "~nl"u1iLL~~ua::iJ~9\1l~~,j9lm~A11lJ~m~lItl~~~1.U1h~ 

unu!~ 

http:mJl::~:J.l1
http:lrlffunl11.nL


• 


~2 


2.1.1 	nl'1~Rl1~~uU~iL~~ 

Rl1~~tlU~i L'I'Il~ L~~w~hn~ L't1ll-11J..dflUlil~~ilE.ll~mi-:j~il-:j~1' ~f} L~~.\ 

~ 

I 

~il-:jlllW1'Al1~~ilU~i\~1~~Rl1~~UA-:j~(~) ~UnUln~~~lnnilRl1~1ilU~iL~1~~ 

Ui~lM'R-:j~(Cy) 1~UUnMR1A11~~ilU~iL~1~~ll~ill~'~~1~1~~lnR1Rl1~1ilu~iL~n~ 

!ll-:jll-:jRu'~nuU~1~1 (Cpi) ~Ual~1'nu~~'1~lu1flU~n1n~u-:ju-:j~U'~nilU 

(Toledo,1991) ~-:j~~nl' (1) 

.•.......••.....•..•.. , (1) 


(Toledo, 1991) ~-:juM~-:j~U~l'l~ 2.1 
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~111~~ 2.1 ~11~~~rl1~~il~~11~~ilU~IL~1~(U~nili/n'~ il~A1L~aL~a)~il~a~~ 

u1~niluMl~1 ~ual~1 nU~~(~~H1L~~~~~~) 

a~~U1~nau a~n11 

" ~11~.g~ 

1t11MU 

1113.lU 

L~U"\U 

1111 

~nl1u111 L~1~ 

Cp 

Cp 

Cp 

Cp 

Cp 

Cp 

= 

= 

= 

= 

= 
= 

. ~'{1 0-8.r + 1.31 x1 0-6.r20.9975 - ~ 

0.4797 + 2.89x10-4r - 3.14x10-7r2 

0.4739 + 3.52x10-4r - 1.15x10-6r2 

0.4409 + 4.61x10-4r - 1.11x10-6.r2 

0.2610 + 4.51x10-4r - 8.79x10-7r2 

0.3699 + 4.69x10-4r - 1.42x10-6r2 

~1~11~~ilU~iL~1~fl1~~lnnl1~IUJ~1~il~Atl1~nilUM1~1 ~Uillnl1~ 

Qtm{Jll'),~ ~dlA1LL~mh~~ln~lAJlmaU~IL 1'Il~~1~~lnnl"'t1~~il~tl1~~ltl O. 7 O~ 1.9 

" 
Llh (Moline , 1961) 

.
~~UU~'l AJ1~-rilU~iL1'Ild1ijn~a~lIil~ ill~11u~a~lfii.~lra~"'1 ~1n 

",
nl1't1~~a~ ~~nl11~~lA11~~ilU~iL~1~al~1oni1~..,al~,g~~U 

2.1.1.1 nl1~~URaili~L~ai 

LRiil~~a~~f:Cil~lfiUUU u~~!..,annl1ni~lUL~~1nU~il~! 

LL~ailiil L"rd~ilan'MlI:: Lflu vacuum-jacket ~~il~a~a'nrlifL~~ mh~lIU1,,~a Lmn~ il 

r.Jli1~a~l~fl~~~uadl thermocouple ~""miul,,~~~a~ihB~~~L fuJ.Mluan LU~~U~11~~au 

~mLRaai~LMai (Mohsenin, 1980; Hwang ua~ Hayakawa, 1979) ~~4~ 2.1 

uan'nnM.dln11Ua~nunl1~qL§Ufl11~·~~1i\mlllU1U~mh~ Li111~,.a L~a"Uh1'6lnl1ijqL~fmiil 

1~iu~11~~au (adiabatic) Mlun~ ~a~,a~nl1~!U~nili~LMai~unl1~lR1R11~~au 

" ,
~iLl'I1~ ~anl1LM1~~i1atil~ua~iuMau~unl1n"aa~~lU alUl10~~~11~~lUlqUB~ni 
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"
uI1~~f~uiu~vUnll~~~1~ 

t. 

~~L1~1~UOldn~~v~~u nll~ru1~1~11~fvu'IL~1~~~wannl1a~inHw~~~lU~~~~01d.. 

= Cpw Ww (ATw) + He (~Tc) - E (2) 

:: (CpWWW + He + cps + Ws) (dT / dt) tF 

Tam ~v ~tlnuJll~~u.1~~v~ 


Tfw Rv ~~,~~~~n 


r-=r==~~== '1..4,1TlC (:"Yo.
'LJ.U " :: \,;0 

1UHIC 'MOl( 

Hf-++-- VAeJ"" !Gnu 

~----''------ , lAS! I ( cu, 

,4;1--- TN(UCQCOUIlC 
";U1(.HQ.I 

180 

(0) (1 ) 

Jtl~ 2.1 (n) nl~~~11~1a~ U~~a'~LMu1 

(1) ~11~~~Wufil~~1~~~nUL1al~a~~UUAna1nLMVi 



n. Method of mixture 

~~3J~ltJ~1~riu~11~lmn~th~L1anL tJ§tI~Rl13J~m~~ 

'YI11UA1Rl1~~tlU~-IL l'll~n"'l"\Ul.LRntl'ljl L~tJi ~~i~tl1Jn~~~"\"Uinstu ~ 'ln~iR~am~ L1J~UU 

11191tJ Llnl UI11JRrulWhR11~~tlU~1 L,"1~iRtI"\~~~nnl1tJ,+'n~'/'!~~'nu 

~. Modified method of mixture ~'tl indirect 

mixing method 

i~U~R~tJa"'l~1~ln1~ method of mixture 

iRU"\~~lmh~"\wn1f~1J11,LLUn~lmn'9hmn~~"\iI'u~n L1J~lJUrnl~~m~'YII"\~Rlmh'm~~ 

~11~lniill~'1J.Jilnl1~3JH~nU 'YIlnl1iRn11 LtlritllJJ.ltlGN~amollLL~~~ru1~lRl1J.J1tJU~'l ,"l~ 1E1 

nl~Rifqln L~Ul nU~hR11:!.l~vU'liil '~~'l '~~~ltl~tJ~Rl tlfll'l"\U«11~~n~"n 1~ ~ltllh~tllWTl 

'YI~La~"\~5aiRR1Rl1~~vU~IL,"1~1~url ~~ (Suzuki ua~~~.i979) 
, .. 

dltl L tJilJU L l1uUnl1lnA1Rl13J1'ilu~1 L'n::n~ 2 i~ 
, ~ 

'wtr:h method of mixture LmJl~~~iu9hllflT~iijjRl13Jfiu~1 LL~~1Jl~::altl"\U«11 

~lnal"'l~"\~uanL1J~t1UR11J.J~tlU ~~~ig modified method of mixture L~l::~lMiu 
, ~ 

~1m.h ~ itilRl1 J.J~Uij~ 

2.1.1.2 n11"\~ Differential scanning calorimeter: (DSC) 
, ~ 

"\fw~nn11L1JitiULfllJu~a~v~l'l~~~lUnLnR~U"\un1~U1unl'Utl111J.. 
~1t1Rl1J.J~llU ilLR~tl~UUnn (ttl~ 2.2 n) 'YI1n11uunn,"~"'I~1~fl1~'~ivaqL~t1"\un~~ 

nl'"\~Rl13J~tlUUn~1vtil~"\Ul1J~il'l thermogram (l1J~ 2.2 ~) ~~"\A thermogram ~~ 

U«R~~R~lUl'l~~'llUR113J~vU~1~i~1tlRltl~tl~~ltlUl~"\U'::~11~n'::UlU011 fillJ"'LULR;ll'l 

1J'~ntlU~lt1 sample holder(S), reference holder (R),LR~tl~Uunn~~ ua~ 

temperature programmer ~'lL~~lUR1U~1~uunl'"\~Rl1~~VU Rl1J.JLDu ~lU"\wq 

nl''YI~lUUa~nl'Rrulm~::unR1U~~~1t1RvuW1L~vi ~3Jnl'~"\"Rlul~lRl1~rvU 

~I L'Kl~~lfr~ga~ll 



I 

Cp = (dmr/d/ms ) Cpr+ (CpA / IDs)[d {( Mr - MB ) + ( MB - MA)}/ dims] 

....... . .' . ( 3 ) 

SENSORS 

l~lOIVIOUAL 

HEA'ERS 

(f) ) (11 ) 

~~ 2.2 (0) 

A11

1~UU~1Iu~ DSC 

l.J~BU~'L'l'fl:: 

(11) DSC Thermogram ~lMfUf)1'Aru1~1 

ifu~1Iu~,g DSC ~tl nl,'\«r.lrlnl,1~t10n«tl,mrl::'1~L'1 '\~ 

~ltlU1~tl'l.J1~nLnUL~n~~ru1~~~nf~Lnl~U u~~~ DSC ~tl~'\fLAiu~~u~'\~ 

LnA1u1aiJ111~lmLm::AmM1 L9\tl-lR1lJ~ n1' L9\1mJ9T1mh~A'u~,::31~,::i~ ~1n1' 

11~~u~A'tl~~R11~!Un::R11l.Jnru1qij~ 9T1tlUl~il1Hl'11::L~~'\*1fiUl~~lA11~filU~'L~1::1~un 

surimi (Wang Un:: Kolbe, 1991) Url::~a1~v~ (Sanz ua::R~, 1987) 



-  . 

TH£RMOCOCPL.:: 
RECORDER 

CEL.L 

ALUhIINUM CO/iTAINER 
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2.1.1.3 Moline's method 

19ihn~1~lRl13.J~aU~iL W1:::'2H)~tll\n1LL~LL~--J (Moline LLtl::: 

Rm:::, 1961) LR1tl~~tl~~ntl1:::ntl~~lVnatl~ polystyrene ~ ~nUUU1UL~tl~tl~nUn11dl~ 

1tlUR113.JttlUL'1~ULnU1tl nl~~un aluminium container 3~~1L1~tll~nau~L~tl~~ 

~111~1tlfh~fl1111t.rU"-nNnflLLllUilu ~lu1.JlUk.Jln"nn polystyrene ~~~tJ~ 2. 3 ~uiuJfu 

~:::uii~~n11~~lR113.J~UU~iL~1:::~1"~U container 1tJn~~~~iLnln~,~LDtlnu~~ 

tlUl~'1~L~1 ~ln~UUi1ti~rl~unrttl~1~~~~u~ 1~~~~1~~udn~1~~tl~1~Q~1U 

thermocoupl e L~tlUl:IJllnil~11nl1 Ltl~UUUtl'N~~U«:::RlUl~tl1~1w;l11~ttl"fl~qL ~~ 

~~n~~~LL1 "~tl3.J (Q) 1j\u~ntl3.Jnl',), ( 4) ~ln~U"19I1 tl~l ~~~tl 'ml'll'l¥hR113.J~tlU~i Ll'Cl::: 

1J",a~~u container LL«:::l1lnl11171tltN L 1fUL~~ «3.Jnl,~~n'\UIll'Rru11~hR113.JttlU~iL 'I'll::: 

1~ui5ifAtl 

............... (4 ) 


PLUG I'OR R,,~CVAL 
CF SP::C~"':::-l 

TO 
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~1VV1~Vl~11~~L~~~~~U~A1A11~raU~ILW1~~Un1~~mM~~1 

nil,~ Lilvnn!~1~un tJ~l~t:l~, ~~ ( Moline Ll~~A~, 1961) 

2.1.2 nl11~~n1WU~11~~vU 

~n1WUiA11~~vU (conduction) L~unl1nl~1vUA11~'vuflLn~~ln 

m1'11unu1~~~1~1Iv~il1f11'A CL.\H~Q~, v~~au, ~ L~AfldVU) aUL iiu~m"llflm1LL~nL 1J~f.JU 

'\'f~~~IU1~~il~lJ' L1~~IIM~ij~1tJU~lJi L1dil~am{]il~, Ln~iU1~~hulIV~LL!~ L'\'f"~ 

~L~Q~~il~lIv~U~~t:l~~n~n~lnnil~L~~~~a~lIa~L~~1 ~~a Rl~ Rl~nlWUIA11~1ilULfiu 

~~~1U1~~~'~nlJBfI"L'1l1a~n"OIU1BUA1'U~vU ~IAl~nlWUIA11~~V'~~lij~a~d~~~1~B~ 

m1rllf.J1tlUA11~~ilUn~dMlij~ Lnunu LL~::y!j'£1n1WU~11~1tlUL ~~~nJ~l\lWl::lIa~191Q 

LL~~::l1~(Mohsenin, 1980) 

~nlWUiA11~~ilU~nl1~~U~~ «1~ld~AIU1W1~f.J~~ Fourier's law ~~ • 

~~tu171t)~~1mh~~uu~~::,~A~~'UlutJ1 L.tJ~mun~L 1~1 U~::Bfl11 L'1~W111(nf.J1vUA11~'tlU 

~awd~wU1f.J~~L~A~1U1~~fl1~nlJA11~U~nRl~71V~Q~ ~~~~nld 

Q / A = -k dT / dX .•.••..••.............. , ....... (5) 


~~nldUL1~nil Fourier equation ~~nl11~Al~nlWUiA11~~aU 

~::t)IAU~31Ullt:l~~~nld~ 

Al~nlwuiA11~'v~I~10A)U1m~,fl~l£1nlWUiA11~~t)ulla~tl~~tJj::fltlU 

m ~ LA~ (ki ) Ua~£l~~1u1~m.Ji~1 911 (Xvi ) 1It)~LL~~::il~.tu1::ntlU ua::!1A11~£l~W5 

~~~v1uil 

k = L (ki xvi) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. (6) 

Lrlu xvi = xjpc /.p i 

Pc = 1 / .2.)(.i /,Pi) 
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1~mUn'l'f'U~11~-1'llU (ki) Lm~rl11~mJ.1LLllu (p i ) llf)~v-ll~tJ'~nllU 

~1~1 ~Ufll~1'~1~1'nrlIU1~~ln~~nl'rl11~~uiurl'~~il~Rl~nlWUIrl11~faunu~~ 

(Toledo, 1991) ~~u~~~~U~l'l~~ 2.2 

~1'1~~ 2.2 	 ~~nl'U~~~rl11~~~iu~,~wil~~nlwu~11~~uU (l~/L~~' f)~A1L~~~U) 

Lll1~~11~lN1LLllu (n'~/il~nil9l') ~v~f)~AtJ':::nfJU9h~1 "LutJl\n'nu~~~ci4 

(iNAl LfI~~U ) 

~~m,v~AtI'~nf)U 

k·1 "oi 

II 

~11~~U O.57109-0.0017625T-6.7306x10-&y2 997 . 18+O.003T 

-D.OO37574T2 

O.1788+O.0011958T-2.7178x10-6T21tJ'~u 1329.9-0.518T 

111W O.1807-Q.OO27604T-1.7749x10-7T2 925 . 59-0.417T 

O.18331+O.0012497T-3.1683x10-6r2 1311 . 5-0.365T 

Lll'1 

L~"'UJ 

O.3296+O.001401T-2.9069x10-6T2 2423.8-0.28OT 

Sn;1U1i1 L",,, O.2014+O.0013874T-4.3312x10-6r2 1599.1-Q.31OT 

tI I 

2.1.2.1 Steady State method ~fiUR111Ul~n~1l~nl'1~ 

f)U~un11~~~~a~tlq~ ~ 1~~~1 ~~~ (~LuriuuutJa~1tJn~L1al) nl'~lRl~nlwui 

rl11~ftl"ni1~1~Ul~tJ'~1~11~-1'tlU~~~u0i1v~1~ua~rl11~u"n~1~lltl~q~ ~~ 

~annl'~ 3 1fi~a 
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n. Modified parallel plate method ~iv 

Modified guard hot plate method 
"

i5U~~~~Av~~l~~n~v~L~l~«1M1U~~~~vl~l' 

LL~~~a~vl~l'~ LfJUluhl. 1~vm'~;htlf.h~~untl~il~ntNmi~1ll[J~lUR~v~iltl (Lentz. 

1961 )~~~l~mi~~~~«nUL1~~~~..vRll~-ttlU( heat source) LLa~~n~l~~~«ifuul1~~11JRll~';-v\l. 

(heat sink) LL~d'l guard plate «1l11uifv~num'aqL~mnl~-ttl~~~LL1~~m.j 

Rll~~aU1B~ti1UV1~~lniBnl'~t1~ Guard hot plate ~~~ntl~~~lvVl~L~V~ 

~v~L~Vl ~~~iRU'~l~ll~~t1U~~~Un~laUl~1~VA'~L~t1RiUl~l~nlWUlRll~~t1U~a~~1 
. ."

t1Ul~ 1~[J~~«~~3l~llti1~l~ll~ftl~~~~Un~1t1Ul~~~LnlnUU'~l~ll~-til\l.n~~~n1l1~ 
"- "

~l~~lvUl~L~~~nl,~qL~VRll~-ttl~LnR~\I. u~~unl~tiDU~UmLl1~~~~Rll~-ttl\l.~~n 

nlH1t1~"ll~-ttlU\1 hot piate ~~ L~l\1.~~Rll~"'t1u.un~lt1Vl~ m\1JldlH1t1~"ll~~t1~~ifun 

guard ring gap l1""t\~L ii~"ll~'U.l«~~al1l~~1l~i'v\l.'~~ll~ hot plate LL~~ guard 
"

ring gap ~~ilnl,uqL ~[J"ll~-ttl\l.L n~~Ul1""t\~r.mm'11~~t1~W~al~1~ m'~n1~Q~l~a~ 

11,~14«l~l"Hllffin L~u~m'1~tii~llllRll~1't1U~~~LLn~1t1Vl~1~V~'~ ~h«J)l?rn'1Rll~i't1~ 

Q 
. 

L~t1 

, , 
= krA (T1-T2) / Dr = ksA (T 1-T 2) / Os 

"

T1 ua~ T2 ~t1~~n~~il~~lu~a~ililul~ 

... . ........ (7) 

T'1 ua~ T'2 ~il~~~~«t1~~lU!V~l~~~l~~~ 
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Thermal insulation 

{CU, . ",,,
'lut 

Cool in~ 


I i qui cf 1n 
 Insulation 

Gasket.Thel"lDoeoup I E 

hea ceJ' 

Hot. pla ce 

t.est area 

Guard area 

Cool i ng' 


lIqu i d out. 
 :::=~:=:==-- iranspal'ent plas t Ie 5 Ides 
l!asket 

• ThermoeOlIl' Ie laca t. ion 

tU~ 2.4 nl~~~t1l~ta~ Parallel plate apparatus 

~1v~l~~nl'U~1l~fauu~nMl~nU~UUM~~~~nl~ (non isotropic materials) 1~ 
, " ~1v~l~al~l'ntL~fl~~~tti~~l~nlWU~1l~fvU1~un ual~u~ U~~ salmon (Lentz, 

1961) 
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~. Concentric sphere method 

i~U~lRl~nlWU~11~~aU1~UU"1~1aUl~~~~U 

na~il~~B~L~;B~~uluil~n'~nn~~1A~lU~U r1 Un~~1A~nluunn rZ (El-sahrigi 
I '" 	 'I 

LLn:::~~. 1981) ~~!l heater M~~~f)~mfJ~um~n~~~lU'l.U q;un Z. 5) UIL l1ia~jjf) 

~rl'l.unrlf)~~~U1Ufl~n~~1M1~UL1fJunlnlAU'L1m1uULI1;il~~BU~:::~~~11~1ilU~U 

Lfl~m1:::"~~a ~1~nlWiA11~'~llU~1U101~ln~~m' (8) 

......... . ..... (8) 


Lrlil Q = VIt 

T1 LL~::: TZ ~a ~um{]llnf)~M1mh~~1AMlfJ'l.U (r 1) LL~::'A~ 

nluunn (rZ) ~11::~~~~1~n~U 

SAJ<:P L~ 

THEP.}{OCOU?LE:S 

LARGE SPSct(::SHALL 	 SPhERE 

HEATER 

,u~ 	Z.S Concentric sphere apparatus... 

i~aLnuiB~'l.~~n steady state ~'l.~Rl~nlWUI 

~11U~ilu~un«1l~Uln~~~Ldv~~ln"1~1'nn~~~11~~1~iluLn~~lnnl,uqL~~11~~uu1~ 

UM'tli L~iHluu Liiv~~nn«u~'l.~~1Ulh~Mluil.nl1~nnU1~lJUtf~'~ Un::«il~~~ti~~;~ 



~8~U~ (Long, 1955) 

R. Concentric cylinder method 

i~~1U~M~~nU~1vUl~V1M11fll~~~8L~U 

L~~L~nl 1~UU111~1VU1~~urlv~il~JU1~UM1U~V~LR;v~~8,un1~n1~U8n~fAnnlU~U 

(r1) u~~iAUnlu~n (r2) ~~l~ 2.6 ~~~11~~au1~u~~ heater ~a~~lUhU 

~v~n1~n1~uan~~~ill~~~~~~~flL~il'n~1~~ Rl~nlWU~11~~vU ~~RIU1~ 

1~·n n~~nl'l 

............ ( 9) 


Lrlv 	 Q = VIt 

T1 U~~ T2 ~v~~~a~~1mh~fliAi1 r1 LL~~ r2 Al~~~rn\11l1~ 

~~iJ~ 

r1 u~~ r2 ~vf~u~uua~f~uU8n~il~n1~n1~uiln~1~~~u 

1 

1~1f) U~l~v~, Herring, Whale meat (Baghe-khandan U~~R~, 1981 lrl~~~ 

Steel, 1958 U~~ Smith LL~~A~, 1952) Hadcock (Bagbe-khandan LL~~AlI::, 

1981, ~l~n~ LuckU~~AII:::, 1964) 
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TW 

OIAM.-1. 1272. • 

cs OIAM.-O.997L." 

LS = Liquid space Hi'fl 

lItJ~"\~~biHh ~ 

CS = Centering screw 

H = Heater 

Ie = Inner cylinder-brass 

OC = Outer cylinder 

TW = Thermister well 

PT = Potential taps 

1l11'1i1F1~11~'ZHN concentric cylinder apparatus \Woodams LLiil~ 

R~, 1968,~1~n~ Wolf and Sibbitt, 1954) 

nljl~Rl~nlWU~11~'fl~LUU steady state ~ 

~u~~unljRJu1~~1~ U~~~1~lj~iFlRl~nlWUIR11~~tJU~tJ~i1tJrll~~Lfiu~il~LHiil1 ~~ ~'tJ 
• • t. 

L~~Fl1~ U~il~il L~U~tJ 'Ul Lmn::nUil1mh~fll~ljn~LL§~mtR11~~m.nnn11~tJUtl~ 10 
. ~ 


LUv~~ln~~LnFl moisture migration L1'I71~"\fL1al"\unl1n~ail~u~a~Ri~ulu~al~ 

.., . 

n1~~uvn~lnttU~ill~LnFln17eqL~UR11~~uu~lnLRi'il~~il~n~1U (Reidy Ua~Rippen, 1971) 
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2.1.2.2 Semi - steady state method 1~U~~~annl1~v~ 

quasi - steady state heat transfer ~~L~1~nUAlv~1~~~~1«nlWU~11~~v~~1 

L~~1~U'~lm~11~~vU~~lv~1~1~1U~lunl11~~~~~L~Ju~v~Aln~1~~1UR11~~vU 

~lnnl1~~~~nU~lilUl~(~ln~1~~Uu~~~iln~L~il'U} LRua~11nl1LuriUUUUn~Q~~v 

Llnl~v~~lnnl~~~vU n~~~lvul~By~unl1~n~~~~n 

n11~lfh~mllUIR11~~Bu~!'1~1gU~~'\~~lmh~~-«il~1~vd'1~ 

chamber A LLn~ chamber B ~~~~~Rnmhu~v'nltN L~~11,m~1~~~~v~~lU 

(lU~ 2.7) ~u chamber A ~~~~v~L~nl~~~U~ L~ilril~1uUR11~~uUltl~~luUl~ 

~lU chamber B ~~~~u~L~nl~~~RIL~iliu~11~~uU~ln~1vUl~ fil~~ULAiil~~il~~ 

!l stirrer L~mh~'YI~~Q~~lU~~ chamber ~3lIL~~u LLn~ LR;il~ilU~~~'lU1U~ 

L~iluil~nunl1rlluLuu~11~1uUltlg~~~Ul~~il~ ~1~mWUIR11~~uuRrul~ln~~nl' 

stirrer 

k = (ws cps + wB cpB + Wt Cpt) (TSf - TSO - Tt ) Ds 

A (T3 - T4) .6t ....... ( 11 ) 

. 
L~u TS£ ua~ TSO Lfl~~~u~~u~L~l~U chamber ~ ~UL1nl 


t Un~ Llnl L.:j~RU ft1~n~lJ 


T3 L~aMUO~u~~1~lBU1~~~RnlJ chamber A ~ULlnl t 


T4 L~~~~~u~~l~luUl~~~RnlJ chamber B ~ULlnl t 
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71"'~'tII~ 

II~V -'C CO""-O\..Lflt 

~ 

ig~~v~jn~~v~l~1~~IM~Unl'1~Rl~nlWU~11~~v~~a~1~n• 

LtI~tJmmfJ (Tulshian LL~~ Wheaton, 1986) u~~'\iI'~~nl'''l~~&''~l~"iltu.iifuiftll4'\u 

nl'~~ll1 ~lmh~vlm'~~ln~").nSU ~u tI~lmln (Matuszek LLn::~~, 1983) 

~ 

2.1.2.3 Transient ~1u unsteady state method igu 

~1tJ~1~tJij").~11::~~~~~Un~'\~Llnl'\unl'~~ntJ~L~1~ln 1~fJl~~aMan~L~~UUUtla~1~nULlnl 
, ~ 

i~n'\iI'~annl,u~unl'1~Rl~nlWU~11~1a~~u~al~'~~la~L~~igL~fJl~u Probe method 

Probe method Lnuig~l~l'lln line heat source 

method ~~~'\unl'1~~1~nlWUIR11~1u~ ~g~J thermal conductivity 

, ,~ 

n~~qM1Rl1~~~wnlAnL~~~ULUv~~ln~ul~~a~ probe nlU'\~ heating wire LnUU~a~ 

'\«Al1~1uU Un~ thermocouple ~1M1Ul~Q~ (l~ .2.8) nl'1~Rl~nlWUiAl1~1uU 
, , .. 


nj1~fJLaUU probe LiI'11t1'\UMluUl~flnQ~~~n ~lnUl4'\~~11~1vuurl heating wire 



17 


, • t. 

u~nn~~~~il~~1il~l~nLU~~~1~~Ll~l~~1 nl1~~ thermal conductivity probe 

illA~~~nnl'~ll U~~~~~~ll~~il~LD~n'~n1~Uiln~~~ll~~ll~~ln~ ~L~uHl~euUn~l~ 

Lfl~n~euUu~dlnl '"\~vl1l~~il~~~lJ1Ul~~~~~L~11AijLLn~1 mh~~~l~"\""crB~~Rll~~ill L~~il 
, t. t. 

nlnun~~U1~~~U~~"\~llufvUil~nl~"\U 

~vU~lnu~a~"\«~llU~vU~v 

a T / a t = ex. [ a 2T / e r2 + ( 1 / r ) ( a T / 8 r ) ) ......... ( 1 2 ) 


,ln~~nl' (12) Lrlviju~a~"\~~llU1ilU~RllU~ll~,.n~L~~~L~U 

~lUe~n~l~L~n~ln ~unl'u~~~nl'LlJri~UUlJ~~~~~V~~lil~l~~il 

T = (q'/2rrk) ~ [(exp (-r2 )/rdr ............ ( 13 ) 


~ 

= r / [2(cx t)1/2] ................ . .......... ( 14 ) 

Lrlv q'= 3.414 r2R 

~l T L D~~{.Ul1!v~U~~~~i(Rllu1'il~flw';UlIIIVlll~~ilU q' LL~~ ~ ijAl 

uv~nll 0.16 nl'LlJ~UUUlJ~~~~'lnLl~l t1 1lJfi~ t2 LDu 

6T = T2 - T1 = (q'/47Tk) [ln (t2 / t1)] ......... (15) 


k = [q'/41i' (T2 - T1)] In (t2 / t1) ............. ( 16 ) 

Lrlv T1 u~~ T2 Ail~~L1~l t1 U~~ t2 ~lUn~U 
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. SERIES THERMOCOUPLE LEADS 

I COPPER POwER LE~OS 

• rALUMINUM 	SLEEVE~ ..-. 

THERMOCOUPLE JUNCTIONS 

TUBE 

~HEATER WIRE 

-~--STEEL TIP 

lU~ 2.8 	 nl~~~~11~~a~ thermal conductivity probe (Mohsenin, 

1980) 

~a~rn~~a~ thermal conductivity probe ~il~L~l~ 
, 	 ~ 

~1M1U non-viscous food L~~~ln~~Ln~nl'Ol~1aUR11~~ilUlluunl'~lnU'~U1 probe 

unn~lnUrr~~~1~1'n~nnuM1atil~~R11UU1~~lnLnu wU~~~1 ~~ULrln~~ln~a~~ 

i1aUl~il~'ilU probe ~UUi~l~~ln~il il~1~1'~~1~ nl'~! probe ~~1~iUR11~Uu~ 

L~'l~~!L 1~1~Unl',"~~il~~mJ Lm.n~n'Ul)llfl,i\llRl1~lUij~ lf1m)llfl'LLnU~~LL~:::~i'l 

~u'~lfil~fll'LLU'll.l (Reidy U~~ Rippen, 1971) 

Mlil~l~vllfl'n~L~fl~! thermal conductivity probe ~unl'lR 

"'n~mwulAl1~"'ilU1~un salmon, sole, black bhitki, black pomphret, mackerel, 

red bhitki, singra, hilsa, surama, white pomphret, mallii U~~ rohu 

(Kumbhar ~:::R~, 1981) surimi (Wang Un::: Kolbe, 1991) l.l~l~nn~lU ( Rahman 

~~ Potluri, 1991) Lfi.KM'u 
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Thermal diffusion equation ( Woodams ~:: Norvey, 1968; Kent LLiil::R~, 1984; 

Matuszek LLGl::R~, 1983; El-sahrigi LLiil::RIlI:::, 1981), Schwartzberg's equation 

(Succar ua::Hayakawa, 1983), Maxwell-Eucken equation (Lentz, 1961) Uiil:: 

Levy's equat ion (Succar Lm:: Hayakawa, 1983) 

~lUR1l~~aULn~~lnnl'~1MQ~~~U~11~~aULa111 Ln~a~~~~~LU~~UlLU~~1U~~WU~U 

~n11:: unsteady state ~'a transient heat transfer (Mohsenin, 1980) 

1~~lMQ~~lanl~w1R1l~~a~~ ~::~ilM'lnl'U~1~lu~a~R1l~~vU1~L'1 ~unl~n~u~l 

1~Q~uiMl~nlWlL"'iR1l~.yau9\i nl"U"'iR1l»~iluft~::'l'mia~11tl~1tJ Lrll)ilnl'~~R1l~i'l)U 

~iil~~R11~~au~lnill~1' nl'n'::~1~~~~U1MQ~unl1:: unsteady state u~R~1~~1u~~nl' 

Rl~fil~L~i~11~~iluU~il~11~~~Wu5 nU~lanlWUIR11~~uU (k) ~1~11~~UU 

~iLWl:: (Cp ) ua::~11~WU1UUU ( ) ~~~~nl' 

oc = kiPS> •••......•............... ( 18 ) 


Uiln~ln~::Wl~1~nlML~iR1l~~au~lna~nl' (18) V~~1~1'n1R~1~fil~ 

U"'iR1l~~ilULRUR'~1~~nlU1~~~a 
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2.1.3.1 Line heat source method 

i~a Kumbhar - ~m~~1I:; (1981) 1~UI1l1'\~1R~3.Jmhn~ 

wnllfvu'lltNU~l L~~fl~31tlihir1RU,.~ntluA'''lU 36 guage fine heater wire LL~~ 

30 guage copper-constantan thermocouple ~1U1U 4 ~ ~u ~~~Raun~i~11''\u 
, .,

n,.vu'llv~ aluminium plate ~~~~U~~~1tl~1~ (lUn 2.9) ~lnUUUI1l1'\~'\un~v~ 

lfin~~n~uRjlR~R Uil::Ui11.l13.J'\ulh~Hil'lltl~ Llffi1tl~ 1RlIl.l'1I11lO"~~L~1wk1~'\~~R1U~1I 

1RlI'\n rheostat 

-f.j (~

3=Ll 
6 

~I 
a 

8 : 

""-=' 

10 

II13. 

b 

'1.l~2.9 ~~LwU~'llv~ thermocouple Uil:: heater '\u aluminium plate 

a - perspective view; b - side view of schematic diagram of 

experimental set-up; 1 to 4-thermocouple; 5-aluminium frame; 6-beater; 

7-switch; 8-rheostat; 9-ammeter; 1Q-sample; 11-bleeder lamp; 12-recorder; 

13-thermos flask; 14-storage battery 12 V 



w" " 
M"ftJ)"ntl14 rralUUl"!lUl nl 1 

" J ~ ... 
,,.'tl4n1 ruU"ll ",Ullle . 
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thermocouple ""'lLml~~ 1 LLf'I:: 4 lP1~tmJjl~th L~llflPlEfllU 

11~11~~llu~ln heating wire ~fl~~l RvL~1"11~EfllU~Ul~~ll~~lvUl~~~« 

L~nLftu1~ ~1~lVU1~~~U1PlL~n1~~~f'lfI~~A1EffllWU~iPll1~~VU~~iUl~1~gn~v~ ~lU 

~~~lP1~ln thermocouple ""'lLwU~~ 2 ~::~t~un11~1U1W1P1U~~~~n11(19) 

T = q [ - Ce - lnp + ~2 _ p4 _ ~6 ..... J•..• (19) 

2 2. 1 ! 4:2! 6.3! 

rh tJ ~1~U""nI1AIU1I1lih~ml'lLLl'I-JA11~-tvU~ln~~nl1 (14) ~~rh 

x LL~::; t ~1~11{)'rn1~~lnnl1f1P1~t1~ ~1t1~1~vl,"11f1:: Lf'I~").n line heat source method 

mackerel, red bhitki, sinhara, hilsa, surama, white pomphret, malli, 

black bhitki ~:: rohu ~v~ifiPl~v~l~ttRB n11U11,~la~1~~U aluminium plate 

~::Mv~mJ~~lmh ~tll"'11t1amL~lH'S::nunu1Au~lf thermocoupl e LL~:: heating wires 
IJ '"' I .., 

tl~1::"'il~~ULUvn~Efa~ ~~~::~tl~1::1~~~vlnl~1~A~U Ll'I11::fll").lf~~n111~ 

2.1.3.2 Acalorimeter method 

L~~tl~~v~1::nllU~lun1::~B~fl1~n1::uan~~fllU~~ 

thermocouple ~--miU1P1~~"'~1~mn~m::l1iN 0l1,"1~1~mW\L~-J~11~1'aufli1P1t1UI 

~1avl~~~~un1::Utl~ Ui1tlf1l").~~vU1P1U~t~uill~~ftl~LA~tl~n1U (l~ 2.10)Uunn~~ 

~t1~~ltl~1~~L~~ffU1~nUL1~1 u~::u~1~fl~n11~'::'H11~~~nuLlal~~1~~ 2.11'" .. .. 
(Annamma Lla:: Rao, 1974) ua::AlUll1Al~ml'lu~iPll1~fvu~lnEf~nl1(20) ~lmh~lll"'l' 

fI:: La~~rlfiUmAl£fmw.L.,dAl1~-tvU 1~ur\~~1 mackerel ua:::~al sardin3 (Annamma LLf'I:: 

Rao, 1974) 
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2.306 

d-	 = .......... (20) 

f[( 2.4048 /r )2 + ( ~ / 21 )2 ] 
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Slopo - f 

Tims (Min) 

2.1.3.3 nldL~ Temperature profiles 

~lB~1~~~un~111\u block ~~~lU~l~#~ 4 ~lU~~~l~ 

~lEJ1l'i)J~1~~T1i'\rl!lfl LflU~U1U GtlU~lu~mLn~~1~1~~::sl~~«n1J~1n~::Ll&m LlJ~EJUR11~1'BU 

~~~l'llmi~~~ L~lU"\"'Rl1l-li'Bwr\ilmh~ (thawing) LLn~~n«lumi~11-m-Ul~~~Rl1:I.J"'BU 
, ., 

aBn~ln~liltil~ (freezing) (~Ufl 2.12)~~uun11"\"'Rl1l-li'Bu~iaRl1:I.JLnU~::~lU 

~la~l~Luuulunu y Lnl~U (one dimension heat flow) ~~LU~liltil~~~ILLwU~ 

~1~1 ~::~nlR1~H\~ probe ~~lJ1::na~~lU thermocouple 20 L~U~L~al-l~~a~n~ 

~u~al«~~1~1 1::U::1::~il~,~~i~L~a::,~~~nU~1::~1~ 2.54 mm Un::Uu~n~~ 

'YIn 1 60 1Ul~(Kent Un:: R~, 1984)• 
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b 

:=J _0.._ 

h 

(a) flow of hot or cold ethanol : (b) aluminium heat exchanger 

(c) rectangular tufnol frame (d) thermal insulation around sample 

(e) sample: (f) thermocouple junctions (g) plastic strip 

supporting thermocouples: (h) Cable to data logger: (i) heat flux 

sensor 

~ffnn11~V~~~U~V ~~~~n1~~lV~UA1V~1~~nl1L~~vmL~a~ 

-u.j~-3~ ~1~rn""LL""'~11lJ-ttl'U"nl1~.nnm11Yt~~m~"'llJ~UM1mh~~~'"l.Lml~9h~ 1 ~u 

Llal~n~ua~'U~~1~1~~1'U1amt~1~nlwuwiA11~~tlU 1Yta~~~lJn11 

heat equation ~~a 
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aT / at 
............. (21 ) 


X :: 7~a~nl~~~~~lnnu freezer- thawer plate 

Te:: ~~~~~~~~iilij~~~~il~ Temperature profile 

. xe:: ~"'Uml~';~am(p1 Te 

~1ilUl~ill~ldn~L~~~n~I~I~nl~L~'~11~~ilU~1aifi~ ~il 

l.l~l~il~ Un~ mackerel (Kent LLa~RI¥::, 1984) ~~ifil"lrnRlILl~nld'\if temperature 
t.. 

profiles ~il~luU1U~il~nUR11~~vU7ilU, ~1ilVl~~~"l~~nI7ijqL~unil~~11~~LlULnR~U 
t.. 

ni'\~B~71nld freezing ifl~~U~~B~71nI7 thawing L'1~U U~~ thermocouple ~~ 

~Ll~n~uunuu~u~I~~nL~il'\~L~ffU probe Lifl11.l'\U~1iltil~1~~I~~~L~~~~Ll~nI7 nl1 

~~1~LR;Ll~~ilL~~nI7~1U1~~1a1fia~~~~aln U~~~il~~il~~il~R1~~il~71nI7'\~R11~~ilU 
"

ua~'\~7~U~L1~I'\unI7n"nil~~U nI7'\~R11~~aU~'Ll~~R11~~LlUililn"lln~1ilVl~"l~'\n~L~U~ 

nu1fi';'\~'\un1~U1unI7Ul.ld71.lLll~17~ln.. 

2.1.3.4 Slab shape method 

'~UL ~1~ilil'l'lUill~ldM Lnuib Lnu 111mJnlLL~~ L~~I~1 

(Kubota U~~R~, 1983) ~niLfiund~n~~1vll.lil~rlu1~aln LR~Ll~~il~'\iflR 

1.l7~nLlU~1unail~*n~1al~~~~I~nlWUIR11~~a~~ L~1Ufl'\t'\unI7Ud71~1Ll~I~ 

~1U~IU~~~il~nld'\~Ln~nl1rllv1iluR11~~ilU~~~~1V~U1UWUl 50 ~~~L~~7 nin171R 

~~~filUwU~~I~I~nlMU~1~~1U thermocouple (l~ 2.13)'\if~1~~~Ll~LRiil~n1U 

2 ~1~Lfiuql.ln7~im'lU'ln~I~~i1LlVl~'\~R~~'\~R11~~iluun~1LlUl~fil~~~U(J~2.14) 

UU~n~~Ll.lriu~L1.l~~1ufluR~~1R'\U~1ilUl~ ~ L1~lMl~I~1VLR~v~ recorder 

U~1UrAl~~~~l.lRIU1m1Ru'\if11.ldUn7~RiluW1Lfivi1~uaL~ilU1~~il n1701v1vu 

R11~~ilULnRL~~flAnl~L~U1 (one - dimensional heat flow) ~u~~~niLu~ 

http:1~Lfiuql.ln7~im'lU'ln~I~~i1LlVl~'\~R~~'\~R11~~iluun~1LlUl~fil~~~U(J~2.14
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t. 

R1lJrtmUntl"\'U.i~Q Lm::~m-..u.l'ri~nl3J~f.)'U'Uj!un1J""lJ.ml~u~::~am<Jil nl'R--nn,,~h~m'l'tl.Lld 

R1l~~f.)'U."\~~~nnl'~B~ finite difference 1~u'U~am~~i~1~3JlRru1a dimension 

temperature ratio, Y (Kubota LL~::RII::, 1983) ;nm~JJnl'l 

Yi ,j+1 =Yi,j + ( Yi-1,j - 2Yi,j + Yi+1,j ) / M ...... (22} 

Y = (T - Tf) / (TO - Tf) .....•...•.• (23 ) 

M = (t.x2 / (o(~t) ............ (24) 

Lrlf.) M = dimensionless number 

Kubota LL~::;RII:: ( 1983 }LLa::; Ai bin ua::1'I1I:: ( 1979) lflrh~ru1'U 

,~~"\!1~~~"\'U.~1f.)~l~~1'I1'"\nAf.) 5 ,~ ua:: Chang ua::R~(1990}~1U1~11 bt R1,n~l 

U'::~l~ 6.5-8 l'UlnL~f.)"\~~1l~~R~al~"\'Unl'RlU1~ufl«~• 
n111'11u11lY\1~mwLL~i~1l3J~tJ'U.ni1J1t1n1"U''l::~l~1~m'Ht.L~i 

R1l3J~mH ~tJun~~"\Uif3Jn1' (24) I'llU10lR1l3JLL"n9h~,::w:h~ dimensionless 

temperature ratio ~lnnl'n~aa~ua::;nl'1'I1u1~'UlU~f.)~ standard deviation(6} 

~lI'l11~~~Wu~'::~1l~~l~nl'Ht.L~iI'l1l3J~f.)'U~U'::JJlm1~n1J standard deviation 

~~~l«nl~~iR1l~~f.)'U~f.)~M1il~l~~a ~l~nl'l'tl.L~iI'l1l~~f.)uflnl"\~Ln~ standard 

deviation ~~JI~~l1~1~u1~ differential ~f.)ninl'~~l~n'l~'::;~l~Rl Y ~1~ 

fil~Jn~~tJ~i~ slab shape ~a infinite slab plate 

~'U.nl~nq~~~::;~f.)~~R1l3JUl1~~.n~ ~~"\'Unl~unu~Lfiu1U'Uj1~ ~~~u slab plate 
t. 

'::~f.)~~B"'1~1'UR1l3JUl1~BR1lUWUl ~nn11 3 !U1U u~:: infinite slab model 

~f.)~~1'I11JJWUl~U~ 2 L~L~",iu1U L~'l::«l1Jl~n1lU~::L~~qHl"\unl'~u~ 

thermocouple probe Lfl1U~~euUnal~~v~~1V~l~f.)l~'(Kubota L~~Rm::.1983) 
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L (em) 
/ ,------- thcnnocouple 

!! --- _i!___~~-~(J (j' +~ ~.ca _. -= _____ -=-=-===

L -:: t 
sample .____---'t 1'-______.insuJ;i tor 

hul..ud.....tu bal.'! cool- lid ..... IC' bath 
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2.2 	U~~~~~~il~uU~nl~~11~~ilU~B~Bl~1'n~L~ 

U~~f.J~~~il~~9\B~~11~m~~11~1'Bu~B ..un~1'n~ L~l~LLr\ 11~~f.J~ln5"J.n11~ 
t. , 

~iNillm' ~tl B-.jrhJ,~nil1Jm~ LR:i1~ll~lll,"l', 1~'~ct~1-3~fN Lilv L iltl ,R11J.JlN1LLllu 

u~dr~~wnmJ.l)n ~tl ~DIWJl1 ~~~lnnl'tl~~lfJ (thawing) ff9\'lnl'LLlILL~~U~~il9\'l~TU 

~~L~U~~L!~ (Hobsenin, 1980) ~~:i1'lf.J~~L~f.JR~~~ 

2.2.1.1 il~~tl'~nil1Jnl~lR:i1 

tl~~U'~nil1Jnl~L~~tl-3ill~171~ur\ R11J.J!U l~»u 1U'~u 

~~1~J.J~~nl~~11J.J~tlUij~ n~11~tl ~~~~ 20 

tNAl L'!!tl Lnm~~dM1R11~~ilU~ " )L "n~ O. 999 LLR~ll' /ni~ il~Al L'!!~ Lnf.J~ i1¢n 

~IlTJ'ru~11~~ilU 0.579 19l9l/L~9l' il~A1LRtl1U L~dl~1~m,"LL"dR11~'ilU 1.43x10-7 

Bennet LL~~ Myers, 1983; Nesvadba Lltl~ Eunson, 1984) nl'nl'UlfJ~I~J.J11~ 

m ~~11J.J~ilU~lnl.li~1 tlR11~fu'\U1h ~ Lmlu,R LUBnLL~~·'n.rh!lR11~tlRl'4~1 Rl.l'~~llXi'mm~ 

10 1~t1:i1R11J.Jiu'\Ullllf11~lnnl1~mm~ 50 LL~~i1nl'tlj1l1~lRlnniuLrlilui~11lfl11~!UUillJ 

nil 50% uvn~ln~~W1JillllW1'~~~9\,nil,RLUilnLL~~~~i1~11~~~Wurl~il~~1~uU~ 

nl~~11~~ilun1JU'~lmR11~iu~f.Jnl1n1~~~L~'RLililnu~~ (Lamb, 1976) 1RlJ~ 
II 

~~~u9\~~nnR~~»R11~~~iurl'~,"11~R11~!un1J~UU~1-.jR11~i'ilu~v~tllm'U~n9\l~nu 

ililnlu ~~U~~~'\UA"'~~ 2.3 

http:i1'lf.J~~L~f.JR
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~tm{]il(Oc) 
., 

~~Ail~ Rl13.lnU ~3.lm'7 Liln~l'7~l~B-l 

(1'mm:: ) 

illl11'7 above freezing cp =0.OO8W+O.2 Hohsenin,1980 

below freezing cp =0.OO3W+O.2 

tI~l~il" 10 30-90 0( =0.70+0.00683W Nesvadba LL~:: 

(UR) 25 30-90 0<. =1.01+O.00385W Eunson , 1984 

-40 30-90 ct =-0.475+O.0173W 

-10 30-90 ~ =-1.341+O.0228W 

tlal k =0.0324+O.3294W Lamb, 1976 

. 
a~Rtl1::nauilu1 1~lLn 1~~u 1t1'7~u Rli1u1~LR"~ lflu 

~lU'\~ ~~~::~a9\a~)Ju9hn~Rl1)J1'ilu~a~alWl'7n:: L a 1Rf.I~~~tlll1l'U~~::nll,,~d! 

Rl13.l~)Jiu~,::w11~1t1'7~ 1~Uu u~::Rli1u1vL"'~ nU~1~~nl~Rl1)J~ilUUAn~1-lnU ~~ 

Al'l~~ 2.4 
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~1'1~~ 2. 4 ~~nl'lLL~~~A11~H~ifurl,,~,,11~~a.nJ9\tn~A11l-J'~t)U'llt)~t)1'1n,.n~ LaU1~1!ilptfhj 

1'Z1iJu 111,91" LL~~Al i1U1L! L~"11 

r.J~lImm Qtm{]ll (Oc) 
., 

A11~1J'U. ~~m' Lan~l'~l~~~ 

mackerel 

Sardine 

Bolti 

Cod 

Salmon 

-10 O~ 10 

0 ~~ 25 

0 O~ 25 

60-90 

50-90 

50-90 

* *Cp =w+O.5F +O.36P 

k=0.83w+9.709x10-3p 

k=0.73w+4.926x10-3p 

El-Sahr igiLL~~~~ , 

1981 

Hill LL~~A~, 1967 

2.2.1.2 	1A'~~~1~'ZIt)~L~Lrlt) 

1~'~~~1~'ZIt)~L~Lrlt) fl~nl~nl'Liv~~1'Z1a~L~Lrla A11~'U, 
., . 

ua~~n~nl~~uLUBLfla ~~~r.J~~t)~~u~nl~A11~~t)U!u~vl"1'n~L~ ~~~n~l~M'U.l~~nl".. 
1~Vt)1~V~t)~~!a~1~~~1l,.~nV1J~1V~ 1u"~~La~1!iJu 01J~1~nlWU~11~~vu~uflAnl~'ZIU1'U. 

OU L~tlL Dt) (k11 ) ~~flt)1l111 (Baghe-Khandan LL~~~~, 1981, ~l~O~ Poppendick LL~~ 

A~, 1966) 

............................. (25 ) 


n=1 	 •Pi 

.. 

~fl1lrnIA11~1't)u~uflAnl~M~uln (k...L ) ~t) 
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k=------

3 ............................. ( 26 ) 


fl2: w·s 1 

n=1 

Eunson,1984) 

2.2.1.3 Rl1UWU1UUU 

Rl1~WU1U~U~a~1RQ~~a~anl'rllv1auRl1~1vU~~~~a~uAl~~U~ 
~ L 

nl~Rl1~~au ~u~11~QnRl1~WU1UU~~~Unl'~Al~nlWU~11~~aUij~~u Al~nl~L~iRl1~~au 

LLa::~hRl1~~vU~IL l'n::~~~ (Mohsenin. 1980) 

2.2.2 ~~~~nl~uun 

a~'lm'LLnLL~~bLa::B~'1~1u~itH 

~~~~nl~Uun~~~q1~un 

nU~-"L~~ 

~~ ~a~lnnl,a::nlV (thawing) 

2.2.2.1 il~ 

",,,\f!.J.. "'!l L ~ ~ 
~~~~~a~a~~u~nl~Rl1~,aual~1'n::LaR~u.. 

n.nl~~~ij~nil'RLflanu~~~a~al~' Al 

I • ~ f , 

Rl1~~vU~ILl'n::aRa~ LOa~~L~iu ua::~l~~nl'L~~uuu~a~~OlU:: Al 

Rl1~~au~IL l'fl::~::~Al 'Ul1~ (Mohsenin, 1980) ~lUA1~mWIR11~1'rnU'dluU11UlmRa~ 

lrla~~ijOij~iu ~~~::ff~nUA1~nlWUIR11~~vU~il~~~~L~UV~R~'::naU~~rR~U 

il1~1'Lla::Al~nl'KLLlf"iR11l-1.yilU~::; L~iuamta:::R~lU L~u~'~nu~lIlt{,li1fl LibJiu (Kumbhar ua:: 

R~. 1981) 
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, t,., 	 I I 1.# 

~~L~~~mL~~1'11u~1 L~v~~~L~~Y(Mohsenin,1980) ~lU~1~nlWUIR11~~vyft~ 

~Ul1~L~iuLrlV~~~~~I~~(Polle~L~~~~,1980) U~~Al~nl~w1~11~~ilU~~L~~U 

~1~n11~~U~~V~~~~~~11~~uWufi~~~L~UL~U~1~~~nWUL~LUU~1'11U~1(Kumbhar 

~~~~tx::, 	 1980) 

'hU1.unl~~amQi1L ~~LL'mlil~n11u~~~h (initial 

freezing temperature) ~~n11LU~~UUU~~~Ol~ (phase change) ~~~~u~vAl 

~~u~nl~~11~1il~ln WUl1~1~11~~BY~ILWl~~~~Al~ln~u~lAl~1~ u~~Al~nlwui 

2.2.2.2 	~u~lnn11~~ul~ (thawing) 

LrluUltn~111'1.h1""011U~LL!~wu'h {h Lihm11~~LL§~UU~11'l ~§n 
" .

~~~~nUl~1.~q~un""~1~uU~L~u1~ ~~UUL~vu~lnin11~~~lU~~nI1.Wu~1~rtlyvvn~1 

~ln1~1~~11~~v~L~Lrlv~~nn~1~ nl1.~~uvl~11UvU~~ (Fennemma, 1973) 

~~~1.~Al~filWU~11~~v~~~Al~11~~ilU~IL~~~Ia~ (Mohsenin, 1980) 

2.2.2.3 	a~'lnl'LLnU~~( freezing rate)' 

a~'lnl'LLnLL~~ ~d'je·m9\mnnJl71v~~~nil"'lL~~~~'t1I1.iffn~fll'WUi 

~11~1'vmL~~Al~ml'f1.L'r'I·hnl~~vm.1Al~1~n'U. (Mohsenin, 1980) 

2.2.2. 4 	a~11rtl'U.~1!"U ~UhL~~ 

il~11rtlu~ilILnU~L~~~~1Jl1.UlU7lv~~vU~~~B~~fi~~LD'U. 

itlL~~ (% unfrozen water) ~~~1~uU~nl~~11~1vU~v~~~~!~UAluAn~1~nu 

~~jj~~1.1(Al~~U~'t1l'l~11~i'vy~m'lvl~11LL~mh~nu (Mohsenin, 1980) 

• 
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2.3 tJalmln 

tJ"lROnLnuri~~ni~~~~il~~uwlnL~~lnu~il~ Ail phylum Mollusca il~~U 

class Cephalopoda ~~il~ll1Vl cuttle fish, squid, octupus Lm::~mn~ 

infJlAl~~ill Sepia sp. ,Loligo sp. ,Octopus sp. ('l'fl~1j~ , 2534) 

2.3.1 	~n~1R'~~~l~~il~tJ"l~n 
", "', '" 

~n~1R'~~~l~~v~LUvtJalwnn(JtJfl 2.17)tJ'::nilU~1~LUilLfliln~l~LUv 
"' . . 

(muscle tissue) U~::LUvLflilLnfJ1Wu (connective tissue) 

"'. "' 
2.3.1.1 LUvLflvn~l~LUv (muscle tissue) ~1J'::~l~~il~~:: 90 

L ," • L L I 

~v~LUilLflvn~~~ ~~L~U~U~v~n~l~L~~L1u~~lil~'::~ll~LtJ~iln (tunic)~v~ 
"', I 	 L.t",,, 

LUvLflvLMulWu (connective tissue) ~~LavLfliln~l~LUilu'::nilU~lU L~U~Un~l~LUv 

(muscle fiber) 2 n~~Liu~il1~lnu AV 

"' n. L~u~n~l~L Uv~l~LLUl L~u1vm~ (circumferential 

"' muscle fiber) !lan~ djun~l:J.J Lilvltll~LL\fluil'm~.,tiu 
.., 

~. L~U~~l:J.JLLUli~!l · (radial fiber) ~~Anl~~~QlnnU 
... L I I 

L1J~vnn~~v~~v~LilvLfiilLnU1Wu. 
"' "' L~u~un~l~Lilvn~~v~n~:J.J~~UlRL~n L~~lUeuUn~l~tJ':::J.Jl~ 

"' 	 ,
3.5±2.5 ~1R'L~~' ~lnnl'L1~~il~v~L~U~n~l:J.JLUv~uffn~~~n~ll~~Lfiunl'~lfJn 

"' ~::~ f1 \ \lvualROnmln L DmLiu1 
.., , 

~ln~nMa::n~l:J.JL~~v~~~i1RfJnl111J 
.., , . 

2.3.1.2 L~LiJvLntn-Hu (connective tissue) mJ~viln1~LnU 2 

"' , , 
~UlRL~U~~V~LnvLUVLftU1Wu~::~L~~lUeuUnnl~tJ'::~l~ 

1.1 It, 
O. 10 ~1R' L:J.J~' Un::~Ul~ltlil~~::LLp\nfn~nu1trlh~"\lW.~a::n~~~tl~ Lilv LUv Li'lJ1~ ~ 

http:L~~lUeuUn~l~tJ':::J.Jl
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~l~v~L~nan~u~nL~~~U~U ~~~LUilLrlVU1~1ilY ~il wU~~UUun(outer lining) tinR~~ 

Lti~iln~u~ni1~mtUl:: L~UL ~U"UJ~ LifJ~~lm.h~'Uj L~u,.~ LUfJU LLI1~wa~~U'\U ( inner 

lining) ~nR~~Lu~Vn~u'\u ~~nMUl::Lnuwa~Ul~1~~'Uj~~nM~LnUL~U'\fJ ~~1R"~~~1~ 

"tN~~lmlmLftn~Wu~~U~dlRl1~LL9\n'n~nUL ~nf!vfJ 1f1U~~~1~nufl~flthulla~ L~ Lrliln~ll-J 

LUmL~~ L~ Lrill LrlU1Wu ~Ulflllil~ L~U'\fJLL~~lIUlfiJuil ~~ll~ L~ L na 
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2.3.2 	~n~~a~~~l~n 

~nlmJn~ilu;'J'u.""nJl~lWl'~U1U.n1"LL~u~~Ra tJnlm1nn~1t1Lm::;tJnlm1n 

2.3.2.1 tJ~1~nn~1U 

tJ~1m1nn~1f.mill~L iunSllrl~1il m1mm~ mlnn::;f\al1 m1n9\~ Lin 

~iln~mLn~mlfIL ~~ (nl'l'l'f1, 2528) ~~ay'\~ family Loligonidae tJ~lmlnn~"w~ 

'\!'\unl1n~~ll~~flllnl~~n1111'l1~9\111 Loligo formosana ~~LD~~~~~Uu~~""nJl 

U~LL~~ ~m~~~11~Ra ~1 Litl1l1~l ~mJ.l~~U L~~ ~Riull~~a~ifl~rrlU~fl~tHI'l~l ~~11111 

20-35 L'tN~h ~~,. LLndla~A~'~nllU111~ LRi1~~~l"l~~ 2.5 

ll~A~,.~nllum~LRi1 ~1~11l1 (~lll1~::;) 

.. 
Rl1~n\l, 82.00 

Rl ii.Ull1 L ,119\ 0.70 

L~'U'\U 0.00 

i.~'~'U 15.30 

Llh 1.20 

1~~'U 0.80 

~lDl'~~ (~lDl'~~, 2527) 
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2.3.2.2 ti~1~nn1~~a~ 

ti~1~nn1~~a~~ia~al~L'Unil ti~l~n~u, ~n~u 

(nA~', 2528) ~~a~~u family Sepiadae ti~1~nn1~~a~~~~~Unl'n~~a~LnUti~1~n 

n1~~a~fl~~a«1~q11 shortclub cuttle fish u~~tanl~'nU1Al~~iil Sepia 

, 

Aiua~fl~" m~~h~1~~tl~~"'~1 ~1LLuun1'1~ m1~"1U1~~ti1~~ 1J~m1nij~ul~~~ti 

n1~Plu'-l1l1U~UL ~W~Ul.LWmnn1'l~LL~~ L;jUfll'ti'~ntlU~a~LlA~ l :am.li1~m1~A~ltJ!la~A ~i~1 

m1 10-35 L'tIu~h ~911 LL~::iltl1~ti':: naum'-l L Ail~'-l91111~fl 2.6 

a~~ti1::naUm'-lLAil 


Wl1~Ju 

Al;1U'1.vLPl191 

L~U~U 

1ti1~U 

L~l 

1~ifu 

ti'~ltl (fmm~) 


81.00 

1.00 

0.00 

16.00 

1.00 

0.90 

~1511~~ (~1511~~, 2527) 
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2.4 li:! 
~~ L{jtmildlt1ihililn"l::~mlu.mY~l1"l:: Lmlmi~ C'l'li1fJl1 il Lll€itln~~lUC'l::LLti~ LDu. 

l1~tN 'I tl~1.u. LJhylum Arthropoda LL~::~f1tl~1.U. class Crustacea (1.I"l::,111 ,2537) 

2.4. 1 ~n'MU::1A"l~~-tl~1Itl~~~ 

~n~1A"l~~-tl~1Itl~~~11'::nilU~lfJ 1A"l~~'1~nlfJUtln (exoskeleton) 

~iil Ll1~tln LLC'l:: L~~~ ...itln~llJ L~ (muscl e) 

n~1~Lnv1ltl~~~ilL~u~nUflL~fJ1~tl n~llJL~tl~lfJ (striated muscle)• 

~~W1J1~~llJ~~1"ltlUilifJ1::Ml~ 'I n~l~L~tl~lfJll"l::nil11~lfJ myofibril ,1U1UlJln11lJnU 

LUU. muscle fiber ~~ sarcolemma L{jU.LrltlUl~ 'I ~tl~ 

2.4.2 ~n~1Itl~~~ 

k~~ilm.Ju.~1e.11u.m::U1u.m"lUtlu~~ ?itl fl'~n~lflJ Lm::fl'~LLnihfJI~ • 1 1 

2.4.2.1 ~~QC'll~1 

~~q~lfli ...itl~~n::C'll ...itl~~~l~lfJ il~tl~1~i~fJ1Al~~1il 

Penaeus monodon Febricius U&'l:::il~il dju.nlltlil~n'lwjl tiger prawn ~'tl giant tiger 

prawn ~~tlilflU~~tl~1.U'N~ Penacidae "\u.1IIlI::flu~m!i~il~C'l~1 L1ju1hhm~~ ilLL()U~il:J~n~ 

ltlfl1l11~ ~~1 Lnu.ll~tl~ 1Au.1Ililm,!""'dlLLnu~ L~il~ LnU.tJ~il~ 'I L1.I~tln~1 Ln~fJ'fUahlU Wl~ 

il~f1i 1lli1&'l1~ 'Wwli~hu.uu.il 7-8 ~ ~lu.,h~il 3 ~ 'itl~7h~n~~~~tl~~lml~mt~LLAu U61::ml 

'UJt1~Wunia~f1nll.! ~1Il L~u~~ 51ilih::f.n~au.lilln nu.inAfJ1Itl~n~mnfll 1~ur lhu.ir1I.H1u 
.. v ~ " 

1~"'lu 111l.! ~l L&'l L ill.! ~u1~ilL.:au ~~tJiI~ U~::~M.JlJl1~un iltl~ L~"l L~u LLG1::iluL ~u dhl.f'f\l~• 

tl~"\ul1l~ftlu. ntlUtllAUtl~11'L1~~n ~l~tltln'ln~~ LL&'l::ntlU~~::L~~L{jU.~U.l1"ll~ ~llJl'() 

~u.tJ~"\U~~~~~~~ UC'l:::A11~L~lJ~J LtlU. uiL1~lnlfJL~u. (iC'lC'ln, 2532) 

http:Wwli~hu.uu.il
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2.4.2.2 ~-IjLL'lfihCJ 

~-IjLL'lfihLJ i'l~tlm-lj'nCJ1Al~~-111 Penaeus rnerguiensis 

de Man u~:dl~v Lihun~nrJ~n'l1fil Banana prawn ~-IjLL1f{j1CJ~:::il~m1~~1i1RvU~h-lj,\~ 

~§BtlU ~iv~~'~ ~n'v~'\UUU1~:::~~Ul1Lnv~Lnl~11~CJ11~tl-ljL~~vn~1 ~uniij-lj ~~ICJn1u~~ 

~lUUU~tl-ljn'~Wu 5-8 ~ ~lual-1jn 4-5 ~ ;tl-ll!I-1j u~:::iv~uun1~U U~:::~:::H1CJ1~,\u 

~, L111~~-Ijn~I-1j~il-lj LtJ~iln n"u~:::~uW~~tl-lj~v-lji'l~H!I"I~~UU'N ~1UtJi1I1CJil~LLi\-Ij ~-Iju1f{bmru 

tlU~11tl'\UU1~~~~1fl~ Ui1l:::,:::wu~n~~'\uu'L1~~11~~n~tl~~:::Ln~~:::~I~ 10 L~~7 'lfau 

tllACJtl~'\ufl~Lfiu~U1~~~ivL~U (q1n~ i~u~. 2531) 
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2.5 ~~~~~1~~11~~uUnv~~nl~nun~~~ 

~ln11u~lunl1~~U~~1~lLMu1nU~1~~U~nl~~11~~uU~v~~nl~n (Al11~~ 2.7) 

Un~~1«~~~nl~~11~~vU~v~~~ (Al'l~~ 2.8)WU11~nl1~n~1«~~~nl~~11~~vU~u~unl~n 
. t. 

Un~~~l~m~ln L nUL ~~LL~An~1"tUl.L~nd1~~~ L,huu "UJiim'~n~ln~r.Jnnv~~tm\}il iu.~ 
L I • 'lI 

1l11~m1n~nlU flAm~nl' L~LJ~~1~fN Lilv Lilil '~n1'LL~LL~~Un~if~~LJ~u ~~U'u~l«3.nJ~nl~ 

~11~'vunv~~nl~nUn~~~U~~L~LJ~~v "tu~lui~u~~~n,nl'~nHln~~11~~»Wu~'~~11~iu~ 

~~~ nl1~nl'~~nlLJ «fHiUUnl~n Un~'~nl'UnU~~~IM'U~~nU~1~uU~nl~R11~~vunv~ 

~nl~nUn~~~"tun1~urlu~~L~v"t~!v~nL~v"t~U'~lnnUMal~ 
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f)1~1' ~1IWj1 

°c 

Al1~r~"tlU~'L l'41~ 

cal/g °c 

~mW~11~./'filU 

W/moC 

~ml'4U"'i~11~rlmJ. 

m2/h 

Liln~ld~l~~~ 

squid -
-

Matuszek1.L~~ 

mince -3~~57 k=3.29x10-6 

-4.29x10-9T 

-2.86x10-11 T2 

AU!:: , 1983 

squid -10 1.43 
• 

Reverzev 

fillet -18 0.60 ,1987 

80.3%mc 

squid 

fillet 

-30 0.50 

Rahman 

,1991 

82.6%mc 

dry 

30 0.49 

80.9%mc 

79.6%mc 

79.4%mc 

79.1%mc 

78.2%mc 

75.5%mc 

58.1%mc 

14.4%mc 

30 0.52 

0.49 

0.48 

0.50 

0.49 

0.51 

0.32 

0.13 
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tll~l" ~~<Pl ~1l~"'llU~IL Wl:: ~1llW~1l~"'mJ. ~1ll'\'4LLl'IiA1l~"'uU Lun«l''l~l~~~ 

°c cal/g °c W/moC m2/hx1O-3 

shrimp Albin LL~:: 

-
peeled - RII::, 1979 

and de

viened 

of 

graded= 

200/500 10 0.50 

300/500 10 0.44 

200/300 -10 3.19 

300/500 -10 2.16 

shrimp below Polley LL~:: 

freezing 0.449 RII:: ,1980 

above 

freezing 0.831 

shrimp -3~~57 k=9.37x10-6 Mutuszek!.L~:: 

-3. 89x10-8-r RII::, 1983 

+1.62x10-11 T2 



~~~ modified method of mixture ~iv indirect mixing 

method ~~~l~ll~~aU~ILWl~~lUl~1«~ln~~nl'~~~~nl~All~~vU1~~1l~All~~VU~ 

~~~uA~vinL~vil~1~ivijqL~Unu~ll~~vufl~lvUl~1~iu~ivuqL~~ nl1L~vn~~g~~u 

nl1~lAlAll~~ilU~ILWl~ Ldv~~ln1g~nl1~~l1ml~~nl'1~iuAll~~VU~'uijqL~~~ll~~vU 

~lnri~ul~~a~un1~n~~v~~~~,~a~~~~l~~ln~~U'1~lnl~ ~nl1~v~nunl1~~L§U 

All~~aU~ln1~UU1~~~~UA~vi~L~vi~~an~L~u vacuum jacket ~~~U1U~v~l~L~~~~V 

(Hwang LL~~ Hawakawa, 1979) ~~~ln~vm111j\~v~~ul{v~tJilii~m1 ~~tJi~ltmlvUl~"UJ~ln 

~ ~. 
~du1g method of mixture ~U~L~l~~~Luv~~lntJ~l~n~All~nu 

ij~~~vl~~~L~~~~nU~l1~ln~l~LL~nLtJ§~U~ll~~ilUl~ ~~1U1~ differential scanning 

calorimeter ~v~~~All~nlUl,pnnUGl~ LR;v~ilv1lRlU'IN ~hui~ Moline I s method ~v~ 
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nl'~lAl~filWUi~ll~~vUL~vn~~5 unsteady state method 1~V 

~f thermal conductivity probe Ldv~~lni5nL~l~nU~laUl~~~ll~!Uij~~unl~ 

" b 

ff1~El~~n~nl'~~~~l~L~~~lnLn~ moisture migration 'l~n~al~Ln~nl'ijqL~V 

~ll~~aU~lnL~~v~~ailn~lV ~lunl'~lAl~filWU~ll~~aU~lvi~ semi-steady 

state method ~~L~;V~~v~~Vln ~~~~lU~~~~~~ll~~vurllV1v~~~~1~~a~1~Vln 

Al~filWUlRll~~VU~1u1~~ln~ll~nu~a~L~U"d~~1~~lnn'l~~ll~~~Wu5'~~il~ In 

~v~Ll~lnunl'LU~VUUU~~~~(Rao U~~ Rizvi, 1986) 

~iM1U~lvUl~~~Ul~~in~~~niMU~~~ff"'l~lU'~~il~~ll~Vll~a 

~ll~n~l~~Al~lnnil 4 (Qashou ~~~~~, 1970) ~Ul~~v~~lvUl~~l»l'n 

~lU1Wl~~ln~~nl'(29) ~~Ll~l~~~~unl'1~~l~filWU~ll~~E~~lU'~~l~ 1-2 

Uln~~~~ln~~~ln ~~~nl'~~na~~~~ll~L~UV~lnn1l~n~~~~Ul~~u~MlvUl~~ 

AlUaunll 0.6 ~~~~ll~~~~~l~Uav~ln L~'l~~nl"Unlu~lnn,~u~l~llufi~ 


Mlmh~ LL~lhilAl~lnn1l 0.6 ~~Ln~m'Ll.lrim~Lu~~flAm~"a~ heat flow ~~uu 


4 Fo < 0.6 .................................... (27 ) 


F0 = t / ( D2 eX ) .......................... . .. . ..... (28 ) 

L~a D ~a ~;~wd~~a~~llU»Ul 

tmax = (0.6 02) / (4c() •....•......•.....•....•... (29) 



44 

~lnnl1RlUlmLflv~«uwuilLl~1~~ln~~~~Un171~~1~nlWU~11~~vU• 

L1~~Al1~lrnl?Jll~~lmh~~i!v~~~i'l1.iU.l~~ probe U~l~«~lun«ll~ Lflu 65 'Ult1 

U~~ 4 L'lfu~ L~~7 ~1~~iiiltJ~~mtlu::;1~~lmh~R17jl~n~ L~U plate L~tl~'nn 

dtl~7~?Jtl~tl~1~n~L~~U Ulln~lnUu~~1~17nL7~~~ltlrll~~~~unlt1u::~unA~1~.. 
• t. • 

L~Ulnul~ LUv~~lnnl1L~U~~1?Jll~LUvLDvjl~~~v~1«nlWUIR11~~llU 

3.1 . 3 n1d~1~1£lmmLwiRl1~~vU 

~~~ slab shape method ~jlnldril~1vUR11~fllu~unA~1~L~U1 

(one dimensional heat transfer) LL~~lllilLL~~~~~Al1~~llunl~~Ul~'l 'U.f)n'nn@~ 
t. 

nilrU~~\{~1~mWu"liiRl1l.J'rtlUL flU~latf1~llliiUllijntJ~""Uml~LL~~~um1Jl1 


L~vn~~fiUL~tl~~lnilVV1~vl~7~'~v tl~l~~~~LfiuuUu ~~~ILfiun7~n~~1v 

'tl'n'~mh~rl'U.1~Uln LL~~~~U1.~tJillll1ilmh~lmnn ~h'U..ss~ line heat source method 
" 
~~~n~l11~l~vl~l'tl'~l~ln u~~nl'£l~l~LR~v~nv~~Uln~ln u~~1~ Acalorimeter method 

1.~~ltl~l~tli~l~ln 1llL~l~«lIntJiltl~l~~il~n~LnUU~'U.V~l~~~l~n ~lUl~ temperature 

profile 1.n~~nm' L~rnntJ slab method L?1u~LL~1ililm'RltJ~~~um<Pl~~v~m' 

nl''IAl'U.llll~ltfnl,"LL'I'I1Rl1~~v'U.?Jv~1~U1.~Rvl.lih L~v"hum'Al'U.l!1 

l.i'lU~ flow chart ~~U~i'I~1.unlR~uln n u~~L~vn'~nlMl C 1.unl'l~uu1.tl,un'~Lw'l~ 

«1~1'nArulm1~L~lnilnlMlrl'U. nl'U~£l~nl'1.~ numerical calculation l.~u 

nlWUi'I initial U~~ boundary condition ~~tt 

initial condition 

t = 0 o < x < 2L 

boundary condition 

t ~ 0 x = 0 U~~ 2L 

t ~ 0 x = L ClT/dt=o 

t = ex. o ~ x ~ 2L 
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lrla L LDu A~~~~~~a~Al1~Ull~a~~la~1~~lU~nnllnlU1aUA11~~ilU 

U~~ To LL~~ Te Lfi~om~ L'~lImm::~jI'9hmn~~~1J 1~U~~~~"!lU'·hnl" 

nlu1auAl1~~auuiLla film ~~lUuU~ln~al1~~~~anllAlul~1~fil~L~iAl1~~au 

a~l~~~~rAq ~~l~ numerical ~~~a explicit method ~lIa~~~ M~ 2 

~nig modified method of ~ixture ~~v indirect mixing method 

vacuum jacket ~~nil~1Jll,~la~l~~::~~UljlL~~lU~uUn~l~ 9.5 Lnu~L~~" ~~ 

12.5 Lnu~L~~l filU~Ufil~~n~~au~~n~u~~n~lRl1~~ilU~IL~~L~ln1J 0.999 

L1A~tli/ni~ tl~Al L'D~ L"lJ~ (~QDmQil 65 tl~Al L'tI~ Li1u~) LDuall~1mn~nlm'rl~ 

u~nLD~~uR11~~au LL~::~~ thermocouple type T (copper-constantan) fliln1JLR~a~ 

uu~n~~on(CHINO model DR 015 accuracy±O.1 tl~A1L'tI~L~U~) l~~~~~tl~U~U 

L1A~ai~h ~fd LL~::;QIlm{ftl L~~lIu~tl~~1mh~~'''1~UQ~ LLDPE (Linear Low Density 

Polyethylene )~~~~~~~un1~LlnLL~~ LL~::::~1~l"Hltra~nu1~ihuL~::::ttl1~~n~htl n~Ul'l 

nl1~ 11 LnU~L~~' U11 18 LnU~L~~l WUl 0.1 n~~L~~' uR~tlinL~il'~nllua~nu 

nl,.~ql~~Al1~~tlU~ln'::::1J1J1'lU~~1U1~WUl 3 Ul u~~~L~~1~Ul'11Jil1antl~il~ 

1::::~il~n,.~~nttl~aunuu~u1~ 
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, 

~~_l_A_1_u_~_u_u_n_n_~r_~'_;_~Q_~_~ 


13.5 em 

18 em. 12 C:71. 

~,-+",,-- 9.5 em. ---~ 

7.7 em. 

I ..... 
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~~ thermal conductivity probe(l~ 3.2) L~B~l~nlWUiRll~~BU 

'Hl~1JtllmJn probe ~~n~~Ut1.l~~~l ~l nig~m~ Sweat ( 1974) l.~l.J~h probe 1J1~nmJ~1l.J 

L~~~~l.JlL~~lUeuUntll~ 1.25 ~tI~L~~1 l.Jll 37.5 ~tI~L~~' ~~nll.J~~ thermocouple 

type T ~Ul~ L~~luGw1mn~7:m~ copper LLtI~ constantan L lhn1J o. 08 fl"~ LlJit1 

1J~ll.J~lUwd~nv~ thermocouple B~u'Llmrl~n~l~ probe ~lU1Jtlll.J~n~lUwd~MvnuLA;v~ 

uunn~~nll.J~U probe ~ nichrome heating wire ~UlAL~~lUijw1n~l~ 

O. 20 ij~~ L~~1 ~~S11J~l~~lUmi~BUtJ~ll.J probe LLa::tJ~ll.J~n~humi~~vnULt~~~~ll.J11'1 

n1~u~~'~All~Ml~An~ 1.51.1~~ nv~1l~nlU~U probe U1'11J1unL~Bunu~BlnlA~n~l 

~1ll'l'lUiRll~1'vUMI 

Thermocoup 1 e ___...... 

-He!3t.!nl! .,..ire 

~----St.a Inles5 stee I t.ube 
Thermocouple Junction 

.-----St.ainless st.eel Up 

~ k--- 1.25 mm 

Jufl 3.2 nl~~nll~nv~ thermal conductivity probe 

http:k---1.25


48 

~~7U thermal conductivity plate ~~~la~1~1~~lnnl1AIU1~ 

~1~~~nl1(29) WUl1nUl~~a~~liltil~~L~1~~~A11~nUl~ 4x18x4L~U~L~~1 1~v~ 

~n'MfI:: LlJumhl~~ L~rilJ~t:lulh~«lm1n Li)~~l~lUUU LL~~~lUih~~lUmi~ L~l~l L~il"\~ 

~1~11nL~lJU probe L~11U(ltlfl 3.3) ~1~ln stainlss steel WUl 0.8 ~~~L~~1 

Lrln~~ln~il~nl11~~~n~nlWU~11~~auu~ (L~a"\«~~nlV"\U~luUl~Lnlnu~~~ 

~a~m11~lJ L'1) 1lllrlu~MV1nualV111LL~~~R11~R~ltJ~ 

sLainleS5 sLeel 

'\I'J l 0.8 filfil 

1U~ 3.3 ~n~~a~ thermal conductivity plate
" 
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l.iI' thermal diffusivity plate ~~~LLtJ~~l.Jl~lni~lltl~ Kubota LLa~ 

~IK:: (1983); Nesvadba Ltiil~ Eunson( 1984) L~ll1.if t m.Jl~s:tl.Jti'u~1mh~ ~~jj~m111::~~ttJ~ 

3.4 1~~ thermal diffusivity plate ~an~Lflun~tl~dL~~~l.J~~1~UUU llUl~ 

7.5 x 7.5 x 2 L~U~Ll.J~1 n~1u~al~~n polyethylene (PE) ~jj~1s:tnl~~11l.J1llU 

7.9743 x 10-2 W/m °c ~ 30 °c WUl 0.8 L~U~Ll.J~1 ~~ PE ~1l.J1101.iI'1~1.U 

1i1~~MfJ}1n.yl~ (-300 n~ 100 ll~Al L~~ d1mn LLa::1JjnItfDM~lnu propylene 

glycol 1~~jjulnlA~~1~nlWU~11l.J~llU 0.02 W/m °c ~ 30 °c Lflu~U1U~ 

WUl 5 L~U~L~~11~~1tlU ~1UU7L1~~tl~n111.~n11nl~1UUR11l.JtllU~~1.t 

stainless steel WUl 0.8 ~~~Ll.J~1 ~~Lflul~~~jj~ln11UfR11l.J1tlUij~~~ 

1601.17 w/moC ~ 20 °c ~1~::n~1~~~1~~n PE L~Uti'U 1~~nl~1.Un~ll~~::jjn11L~1::l 

5 JL~ll~tl~ probe ~~nl~lnL~l.J~~~l~Ul~L~~lUeuUn~l~ 2.4 n~~Ll.J~1 nl~1.~~lU 

thermocouple type T nUl~ Lftw.huew1n~l~71tl~ copper LL~:: constantan L lhti'u 

0.8 n~~Ll.J~1~ll~uy 1.~~l~«lU thermocouple ll~fltJ~lU probe L~ll1.iI'1.Un111~ 

Q~~ 1~u~1~ti'Ut~:: 0.68 l~U~Ll.J~1~1l.J~~U 

l.un11n~~ll~~~Uln~ll~4L~a~1.UB1~~1U~l.J~W~Q~~jj propylene glycol 

L~11~1n~1~1.UnT'l'1.~?l11l.J~llU1.u1i1~~tm{]ll9\1 1~U1nltl~m1::Ln~fl'tll.J1."'~~fl LL~~jj 

n11n1uaul~~~IL~~ll(1tJ~ 3.5).. 

http:1i1~~MfJ}1n.yl
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~--+-----~----Insulation 

PK bOI 

T------M' 

S 1I~ 

II! , L-- -" !o 1 S~alnleS5 steel 
"'[L ----:T.-----l - 100-m;- 

[50lD_ V 
~--~t--~--------~ 
~ 75 '11 

. [ 

I 

175 111111 

I 

-==b~ 

[ 

" I 
I I I ! 

,. I I [ I 
II 

- - - - - - - - - - J- _1 

o 11 ..1=-L~====T~? --.:::----------_--T-- - =- ~-I- 
fL ,,------4
I 

-~1~S-.~ ~ t-~~u~~~~~~ ---
top 'flell 

sample box t.henocouple 

,~~ 3.4 ~n~~u~ thermal diffusivity plate
" 



51 


t.h'!rmocoup 1 0 

l t);;) J UU nflV<'l\l nii. . 

' 0 00° 
<lOOp 

o (JOO 

\) () 

~lycolo 0 G 
' 000000 

~,aR1UA~~ru~nnL~~~U(T ) ci'~AJu~~vm~n~~~n'8(T 1
• , e

".. 0 

3.3 ~lmh'l 

~ 

3.3.1 Ual~nn~lV ~a~ln~~~lUUalnl'lLn~ 1~V~~Ul~ 20-25 Lnu~L~~1 ~ 

,., 
3.3.2 Ual~nn1~~a'l~nUUal~nn1~~il'lalVL~il~u~1~ln~~~lUUalnl'lLn~~ 1~v 

~~Ul~ 15-20 L~U~L~~1 O~~Unl'l 1000-1200 ni~/~l 
~ 

3.3.3 ~'lqal~J ~a~ln~~W1UUalnl'lL~ 1~VO~Ul~ 17-25 L~UAL~~1 O~ 

~Unl'l 25-35 ni~/i1 
., 

3.3.4 ~'lU~U1V ~u~ln~~WlUURlnl'lL~ L~VO~Ul~ 20-30 L~AL~~1 ~ 

~Un1'l 30-40 ni~/~l 
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'" ,
~1~i~1~11~~U1~U~~LRiil~ hot air oven ~~U~~~~lnl~iLR'l~~~il~ 

AOAC 14.004 (1984) ~'~l!l11tJ1~U1~U~~LR;il~ micro Kjeldahl ~~LL~~~~ln 

i5~il~ AOAC 2.057 (1984) tJi~1~1~~U1~U~~LR;il~ soxhlet ~luig~il~ 

AOAC 14.089 (1984) tJi~l~L~U~~~WLtJ~~~ln'~~il~ AOAC 7.006 (1984) 

LLa~~~~la.L ~1~1~i5~~N AOAC 7.009 (1984) ua~~i~lfl1f11~1'U1il LR'~1~fJ~~r.m~h~ 

3.5 nl'~1~lRl1~WU1UUU~il~ililUl~ ("JUn~1~1~'31~~~~~~~1~n"~. 2524) 

n. i~~n~il~~lBU1~ua~Dufln11 

~. L~~L~~~~la~~unln~1~~~~UL~~ illUtJi~1~'~il~L~~~~1~~nL~~~U1~U 

, '" 
~~~L~~uu1~u~~n,~uBn~1~ 

Rl1~WU1LLUU'tlil~~h mh~ = ~1wi'in~il~~lmh~ (g) / (~'~l~'"il~ L~~~~1~U~il 1:1 

-~'~l~'L~~~~l~U~il R ) 

. . . . . . . . . . . . . . . . . . . . •. (30 ) 
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3.6.1 lJ~llU1n 

3.6.1.1 ~~iUl~~lRl1~~aU~iL~1~ 

~AluUl~1~~LalL~~1~~lUil (fillet) fl~anLu~an~u~uu~~ 
., ., 

LlJ~annuuanaanLnU~U~Ul~ 2 x 2 x 1 L~U~L~~7~rulU 150 ni~~~u~~ LLDPE• 

U~lUi1ULLnLL~~~U air blast freezer (AUGUSTA 'Ulu'nnl) model u~~lJ'~ LnA~H~~) 

~~~na~alnlA -40 a~A1L~~L~~~ 1~U~A11~L~1~~ 4 L~~7~a~ul~1~~~lu~1~n11~ 

~tl~ilmh~ l'n.J'hilm"~~R~na~~~{]~~fJnl~ 1 a~Al L'tI~ LiJfJ~9\uUlf1 ~~~u~~ LDum"LLlILL~-3 

LLUllnl (1'K\l~f1, 2529) 

~lUAltltil~~91a~l1inl'l~~~lU (thawing) ~~UI1J,nlU1n L~l'Il~,huil 

~~anLlJ~tln~U~~L~~LlJ~an~uuanaan~~Q~ LLDPE lJ'~~l~ ~~n'~ U~lL~UulJnlU 

~luwd~~a~ thermocouple type T 1t~uilaUl~lJ~lU~n~lu~anllLA'a~Uu~n~~~ 

ui1um!,\u still air freezer ~~1il'I1}l -18 iHAl L ~~ Lilm~ dhH 1~1 24 ~111N ~ln~u 

U~1~~~lU1~vu~laUl~~a~'\uQ~ LLDPE ull~u~~~ 30±2 a~A1L~~L~U~ lJi~l~" 2 

~~, uunn~~~~a~~laUl~~n 1 uln~un7~~~~~~a~ilatil~u7~~1~ 5 a~A1L~~L~U~ 

WUil'\tL1~1 55 Ul~ ~~'\nLnUL1~1~unl'~~ulfJAf~~tl1lJ ~ln~u~~uIi1a~1~~1~ 

LnU~Ul~ 2 x 2 x 1 L'tfU~L~91' U~lUi1lJLLnU~~~hu air blast freezer 'iU1~~cmJJl1 

~l~~tl~m' 

3.6.2.2 ~~iui~~1~nlWU~11~~au 

~A1aUl~lJ~lROn1~ULalL~Wl~~lUil (fillet) L~uL~~1nll~a 

3.6.1.1LnU~U~Ul~ 4 x 9 x 1 Lnu~L~~7 U",~u thermal conductivity plate 

1~f.I LiU~~1~LLU1Ul1~tl~mtl~'iU1~Al1~~~ LrnnUlntf~U7', 

~luiluUl~lJal~nfl~a~nl'~~nlfJ,\~iL~uu~a 3.6.1 1~u~f 
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3.6.3.3 	«iWiUl~~l~nl~u~iRll~~uU 

~~u~latil~1~~LulL~Wl~~lU~1 (fillet) LDuiu~U1R 

2 x 7.5 x 1 L'tlU~h~~, LLfilL1t1~tl~":U thermal diffusivity plate ~l~LLUltJll 

~u~nln~~UUUU~~~Rll~n~l~Lnlnunln~u", 

~luiluUl~~al~n~«u~nl'ninl,a~altl(thawing) ~~iL~ilU 

~u 3.6.1.1 ~~~~ln~~altlUlrualROn~liuLfiu~Ul~ 2 x 7.5 x 1 L~U~L~A' 

3.6.2 ~~ 

3.6.2.1 	«iM'Ul~~lRll~~uU~iL~l~ 

~~ibLLn~ L~~umm~l1l~uan~umJfl L ill L ll'l'll::~lU~ LnUL ~il L't11 

~U 	 ~1U1U 150 n'~ ~~~UQ~ LLDPE L~~U thermocouple ~~~uiLlarl~nal~~u~Q~ 
., 

'nnuuui1~LLnU~~~htl 15 air-blast freezing ~iil 19 dry-ice freezing ~u1~ 

3.6.2.2 	~iM'UR1~nlWUIR11~~uU 

~~~lLLn~L~~ilnUa~l1l~uun~u~fl LulLll'l'll~~lU~LDuL~Lnl 
., 

UUUi1tl Lill~a~~u thermal conductivity plate 1fltl L'1I~Al~LLUlt1lll1u~m1f~~u1~ 


Rll~n~l~ ~ll LLa::a~ Lnlnumn~ ~ln~UUi11JmILL~~~11115 air-blast freezing 


l1;u ,~ dry-ice freezing ~U1~~~~Al~~v~nl' 


3.6.2. 3 	«1'VI'U¢n~nTI'ILLl1ill~1'ilU 

~flwlLLn~ L1J~amLil::~l~uun~u~~ L ill L ~'I'Il::~TUfl LDUL na u"l 

1~Litl~a~~u thermal diffusivity plate 1~tlLitl~Al~UUlt1ll ~U1~Rll~n~1~ till 

ua~~~ Lnlri1J1l11f~1.J"'~ln~UUi1~U7hL~~~1t11g air-blast freezing l1'v ig dry

ice freezing ~U1~q~Al~«v~nl' 
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3.7 . 1 nl'l~AlRll~~aU~'L~l~ 

1.iI'LLR~a'jl L~mi~tl'~nil1Jiu LLa~n~«t:JlJlr1RlRll~lRll~~~U"a~LLR~Llill L~Ll1 

1.~~1.-Kt~Hthutl,lfl~~~ (RllU~au~ILln::lIt:J~~ILlhn1J 0.999 URau'jn1~ a~FllL'!SaLi1fJ« 

~~~ 65 a~AlL'!SnL~V~) ~~~i~aunl'n~na~~~U 

n. 1.~Ul 250 n1~1.UURnaillL~t:J1tl~uV1.~~~~1It:J~~L~:: 

mmill L~a1R~~~~llm~U~ 

11. 1.rl~ 150 n1~1.UQ~ LLDPE (linear low density 

polyethylene) ~ln~UUI1tlU~1.~l~RllJ~~q~~ ~~~~~R~~tl'~~l~ 65 Ll~FllL'!SnL~U« 

L~ULlnltl'::~l= 30 uln~1a~U~~U01la~~uQ~«~~an1J~~~1Ia~~1.UBl~RllJ~~~~ 

R . l1unnQfJmtd1l1a~{t)1.ULLRat:Jijl L~il1LLa~1.UQ~ LLDPE Li~~u 1.RU1.~ 

~ . u'Q~~lJ"lill1.rta~1.UURna~i1 L~t:J1~i1"tmy LL~liJR~lnufl 

,. l1unnQ~onllt:J~~I1.ULLR~Ll'i1L~u7~n 1 ulnLfluLlnl 2 ~d~~ 

1.Ru~nl'l LnhLLR~t:J~ll L~m1mll~«~' L«~a 

~. £t~l~n'l'W'~lt1l~qam{]l1fl1R1~ilm d~l thURl~umoilLLn~ Llal~1.lf 

Rll~~U1la~ml,"L~u~,~ (dTjdt) ~Yh R2 It£1'~md::£t~~~ij~~~ L~~tIlt~LLa:: 

Llal~~~n (TF.tF) 

n. RlUllti\lRll~'Rll~~uUlIa~LLRaaiiiLJ\a1 'nn«~nl'(2) U~Ltl~fJU• 

~ln~la~l~~lLfiu~~~~ 60 a~AlL'lSaL~V« 1.RU1.iI'1.tl'un'~ LOTUS 1-2-3 

'IS. U'~hLlf.h~~ L~~~~Ufl'111Jr1Jnl'U~LL~~ un~1mnq~1.lfR~fl9ll~ift:J~ 

nl'1.flU"\~ propylene glycol Und!"'lL~~LLlf~ ( L nUL lnltl'::~l~ 30 Ulfl) 

http:lal~1.lf
http:il1LLa~1.UQ
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". "L~UI 250 n'~~ 65 tl~~l L't!~ Li1mt"LuuR~tl1n Lflld ifu.nn~omlJn 

lItl~U'Yt.ULLR~tJ"il LfltJ~ L.;~~u 

lJ. "L~M1mh..:j~1~~!lmJJil"1~~tJ..:jm"HN'\ULLR~llin Lflll~ LL~':IiJ~~lnui1 

~. 'l1im'l'l1~~ll~ dUL~mnu1fll ~ LL~~ '1 ~L9\RiU1~~nl''I'l1R~1l..:j1~fJ 

'\~~~nl1(31) ~~n~lR11~~llULUJ..:jntJ~nl1~~tl~L~"11111..:j~~..:j'\U~"1~n~ill~~~lLrlfJ1~1l..:j 

Lriv~~ln~nl1LU~V~nl~~1l..:julU~~'\UU~1~n~ill~~1ULnU~U1~w11~nl1'l1~~8~ 

........... (31 ) 

Lntl LH = R11~f8ULLr.J~lIiHm1~"tl~L ~~11111..:jirlL~..:j'\Utl~1~n~illff~ (cal)• 

= [R11~~tlULL~~lItl~hL~..:j (80 cal/g) x R11~iu~~lmln~ill~~xWs] 

'\f thermal conductivity probe '\unl'~1~1«nlwuiR11~~tlU 

lItl..:jU~lmJmL"~~..:j 1Rv'\nmrmLU~~1'rim~u«~~udJum~u«"'~~Ul~ 1.5 V L~L'~~~'\~ 

~~~~lUR11~~llU ~1~1~~~..:jlUR11~~llu~'\n~lfJn~L't!1l1U(Rl«nlWUIR11~fllULnlnu 

0.285 1"~/L~fl1 1l~A1LR~1U ~ 20 a~~lL't!~Li1fJ~) 1RfJ~~UMtlunl'l'l1R~1l..:j~~U 

n. L~fJU thermal conductivity probe n~'\unftL't!uiu~~~~un 

R~~~ 20 ll~~lL't!aLi1fJ« 

'It • ~1l«111 thermocouple nll..:j probe Ltlnu LR~tl..:jiiui\n~~~LL"~ 

1tl~~~1I11~n~L't!lliuR~~ 
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~. '\1'fi.t~~'nUH11tl1'tlU1~lJ'\~~mL1J'N1l'1 L~U 1. 5 11~~ LL~liiut1n 

nl'L~~lJUU1J~~~~~~tl~n§L~viu~n 1 iUln LDuLl~l 60 iUln 

~. «tl~n'll'l~v~nl'L~~lJUU~~~~tl~Q~~~nu In (t) ~~1~n'll'l 

L~U~'~ ~lA1Hl1~nU~tl~n'll'l (s) L~tl~lUl~Al~~~~lUH11tl~vU~'\~ ~ln«~nl' 

q' = 4 	sk .................................. (32 ) 


" . 
~. n'n1'n~m)~l.l'~tllll 6 Hi~ u~'nnAl Ll1~~1~fJ"\f1tJ'LLn1t1 

LOTUS 1-2-3 

11. L~lJU thermal conductivity probe ~~1U~lU~1~ plate ~~ 

9hmh~1.y LLa-1UI1tJlIlfll'1LlILL~~ LL~::'n'Hl~~<Pl"\#1~)lIltl~tl~m '1~lJ"\1rpropyl ene glycol 

U~::hL~~Ui(~ 

n. Av«llJ thermocouple ~tl~ probe L!lnULH~tl~~U~n~~~u~:: 

n,nl'lI~~v~L~UL~lJlnU!tl ~ ~~ ~ 

3.7.3 	m'1~I'~n«1l1'mL~i~11tl1'tlU 

"\11' thermal diffusivity plate ~~ probe L~fJUil~ 5 ~~ U~::ill~ 
. 	 " 

~lU~tI~lm(JilntJ'::ntlU~" 1~tJ"\1r«1'~::~llJ propylene glycol Lm~hL~'mlf~ LUu~ln~l~ 

"\unl'~lU~~~~~"\"Bl~H1U~~Q~~ 1~~'n'Hl~~~"\~H~~)lI~tl~nl'n~~v~ ~~~i,,~v" 
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n. U11,~lv~1~~~~7v~~1~n~~~u thermal diffusivity plate 

U~~lLL~l L~mJ thermocouple dhl~fl~IlUih-l 5 '~9\l~9\il.Lml~fln"nruill~L ~i),1~~1m{)ll~ln 

~uuI1Unln11unu~~ 

11 • UI«T1~:::i1n~ propylene glycol 1Ul.d~u~LLnLL~'HU1~~lIWJil 

9\1l-JA'2l~nl'LL~1~~U"llJl~Gt~t!l11~H1U~l-J~ImQil 2 th~ Vl~~fUJu~~LL\(-lnll.m~~~ 1~fJ~ 

irllL~~LL~-Ij(l~"\UGll '~:::~lU propyl ene glycol "\ulh-ljR1U~l-J~ll\1{)il "\«1~Q!mQ!lL ~l-J~U 

(To )LL41:::~!m.Qil~flfhfJ (Te )9\ll-J~2l-lnTI . 

R. UI thermal diffusivity plate un~~~~1-lR1UR~~~nilfln 
•• 01 

~~onL~~A'U (To) ~un':::~-IjQ~~l12l-ljilV~l~R-Ij~~~IL«l-Jv~liu (±Q.1 2l-ljA1L~41L~fJ«) 
... I,~lnuu~~ul thermal diffusivity plate una~~~l~Rl1J~l-J~In1~~fliflU (Te) LL£l::: 

L'~Du+1n~llrn{)lll1v~ propylene glycol ~Uih~Rl1J~l-J~um{Jilua:::~lv~l~lJn 1Ult1 L nUL 1~1 

U1U 60 Uli1 

1f1lJ"\n11J1Uml-JR2l~i11 L9\v1~ L~tlU1f1lJ"\iI'11l1fl C ¢1l«11l'WLL'r'I1Rlll-J.ymJ.~Rl1!l!l1~Li1u¢n~ 

~~L~~U (Tm) ~2l~~~L;l-J~UU~:::~~~fI~llJ 
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3.8 lIflU L 1I9I").Un1"l'~mn~l-Jif~hn~f\11l-J-tvUlla~l.la1.,rumLa~~~ 

~n'M1f.lallil~~~1Jll 1111~n1 ~Gl::Gl1U (thawing) 1~n1"l'LL~LL~~ ua::Wu~flilt\il~l-Jif~ 

'Yl1~f\11~~f)U 1~LLn A1f\11l-J1'tJU~" L1'41:: ~h~111'I'Nif\11~1ilU LLGl~~h~111WUWif\11l-J~ilU 

lItJ~1Ja1m1nLLa~~~1~m1~LLf.lUn1"l1flav~LL1J1J factorial design (~ill, 2527) 1flUil 

~lLL1J"l' 3 ;11 ~vrJ~ 4 "l'~~1J, fl11::n1"l'a::,nu 2 "l'::~u ~~n1"l'utlu!~ ua::Wu~ 2 "l'~~U 

LLa::'tlim"l''tl~av~ 3 il'I ~lutJ"l'~~n'M11~Un 

n. ~~\)l'l 111n1"l'11~GltJ~").utl1~~Im<P1t\ini11~ L~tJmL~~71v~ltl1~LLr\ 

-40±1 ,-30±1, -18±1, LLa:: -10±1 v~A1L'1!aLilf.J~ 

11. fl11::n11Gl::Gl1LJ(thawing) 1~LLn~~lUfl1"l'a::~luua~~lUn1"l'a~a1LJ 

jj1m.h~~'U1~lun1'n::a1LJ~il9l1flill~~~lUn1·m~LL~~~1f.J air blast freezer 

~U1~~~~91l~~a~n1"l'nilU1fl~1~~U~'tl1~f\11~~tJU ~lU~ltJil1~~~lun1'~::~lLJ~lLJG~ 

still air freezer l-J1'tlin11a::alLJ 

U~LL~~~1lJ air blast freezer ~U1~~orn{Jl1911l-JA'tl~n1"l'rltJu1fl¢n~~U~111~Al1~-tm.l. 

A. itJ011UtlLL~~ ~tJ 01"l'LLtlLLB~~1Hig air-blast freezing LLa~LL~ 

U~~~1LJ15 dry-ice freezing 

m::~tl~;ru~ Sepia pharaonis LLa~~~QIil1~1i(u~ Penaeous monodon Fabricious LL~~ 

~-3LLnU1lJ'ifu~ Penaeous merguiensis de Man 
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3. 9 'lU"l~~tlOl'l1~tlll ..mG1~~ LA'l~~r.ltl'Yll-ll~~~ 

'U1¥h~~i~l1l~All~~mJ.~il R1All~~1l'U~IL "'l~ Rli;:Unwu~lll-l~ll'URl LLtl:::~h 

~fll1'lUl..iAll~~1l'U1Jll-lllJtllm1nLLtl~~-Il~1~'n n0l111~tltNl-ll '} LA1l~~r.ltl~-Ilif 

3.9. 1 ~l¥h L'il~ULLtl~~l'UL rlU-Il LUtJJJ1Pl1~lU'tlll-llRln1~~lnnl"'} LA1l~~ll-ll~1J,.~nllU 

l1l-ll L Ail LLtl:::~3Jii"l1l-llA1ll-l~llU1Jt)-Ill.1tllmlnua:::~-Il LLtl::: L lJ1l.lU L iiumh L\l~lm~~~lnOl'1 LA'l:::lt 

t)-Il~lJ':::naUl1l~LA~ ~-Il11U~:::L~U~n11Al'Ul~unlA~u1n A 

3.9.2 ~LA1l:::~A1l3J~1.1"lJ'1U r.ltlnfl-llWuQ ~~~~ fill:::nl'tl~tllU ~1M1Ul.1tll~~n 

LLtl:::ifinl'LLn~~-Il~'Ilt1U~~ 9\mt3Jii~'YI1-llA11l-l~aU'tlfN1Jtllm1mLtl:::~-Il1~U"\.irLlJ'LLn1~ STAT PAK 

(STATISTICAL ANALYSIS PACKAGE : NORTHWEST ANALYTICAL. INC. POSTLAND. 

OREGON. 1983 ) 

3.9.3 ~~3Jn11A1l~~uWufi':::~il-llRl~~ii~'YI1-llAlll-l~aU1Jt)~l.1tll~nnuWU~ fill::: 

nl1tl:::tllULLtl:::~!m{}!l LLtl:::All3J~UW'U~1:::W~h-llRl~UU"11l~A113J1't:lU'tIa-ll~~n1!Wu~ignl1LLnLL~-Il 

LLtl:::~IIM~il 1~Unl'111 multiple regression 'tIa-llifa~tl~-Ilm.J~ LLtl:::~·n1tllA1l~~~q 

'tIll-llLl1a~~1~1 "\.~3Jn111~u"\.~ analysis of variance "\.unl'~~Ll111~~~Uu~I~~l-ll~n~ 

(p > 0.05) ~lu1lJ'un13J S.P.S. (DATABASIC, Inc. Mt. Pleasant HI 48888) 



~1~11lJ1'tll!"iL lC1~l.Itl~1.1~1m1nm~~~..nni.flfJ1~ modified method of 

mixture iTI~~~~O~1.1~1~n~~~~11lJ!l!ij~ 1~U~~Q~ LLDPE ~11,~ltl~1~L~tl~~~~1 

mh~n~«11~1 n~l~~~nu~n L1.1~Ul!~11lJfmurlJ~ii1nu LL~::ilnl1{rtl~OUn11~,¥ L~U~11lJftll!~l! 

7J~'Y1~~tl~ 1fltJil dlYt1'ICJLL~~1.~1 3 ~1 l1~1~ L~U~U1U~tl~u~::~'Un11m Ll~l«~~tl 

(tF)~~~iUwU~Ul!Lft'Un11~1~~i1~Ll~ln~~~~7Jtl~~mL~ntl1~L~tli~~1 R2 ~~~Yt 

L~~~ln~Un11l1fltltl~wui1~""llLml~~l:"l~1 R2 a~~fl l:"lLLUli.WJ LiJ'U~""llLwU~ L~tJ10ll L1~1 

~l1~«~11lJ~lJWurl1::~i1~Lltl1nUQ~~Lnl!Lft'U~1~~~~~Yt 

~l!n1'l1fl~tl~~1~1~11lJ1'tll!"iL~1::i.flU~n~n~'ULiJUii111~ln~1~~~~ 

LL~n LtJriUl!~11lJi"tll! LL~~ L~11~1~~~ L~tl~lih~11lJ'~11lJ1'tll!l.Itl~LL~ntl"!I L~tli md1 

• L • 

U~ntl~il L~min1.11::ntlU~m1~h~11lJ,Ytl1lJi"tll!L lholl 79. 942±O. 479 mmil; Itl~A1 L'1l~ L TtI« 

LLn:: LrltlUilL~ntliSl L~tlilJll1fl~tlll~lUCl11~1~~~;\l111'1..I~1~11lJ1'tlU"i L~l::~tln~ L'1ltli'U~~ 

il~1~11lJ1'tlU"JL l'41~ Llh~u O. 555 LLYt~tl~/n1lJ tl~A1 L'1ln L~fJCl ii~DIlUjl 15 tl~A1 L 'lln L i1Uii1 

(Heldman, 1979) 

I I L • 

L~tl~~U~~tl~~L~tli~lA1~11lJi"al!"JLlC1~7Ja~~11n~11lJ~l!1'tlU~~85.91 fl~~~ -10 

tl~A1 L'1ln Li1u~ 1.111 nll11ilA1 nhOll 0 • 895±0 .008 LL~~tl~ In'llJ a~A1 L'1l~ d'm~ ~~il~l 

9\1~"lmh~11lJ~tll!"JL If)~l.Itl~Wl1ih1fJ~1l!l1'(RaoLLn::Rizvi, 1986) 'i1nii1lJnl1 

http:L~tl~~U~~tl~~L~tli~lA1~11lJi"al!"JLlC1~7Ja~~11n~11lJ~l!1'tlU~~85.91
http:l:"lLLUli.WJ
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Cp = [4.190xW+((1.370+0.0113T)(1-W))]xO . 239 ............... (33) 


1~uwuil~11~~11~~U~~Un~ 85.91 ~~WM~ -10 B~~lLnaL~Ua~~1~11~~BU~'L~1~ 

L1h nu O. 903 LL~aB1 /n1~ B~~-I L'tIa L~ua ~~u~mh ~nU~mJn~ O. 8 ~~~u.u~nBijh ~Bi~ 

u'~nvU~U~~al~1'n~~1~11~~~U~'LWl~1~~BUfl~ijn«v~ 

~f thermal conductivity probe ~1~lanlWUlAl1~~BU 

"B~u,n~ilmLG1~~~ ~lnm''t1~aB~1~L ~Bn~fn~ LnBiuL D~l'~l~~~ L~mn1'ffi~~lu~11~~BU~ 

~1(url probe L;iB~~lna~~nnLLa~.,.n'hu uan~lrrlfir~'\f1lffi'1n1~Ua~,~M~11mh~Anu~~~ 

1~u~fL R'~~UUG1~1~1~lnn1~Uaa~u 220 11aft djutl1~ua¥l'~ 1. 5 11a~ L~B~tf1.~tl1::LLa 

1'Wfl~JJ' L'a~~¥laBVIm 111~mB~ LLa~~wn'~1~laml'lt&~11~~BU '::~~1'1I1 L~Wl::r.Jan1'l1~aB~ 

fln'1~L~U~'~1::~1~~~~nu In(t) ~~1 R2 ~lnnil 0.90 ~U1UL~v~~~B~a'::~il~ 

~~cnnu In(t) ~RJ1~~~Wu~Ln~L~~'~~L!Bnv1~ 111'\~~lanlWUlAl1~~~U~1~~Jl~~n 

~~~ri~~u (Nix Lm:::~(I:: ,1960) 

~lnnl'l1~aBU thermal conductivity probe 1~u~~lanlwu, 

~Jl~~~unB~~1'~1~~~~11'lURlanlWU'~11~~BuRB carageenan gel(pure IOTA) 

L~~fu~~ua~ 20 ~~~ -10 ~~~lL'tInL~ua ~~lanl~nl'UlAl1~~BULnlnu 0 . 136 

l¥1~/L~~' B~~lL~niU (Kent ua:::~~, 1984) ~mWUlAl1~~~UnB~al1G1:::nlU gel 

~1~~lnnl'l1V1G1B~~~lLnlnu 0.13Q±O.011 i¥l~/L~~' ~~A1L~n'U ~~~l~~lnRl~ 

'lu~lU1Y~~Un::: 6.46 uBn~ln~LrlB~n thermal conductivity probe ~~lanlWU, 

~11~fBU"B~Lnvil~~11~!U~vUn::: 64 U'~11l1!»U~Bua:: 16 ~~WMan -10 B~~lLnaL~u~ 

~ufl~nl~~UlunuL~LrlB u'lnoil~~lLnlnu O.38Q±O.025 i~ft/L~~' v~A1L~nlU 

u¥ln~1~~ln~lanlWUlAl1~fvu~B~L~il~'lU~lU1~ (Rao ua::: Rizvi,1986) ~lna~nl' 
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k = 1Q-3(400-4.49F+O.147W+1.74T) ......................... (34) 


1~~wuil~nlWUI~11~~VU~v~L~11 ~Rl1~~U~vV~~ 64 ~i~I~1~~u~vV~~ 16 fl~~un 

-10 v~AI~~~L~V~ ~AILnlnu 0.382 i~~/L~M' v~A1LR~1U ~'~~la,vV~~ 0.517 
., • tI 

~~~u thermal conductivity probe nu'~nvu~U~~al~I'n~IAlanlWUIR11~tvu1~ 

¢mu!h~~n~v~ 

4.1 . 3 AI~nI'I'fLLlt'rrn~fvu 

~~ thermal diffusivity plate ~IAI~nlmLlt1A11~fvUL~vnl 

m''t1~tltl~lrl~l~nl~ltiAl1~'VU~~!lmzjl91JfrhlRLiJvmL~~~v~~ (-40 ~~ -10 v~AI 

L~~L~~~) 1~~~ propylene glycol LDu~I'~lntll~~Unl"nHl~OM~ L~~~ln 

propylene glycol ~U~~~l~U~l~~~zjl~~Jnl''t1~~V~~V rr~R~Lfiu~v~L~nl~U~~'t11 

~lnnl''t1~~v~~~ thermal diffusivity plate lrlRlanllt 

LL'I'IiA11~1'vU~i)~al'~VI~~~'Yl'IU~I~m'r'IU'I'I'A11~'i)U~v carageenan gel L~~~u'Vlm:: 

20 ~~~~ 10 v~A1L~~L~~a ~~I~nl'l'lU'l'l'Rl1~'vuLnlnu 1.25x10-7 L~~,2/~UI~ 

(Kent LLtl::A~ .1984) LL~::~mltU'I'IiAl1~tvU~"#~lnm'n~af)~il~1 1. 200x1 0-7± 

., • tI 

thermal diffusivity plate ~1~lanl'I'IU'I'I'All~'i)U~v~LUuUR~Rll~~u~a~~~ 76.81 

~~OM~ -10 i)~AIL~nL~va ~'lnDil~AILnlnu 1.82x10-7: 0.05x10-7 L~~,2/~Ul~ 
• t. • 

~~~I~~lnRlanlWU'l'liRll~~f)U~a~LUvuR~'I~~IU1~ (Singh,1982) ~lna~nl' 
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=[O.057363W+o.006288(T+273)]x10-7 .......................... (35) 


~ ~. 
u'~~1~fau«~ 1.59 ~~~u thermal diffusivity plate ntl'~na~~~1~1'n~1~1 

4.2.1 a~Rtl'~na~n1~L~~~a~U~1~n 

nT'l~ L~,,~~a~Ru'~na~,~ L~jj~a~u~1mlnn~':lULL~~u~1m1nn1~~m~~~ 

~'Ul~1ut11'n~n1U LL~~~~1W11,~~a1fJ~1~'nnm'nPtna~ 3 irll~~.m~..:un"~~ 4.1 'Md1 

u~1~nfl'Ul~1un1'«~«1fJ~U un1~nn~lujj~Lnuv~~u'~na~~~n~1nn11un1~nn'~~il~ 

II r '" I I

n11 ~~~uL~aulU~1~nn~1u~1~1W11,~~a1fJ~~n~aan~1nLnaLvatl~1~~1nnl1 ~~~ 

~n5~a~a~~fi~n1~~11~~ilu~a~~lacl1~ uan~1nun~wu118~Ru'~na~n1~L~Ufiuuan~1n 



~111~~ 4.1 il~~u1~nvUnl~L~~nil~u~lwnnn~1~u~~u~lwnnn1~~il~~~~~W1Un11~~~l~ 

LL~dl~1W11"~~~1~ 

,m~ 

u~lmln 

m"l 

~~~l~ 

Ui~lm'il~~~nv~v~RU"l~nilUnl~L~~*(dry basis) 

~11~JU LU"l~U 
-

1'llw L~u1.~ Lrfl 

n~llJ 

m~~v~ 

'U1f·hu 

~lU 

~r·hu 

~lU 

81 . 66±O. 15d 

78.27±0.10a 

80 . 34±O. 11 c 

79.04±O.12b 

85.67±O.22d 

85 . 32±Q. 10c 

82.96±O.80b 

82.12±0.S1a 

5.S6±Q.OSa 

S.60±Q.04a 

6.S6±Q.09b 

6.61±Q.06b 

o.49±0. 10a 

0.43±0.08a 

1.07±Q.OSb 

1.01±O.09b 

6.28±O.05c 

6.39±O.10d 

3. 80±0.1 Oa 

4.14±Q.1Sb 

2.00a 

2.26b 

5.61c 

6.12d 

~1 ilm;,.m'M15~ nfll1~h L~n~LL~m~h ~nu'\umn ~~ mn lJi1~ui~l tl~il~~~~v~ll~n~v~~U"l~ film 

m~ L~~lL"n9\l ~numh~~i1mt~t'{t11~~~~ (p<O. 05) 

4.2.2 ~~'llil~Wu~ nll~nl"ln~~llJUn~~WH~~il~uU~nl~~11~~ilunu~U~1~n 

~lnnl"ln~~il~UunnAl~~~1.Unl~llal~niWU~L~ilu~lAlUl~1~11~ 

~tJUOjIL l'Cl~ ~nll'lUlAl1~~tJU Ll~~~m'?lLL'?IiAl1~1'ilu~~9htltil~m1AIU1Il1.tlJllT\~Uln 

, l A'1~~Al1:J.JUU"lU"llmJnnil~Wu~ ml~m'~~~lmL~~~~il9\mh~~ir~m~Al1:J.J1'tlU LL~~ 

~~11:J.J~:J.JWu~"l~~1~~:J.JU~nl~Al1:J.JfilunuWu~ nll~nl"l~~~llJ~~~~~~~lJ1.f 

multiple regression analysis 
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4.2.2.1 ~11~~uU~IL~1~ 

~l n01'71 L ~11::~Rl1~LLtI't1'lUllB~iI'Bij~ (~l'l~~ 4.2 ) 

WUl1 ~~~~il~1::~il~Wu~nUnll::nl'~::~1~ nll::n11~~alU LL~::~~~~~~~ilAl~11~ 

~BU~IL~l::u~l~~Uu«~qnl~«n~ (p<0.05) 

~111~fl 4.2 	011iLR11::~~11~Utl't111U ~~lIB~Wu~ nll::nl'~::~1~Lt~::q~~v~1~11~fBU 

~I L'r'n::1ItJ~t1~1m1n 

SOY <it ss MS Al F 

~~(P) 1 1.168x10-2 1.168x10-2 5.168x10-1 

ml:::m1~:::~lU (H) 1 1.967x10-1 1.967x10-1 8.702* 

~tm{]il(T) 3 2.651 8.835x10-1 39.082* 

PH 1 8.110x10-2 8.110x10-2 3.587* 

PT 3 8.319x10-2 2.773x10-2 1.226 

HT 3 6. 730x10-2 2. 243x1O-2 9.923x10-1 

PHT 3 6.810x10-2 2.270x10-2 1.004 

Error 32 7.234x10-1 2.261x10-2 
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~ln~~nldn~~v~L~vLui~ULn~UA1L~~~~11~~vU~IL~1~!v~U~1~n 

("1'1~~ 4.3) l'f1Jilfl~cmUlh~lJ1nu'\u'lh~ -40 n~ -10 f1~A1L'll~Lilml U~l~nn~l~~ 

~~lUnld~~~lV~~1~11~~vU~IL~1~ij~n11U~1~nnd~~v~fl~~lunld~~~l~(Ud~~lW~v~~~ 

7.84) ~lMiuu~lw.On~~lUnld~~~lU u~1~nn'~~v~~Al~11~~vU~ILW1~~~nilu~1~nn~1~.. 
(Ud~~lm~vV~~ 9.22) ~~lti~ 4.1 ~~ULdv~~lnAl~11~~vU~ILW1~iunUfl~~tid~nv~nl~L~ 

~l~~~md (1) 1~U~11~fiu!'lftl~11~l'vU~IL~~U~~~~ (0.465 LL~~f1~/ni~ v~fillL'll~L:aV~ 

fl~tXVI(JiJ -20 v~Al L't!~ Lilv~ (t1d~111A" Utl~~~, 2531)) Lm::t1&nw.Oni1~L~'UiI~Atlj::na~ 

ij~~~~vV~:: 78-83 ~~~UR11~1~~n~~~~v~1~11~~vU~IL~1::~lnn11a~~t1d::nvUnl~LRi1rlu 

~~~~~t1~1~nn~lVfl~~lU111d~~~1~LL~::t1~1~nnd~~v~fl~lUnldtl~~1~~~~t11~lWR11~!U 

~lnn11t1~1m1nm::~v~~~lUmd~::~1~LL~~t1tllmlnn~1~~~lUl11'~~~lU (1'f1~~:: 1. 64 LL~~ 

O. 1 "l~~IiU) il~1~11~~f1U~1 L~l~~~nil r.l~n1dll~~f1~~~mhl~v~~~v~fuJ~lu1~U'niN 

Levy (1979) ~~l'f1J11'\U~1~~mM~ -2 n~ -10 v~fillL'lltlL:a~~ LUB11~~~t1i~lWR11~!U 

ij~nilil~1~11~~vU~IL ~~ij~n11n~Lur11~::~v~Atld~nmnn~ L~~~U" '\n~L ~u~nu Ulln~ln~ 

~~WUiltl~1~nfl~~lUnldtl~tllUn~lRl1~~vU~IL~1::~~nilUtll~n~~lunld~::~lU~Wu~ 

Utl~~~~L~ulnu 1~U~t1~1~nn~luLrlvU~1~lU111'~~~lV ~~lRl1~~vU~IL~1~tl~a~ 

t1d~~lW~vU~~ 20.78 (LrlaLtli~ULn~unU~1~11~~vU~IL~1~!v~t1~lwOnn~1~fl~~lunld 

~~~1~) ~~LUU1t1~1~t1i~1~11~~U~~~a~(~v~~~ 4.33) LnuL~ulnuu~l~nnd~~v~Lrlvul 

~1~lUl11d~~~lU ~1~11~~vU~IL~1::~~a~t1d~~1=~vU~:: 3.17 "1~t1~~lWR11~Bu~~~~~ 

(~f1U~:: 1.64)Lnunu ~~~uBn~~~~f1~nlda::~1~1l1'\~lRl1~~f1U~IL~1~!v~Utll~n~~~~ 

L~~~lntli~1~11~K~~~~ ~~L«U1~ilnld~~a~!v~~1~11~~f1U~IL~1~~f1~t1~1~nn~lu 

LrlvHlunld~::~lU~lnn11t1~lnOnnd::~v~Lrlv~lunld~::tllV 1~V~~lRl1~~f1U~IL~1~'nB~ 
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" . 
Lnl~il~D~~1~11~nU~ 

m~Sl~ ~~UL iiv~~lmh~11~~ilU~'L Jtl:::Uiln:nnjuntJ~11~iuU~juntJ~11mru.1LLUU 

(Mohsenin, 1980) ~~~lnnl'YI~~il~l'f1.Ji1~11~~U1LLUU~il~D~lmlnn~llJLLnLL~~fl'Ul~.hu 

nl'~:::~l~L~:::~~lunl'~:::~l~~~lLnlntJ 0.992 U~::: 1.001 n1~/~ntJ1A~Lnu~L~~' ~l~~~tJ 

~lU~11mru.1UUU~il~D~1~nn,:::~a~unU~~~~lunl'~:::~1~U~:::fl~lun11~:::~1~~A1Ln1ntJ 

1. 005 U~::: 1. 011 n'~/ijntJ1An L'tlU~ L~9\'~l~~~tJ Lilil~~ln~ll'H{ftlliml'l.\(R1~11~~lLLU.U 

U9\n~1~nUU~1~~~rRqn1~~n~ (p<0.05) 1~U~11~WU1UU~~~MilR1~11~tilu~ILJt1:::'l.U 

t1Al11~9\'~1f1~nmnl~iu iiU~il~11~1'ilU~ILJtl:::~~~~ Lria~11~ml.1LLU'tUnnlu ~ln~11~U9\mh~ 

':::~i1~~11~WU1LLUU~il~D~lwOnn~1~~~lun1'~:::~1~ntJU~1~nn~1~~~lUn1'~:::~1~~R1~lnnl1 

u~l~nn':::~il~ 1~~~u~lwnn~~lun1'~:::~1~~~11~WU1LLUUL~~ln~u ~~~~~L~i~'l.~n1'~~~~ 

~il~A1~11~raU~ILJt1:::til~D~1~nn~1~Lrlil~lun1'~:::~1~~A1~lnni1U~l~nn,:::~a~Lrlil 

~lun1'~:::~1~YI~~A1~11~~ilU~ILWl:::til~D~lKOnn~1~Lrlil~lunl'~:::~1~~A1~lnni1D~lwnnn'::: 
I'" '" I 

~il~Lnil~lun1'~:::~1~ ~~uun1'LU1utJL~~tJ~1~11~rilU~ILJt1:::~ln~11~nU~1'~~1'~ln~11~~U1 

" .
YlI'l.\(L n~~~ni!~~~lIU1~'l.~~ Li1~~1.~'~~~1~1HHL il.t:J LfltlYl~~1~'~~1'l~ L~~11.ltJ1~~lU 

.., • I I I 

(Love, 1962) ~~UUL~ilUItlG11m1n~l'nIn1'~:::E11~~~111'l.~L n~n1' L~~ilultnil~irJLL~:::tl1n1A~ 
~ .. 


LLYI'n~ltly'l.U~ltliln~1~ln1~'~~~1~lItl~LUilLfla~Dnl1l~lU (Lawrie, 1960) nl'l.W1.l1~19\,~a~ 
. ., . 

~ltl~1~~~~~mnni1~1~ !lr..m"\~~11mrnlLLUuL~~u Lm::: Lila~~ln~11~Wl~1l~D~lmlnn~1~~-rrlW 

ni1~~111'l.~n1'th~1tlm.ll~~t)UG1:::tl1n1A Lnu11.l1~fL ~lni1 ~11~mJ.1LLUU~tl~1.l~lltilnn~1~ Lrlil 

. " 
~lun1'~:::~1~~~L~~m.I1nn11 U~:::~lnn1'~~Ln9\l'f1.Jl1U~1~nn~1~Uiln~1~n1'ijqL~~~ln 

... . . 
n11 fi~il~n'MU:: LilvihJuE1:::titlU~lni1 iI~ L~E1l.11~lnnl'11Ial~1~'~~~1~"\U':::wh~nl'LLnU~~ 

... 
utJtJif1l1~\(L~U"\lJn~ll.1L ilm i~~~')numh~~lW) (L~11~n"dd. 2528) 

http:utJtJif1l1~\(L~U"\lJn~ll.1L
http:lnnl'YI~~il~l'f1.Ji1~11~~U1LLUU~il~D~lmlnn~llJLLnLL~~fl'Ul~.hu
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~l'll~~ 4.3 	 ,h L~~lJA11lJ1'f.)U"lIL l'n::~a~tJtnmlnna-1mLtl::1.J~lmlnm::~f.)~~~~~~hu 

nl 'ltl::~lmL~::~Hl'UJn 'ltl::~n lI'\Utl1 ~~cm~fllfdl,~ LfltlmL~~lIf.)~'itl 

(-40 ~~ -10 	a~A1L~~1~l.J~) 

Wu~ 

'lJall~n 11l1::m1a::tlllJ 

~l L~~1I~11lJ1'f.)U~1 L'I'n:: (LLVltltl1 /n1lJ tl~All~tlL~lI«)~n1~f.)~~. ..-
-

-40±1 °c -30±1 °c -18±1 °c -10±1 °c 

n~111 

n1::"a~ 

'UJH1Um'ltl::alfJ 

~hum1tl::tllll 

'UlH1Umjtl::~llJ 

~lUn11tl::allJ 

0.481±O.OO1 

0.375±O.002 

0.435±O.043 

0.426±O.OO1 

0.S01±O.OO9 

0.398±O.007 

0.452±O.032 

0.444±O.OO2 

0.647±O.015 

0.479±O.OO2 

0.575±O.046 

0.S27±O.OO2 

1.146±O.014 

1.017±O.OO7 

1.111±O.On 

1.066±O.034 

lrlf.)~n~1~~~a~a~Q~~~fla~1~11lJff.)u~IL~1::~a~tJal~n WUil~Wu~ 

ua::11l1::nl1a::tllll L~lJ1 nU¢nA11lJff.)u~1 L'Wl::~a~tJ~lmlna~~~ Lria~~{llMI~~~llJm 1 L 1.J~mJJ.LlJa~ 
• • 	 'lI 

~f.)~A1A11lJfau"lIL'Wl::~a~~~~"I::~~la~tl~Lna~~un~~~ uan~lnuu~wuilnl'la~tl~~u~~l 

"11l.l1'tlU~1 L.,ndl~m:t1ll::1L1M'Il'l11UtlllNlfJ ('1.J~ 4.2) ~ djuL nUUtll"l LlJu L 'W11::,\un1 ~lIEN,. 

nl'lLLlILL~~ L~lI1i1'tl~n\Jm'l L1.J~lJl~utJa~~mu::~a~~ L1Ju~L~~~~A1R11lJ1'tlU~1 L'I'fl::'lItl~~~~nl1 

ir"lL!~tJ'l::l.I11I 2-3 Llh ~~~uLUtl1~~u'lltl~m'lutlu!~~'itlL nuh1!~rJ~'blml~ ~lR11lJff.)u 
'lI • 

~IL'Wl::~~ij~~ll.l~lR11lJ~tlU"lIL'Wl::~tl~~ yvn"llnU~~f.)tl~~~~~~~~::~~~n'lltl~~1 
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., I ~ I L 

~n~~~1~~Uul~11Ln~~U ~~~~nL~~1~~~~~~~lAl1~~uU~IL~1~L~~ln~U~lU (Mohsenin, 

1980) ~~n11n~~u~U~u~A~u~nU~lU~~U~u~ Long(1955) ~~1~nln11n~~u~~lA1Al1~~uU 
tI 

~I L~l~~u~ dlv1Jnl~Ull1~~lm{}il -6 ~~ -40 u~Al L"tin d1u~ m.rhAl1~~vU~1 L'Vndluul1'iUJ 

. " . 
n~n~LLUU~1111Unl~~lUL~u~~~~I~~LnUL~U1nUA11~~uU~IL~1~~u~LUv~~1~UI~un1~n11 

LdLL~~ (Reverzev m:j~ Khakulin, 1987; Mohsenin,1980) LLn~nl1~lA11~~~liu1h·~"'h~ 

~om\lilnUAlA11~~UU~I L....1~1Iu~1JnlmlnnfhmLill;;1Jnlm1 nn1~~u~~~~~r.'nUnl,.~~nlmL~:::~~'nU 

nl,.~:::sn~~un1~~iNnl'LLnLL~~~hlJ regressi~n analysis l'ItJil~~nl"lh~uij~U~1J 

Cp = A+BT+cr2 1~lJ~~nl"LL~~~Al1~~~mt~~~R111~~ 4.4 

tI • • 

n1:::~u~il~n~e.hUnl"n:::snum~:::flr,hunl"~~~lU~U1h~~~{Jil~lni11~ 

djumL~~'lIU~i!1 (-40 ,,~ -10 u~Al L"tIGH -nU~) 

~~ 

l.I~lm1n 

tnl:::nl1n:::nlU ~~nl' regression Coefficient of 

determination(R2) 

n~1u 

n1~~tl~ 

~~h'Unl1~:::~lU 

~hUn11n:::nlU 

'Ujt:.hUnl"l'n:::Gnu 

~lUfll"l'a~~llJ 

Cp=1.805+8.417x10-2T+1.289x10-3 T2 

Cp=1.730+8.964x10-2T+1.413x10-3 T2 

Cp=1.903+9.412x10-2T+1.446x10-3 T2 

Cp=1.780+8.994x10-2T+1.421x10-3 T2 

0.961 

0.951 

0.929 

0.952 
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Lriil~mn'A11~~~Wu.'ib·~~il~~lA11)r~v'U~IL 'I'Il~1lil~1J~1m1nriuW~ m1~nl'l 

~~~1~LL~~~aM~~'U~1~ -40 n~ -10 il~A1L~~Ln~~ ~1~ multiple regression 1~~~~ 

dummy var iabl e ~"nrllJi1U1JdWu~U~~m1:=nl'~~~1~ (Kleinbaum LL~~ Kupper, 1978) 

WU11~11~~~Wurl~~~~~Ln'U~~~~nl'(36) 1~~~Al R2 =0.946 1~~~n~~~11~1~~il~Wu~ 

rilJn11~nl'~~~1~u~~~~~nJa~~il~~~~~v~1~11~til'U~il'1'1l~1lil~1J~1m1n 

= 1.868-5.050x10-2p - 1.265x10-1H + 8.979x10-2T + 

9.910x10-2pH + 1.402x10-3T2 

........... (36 ) 

~ln~~nl' (36) Lrlilunu~lL~v~1~1~11~~vU~iL~1~1lil~1J~1~nn~1~~ 

~~lunl'~~~l~~~~ -10 il~A1L~~Ln~~ WUil~~1~11~~vU~IL~1~L~lnlJ 1.110 

u~~il1/ni~ v~~lL~~Lnu~ ~~~1~~ln~1~11~~il'U~iL~1~1lv~1J~lwnnn~1~~~n11~L~~1n'U~ 

l~~lnnl'n~~u~~il~~~ 3.11 ~~~~~nl'~~~~11~~n~v~~unl'~1'U1~1~11~~ilU~IL~:= 
.., , , 

'Dil~1J~lmlnn~1mL~:=lJ~1m1nn1~~v~n~i'1--ul~lwn'~~~1~Ll~~~"hUnl'~~~1~1.u1h~u!lu~~ 
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• I • I .. 
iln 1+ ;,n 2 I 11n 3 11TI I + 11TI 2 I ~ln 3 
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/ 
f 

" 3 ,. ~ .. 
• ~ 0,-' 

;,. 
~ Co o1.780+8.994X10-2T+1.421x 10-3T 2.. '~ 

,:.: 0.1 
-60 -GO -'20 -10 

~ 3 

~'i~~.:! ~u~"l:~~l'~E:l) ~~~~ { ~~nl~~~l~a~', , , I 

" /
/ 

Cp o1.805+8.417x10-2T+t289xtQ-3T 2 

=:.: 
~1 
c:> 

""~~ 
l~ 0 
~ 

'" -::;: 
:::! 

-::;: 0 

.2 

.1> 

:3 

.C 
-50 

~~---.. 
Cp 0 1.903+9.412x162 T+t446x10-3T 2 

-30 -20 -10 o 
~ ., 

( oJ J 

J~ 4.2 Rl1~~~Wufi'~~1~R1Rl1~~vU'ILW1~~u~Ual~nn~1~ua~Ual~nn'~Rv~ 

~~~~1un1,a~alUua~~~lunl,a~al~n~~~'Un1~~~~Jnil,~ 

LlIvnu~~!lv~{tj( -40 n~ -10 iNAl L'tin Li!mt) 
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4.3.2 ~nlWU~11~fv~ 

'nom,' LrI'1~~rl11~L1tJ'tJ'l1~nv~i{f)ll~ L~v~mn~mlfl~,ru~ nl1~n1'~~~lV 

LL~~~tmlJfl9\mhtlm'WU"'WI11~fv~nv~tJ~1m10"\~th~~um~9\lfrh~~ LnvmL~~nf)~~ (-40 ,,~ 

-10 v~A1L~nL~~~) ~~~1'1~~ 4.5 WU11ilnfi~n11~'~~11~Wu~nunl1~nl'~~~lU Wuq 
nl1~nl'~~~lU Un~~tm~ ~~n9\vRl~nlWU~11~~vUU~1~~UU~;Rqnl~~~~ (p<0.05) 

!IIl'l~~ 4.5 	m,iLrI'1~~11l.JLLtJ'ltJ'1U ~n1It}...rHu~ fl11~n1'~~~lV LLn~~Dm\)fl9\vRlttm'l'ruJ 

yt11~~f)Unv~tJnlmln 

SOY df SS MS 
" 

Rl F 

~~(P) 

m1~n1'r1~&lllJ (H) 

~tm\Jfl(T) 

PH 

PT 

lIT 

PlIT 

Error 

1 

1 

3 

1 

3 

3 

3 

32 

2.036x10-2 

9.677x10-2 

3.765x10-1 

2.318x10-2 

7.766x10-3 

4.974x10-3 

1.178x10-2 

6.234x10-2 

2.036x10-2 

9.677x10-2 

1.255x10-1 

2.318x10-2 

2.588xlO-3 

1.658x10-3 

3.929x10-3 

1.948x10-3 

10.451* 

49.688* 

64.429* 

11.900* 

1.328 

0.851 

2.016 

• 
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~lnn11Lui~UL~~U~lLu§u~nlWU~11~~vU~v~u~1~n (~111~~ 4.7) 

WUll ~ ~~~L~~lnU U~1~nn~lu~~~lun11~~~1~~~1~nlWUPA11~~v~~nl1 

~ ~ 

~1~nl~UPA11~~vU~unUu~Au'~nvUnl~L~~~1~~~nl' (6) 1~~~11~~ULnUU~~u'~nvu 

~~~~u~1~nlWU~11~,u~~~q~ (2.440 l~~/L~~' u~A1LA~~U (Mohsenin, 1980)} 
I • ., 

L~uLui~uL~~unuu~~u'~nuU~l~L~~~U LL~~il~AU'~nvUH~n~v~U~l~~n~uul ~~uu 
I • ~ 

nnll~nl'~~~l~LL~~~~L~~lnU u~1~nnnui~1~11~~~lnnl1~~~~1~nlWUPA11~fuU 

ij~nil ~~~~~~~n~L~UlnUA1~11~'uU~IL~1~ ~~nl'n~~il~~~nall~u~~~u~nU~lUi~v 
~ I 

~u~ Lentz (1961) wuil~unl~~~~ 4 n~ _ 36 u~A1L~~L~~~ L~11~~~ui~lm 

~11~5~~nil ~~1~nlWU~11~~ilUij~nil~~L~il~u~~u'~nuunl~L~rlUj ~~n~L~~~nu 
~ !II • 

uvn'nniW~W1rh~11~LL~n~1~~u~vh~mWUPA11~1'uU,::W'h~u~1~nn~£tu~nilfl~"hUnl'~~~l~ 
, ,t" • ~ 

~~1~lnnl1thmhunl'~~&ntl (lun 4.3) n~n~11~U~n~h~!il~U1~1IlYll1~nU~utl~lmln 

'"' I ,t" t." 

n~~u~nu~n~lunl'~~~l~~~l~tlnilU~l~n~~lunl'~~~l~ n~Uul~L~UL~'l~~~n~L~~ 

• '" I t" I 

f1 Lf1f1~U~U,::~11~nl'LLnLL~~LLuu~ln"1).l.(Slnl' L1J~lJUl.LtHNm~1~·H~~1~~u~ L'ilv diu ~~il~~~~ 
t" I I I I 

1~,~~'h~?Ju~ Lilu LDil?Ju~u~lmlnn"hWll'~::&llfJLL~ljl'~n~f1'1lj Llti'luUL ~~ ~~ Rao LL~~ 

Rizvi(1989)LL~:: Miller U~~ Sunderland(1963) 1~mhl1~11~1£tm~~11~'uU 

'"' "" '"' I "uvn~ln~~nunUtl'~lW~11~nmL~lv~nunu1~'~~~1~~u~LUuLDu~n~1~ ~~uunl'Lui~uLnlJu " 
'lI • 1Jo I I 

~1~nlWUPA11~fuu?Ju~ul~'~ln1J'~lW~11~~U ~1'~~1,~fl1A'~~~1~?Ju~L~uLDilnL~vunu 

~~~~~~~L!ilOu1~ ~&lnl'n~&lu~~~nall~il~A~il~nU~lUi~lJ~il~ Rahman U&l~ Druscoll 

(1991) WUil 1Jnl~nn~l~~~lU?Jil~~l~(tentacle) ua~~1iuUiln(mantle) ~~n~ 

1~'~~~1~!cH L&Lrlu~u\illmh~nu U&l::U1~11lfl11~iuflu~n'n~nu (1'il~~:: 78 . 6 LL~~ 77 . 4 

~l~~~1J) LL9\n~uil~h£t1ll?ru.1fl11~~m~~U~Am~~~Ul nnu L~ Lrlilu~lm1n~ L,hnu uvn~ln~ 
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U~~11~~lwn~~~lun11~~~lV~Rl«nlWU~11~~aUij~nl1~~1~n~~lun11~~~lV~Wu~LL~~ 

~~~L~VlnU ~~n11n~~V~~~n~11«u~~~u~nU~lui~fi~v~ Rahman LL~~ Driscoll (1991) 
~ , 

~11 Calamari ~~lu~il~~lnuuvn L~vU~1~lunl~~~~lU~~1«nlWUi~11~~u~~~~Lnunu 

L1~~~lnn11n~~u~~~~11~~lKOnn~1~LrlilU~1~lunl~~~~lU~~1«nlWU~11~~aua~~~ 

~1~~1~~au~~ 23.03 (LrlvLU1~uL~~unUR1«nlWU~11~~uU~il~U~1~nn~lfi~~~lU 

nl~~~~lU) U~~~11~iua~~~~uu~~ 4.15 1~U~~1«nlWUIR11~fuu~v~U~1~nn~lfi~~~~~ 
~ ~ , 
UU~~L~U 5 Lnl~u~u'~1~11~~U~~~~~ 

.., , ' f 

~nl~i~11~~u~~~~L~fi~ 2 Lnl~u~u1~1~11~~un~~~~ ~lnn11Lu~fimLu~~~u~~1 
~ ~ , 

«nl~~11~~ilU~v~u~1~nn~~v~nU~~1~u'~1~11~nun~«~~u~n~1~nu Lnun11~UU~~U 

L~~W~~11«nlWU~11~fuuiunuui~1~11~iUL1~~1~1~«~1~~v~L~Lrlu~lfi 
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~l'l~~ 4.6 	 ~lL~§~~nlWUIR11~~aU~a~tl~1~nn~lUUa~tla1~nn'~~il~~~~~~lU 

nl,a~a1fJua~~~hunTda~a1V'\u~h~q~lfo9\lfli11~ LilrJnLL~~'ZIa~ilI (-40 

~~ -10 u~A1L~aL~U~) 

Wu~ 

tla1~n rn1~m ,a~alU 

I 

';111 ~ tlIl11Util~1 L\l~fJ~mlfUiA11~~ilU(1~9t/ LJ·!~ -; zNAl L~a1u) • .. 
-

-4O:t1 °c 

-

-3O:t1 °c -18±1 °c -1O:t1 °c 

n~lU 

n1::~1l~ 

~f-llun1,a~al~ 

~,hunl1'a~,n~ 

-we.hum1'a::a1fJ 

f-l1Um1'a::a1fJ 

1 . 567±(L 017 

1.394±O.002 

1.523±O.OO1 

1.493±O.OO5 

1.460±0.014 

1.31S±O.008 

1.457±O.018 

1.392±O.004 

1.405±O.OO2 

1.243±O.009 

1. 379±O.015 

1.324±O.OO8 

1.311±(L005 

1.156±O.004 

1 . 279±O. 006 

1.244±O.OO4 

Lrlil~n~lfl~~a~il~~aM~~llAl~n1WU~11~fuu!a~tlal~n(~1'1~~ 

4.6) WUil~n1WUIA11~~ilU!il~tlal~nn~lfJUa::tlal~nn'::~il~~nl1::nl1'a::a1UL~u1nu 
. 	 . ., 
n~~~ -4O:t1, -30±1, -18±1 ua~ -1O:t1 a~A1L~aL~U~ ~R1L~~UUUU~1'11~al~11 

(Jtl~ 4.4) Lrla~amtUl9\"N ~ dJuL 1Iufun'1 LfiUL ln1::'\u~h~~u~nl'UnLL~~~~ LMU1na~n~ . , 	 ., 
~~~lU'Zla~~LDu~IU~~ ~~Al~nlWU~11~~llU~il~~~~U~nil~~~ 4 Lnl ~~UU~~L~l~ 

i 1"\Un1~9fU'Zl il~nl l' LL nLLt~~1~ iit1 w1~ 'Uj Lfiuil'"l1~-3~-3il~mWUIR11~~llU~Ifl'h 111 ~"'~-3~1n~ 

ilIdhlll'''lLt~Lnm.lmJ~LL~l Wam'lll~ail~ii«il~~~il~fuJ-31U1~U~1l~ Pham ua~ Willix( 1989) 
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, ., , 
u~A1L~~L~~~ WUil Rl~nlWU~11~tU~R1L~~UUUU~ldl1U~lRiIL~U~am~~I~~ ~Unld 

iLR11~~~1~ regression L~u~lR11~~uWU~1~~il~~am~nURlanlWUIR11U~UU~U~ 

lJiinmlnn~1f.JU~~lJ~lmlnn1~Ru~~~1l1e.hwnd~~~lmL~~~~lunl1~~~1f.J"\u'h~lItl~mdLL~u~~ 
• . ' I ~ t, 

mJ11 a~mdnl«tly").ullJlItN k . = A+BT+CT2 i1~~:dlR11uLL~n~1~n'Uni1'~lJ'l~~115 Llhuu 

1Rf.J~~nljUaR~~11~~UWu~~~~ldl~~ 4.7 

~1'l1~~ 4.7 aUnld regression lItl~~hs:lmW'U~11~~u'UlItNlJ~lmlnn~1mL~~ 1J~lmln 

nd~Ru~~~~~Wlunld~~~lUUn~~Wlunld~~~lf.J ~'Un1~~WHoOA~il,R 

L!1tlmL~~lItl~lll (-40 n~ -1 0 u~Al L't!~ L~mi) 

~~ 

lJ~lmln 

m1~m'l~~~nf.J aUn1'l regression Coefficient of 

determination(R2} 

n~1U 

nd~Rtl~ 

~Wlunl1~~~1~ 

wl'Unl'~~~lf.J 

-Wr.hUnld~~~lU 

wl'Umd~~~lf.J 

k 

k 

k 

k 

=1.155-1.404x10-2T-1.23Ox10-4 T2 

=1.067-9.923x10-Jr-4.636x10-5 T2 

=1.518-1.172x10-2T-1.057x10-4 T2 

=1.180-6.738x10-3T+2.443x10-5 T2 

0.976 

0.985 

0.897 

0.985 
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Lrlil~n~lRl1~~~Wu51~~11~RlaftlWU~11~~UU~v~~~lwOnnuWu~ nl1~nl'~~~1~ 

bL~~~~on1~~~~ mUltiple regreesion WU11Rl1~~~WuBfl~~~RLDu~~a~nl'(37) 

1~~~Al R2 = 0.987 

k = 1.224-2.625x10-2p - 1.587x10-1H - 9.750x10-3r - 1.125x10-1pH 

.............. (37 ) 

Q~~ -40 ~~~nl1 (37) WUil~~1«ft1WU~11~filuLnlnu 1.552 1~~/L~~1 v~A1LR~1u 

~~~1~~lnRlanlWU~11~~aU~il~ti~1~nn~1~fl«ftl1~L~~1nU~1~~lnnl'n~~v~~v 1.567 

1~~/L~~1 il~A1LR~iu ~il~~~ 0.95 ~~~u«~nl'~~~Rl1~~n~a~~unl1RlUl~Rl~nlWUI 

Al1~~uU7lil~ti,nmlnn"'lml.~::::tiGil~j]nn,::::~u~~~~r.hUn1'~::::~lmL~::::~~lUn11~~~lfJ~'I,nh~ 
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4.3. 3 &:lm1'flL""A11~"'mJ. 

~lnn1,i LA'1~~~11~LLl1'tJ'1w.m~f.l~Wu~ 1ll1~nl'~~~lfJ Un~~~ 

~a¢n&:lJll1'fU"'"lR11~"'f.lU7lf.l~11~lmln"\.u!h~~lni11P\ Lilf.lml~~71a~UI (-40 n~ -1 0 f.l~A1 

L~~L~fJ~) WUi1~n~"'ni1~'~~i1~Wu~ Jl11~n1'n~a1fJUa~~~~ ~n~,..a11~'~wi1~Wu~ 

nUJl11~n1'n~n1fJ ~n~,..a11~'~~i1~Wu~nu~~on ~n~,..~i1~,~~i1~Jl11~n1,a~n1fJnU 

~~ Wu~ Jl11~n1'n~n1uua~~~~ ~Ha~f.l~Jl1ML"'iR11~~f.lUf.lU1~~~~qn1~~~a 

(p<0.05) 1~~~~~~1'1~~ 4.8 

"1 '1~~ 4.8 m,i L~'1~~fl11~lLl1'11"1U ~a7lf.l~Wu~ Jll1~m ,a~~luU~~~~~f.ll'h 

~Jl1'l'ltL,..iA11~..yf.lU7lf.l~'lJ~lmln 

SOy df SS MS I'h F 

Wu~(P) 1 · 1.421x10-14 1.421x10-14 37462.86* 

Jll1~nl'm~a1U (H) 1 3.652x10-14 3.652x10- 14 96242.29* 

qunujl(T) 3 2.071x10-12 6.902x10-13 1819067* 

PH 1 2.495x10-14 2.495x10-14 65750.86* 

PT 3 5.934x10-15 1.978x10-15 5212.953* 

HT 3 1.099x10-14 3.664x10-15 9657.905* 

PlIT 3 1.106x10-14 3.687x10-15 9715.809* 

Error 32 1.214x10-17 3.794x10-19 
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'nn91l"ll~~ 4. 9 Lrla~m:nU~~«"a~im~ flll~nTl«~«llJLL«~~~oil ~jMmh 

~flll'lLL'VdRll3J1'ilU..Z!a~tJ«lmJn l'IlJil"l.'U.~h~qom<P1 -1 0 U~ -40 a~Al L'11« Li1m~ tJ«lm1nn~lfJ~ 

~~lUnl1«~«lfJ~~l~nlmLl'I'Rll3J~a'U.~rniltJ~l~nnn1~Ra~~~~lunl1«~«lfJfi~~ilfJ«~ 

4.49-19.49 ~lUtJ«l~n~~lunl1«~«lfJtJ«l~nn~lfJn~U~UU11~"a~~l~nll'lU~iRll3Jta'U. 

ij'miltJ«l~nm::Ra~'¥mm:: 1.67-2. 49 1RfJ~~h~nll'lLLl'I'Rll3J~mUlRll3JLLMmh~3Jln!ud:1a 

qlllt1jl~.,«~ (JtJl1 4.5) ~~ilal~ LihJ~~lmh~~?fl.l...nRll3J~a'U. iun'U~l~fll'W'U.~ll3J1a'U. 

AlRll3J~a'U.~"Ll'Il~ U«::Rll3JWUlUUU 9ll3J~3Jnl1 (18) ~~Lnu~l~nl~L~iRll3J~a'U.1Ia~tJ«l~n 

~~Hl'U.nl1«~~lfJ WU1ltJ«l~nn~lfJ~~l~"n1ltJ«l~nn1~Ra~ ~~~~L~Ul~il ~lRll3J1aU 

~., Ll'Il~lIa~tJ«lm1nna'lt1il~hij~"l.'U.1I~~~l~flll'l'U.'i'flll3J~aUU«~RllmrulLLU~~l L~au L7hn'U 

mnltnnm~Ra~ 71""l.'«~h~fll'VILLl'I'Rll3J1'a'U.na~tJ~lmlnn~lfJ9\"niltJ«lm1nm~~a~ 'U.an~ln.n 

~l~flll'llLl'IiRll3Jtau.i1~!unu1R'~£t~l~'t1l~mfJm'W~lfJ (Mohsenin, 1980) ~~"UlR 

'tJil~1Ia~L~Lriau~~lIul~"a~L~U~lIa~tJ~lwOnn~lfJu«::tJ~l~nn1~Ra~ftU91n~l~n'U. {in1'U.~1 •.. 

'fIll3Jfa'U.~u91mh ~nmn ni" Lrlaqtm<Pl~"«~~'U.l ~'U. L'1'11l::¢n~fll~LL'I'j'i'flll3J'a'U."a~iiIt.L~~U~ ni l 

U""-cile·m,\~u~h~ 91U1I a~m 1UnLL~~ ~it1 LUUUlLL~~ fi'~ 1llm.J~~~'t1J\-«~ll3JLL~n9h ~"a~ vh ~flll'lU'VI, 

tJ~lmJnn~lfJ LrlaHlunl1~::«lfJil~l~flll'lLLl'Ii'flll3J1a'U.L~~u~mm~ 7.70-20.77 LnUL ~inn'U 

tJ~l~~nn1::Ra~~~~l~nll'lul'l'Rll3J1aul~i'U.1'afJ~~ 0.62-4.92 Lrla~l'U.nl"l~~~ltl~~~ 

tJ'3Jl~Rll3JJua~«~ al~Lrtv~~lnLrlaUJU~lm1n3Jl~lUnl'~~~lfJ uan~l~iaan3Jl 

~lnL~Lfla~lU~~alnlA~un1n~la~'\U~lfJ'\'U.L~Lfla~aan3Jl~lfJ (Lawrie, 1981) 

~~~l~nnl'lU~iRll3J~aU~a~alnlA~~l~i{1.67x10-9L3J9112/i'U.lfl ~ 30 a~AlL'II«l~tI~{Rao 
• II 

u«~ Rizvi, 1986)) 71i"l.'«~h~fll~LLl'Ii'fllllJ'a'U.!a~tJ«lmlnn~lunl1«~«lfJLLa-li1~lij~~U 

http:0.62-4.92
http:7.70-20.77
http:4.49-19.49
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., 
~n~vAl«nl~L~iR11~~uU~1U ~~UUB1~«ltl1~iln17LtliuUL~UU~1~nlWU~i~11~~uU~ln 

t" • .., I , .., 

U1~1~11~nUn~~L~U1nU ~~~u~~1~'~~~1~~a~LUuLDu~Lw.OuUnU~1U uun~lnUfl~ 
., , 

mJil~11~LL~mh~~u~Al~ml'lLllji~nl~~vUllu~tlnlm1n'n~~u~1fil~~~hum7n:::nlf.J~UU11~ 
L , , 

~ln~UL~u~~~Ia~ (,tln 4.6) LnuL~u1nuR1R11~~vU~ILW1:::u~:::Rl~nlWUIR11~~uU 

~1'1~~ 4. 9 ~h L'ilriu~m1'tLL1'tiA11~~uU71tNtl£!lmJnn~1mLn:::tlnlmlnn1~~u~~~~1ll~lU 

n1'tl:::~lmLtl:::~~hUn1'n:::tllU1.uth ~tJ~(jll~1n1T,~ LiiumL~~lIu~U'I (-40 

n~ -10 a~A1L~~L~U~) 

~u~ Al LuriU«m"llll.L1'tiR11~~uU( L~91,2/1Uln )x107 ~th~~!lrnJJl1 

Utll~n m1:::nl''ltl:::tllU 

-34 ,,~ -46°C -26 ~~ -34°C -14 ~~ -22°C -7 ~~ -13°C 

n~1u 1ll~hUn1'tl:::~lU 7.451:tO.OO4 6.220±0.011 5.271:tO.014 2.761:tO.OOO 

~lum'~:::s:nu 8.814±0.004 7. 863:tO.OO2 6. 224:tO.OO9 2.833:tO.OO5 

n7:::~v~ 1ll~hUn17~:::~lU 8.492:tO.OO1 5.798:tO.0247.726:tO.OO7 2.891:tO.OO7 

e.llUfl17~:::~lU 8. 554:tO.004 7.731:tO.006 6.101±O.OO3 2.901±Q.OO9 
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nl'Ll.l~fJ'UJ.Ll.l'N~tIVIJj11.'Uth~ -40±1, -30±1, -18±1 LL~:: -10±1 rNAl 

Ln~L~U~MaRl~nl1nL~iRl1~~a'U~a~1.l~1~n ~~W~~n~L~UlnU~1~nlW'U1R11~~v'U ~a 

~~nMm::L~iuuu~1'11U~1~il (Jl.l~ 4.7) Lrla~~unM~~ ~~Lfl'UL~'l::~~~l'U~a~~1 

nuhf"J~'UlIl"JUtlU~"J LL~::W~nlla~~l(\n~::~lU~ d'fI~'ULlIuL ~f.J1 nUR1~m'\'fU1R11~~aU r.m 
'" 

nl''YI~~a~~''Jmhltfa~~~a~nu'n'U'~ulla~ Nesvadba LL~:: Eunson (1984) ~"J'nlnl1 

'YI~~a~LrlulnUl.lnl~a~u~fl~11~lu~au~:: 90.4 ~U1l1~~~ 0 n~ -40 a~A1L~~L~fJ~ 

wuil~nl~wi~~1~'a~~lL~~'UJ.LUU~'11ualRiILrla~~~~~~ 1L~::1.unl'WlRl1~ 

~~Wufi'::l!11~~~nU~1~ml'f1L""iR~laJ~a'UlIa~tl~1m1nn~lfJLm::1J~lmlnm::~a~~~~~ 

~,h'Unl1~::~lmL~::~r.llunl'~::~lfJ1.Ulh~lIa~nl'LLtlLLf~~f1fJ regression analysis 

"n.dl~aJnl'~1~atl1.Ull.l1JrN C( = A+BT+CT2 1"fJil~11~LL~n9l1~rlu~ffmJ'::~'YI~ ~~~~nl1 

LL~~~Rl1aJ~~Wurl~~~1'1~fl 4. 10 

~1"1~~ 4. 10 ~aJnl' regression ~a~~ltflllW.L~1Rl1~~aUlla~tJ~1~nn~lmL~:: 

1J~lmlnn'::fla~~-.:j~'uJ~hunl,a::~lmL~::~~hunl'~::~lt1 1.Utl1~Q~ 

~hfrJ11flLilamL~~lIa-.:jl!1 (-40 O~ -10 a~A1L'tI~Li1t1~) 

Wu~ 

l.l~lm1n 

ml::nl'~::~lt1 ~~n1" regression Coefficient of 

determinaon 
•R2 

n~lfJ 

m::~a~ 

1llr.hum'~::~lfJ 

r.hUnl'n::~lfJ 

~~lunl"C1::~lU 

r.h'Unl'~::nlfJ 

~x107=-2.74o-3.381x10-1T-3.872x10-3 T2 

~x107=-1.753-5.494x10-1T-7.217x10-3r2 

~x107=-1.436-5.073x10-1T-6.521x10-3T2 

Qx107=-1.539-5.307x10-1T-7.033x10-3r2 

0.979 

0.981 

0.989 

0.984 
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~lnnl'AITH1~~nv~Wu~ n11~nl'n~~1~U~~~QM~n~~V~1~nlWU~'~11~~VU 

nB~U~l~n 1~U~~ multiple regression ~1~~nl'~11~~uWuE ~il~11~~uWu~~~ 

()( = 	 [-1.169-8.804x10-2p-6.005x10-2H-4.528x10-1T-2.095x10-1pH 

+3.644x10-2PT-4.369x10-2HT+4.595x10-2pHT-6.16Ox10-3t2]x10-7 

............. (38 ) 


~ln~~nl' (37) LrlilunuA1L~v~lAl~nl~~i~11~~vunv~U~1~nn~1ufl~ 

~lunl'~~~l~~Q~~ -40 v~A1L~~L~~~ WUilAl~~1u1~1~A1Lnlnu 7.087x10-7 

L~91,2 /1Ul;1 ~~~h~~lnRl~nl'\'fLL'\'fi~11~1'llU'11v~u~1m1nn~1~~~nT)~ L~mnU~l~~ln 

nl'n~~v~~v 7.455 x 10-7 L~91,2/'Uln Lnlnu~v~~~ 4.94 ~~~~~nl'U~~~11~~n~v~ 

~um'~1u1001~fn"'LL'I'I'~11~~vlJ.'11v~u~1\tl1nnfi1fJLL~~u~lmlnn1~~v~~~~~~hwn1~::~lmLn:: 
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J~ 4.5 	~n~u~an5~'1~u~Wu~ n11~n11n~nlUUa~~~un~uRl~nl~L~'R11~~uU 

~u'nJ('llm1rrfi~~ (n) 1l1~lun11a~,nu 01) UCl~~c.hun11n::nlU '\u1h~ 

~~~lnl1,~Lflunu~~~u~~(-40 n~ -10 v~A1L~('lL~U~) 
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(n) 

o-
'"' 

£:::::-

~ 

" '\ 
1 

-50 -40 
 -lO 	 o 

, , 
, 

+ rla1~Unn~ln1ja~a1a 

(11 ) 

J~ 4. 6 	~~lIEHanB~·h~lIa~'Wu~ m1::n1'~::~1f.l u~::qanujl9\aAl~mlf.n., 

A11~~aUlla~ (n) Unl~nn~1f.l U~:: (~) tial~nn,::~a~~url1~~~~ 

9\Jn111~lUanU~~lIa~~J(-40 n~ -10 a~A1L~l~f.l~) 
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~1~n1wtt~i~11~~~UUBn~lnl~~lnn1'n~na~ ~~~1~1'n~iUl~1~~ln~11~ 

~~w5,::~i1~~1~11:Ulrn1LLUU rh~11~~aU~iL 'W1:: Un::rh~m1mifll1~~aU (~~nl' (18)) 

1~~~~A1~n1WUfAl1~~aU A1~11~1uU,iL'Wl::~1~~ln~:un1' (32) Un::~~nl' (31) 

9n~a~1J ~~l'Wl1JJill1~lrn1LLUU1~~lnnl'njlnu~ ~nm'~iU1Wt£t~~~~~1'1~~ 4. 11 ~ ..nnr;h 

fn~mwu'WiAl1~~BU~lnnl'~iUlw1~hu9lmh~~lnnl'njl~u-iJ"'mm:: -12.24 - 11. 15 ~~~ 

al~ Liiv-iJ~ln~hAl1~lrulLLllu~"1~lnnl'njlna~ Lflu apparent density 'UhnRl1~lrulutlu 

flun~'~~~n~~~n~u~nl'n~na~u~n~l~~ln~n~u-iJnl'~iUl~ ~~~~1~1'nUi~~n1'~1 

lI'::~1~~h~m'I'IU'l'tiR11~~au~m~t1nlm1n'\u~I1~LLnU~~~~~A1AaU~1~ L~f.)1If.)1~ 

~l'l~~ 4.11 ~1~nl~~iRl1~~aU~a-iJlInl~nn~1~L~::t1n1~nn'::~f.)-iJ~~fl~~lU 

nl 'n::nlfJLLn::~~lum 'iil::iill~'\unl ~Qtm\Pl~hni11~ LUf.)nLL~-iJnil-iJ"ilh~ 

~lnnl'AiUlm1Av~~~~n1' (18) 

w~ 

t1nl"rnn ml::nl '~::n1f.J 

~lLu~u~nlwu'Wi~11~~aU(L~9l,2/~uln)x107~~~un 

-40 °c -30 °c -18°C -10 °c 

n~l~ 

n1::~a~ 

'UJt:,hUm1'n::nl~ 

c.llunl'n::a1~ 

'UJ~hlU11'n::,nl.l 

"hUm1'n::n1lJ 

7.826 (5.03) 

8.849 (3.51 ) 

8.302 (2.28) 

8.260 (-3.43) 

7.001 (11.15) 

7.865 (0.25) 

7.643 (-1.13) 

7.389 (-4.39) 

5.217 (-1.02 ) 

6.178 (-D.73) 

5.687 (-1.91) 

5.922 (-1.83) 

2.423(-12.24) 

2.706 (-:-4.53 ) 

2.730 (-5.37) 

2.750 (-5.40) 

I 

* ~lLn!~Ul~L~~lUn~ ~aUn::!u~~11~U~nMl~!a~Al~nlmL~iRl1~"'aU~1~~lnn11 

RiUl~LlI'U1JL~U1J~lfl1~'lnnl'njlna~ 
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4.3.1 u~R~'~nuunl~L~~il~~~ 

m,1 L~'l~~u~R~d~nUUnl~ L~jjllil~~~Q~lf\""u~~Q~LLn{hl.J ~l~~lmmm d 

n~~u~ 3 ~ l~~~~U~~~~~~l'l~fl 4.12 Un~ 4.13 ~~WU1lil~R~'~nu~~n~~~~~u ~ 

~~nuilLn~~,~~~~~~~~u~~U~nl~~1l~~U~!U~~1uUl~ 

U~~tJ1::m:llml~ LAil ~1~l(l (.ytJfJn~) 

... 
~1l~n~ 75.59 ± 0.45 

1tJ,;t~ 14.21 ± 0.07 

ll1a1~ 1.64 ± 0.05 

L~U'UJ 0.41 ± 0.08 

Llfl 1.22 ± 0.03 

~ni1lJlfl L~,~ 6.93 
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rN~tl':::ntlmn ~ LrUt tllJ.J11I (~ufJ~:::) 

t, 

A11J.JiJU 78.21 ± 0.45 
I 

ltJ'~u - 14.61 ± 0.07 

111~U 1.10 ± 0.05 

L~U"U.J 0 

L0'1 1.12 ± 0.04 

AlilUll1L~'91 4.97 

4.3. 2 W~l1tNWu~ ~gn1'LL~LL~~Ui1:::QIl&lUJil9\t)G1J.JU~m~A11J.J'ilUl1u~~~ 

A1A11J.J~tlU~ILW1::: A1G1nlWU~11J.J~uUU~:::~1G1fil~L~iR11J.J~uU~1~ 

~1n1''''j1~t)~'\U1h~~llM(p1~nl'\N~ ~-1911mh·m1'AIU1C11'\'U()1'mAr.lU1n ~ l~wrI~'m~~~'\u 

mAWU1n ~ ., LA"1:::l1R113.1LLtJ'tJ'1mml1u~W~ w~l1tl~ignl'LL~U~~LLrI:::W~ Liln~'ln~~{}il~il 

~~~ilA1~3.IUM"'1~A11J.J~tlUL~lU U~1~R11J.J~uWurl':::w11~G1uU~nl-1R11J.J~t)unuWu~ 

"~n1'LL~LL~~LL~:::Q~1~fJ'\1f mul tiple regression analysis 
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4.3.2.1 A11~iuu~iL~1~ 

~nnnl1'i LA'1~~A11~UtJ'tJ"lU1lf)~i(f)\l~"I.'1Un'1-t~ 4. '"tI11 

Q~Wu~U~~~~5~~11~"~~11~Q~anLL~~Wufi~~~~~tl~lA11~~f)U~ILW1~tlU1~~Uu«~qn1~ 

«n9\(p < 0.05) 

~1"1~~ 4.14 	n1"lLA"1~~A11~UtJ1tJ"1U ~~~f)-tWu~ 1~nl'U~U!~U~~Q~~~vR1A11~ 

1'tlU~iL~1~1Iu'<llr~• 

SOY df SS HS F 

~~ (P) 

i~nl''1LLt!LbB~ (M) 
J 

Qfm{}ll (T) 

PM 

PT 

MT 

PMT 

Error 

1 

1 

2 

1 

2 

2 

2 

24 

1 .778x10-12 

4.271x10-14 

2.990 

5.400x10-6 

2.615x10-3 

7.070x10-5 

3.94Ox10-5 

4.059x10-3 

1.778x10-2 

4.271x10-4 

1.495 

5.400x10-6 

1.308x10-3 

3.540x10-5 

1.97Ox10-5 

1.691x10-4 

105.108 * 

2.525 

8839.496* 

0.032 

7.730 * 
0.209 

0.116 
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~'Hln~1'1~~4. 15 mdl '\'Unl~~tlW}l -30 ~~ -10 tN~l L'Ilra d1mt ~~LLn{hu~LLnLL~~~bu 

19 air-blast freezing il~1~11~~tJ'U'lIL "l::ij~nil~~fJnlftIflLLlhL~~~l£r'Hl air-blast 

freezing (tl1::~n,dtJura:: 5.64) un::~'mnfllu~LulLL~~~lU15 dry-ice freezing il~l 

~11~~ilU~IL"1::~~nil~~fJnlft~UnU~~~lu1g dry-ice freezing (tl'::~l~~ilU~:: 5.50) 

~~,tl~ 4.8 fi~ULrtn~~ln~1~11~~il'U~IL"1::~Uil~nvtJ~~tl'::ntJvnl~L~il 1ftUL~"1::~11~!'Uil 

~n~'tI~~il~1~11~~tJU~1 LW1::~lnfl~PI ~11~1~~rlU~11~~tJ'U~1 L'Wl::71il'n'r\L~~'\U1h~~Im(]ll 

~lnl11ftLfltJnu~~71tJ~~R1Lnlnv 0.50 U~nili/n1~ tJ~~lL'IlnL~U~ (Fleming, 1969) 

tLra::~~~~il~Ln~~~tl'::ntJuij~n~~tJun:: 76-78 M~~U~11~!u~~il~n~"n~tJ~1~11~~tJU 

~ILW1::~lnnl1tJ~~tl1::ntJvnl~L~riu ~~nl'\~~~unnlu~~il~1~11~~'Uij~nil~~qralP1I ~~~~l 

~11~~a'U~IL"1::~~nil ~~~~n11nPl~il~~~nal1~tJPI~~tJ~nV~lui~u~u~ Lovy (1979) 

~~nln1'nft~tJ~~1~1~11l-J1'il'U~1 Ll(l::~fN L aul1 LLa::wtdl LUal1fl~tl'~111l~113.Jluu~nl1'l:: 

~~1~11~til'U~IL~1::~~nl1 n~U~11'l::~tJ~~tl'::nilvnl~L~ilrl'U 1 '\n~L~u~n'U 
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~l "l~~ 4. 15 ¥\l L 1lrifJAll~1'tlU~i L"1~~tl~~~Qal~""L~~~~LLtI{hfJLLnU~~~~flmILL~~~'"Hr1~ 

air-blast freezing ua~UnLL~-3~lUi~ dry-ice freezing ~'U.nl~ 

~~~~ ~5nl'mnU~~ 

-

~lL1l~UAll~ftlU~iL~~ (LL"~tl1/n'~ tl-3~l L11a LiluEt ) 

flnl~~OOl{)l1 

-30±1 °c -18±1 °c -1Q±1 oC 

nal~i• 

unihu 

air-blast freezing 

dry-ice freezing 

air-blast freezing 

dry-ice freezing 

0.460±0.034 

0.45Q±0.015 

0.519:t0.004 

0.516:t0.007 

0.661:t0.014 

0.654:t0.006 

0.687±0.OO2 

0.657:t0.011 

1.146:t0.OO2 

1.145:t0.002 

1.194:t0.012 

1.189±0.OO8 

Lrlu~nbl~~~tl~~~~~~U~lAll~ftlU~ILW1~~U~~~ WUl1 

~~Q~1~"l.1a~~~un{hmL1!u~-3'hfl5nl"LlllLl~~mru L~m nu~~~~~hAll~fuu~IL "l~a~a-3 Lrlu 

~~~n~~a~ ~~Hanl,.n~au~~tl~A~tl~n~~lU1~u~tl~ Long (1955) ~nlnl,.n~atl~~l~l 

" Al1~~uU~IL"1~~u~LUvual~u1l1~~~ -40 n~ -6 u-3~lL~aL~UEt WU11Al1~fuu~IL~1~ 

j.jLL'U.l""lib.Ja~'NU~tnn"l""lUallNluLrla~~a~a~ nl"lf)~lAll~~lh~~11~~llWjln~~1 

All~ftlu~IL "l~~tl~~~qal~il.La~~~utlfbUU~LL~~~~flLL1!u~~~lU1~ air-blast freeaing 

ua~ 15 dry-ice freezing ~lU regression analysis WU11Et~nl"fl1~tl~~UlU 
\ 
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~l"n ~~ 4. 16 	CilJn1 l' regress ion !tl~~h~113fttlU~' L1'I1::!tl~~~qtn~'"lLCl::~~un{hfJLLllLL~~ 

~1~~~ air-blast freezing uCl::l~ dry-ice freezing ~U1l1~~~~ 

-30 ~~ -10 v~A1L~ClL~~« 

iu~~~ ~gnl,ullu~~ CilJm, regression 

-

Coefficient of 

determination(RZ 

nCll~,• 

LLnih~ 

air-blast freezing 

dry-ice freezing 

air-blast freezing 

dry-ice freezing 

Cp=Z.147+1.ZZOx10-1T+Z.19Zx10-1rZ 

Cp=Z.158+1.234x10-1T+Z.Z16x10-~Z 

Cp=Z.Z76+1.331x10-1T+Z.488x10-3TZ 

Cp=Z.Z9Z+1.359x10-1T+Z.557x10-3TZ 

0.996 

0.999 

0.999 

0.999 

'nnnl'~mtl~~!v~;ru.~ ~~m'LLllLL~~ LL~::~orn~jj9\mh 

~11lJ~vU~JLl'Il::!tl~~~1~~~~ multiregression ~1~lJnl'~11lJ~lJWu~ WUil~11lJ~uWu~~~~~~ 

Cp = Z.Z11+Z.Z6x10-2p-6.890x10-3M+1.Z9Zx10-1T-1.130x10-3PT 

+Z.363x10-3-rZ ................ (39) 

, 
d:iv 	 P ~tl W~!tl~~~Ci"l""lU~~~Cll~'"l1~::~~U.lI{hlJil~l Llbou 0 L~:: 1 ~llJ~~U 

M ~tl '~n1'LLlILL~~«-miu,g air-blast freezing L.~::'tJ dry-ice freezing 
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~lma.ml'lfl 39 LrltlUflU.~h9\l~ ., L~mn~hfl1l~~tlU.~"l vn:: 

~1l~~~~lill~""'LnLL~~flunLL~~A'1f.1 ~g air-blast freeaing fl~lll'<Jil -30 tl~Al L'tllil Li1tJiit 1A' 

L~lnu 0.462 ~~~l~~ln~lfl1l~~tlU.~"L~l::~tl~~~Q~l~.,fliitnl1::L~U1nU~~~lnnl~n~atl~ 

ftlf.l~:: 0.43 ~~~U&t~nl~~~~fl1l~gn~a~~unldflJU1cm1~lfl1l~~tlU.~ILW1::~u~~~Qal~" 

u~df~utl{lltJunu~~~~flmlu~~~1f.1ifi air-blast freeaing l~::~~ dry-ice freezing• 
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'"'Ie 
;;:) 

~ BY AIR-BLAST FREEZING 
(t:: 

::: 1.2 
r 
~ 
"?' 
\.:l 1 
~ 

~It" 
C 
...... 

lit" 0.8 
\.:l 
(t:: 
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 I 
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t;p.... BY DRY - ICE FREEZING 
(t:: 

lI=>.... 1.2 
r 
~ .,. 
\.:l l. u. u. u ... u u ..... u ..... u. u. u ... uuu . u u .. . . u ..........uu.... . j
1 
~ a.,. 
c 

a . __ ._._. ...... 0.8 Ir ..... -.. ......... __ ... ..... .... _....... .. _---_ ............. _... ..... - .... ... .. . . ___ _ 

lit" 
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(t:: 
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~ 
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qOI'MlJij (tNWlL"lftu08ua) 
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• '!I,)Yl 1 6 'Ii')Yl 2 D 'Ii')." 3 

lufl 4.9 ~11~~UWU~1~~1~Al~11~~ilU,ILWl~rru~~~un1~~~~ln11 


l~Lnilnu!~ (-30 n~ -10 il~A1L~~L~~~) ~il~~~Q~l~i 
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ll!=> ..... BY AIR-BLAST FREEZING(G 

~ ..... 1.4,- I 
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ri 
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Til=' ..... BY DRY-ICE FREEZING 
(G 
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l~ 4.10 R11~~uWurl7~il~~lR11~rVU'ILW1~ffuq~~u~1~~~~lnil 

,RLiltlnu~~ (-30 n~ -10 tl~A1L'tf,Hi1ml) ~tl~~~un{bu 
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~lnnl1iLR11~~R11~UU1U11u~a~~a~nwuil ~n~v~iu~ 

~~n11U~LL~~ ua::fJ~~9\a~h«m'WLL'W'~11lJ1'tJU~v~~~1.Ulh~~tm<Jllf\ln111P1 LilamL~~~a~ 

U't (-30 ~~ -10 tl~A1L'tlaLiJlJ«) 'Wlrhiln~Jffi~tl~iu~ ignl'mnLL§~ LLn::~cmtdlil~n9\tl~h 

~nlwu~iR11lJ1'tJUtJU1~~Uu~iRqnl~«n~ (p < 0.05) 1~~n~~~ldl~fl 4.17 

~1"1~~ 4.17 	n11iLR11::~R11lJUU1lJ11U ~n1fv~iY~ ign1'LLrlLL~~LLn::~um<P19\a~h«m'W 

Uw\11lJ1'aulm~t'l~• 

SOV df SS MS F 

Wu~ ( P) 

1~nl''m~IL~~ ~ (M) 

~tm\Pl (T) 

PM 

PT 

MT 

PMI' 

Error 

1 

1 

2 

1 

2 

2 

2 

24 

1.195x10-2 

1.067x10-3 

2.288x10-1 

6.944x10-5 

7.737x10-4 

1 .467x10-4 

7.372x10-5 

3.247x10-3 

1.195x10-2 

1.067x10-3 

1.144x1Q-1 

6.944x10-5 

3.869x10-4 

7.336x10-5 

3.686x1O- 5 

1.353x10-4 

88.347 * 
7.887 * 
845.542 * 

0.513 

2.859 

0.542 

0.272 
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LrlvU~lL~riuafilwu~11~~VU~V~~~ ~l'l~~ 4.18 


m L l.liuu LnUUnW~~'l'ndl r'I'~LLll{}1l.1~dl~ham'Wll.~11J.r1'munnn11r'l'~mn~Itl'::~1Irlmm:: 


2.9 ~~nLdv~~1~ln~~U~{}lU~1.l1~laA11~~~lnnl1~~~nl~~ ~~AlafilWU~11~~VU~unU 
"fO.I. 	 "~ J'

nuv~~l.l'::nvunl~LAn ua::Al1~~uLuun~~1.l'~nvU~ln~~~ ~~uu~~~~n~a~lnn~~LnvLnuU 

. nuv~~1.l'~nvurn~ LAil~hrlu LLa~ Lrill L1.l~UUL nUU~allv~15nl'LLnLL~~~~mrll~~~LLlILL~~~lU 

.,~ dry-ice freezing n~hafilWU~11~~v~lnnil~~~LLnLL~~~1u.,g air-blast freezing 

l.l':::~ll1~vua~ 0.90 (l1.l~ 4. 11 LLa~ 4. 12l~~nAl~11 Liiv~~lOjln"~n1 'LLnLL~~~LLilln'n~nu 

n~~1A'~~~1~nll.l~uLnv~~uilln~1~nu ~~n~~~~lafilWU~11~~vullv~~~t1~~n~1~nU11.l~lU 

~~ Rao ua::: Rizvi (1989) 1~n~111~11Rl~filWUiA11~~auuunOjln~~~un~nU1.li~1~A11~~U 
" 	 " ,

U~lu~~uuynu1A,~afl~~v~LUaLflv~n~1u 

9\1'1~~ 4.18 	 Rl L~riu~mWU"Wll1~~tlUllv~~~~al~'"'&La:::~~LLtI{}1lJLLnLL~~.ff~~Ll1hL~~~lU1~ 


air-blast freezing LLa:::u~ui~~lu.,g dry-ice freezing ~U1l1~ 


w~~~ 1i1nl'LLlhL~~ R1L~riU~filWUiAl1~~tlU (19\~/ L~iII' v~A1LAaiu) 

~1I1~~tm~ 

-30±1 °c -18±1 OC -1Q±1oC 

nal~~• 

U1fihu 

air-blast freezing 

dry-ice freezing 

air-blast freezing 

dry-ice freezing 

1.278±O.010 

1.284±O.OO7 

1.298±O.OO7 

1.310±0.003 

1.207±O.013 

1.224±O.009 

1 . 250±.0 . 007 

1 . 266±O. 003 

1.080±0.02S 

1.081±O.018 

1 . 117±O. 002 

1.131±O.013 
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G:l 
~ 

Ii: 

..~ 0.8 
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.f 

~ 0.4 

.~ 

~ ov~~~~~~~=---~---

D BY AIR-BLAST FREEZING 

II1II BY DRY-ICE FREEZING 

-30 -18 -10 
~OIl1{}il (tHA1LYftutim~) 

JtJ~ 4.11 ~atJ tN1Enl''jlltlll~-3olf)\'haJllYnjlAl1lJiellJtJ f)-3~-3flmvh1lJtn-3 

~rul1JJil -30±l · l8±1 ua:: -lO.!.! rNffll"lfillittJa 

o 
~ 

w 



;f CJ BY AIR-BLAST FREEZINGqC"

§ 1.2 
r 
~ 

~ WJ BY DRY-ICE FREEZING 
~ 

Ii>: 

\~ 0.8 
)~ 

1 
ri 
~ 0.4 

05
II: 

J: r 
~ o __________________________________________________--J~V 

o 
-' 

~ 

-30 -18 -10 

QWl1{lj'j (tNftlL"lfEUiifHf) 

JtI~ 4.12 ~nllrN1nm'nltill~-:Joltl~ha1l1'WlilA111J'i'tlUllrN~-:Jllt1U1t11utrN 

BlUl1J)i) -30+1 -18+1lLn~ -10+1 tNfllltHu'i1t1a." - - 
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LrlvAnbl~~~v~~~un~V~l~nlWUPR1l~~vU~v~~~wuil~l~nl~ 

U~1l~1'vu~v~~~~~l~"",L~::;~~u.n{ht.Ju.nu.~~ ~unLL~~~1t.J"~ air-blast f reezing LL~::; 

15 dry-ice freezing ~~~ -30±1 -18±1 LL~::; -10±1 v~AlL'tf~d1m~ ij~lL~~U 

tLUU~l'l1U~lRiILrlv~lm{}ll~~i\i'H (l1.J~ 4. 13 LL~::; 4.14) ~~~n~il L~w.l~ Lilv~~l~ln~~~1U 

'lJi~l~Llh~hJ.~~u~n~l~rl'U mhl~tl~-I«m'WU"1flll~"'tlUlIa\l~~~~dl~l~~nil~lGiml'f'U1 

R1l~1'tlU7!rHlhi1~ 4 Llh ~~~'U'l.U1h~Lnn ., 1ftl~nl1u.nLL~~'IJ'»lIl'l1"l"\UL ~vfl~iJ~ LUuhL~~'Ulm.l~• 

~~"'1'l.16l¢tlGiml('U"1fl1ll.J~tlU~lnll1h~;,G1~~ln~'lJ1~ltrlrt\UL Uv~~ LiJu~L~\l Li'lvlImJ~LL~1 ~m 

nl''''~~v~~~n~ll~v~R~v~nU\llU~~Ullv~ Pham U~::; Willix (1989) ~~1~"'lnl1n~~v~'l.U 

n1~Q~~~ 0 n~ -40 v~AlL~L~t.J~ 1~~1~Al~nlWU"1fl1l~"'vU7!V~L~~nun::;~Rll~~U1.J1::;~l~ 
• t. • 

~av~::; 71 ~~ 75 wuil~l~nlWU~ll~~v~¢tlL~~mLUU~l1l1U~lR1ILnv~lm~~~~~ ~ln 

~~nl''''~~v~LrltlULl.JliL~1l::;~~1t.J regression analysis wuil~~nl1~1~v~'l.Ul1.J~V\l 

k=A+BT+T2 i.PlVilR1l~LL~n~l ~rlU~ff~'lJ1::;~"'~ ~~m ·m~~~~1l~ffuWurl~\lfil'l\l~ 4. 19 

~1t.JiTI air-blast freezing u~::;i~ dry-ice freezing 'l.un1\l~~ 

~~~~ ~~nl'LLlhL~\l ~~m' regression Coefficient of 

determination(RZ) 

~~l~l air-blast freezing k=O.834-2.962x10-2T-4.900x10-~2 0.971 

dry-ice freezing k=O.787-3.584x10-2r-6.4OOx10-~2 0.986 

L1niJ1tJ air-blast freezing k=O.837-3.434x10-2r-6.300x10-~2 0.996 

dry-ice freezing k=0.84Z-3.547x10-ZT-6.6OOx10-~2 0.993 

http:U~1l~1'vu~v~~~~~l~"",L~::;~~u.n{ht.Ju.nu
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;nom ,.~mnwa~il'liiu~ 1~m"LLtlu~'l LLa~~Im{)ll~il9\mh~lll" 

ul~a~na'l~'l1~V~~ multiregression ~l~~nl"~ll~~~Wu5 WUil~ll~~~Wu5~~fl~~LnU~'l 

~~nlj1~v~~l R2 = 0.982 

k = 

•...........•.. (40) 


L~a . P At) Wu~1m'l~'l~llri'u~'lfJal~~La.~~~ullihvil~l Ll'hnu 0 LLa:: 1 ~l~a~1J 

M ~a '~mjunLL~~~l'ViiV~~ air-blast freezing LLa::i~ dry-ice freezing 

~l ntll-lnl j (40) LnmL'Y1U~l L~mnj!n~lllW~ll~7aUna'l~~Q&1l~""lL1hL~'l~UnlLn'l 

~lV~~ air-blast freezing ~~~~ -10 t)~AlL1IaL~aa WUil~~l~nlWUlAll~~uULnlnu 

1 . 232 1~~/ L].J~" a~Al LIf\a~u ~'l~l ~~ln~!mtllllmlAll~~m.n:la'l~'lQal ~-UrlLL~'l~~1ll1:: L~m 

" " ~'luu«~nl"U~'l~~~ll~cn~a'l~UnljRlUl~ltlfil~iAll~fau 

1:It)'l~'lqal~~~~'lLlnihmLnLLi'l~'l~LLnU~'l~lfJi~ air-blast freezing LLa::ig dry-ice 

freezing ~U~l'lQ~~ (-30 0'1 -10 a'lAlL~aL~V~) 
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BY AIR-BLAST FREEZING 
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(:! r 
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~ L 

-s:; -
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-40 -35 -30 -25 -20 -1 0 

~ ~ ~ ~ ~ ~ 
• '!I1Y1 1 ~ '!I1Y1 2 0 '!I1Y1 3 

t~ 4.13 Rl1~a~WuB7~~il~Rlanlwu~11~fvunu~~unl~~~~1n11 

lR LlItJmL~~ (-30 l1~ -10 lNAl L'tl~ LiJfJ~) 1ttJ~~~~a~i 
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BY AIR-BLAST FREEZING 
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~un 4.14 ~1l~~~iuB1~~1l~~lanlWU~1l~~uunu~~~~Un1~Q~~~,n1l 

~jld]unu~~ (-30 n~ -10 u~fllL'!f~L~mn !u~~~LLnibu 
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~~~~mh~m"'1L'Yd~dl~1'tl'UlIP.l-iJ~-iJ").'U'h-iJ~1m{]il~ln'h~~ LiitlmL~-iJlItl-iJit1 (-30 n-iJ -10 

tH~l L'tI~ L11U~) l'ftJilil'YI5~Cllltl-iJW~ 15nl'mnLL~-iJ Lm~Q~~~~t)Yh«fllllUlIiRdl~'P.l'U 

atll-iJ~Uu«rRqnl-iJ«rt~ (p < 0.05) 1~~~~-iJ"l1l~fl 4.20 

91l1l-iJfl 4.20 	m1i L~1l~~dl~U1..l11..l1d'U ~ClllrNWu~ i5m1UnU~-iJLLCl::~~~mh~lll~ 

I.l'Wi~dl~1'tl'U'll tl-..a {f-iJ• 

SOY df SS MS F 

~~ ( P) 1 3.259x10-15 3.259x10-15 4.880 * 
i~nl1UnU~-iJ (M) 1 9.380x10-15 9.380x10-15 14.047 * 

~~\jl1 (T) 2 1 . 052x1 0-13 5.258x10-14 78.736 * 
PM 1 6.769x10-16 6.769x10-16 1.014 

PT 2 9.585x10-16 4.792x10-16 0.718 

MT 2 3.188x10-15 1.594x10-15 2.387 

PM'!' 2 4.388x10-16 2.194x10-16 0.329 

Error 24 1.603x10-14 6.678x10-16 
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n11n~~v~ 3 ~~v~~~q~l~~Ln~~~Unnl~~~~~ -30 v~A1L~nL~~~ ~~ -10 v~Al 

L~nL~~~ 1~~~~~n11LL~uS~1~ air-blast freezing n~1g dry-ice-freezing WU11 

~'mnih~i1~h~1l1"I'CUwfrrn3J1'mJJnnn11~~Q~1~11.J1~3Jltl1'v~n:: 3 ~~UL rtv'Hln~~unihfli1 

-
U'3Jl~113JI~L~~u ~un1~Q~~ -30 -1S U~:: -10 u~~lL~nL~U~ ~lU1~n11un 

ut~~~ 2 1~~u ,~ air-blast freezing nUl~ dry-ice freezing ~~~~Au~1~1l1~ 

LL~i~11~1'uu~v~~~flnl~"l.J.n::~~U1S{hu Wl.lil~~~UtlU~~~1~'~ dry-ice freezing !l~l 

~1l1lfLLlfi~11~fuu:nnnil~~~lLnLL~~~1~ifi air-blast freezing l.l"::~llX~u~C'l:: 4.89 

("1.l~ 4.15 Un~ 4.16) ~~U~1~11LDUHn~1~ln1R1~~~1~~u~~~n~~L~~1l1U~ULnu~~~.. . 


(Mohsen in, 1980 ) 
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1~ air-blast freezing U£l::LLnLL~~~lf.1~g dry-ice freezing 1:"n1~ 

Wu~~~ iifnl,unu~~ 
I 

(L~",2 /hnf1) x 10-7~lL~~f.I~nl~~~~11~~au 
-
.- ~n'N~~ 

-25 fl~ -35°c -13 n~ -23°c -5 n~ -15°c 

Qtll~1 

u~ihf.l 

air-blast freezing 

dry-ice freezing 

air-blast freezing 

dry-ice freezing 

6. 778±Q. 204 

7.428±Q.431 

6. 944±Q. 196 

7.467±Q.345 

6.167±0.155 

6.343±Q.406 

6.315±Q.258 

6 . 460±0. 1 28 

5.478±Q_356 

5.881±0.051 

5.994±Q.084 

6.034±Q.091 

I .. 

~«~£l~~n~~L~£uuU~~'11~tllAil 

I I " 

Nesvada (1984) ~~nlnl'n~"a~n~"1~a~n~11~nu~au~:: 90.4 ~unl~Q~~ 
I " • 

-40 a~~lL~aL~u~wuil~nl~~~~11~~a~~lL~i~L~~1'11U£l1~1IL~u~~~Ia~ 

LLil::~Unl'l'1~11~ffmru.rl'::W-jl~~orn{)lln~~h~mmnd~11~~aUlla~~~Qal~'"'lLtl::~'mnibf.l 

~~~LLlIU~~~lf.1 iif air-balst freezing u~::i~ dry-ice freezing ~Unl~'Du~nl"l 

unu~~~lu regression analysis ~11~nl'~1~il~U~U ~= A+BT+CT2 1~U~~11~ 
r 4 I , 

u~n~l~nun~uu'::~nfi ~~~~nl'U~~~~11~~uWurl~~~1'1~~ 4.22 
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~l'l~~ 4. 22 ~a.Jnl" regression ~tH~h~1lll'lUl'Ii~11a.J1'llunll~~~Q~1~"U~~IJ'mtl{hmuiu~~ 

~rllll1In11mhl.~~~1U~~ air-balst freezing LL~::~5 dry-ice freezing 

I 
w~~~ '~nl"u1iu~~ ~a.Jm' regression 

-
Coefficient of 

determination(R2 

mn~1• 

nn{hu 

air-blast freezing 

dry-ice freezing 

air-blast freezing 

dry-ice freezing 

~x107=4.299-1.356x10-2r-1.760x10-~2 

~x107=5.597-1.198x10-2T-1.635x10-3T2 

~x107=5.703-2.296x10-2T-6.13Ox10-~2 

~x107=5.778-1.032x10-2T-1.533x10-3T2 

0.868 

0.843 

0.862 

0.919 

'nnnl,.~mn~~nv~~q "~nl,utlu~~ u~::~~lJilfli19\ll~1~m"u"1R11].J~vU 

nv~~~1~~~~ multiple regression ~1~a.Jn11~11].J~a.JWu~ WUil~11].J~].JWu~~~~~~Lfiu~~ 

~].Jnl" 1~~~Al R2 LnlITu 0.847 

...................... (41 ) 


Lrill 	 P ~ll Wu~nll~~~~-miu~~~nl~""1La~~'mll{hui1Al L lhnu 0 u~~ 1 ~1].J~1~1.J 

M~ll '~nl,.utlu~~~lMiu1g air-blast freezing U~~~5 dry-ice freezing 
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'nma.Jrn'~ 41 Lrlmm~rh L~lIAltl11l'\'iLL'Wir:!11lJ~lIU71tl~~~qiillrl~LLnLL~-:j~lfJi~ 

air-blast freezing ~~~~ -30 lI-:jA~LlnL~fJ~ WUilAlflr:!1U1~1~Lnln~ 6.898x10-7 

LlJM,2/~~lfl ~~~1~1~~1~~ln~1~nl'Wu~i~11lJ~1I~711l~~~q~lrlrfl~nl1~L~fJln~~1~ 

~lnnl'nrlaa~~lI 6.778x10-7 + 0.204 LlJM,2/i~ln Lnln~~tlfJ~~ 1 .77 ~~~~lJnl,n 

1.~rnllJun~1I~1.Unl'r:!1U1~1~m'w1.L'Wir:!11lJ1'v~1I~~~Qnl~-Ua~~~LLn{hu#~~15rn'LLnLL~~ 

~lfJ~g air-blast freezing ua~ 1~ dry-ice freezing '\u1l1-:jLLnu~~ (-30 ~-:j -10 

1I~A1L'llnLi1fJ~) 
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l~ 4.18 Rl1~~~wufi7~~il~~1~nl~wiRl1~~uunu~~~u~1~~~"lnil 


1~LUunul~ (-30 n~ -10 u~~lL~~L~~) !u~~~UnU1U 
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1. llinm1n 

1.1 nl'~1~1~11~~a~~IL~1~1~a1g modified method of mixture 

~il~n~~~11~'~~il~Wu~nunl1~nl'~~~1~ n11~nl'~~~lau~~~~~~~~a~1~11~ 

~aU~IL~1~1~a~~~~L~U1n~~~lKOnn~1~~~lunl,a~~1~~~1~11~~aU~1l~l~~~nil 

~~lm1nn1~~a~~'u.l,"h~l'~~~lU ~'"miwGnmlnib,h~nl'~~~l~ ~~lm1nn1~~tl~!l~h 

~11~'tlU~IL~1~a~nil~~1m1nn~1~ U~~D~1~~~~1~1'~~~lan~1~11~~aU~IL~1~ 

ij~niltJ&nm1n~~lUn1'~~~lU~W~LLa~~1m.QilL~fJ1 nu 1~u~D~1m1nn1~~r:J~ lrlm.h~11 

~~~1~!l~1~11~~ilU~IL~1~~~~~~un11D~1m1n~1uLrlv~1~1'~~~1~~~~L~~1nu 

ur:Jn~lnU~Wu~L~~nl1~nl'~~~laL~U1nu nl'LD~auu~~~~~~~un1~ -40 n~ -10 
I ., I 

v~A1L~~L~~~~~~~~~~lA11~~ilU~IL~1~~il~~~1~nL~~mLUU~1'11U~l~~lUL~a~~~ 

~~iu ~~~1~11~~ilU~ILWl~~u~D~1m1nn~1a~~~lunl'~~~lU~~~~lunl'~~~lUily~u 

1h~ 0.481-1. 146 LL~~ 0.375-1. 017 LL~~tJ1 /n1~ iNAl L~~ L:n~~~l~~~U ,huvh 

~11~~ilU~IL~1~~v~~~1~nn,~~a~~'u.l~1~1'~~~lUU~~~~lunl'~~~lUv~~un1~ 

0.435-1. 111 U~~ 0.426-1 .066 LL~~t),7/n'~ v~Al L~ Lilu~~n~~~u bL~~~~n11 

U~~~~11~~uWuB1~~il~Wu~ nl1~nl1~~~lULL~~~~~nu~1~11~~vU~IL~1~~~n~11 

(R2 =0.946) ~a 
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1.2 nl1~1~1~nlwu~11~~BUI~~~~ thermal conductivity probe 1~~ 

nldtiiuUl~nln~~~iu~~~1urll~~nmLUU plate L~B~11~L~1~~~ Lrlv~n~l~~~~~v~Wu~ 

nl1~nl'~~~1~ U~~~mM~~~v~1~nlWU~11~~vU~B~U~1~nwuil iu~ nl1~nl'~~~1~ 

~~ ~~B~a'1~'~~il~Wu~nunl1~nl'~~~1~ ~~a~vRl~nlWU~11~~vU \~~u~1~nn~1~ 

~~~lunl,a~~1~~~1~nlWUIA11~~v~~nilti~1~nn'~~u~~~lunl'~~~1~ ~1UU~1~n~ 

~lunl1~~~lU U~1~nn'~~B~n~1~nlWUIA11~lB~~nilU~1~nn~1~~~~unL~~1nu 1~~~ 

~lrlmWU~11~~uU~v~u~lmln~~~B~nu~~~lun-l'~~~1~llfhLL~mh~nWlnnilti~l~n~~ 

~lunl'n~~lU L~~U~1~n~~lunl'~~nl~~~1~nlWU~11~~u~~nilUnl~n~~lunl' 

~~~lU~~~LLn~~~lJild1U1nu dlvL1Jri~mLti~~~~IJil~U~1~ -40 ri~ -10 u~A1L'tInd1f.f~ 

¢n~m'I'fU1A11~1'uU~B~u~lmlnn~1UU~~ti~1~nn1~~v~~~~1llr.hum1~~~llHLn~~~.hurn1 
I t, t I 

~~~lU~~lL~~UUUU~1'11U~1~iIL~V~~~I~~ ~~~1~nl'I'fU~11~'vU~v~ti~1~nn~1U 

~~~'UJ~1'Wll'~~~1~Un~~~lum'~~nlUv~~U1h~ 1.311-1. 567 LL~~ 1.156-1.394 

1~~/L~~'u~A1L~~~U~1~n~U ~~iU~lrlnlWUIA11~~BU~B~ti~1~nn'~~v~~1ll~lunl' 

~~~lmLn~~~lunl'~~~1f.fB~"U1h~ 1.279-1. 523 U~~ 1.244-1 .493 1~~/ U·J9I' fNAl L~~iu 

~1~~~UUn~~~m'LL~~~~11~Gl6JWufi'~~il~Wu~ m'~~nlULLn~QllmJjlnU~1~nllN"'Wl11~1'uU 

~~n~11 (R2 = 0.987) ~u 

k = 1.224-2.625x10-2p-1 .587x10-1H-9.750x10-3r-1.125x10-1pH-3.875x10-Sr2 
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1.3 nld~1~1~nl~L~i~11~~vU1~U~! thermal diffusivity plate 

~1~1~nl~~i~11~~vU~v~~~1~n WU11Wu~ nl1~nl'n~nlU ~~~ ~n~~~il~1~~il~Wu~ 

nunl1~nldn~nlUUn~iln~~~il~d~~il~Wu~nu~~on an~~nil~d~~il~nl1~nldn~nlun~~~~ 

LLnd1n~~n"'1~1~wil~WtJ,~ 1l11~n1d~~~lmm~fllm@l il\:oJ~9\v~/nwu~i~11~~vU 1~U~nlm1n 

n~lu~~~lunldn~~lU~~1~nlmL~"'~11~~BURlnil~nl~nn1~~v~fl~Hlunl'n~nlU ~lU 

~nl~nfl~lunl'~~nlU ~nl~nn~lun~~UU11~~v~Al~nl~L~"'~11~~vUij~nil~nlm1n 

O1~~v~fl~tmlJl1 L~Ulnu 1PllJ~11~U~n911~~v~~m'lllulli~11~1'vU7ltN~~1m1nn~1f.lU~~~,nm1n 

m~Plv~~~~lunldn~nlU31Rl~lnn11~mllLL'I'4'~11~1'vUtlv~~nlltijn~"h'Ufn'ln~nlU iirlWl~ 

~~1~~~Hlunl'n~~luil~nll1U~"'~11~fBURlnil~~1~nfl~lunl'l~~nlUflWu~LLn~qtm~L~Ul 

nu LLn~nl'l L~~Utl.U~n~~IIHI}l~U1l1~ -40 ~~ -10 tl~Al L'lin L'i1mtnl'\~ml'tU~Rl1~~vUllv~ 

~nl~~n~A1L~iuu~~dl1Unl~1ILriv~tmun9\la~ ~n~ln~LrlvnPl~~~~~~ln~Al~nl~~i 
" , , 

~11~tvUllv~~nl~nn~llJLLn~~nlm1nm~~tl~11~n-uj~lUn1'ln~nlmL~~n~lUn1'n~nlu31¢nLL~n9\l~ 
Lr t I • 

n~ln~u LLn~~h~m'YIuwi~11~~il'I~:niN~&11·,dlnn1l.lHlun11n~nlmLndt~hUn1'lc:l::c L~U1:llUi1Wu~ 
Lr , Lr I 

nml~lLL~mh~i1mlln1iuL ~unu ~~~1~m~LL'l't1~11~ftJu~v~~&11m1nn~lml~i1-uj~.hunl1n::,nu 

Un::~c.hunl'c:l::nluv~~U~l'l 2.761x10-7 - 7.451x10-7 LLn:: 2.833x10-7 - 8.814x10-7 

L~~12/1uln ~l~ni~U ~lU~1~nl~'l'tiAl1~1'vUllv~~nl~nn'l::Plv~~~~lunl'ln::&11UUn~ 

~H1Un1'c:l::nlUtJ~~U111~ 2.891x10-7 - 8.492x10-7 Un:: 2.901x10-7 - 8.551x10-7 

L~~12 /iUln "l~~~U LL~::~~nl'lU~~N~11~~~Wrl,::~il~W~ n1 1n~~lULm~~Im{]!ln~~h 

~1l1'Wm'dRl1~1'vu~~mhl (R2 = 0.979) ?it) 

C( = [-1.169-8.804x10-2p-6.005x10-2H-4.528x10-1T-2.095x10-1pH+3.644x10-2PT 

-4. 369x10-2HT+4. 595x10-2PHT-6.16Ox10-Jr2]x10-7 
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2. ~~ 

2.1 nl'~l~lAll~~ilU~ILWl~~il~~~1~~~~ modified method of 

mixture mrh ~n~~ilil~'~~1l~'iiu~m1~~~~il9\il~lAllJJ~ilU~1 L"'l~ 1jl~~~LL1f{hlJ~~~ 

U7!L1!~~lfJ1tf air-blast freeaing Uil~ itf dry-ice freezing it~lAlllJ~ilU~IL"l~ 

ij,m1l~~~illjlli~LL7!U!~~~flL1l1LLt~~ltliB air-blast freeaing L1il~"~ dry-ice 

freezing nl'Lti~fJUUtiil~~~~u7!1~ -30 fl~ -10 a~AlL1fnL~~~ ~~~n~~~lAlllJ 
, " • '"' I 

~aU~IL~l~~B~~~Q~ljl~L~~~~U1fUl~~~lL~~WLUU'\ltl'l1Uill~~l~LnB~~~ij~~U ~~~l 

AlllJ~ilU~IL'\Itl~~B~~~qilljl~~flu7!u§~~lfJitf air-blast freeaing Un~~~ dry-ice 

freezing v~~unl~ 0.423 - 1.148 UAilil1jnilJ il~~lL~ilL~~~ Un~ 0.433

1 .147 LLAnv; jni'lJ tJ~Al L'lIn L:a~~9\llJn~U ~hU~lAlllJ1'tJU~1 L"'l~~B~~~L1niJlfJ~~~ull 

U~~~lfJifl air-blast freeaing LLn~ ~~ dry-ice freezing aij~'tuh~ 0.156 

1 .206 LlAnvi jni'lJ il~~l L1f~ L11m~ U~~ 0.509 - 1. 198 LLAnvi jni'lJ v~Al L'tI~ L11~~ 

9\llJn~U u,~~~lJnl'LL~~~AlllJfflJ'iiu~1~~1l~Wu~ ~gnl1LLnLLB~LL~~~tm{]ll ~il~lAlllJ~ilU~1 

LWl~~~n~ll (R2 = 0.998) ~a 

= 2.211+2.267x10-2p-6.890x10-~1.292x10-1T-1.13Ox10-3PT+2.363x10-3-r2Cp 

2.2 nl'~l~l~nlWUlAllJJfaU1jlfJ~~ thermal conductivity probe 

lIlrh Wu~ ~~nl,ulIL1~~LLil~~~ i1~n"mUnWlAlllJ1'au 1jl~ ~~LL1fUl~ ~~~LLlIU~~~lfJi~ 

air-blast freezing Un~~~ dry-ice freezing i1Al~nlWlAlllJ1'v~lnnil~nnljl~ 

U~U~~~1~1~ air-blast freezing U~~ ,~ dry-ice freezing ~lU~~Qnljl~Ln~~~ 
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LLlI{hfJ~U~u~~A"u.J"~ dry-ice freezing il~h~mwu.~113J1'tl'Wnnn11~~Q1ill~""'Liil::~~ 

LLn{hfJ~LL~LL~~A'1fJ"~ air-blast freeaing LLiil::nl1 L tJrimJ.LLtJ1il~"tl~~~"\'U~1~ -30 n~ 
. ,"

-1 0 tl~Al L'tIiil L:afJ~ nl"\lf~1~mwu.~113J~tllJ."tl~~~Qiill~""'L1il::~~LLn{l1fJjMl LihJiiW.LUlJ 

" ,
~1~nlwu.~113J1'tlU"v~~~Q1ill~Ji~~U~U~~~1fJ.,g air-

blast freezing LLiil::~~ dry-ice freezing V~"\lJ.~1~ 1.109-1.288 

i~~/L3J~1 tl~A1LRiil~lJ. Un:: 1.066-1.291 i~~/L3J~1 tl~A1LR1il~lJ. ~l3J1il~U ~1lJ.~1 

~m'I'N1fI113J1'tllJ."v~~~Utlihuff~~UnLLf~~1fJ"~ - air-blast freeaing LL1il:: .,g 

dry-ice freezing il~"\lJ.n1~ 1.116-1.304 l~~/L~Pl"J' tl~A1LR1il"lJ. LL1il:: 1.122-1.313 

lPl~/ L3JR"J' tNAl L Riil"lJ. Pll3Ja~U L~::~3Jnl"J'LL~~~R11~iruWtd"J'::"Itil~W~ ~gnl"J'unLL~~ 

U1il::~~~tl~1~nll'1UI'fI113J1'tllJ.~~mh1 (R2 = 0.982) ~tl 

k = 0.801+3.644x10-2p+1 .089x10-~-3.832x10-2T-6.100x10-4T2 

2.3 n11~1~1~nl~wiA113J~tllJ.~tl~~~1~fJ"\! thermal diffusivity plate 

" I 

Wlrll Wu~ ~gnl"J'u.nLL~~LLiil::~r.m{ft'l ~~1ile\tl~I1l'l'lt.L";A113J1'tllJ. 1~fJ ~~LLn;:hu n~~unLL~~~hrJiTI 

air-blast freeaing LL1il::~~ dry-ice freezing il~1«ml'llLldR113J1'mJJnnn11"'~n1ill~ii\ 

Utln1fJ~~u9~~1fJlg 

Utln1u~~u.f~~1fJ"~ air-blast freeaing U1il::nl"J'LtJdfJmLtJ1il~"tl~~r.m~"\lJ.~1~ -30 O~ 
I " 

nl"\~~1~nll'luwiR11~1'tlU"tl~"'~n1ill~iU1il::"'~utlfl1U~~lL~~mLUU 
• • 1 

http:il~"\lJ.n1
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dry-ice freezing BU~U~l~ 5.176xl0-7-6.942~10-7 

~mwu"fiWlltl'~tlU~B~~~LL1J{hu.ff~~LLllui~~laig air-blast freeaing U~:; i~ dry

ice freezing BU~u1l1~ 5 . 908x10-7-7.141x10-7 L~~12/iulfl U~:; 5.942x10-7

7. 800x1 0-7 L~9I12 /~ulfl "l~El~\J LL~:;ii4~m1LLii4~Nflll~;[~Wurl1:;ltll~lm~ i~nT'lLLllLL~~ 

U~:;~~~~tl~lii4mwu~iflll~~ilu~~n~ll (R2 ~ 0.847) ~tl 

5.2 fa L&lUilU~ 

.nn~mm1~mn~~irnm~flll~1'aUllr.J~t1~lmln~~'l.U~1~LL1hL~~1tJLL~1~U ,n,jjm, 

t111Jtll.,j~tJmwh~ ., L tlu ~l~~').f~'Um1f111J~~~fIIWJl1').utl'HutlLL~~ FlTj31~1111f11l~ d1uu~::;~1 

fl11J~~~tm1JilD"1Ul!~ L~ilfll1J~~~unuJl1'\utll~LLtlLL~~'\mN~LL~:;Luhwl9'l~ilFl L1~l tl1UL l'I~a~ 

Uunn~tm~fl11v'Uflnl~~n~UlnUEl:;ii4l~l'0l1~lUil~n1JLfI~tl~fla~1L9Iili1~ L~tlfl~:;1~~:; 

~nn~um1"~~l~m1 LtJ~EJW.L1J~~"il~Q~l~RElafl lmn~lnfun~~mn L~ L~~fl~~111hmlltl~ 

nl1El:;~lEJfl~~il1f11~ii41'l~ntl~LnBLrlil ~~~1una~~~LDuu~L~~ "Ulfl"il~~~n~L~~~~B 
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m~nnn 





mRr.nnn 1 

" ~.1 nl11L~'1~Wu'~1~11~~U 

~~~latil~u'~~l~ 2 n1~ ~~unl~~a~nLUu~~~U~~~U~ 

2 ul~latil~L~laU~1~11~~U~~Un'~~~n~11 ~~~lU~~~~un~~~~fl 

~ 105 tl~~ll '!i~ Li1~~ L~'UL 1~1 2 ~11lNLLil~"I"\«dh~~'U desiccator LL~l~~~ 

3. tlU~latil~~un'~~~~la~l~~~~~fl 

Ui~1~11~!U(%) ={[~L~~~'U~u~~la~l~(g) - ~nfl~~fl~a~ilutil~ 

~~nl'uU(g)]x100}/~n~u~iltl~1~(g) 

Gerhardt Kjeldatherm Digestion Unit LLn~ Gerhardt Vapodest I 
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1 ~ld~~~l~n'~ sulphuric L~~~U 

2 ~l'~~~l~n'~ sulphuric L~~~U 0.1 % 

3 ~ld~~~l~ sodium hydroxide L~~~U 50% 

4 ~l'~~~l~n'~ boric Lf~fu 4% 

5 Catalyst (~1~~~!v~ K2S04 U~~ Se ~UB~'l~lU 100:1) 

6 Indicator ~~Ln~1~~~!u~ Methyl Red LL~~ Methylene Blue 

#~~1vcll~U~~ 2 n,~~~~~~u~1~ua~ 

2 L~ Catalyst 10 n'~ 


3 L~~~l'~~~l~n'~ sulphuric Lf~fu 30 ~~~~~, 


4 ~a~~1v~1~~1~L~~a~ Kjeldatherm ~~A1~~~Q~Q~~unl,~auLnU 3 


1h~~tl 

'h~~ 1 ~f~tm{]ll 250°c dhH1~1 15-20 Uln 

'h~~ 2 ~f~~{]l1 380°c LihH 1~1 30-45 'Inn 

111~fl 3 ~~~~~ 380°c LnUL 1~1 20-30 Ull1 L~~lmh~~ 2 

ua~~1vtil~~u1~~1'n~nl~~«~L~~u~iluU 

5 	 n~u~hmh~fl~amL~l~htJ LA~il~ Vapodest I L~tJ~~~ld~~nltJ sodium 

hydroxide L~~~U 50 % L~U~1n~~niulL~~L~~~1'~n~U1~~U~1'n~nltJn'~ 

uaiA~~L~ Indicator 5-6 ~tJ~ 

6 	 1~L~'n~1'~~~lv~nku1~~1U«1'n~nltJn'~ sulphuric L~~~U 0.1 N 

~i~lm1~'~U (%) = A x B x 6.25 x 1.4 

c 

A = normality ~u~n'~ sul~huric ~~t1~L~'n 

B = .~1~1~'n'~ sulphuric ~~n1~L~'n 

C = uiMUn~lilvl~ (ni~) 
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Soxtherm Automatic iu S-166 

. ~ 

if~~"H)f.h~LL~~ 2 n'a.Ju~";n%tJ~"'.H.Jn1::;~nlffi1a~ Whatman NO. 1 1~E.I~a 2 nu 

2 'uhta~1 a~l ~'\u th imble ~~1Jj1i'\u"1Y1rlnfl~LLl"'~~il'YILLi1l::;'YI'lU'U"'Im"in~mJ.uau 

3 L~~ petroleum ether ~~'\~Lfiuil~n~ 100 ~n~R~'i1l~'\u"1~~n~ 

4 ~nfl1"UuLfiuLli1llu1::;~lm 3-4 ~1~~1~UR1~~~~~~"a~ silicone 

oil ~~L~U~1rllE.lLnR1l~fau'\~nu~un1~'\~«n~ 150 Oc 

5 1::; b'MJ petroleum ether ililn~lmhu1"l1u~~nfl1~ LL~1aU"lfl~nR~ 

100 Oc LDuL1i1ll 1 t1~~~iil~uulWUn~~~ 

6 nl'\\h~h!'\u desiccator LL~l~~UlWUmnfl~nfl 

uia.Jl~1"~u (%) = Ui~l~1,,~u~~n~1~(n1~) x 100 

utwUn~1aVl~ (n'~) 

" . 4 1Ji~l'lL Zil 

Ml~1~"a~ AOAC 7.009 

~~A1tlIh~LLlf~ 2 n1~ ~'\u crucible ~lL~~~ilnLLi1l::;!tr-nrun~LLUUilU 

2 uIi1a~l~L~ll~l'\U furnace muffle ~ 600 Oc L~UL1i1ll 2 i1~~ 

3 nl'\lfLDu'\u desiccator U~l~~~n 
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U'~l~L~l (%) = U'~l~L~l(ni~) x 100 

~nMl~~l~(ni~) 

beaker 600 cc., round condenser 

1 ~11~~~1~n1~ sulphuric Lf~fu 0.255 N 

2 ~11~~~1~ sodium hydroxide Lf~nu 0 . 31 N 

3 95% ethyl alcohol 

1 t~9tl~~1~~Glri~111~ut:lVmL"'1"\~'\lI.ilnL n~"h,.u.lf\ 600 jl~~~~, L~~11 

&1~~lf.Jn-If\~n~~ L~~~ 200 n~~~~1 ~ln~ut\~ round condenser dh tlUDn Ln~i L~tJ1mt1 

1~~UlltJ~n1~"\~~~~1I~~tJ~~~"\~Ll~lU1~~1~ 30 ulfl 

2 n1tJ~~1~~~~lun1~~lMn1il~nU~~~L~1~~~~~UUll.VlI. ~l~~lU~ 

~~uun1~~1~n1tJ~~lU~~ilU~U~~11~Lnun1~ 

tI 

hydroxide 200 n~~~~1 ~lnUuUtJvt\tJ1u~n 30 uln 

4 n1il~~1~~~~lUn1~~lMn1il~uUlI.L~~~1~1~~1f.J~I~tJU~U~~~11~Lfiu 

~1~ ~lrrauGtl~~lV u~anil~il~ 100 ~~§~~1 

5 U~lu~~~uun1~~1'1:tmIN1Uillf\lfLLlf~ LL~l"\it"\U crucible L~mnui~lll 

sodium 

http:n~"h,.u.lf
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6 ~~~~Lflu~u desiccator U~1~~~n crucible 

tl'~lWL~U1n (%) = ~rwUn~~1~1tl7~~il~L~lL~1(n'~) x 100 


UlWUn~1il~1~(n'~) 




m~n&1n R 

A.1 md L1J~uu LnUUA11JJLL9Inftl~'!JrN~1 L unU 

1. ~~BU~UR1LU~u~lnRlriJq~11JM1~~~~ ~'a~lij~~~11J~lriJ~A 

2. 	 AlUl~l LSD ~lnij9ld 

LSD = t~/2(V.k)~~E 

Lda tdJ. 	 k) Au Alfh~~ln9l111~0l1LL~nLL~~t1 ~1::~UA11mtiID~~[! CX-j2 ~u 
...,~(V; 

Rl1~LDu~~1:: 1r ~1::~un~~nA~B~ftl~nU 

MSE ~a A1LU~u'!Ja~Al1JJUU1tl11~1~'un~~~~1~~lnn111LA11::~ 

" ~u nUA11a.! LD~~1::lItNR11a.!LL1J1U11lUllu"\Utld::nln1 

1AU V' = N-k 

. " 
N RB ~Julu~laul~n~~A 


k ~B ~Ju1un~a.lnA~a~ 


r A8 ~Ul~'!J8~ilarll~"\un~a.!n~nu~ 


3. Wlr.Jn~1~1::ml~Al Lu~mla~n~a.lilmh~LL~n::~ 

4 . L1J~UU Ln!.JUftlRl1JJLL9Inftl~.,.::~il~~1 LuriUlIB~~lmh~LLftn::enUAl LSD ~RJu1tl 

mh'HlmJ1::nl nd~"\m1~la.llnni1~l LSD ~RlUlm1~ mlA~i lAl L unUlI B~1J1::nl n1e~mL9Inftl~ nlJ. 

aVl~~un~rRqnl~~n~ 

http:nd~"\m1~la.ll
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1~~~~~il 

~~1~~nn~lB~~~lun11~~~lB %me = 81.67 81.81 81.52 

~al~nn~lB~~lunl,~~alB %-IDe = 78.26 78.37 78.18 

DalH~nn1~~v~~~lUn11a~alV %me = 80.45 80.34 80.23 

lJalmlnnd~~v~~~lU0l1a~inV %me = 79.16 78.92 79.05 

SOV df SS MS F 

Treatment 

Error 

1 

4 

17 . 237 

6.543 x 10-2 

17.237 

1.636 x 10-2 

1053.811 
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R. 3 ~1ilfh'Wl'l Lt1"~'U Ln~'UR11aJLL~mh"l1~il~~h L1l~f.J 

LtI'f.J'UL~f.JUtI'~1~11~!Unil~t1~1~nn~1f.JU~~t1~1~nnd~~B"I1ff"l1fl~~lunld~~~lf.J 

U~~~~lunld~~~lU~"I1U 

t1~1~nn~1U~~~lUnld~~~lU % me ( 1 ) = 81.66 

~al~nn~1u~wlunld~~~lU % me (2) = 78.27 

ual~nnd~~a"l1fl~~lunld~~~lf.J % me (3 ) = 80.34 

u~l~nn,~~a"l1fl~lUnld~~~lU % me (4 ) = 79.04 

Degree of freedom = -8 

~1none-way ANOVA MSE = 1 .636 x 10-2 

(2 x MSE/r)O.S = (2 x 1.636 x 10-2 / 3)0.5 

= 1.044 x 10-1 

LSD = t~/2(V.k)~2:SE 

~ln~l"l"11 

p = 2 p = 3 p = 4 

3.26 4.04 4.53to.OS 
~ 1:: 
FNUU 0.340 0.422 0.473LSDo.os 

%me(1) - %me(2) = 81.66 - 78.27 = 3.39 > 0.473 

%me ( 1 ) - %me(4) = 81.66 - 79.04 = 2.62 > 0.422 

%me(1) - %me(3) = 81 .66 - 80. 34 = 1.32 > 0.340 

%me(3) - %me(2) = 80.34 - 78.27 = 2.07 > 0.422 

%me(3) - %me(4) = 80.34 - 79.04 = 1.30 > 0.340 

%me(4) - %mc(2) = 79.04 - 78.27 = 0.77 > 0.340 

U~~~11 %me(4) U~~ %me(1) ~~lu~nMl~nua~l~~uu~qnl~~nM (p < 0.05) 

%me(4) U~~ %me(2) ~~lu~nMl~nun~l~~~~qnl~~n~ (p < 0.05) 

%me(4) U~~ %mc(3) ~~lu~nMl~nYUU1~~~~qnl~~n~ (p < 0.05) 
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%mc (3) u.~:: %mc ( 1) i1~lu~mh~fiuufh~ruw~~"m~~n" (p < 0.05) 

%mc(2) U~:: %mc(1) iJ~lu~mh~ffUilul~ruw~~qm~~lH~ (p < 0.05) 



mRlnnn ~ 

~.1 ~1B~1~nl'~iU1~1~11~~BU'IL~1~ 

-~nlKOnn~1~~lun17n~nlH~~~~ -10.0 il~A1L~nL~~~ 

~~n~a~~nl~nn~1V (Ws ) = 152.65 nia.! 

ttrm1n~a~U'1 (Ww) = 400.00 ni~ 

~~~L;~~U~a~~~1w.ann~1V (Ts) = -10.00 a~Al L'llsH ~m~ 


~IIl'IU~h ~~~'ZIa'nl'l (Tw) = 66.20 a~Al L~n L~m~ 


~11a.!~aU'ILW1~'ZIB~U'1 (Cpw ) = 0.999 URnB'/n'~ a~A1L~nL~V« 


R11~,A11~~ilU'ZIB~U~na'~L~Bi (He) = 61.289 UR~B1/B~A1L~~L~~« 

'lnn'1~'~~11~~aMo~nUL1nl~B~~~UU~nBi~L~Bi (J~~ 1) WUil 

~~~fl'~«a.!~n (TF) = 

L1nlf1'~«a.!~n (tF) = 61 Ult1 

~11~~u~a~n'1~L~U~7~(l~~ ~.1)nlU~~~nl1~~~~n (dT/dt)= -0.00779 a~A1L~nL~V«/U1t1 

~"1U1~lR11a.!-¥tlU'1 L'l'tl~~a~'Unl~nnlt'1f.J (Cps) 1~mmuf\1~h~I"\~a.!nT1 (31) ~a 

(CpwWW + He)TC + CpSWSTS +LH = CpSWSTF +CPWWWTF + HeTC -E ... (31) 
, 

L~B E = (CpWWw + He + CpSWS)(dT/dt)tF 
t. 

LH = 80~11a.!iU~tl~'Unl~nxWs 

1~f\1~11a.!~aU'IL~1~~a~~nl~nnlt'1v = 
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70 

60 !-  -
('(: 

~ 
JF - -----_.--50 
«; 
~ 

r 

~ 40 f-.

r;> 

~ T • 30 .2 "CF 

a;::; 30 - -.--- - .--
C::;" 

::: 
C 
(;)~ ----------~20 

~. 61 U1Yl 

1 
10 

o 10 20 30 40 50· 60 70 80 gO 100 110 120 

JU~ ~.1 Rl1~~~~'~~1l~~~VnnUL1~lnB~~mLR~B~nL~Bi~B~U~1~nn~IU~~ 

~lunl'~~nlU ~~am~ -10.0 B~AlL~nL~U~ 
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~.2 ~la~l~nl1~fU1~~l~nlWU~ll~~uU 

-U~l~nn~1~~~~lUnld~~~lV ~~~Q~ -39.8 il~All~~l~V~ 

~~1~~l~nlWU~1l~~ilU (k) ~lnn'l~d~~1l~~~unnU In (t) na~u~l~nn~lV (JU~ 2) 

i.~~1.il' thermal conductivity probe M q = 2.132 lf19tjLl-JfI'l LL~:=un'U~h9h~1 l.~~nl'l 

q = 4 Sk 

k = qj4 S 

R2 ~lll-JnU(S) 

0.988 0.115 	 1 .469 

2 0.987 0.106 	 1.593 

3 0.989 0.114 	 1.475 

4 0.986 0.115 	 1.468 

5 0.989 0.108 	 1.559 

6 0.990 0.108 	 1.569 

L~~~ 	 k = 1.521 ± 0.051 

= 

http:i.~~1.il
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-38.0 

~ 
UJ -38.5 

H'" 

«; 

;!= 


r 
G: ~ ='-39.0'7 
C;i S • 0.115 

2
R .0.988a;:& 

C;;" 

::>: 

C 
 . 
- -39.5 ,,, r 

-40.0 
o 2 3 4 

.. '" InCt) , -:~Tn 

l~~ ~.2 Al1~~~Wufi1~~11~~~onnU In (t)~v~~~l~nn~l~~~~lunl'~~~l~~~~ 

-39.8 a~~lL~~L~~~ 
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~ .3. M1tlfh~nl"RJU111~h~ll1l1LLlt'R11~i'au 

-~nl~nn~1~~~lUnl,.a~nl~ ~~~~ -34 ~~ -46 a~A1L~aL~~« 

~lnnl"RIU1D1Al~Il1'P1LL'NiR11~l'au1~Unl,.tJ"~~111R1«ll1l1LLltiR11~~aUL ~~~UL flu 

O. 5050 ijn~ L~¥I,.2 /lUln LLn::U~lRIU1t11~U'\tr1U'lLLn"l~Ra,.m1 L~ldJ11"dl~ 'W\rh~l«Il1l'ft.L"" 

R11~~a~n::~1~1U1rlU~L~l¥1'l131U'l::~1~ dimensionless temperature ratio 

'nnnl'lRJU1I1lLn::nl'ln~HlEl~~ n "1~" Lflu~~U 

n ex n (nn~ L~~'l2I'hDT1 ) c5n 


0.5050 0.1314 


2 0.5100 0.1290 


3 0.5150 0.1266 


4 0.5200 0.1244 


5 0.5250 0.1221 


6 0.5300 0.1200 


7 0.5350 0.1178 


8 0.5400 0.1157 


9 0.5450 0.1137 


10 0.5500 0.1117 


11 0.5550 0.1098 


12 0.5600 0.1079 


13 0.5650 0.1061 


14 0.5700 0.1043 


15 0.5750 0.1026 


16 0.5800 0.1010 


17 0.5850 0.0993 


18 . 0.5900 0.0978 


19 0.5950 0.0963 


http:LLn::U~lRIU1t11~U'\tr1U'lLLn"l~Ra,.m1
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20 0.6000 0.0948 

21 0.6050 0.0934 

22 0.6100 0.0920 

23 0.6150 0.0907 

24 0.6200 0.0895 

25 0.6250 0.0883 

26 0.6300 0.0871 

27 0.6350 0.0860 

28 0.6400 0.0850 

29 0.6450 0.0840 

30 0.6500 0.0831 

31 0.6550 0.0822 

32 0.6600 0.0814 

33 0.6650 0.0806 

34 0.6700 0.0799 

35 0.6750 0.0792 

36 0.6800 0.0786 

37 0.6850 0.0780 

38 0.6900 0.0775 

39 0.6950 0.0770 

40 0.7000 0.0766 

-flU 

6 = 0.6327 - 1. 4855<X. + 0.99220: 
~ 

~~~U~1~nlWU~1~11~~vU~il~~~1~nn~1~~Wlun11n~nl~~~~~ -34 n~ -46 

v~~lL~L~~~lLnlnu 7.456 x 10-7 ~2/s 
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1Jl'111'l~ ~ . 1 Pl1 fill '"l1 lJffiU.a\1 L'fi1 :;'~'l,j fl1~nn n~'"l!J Ufl:;,j fl1~nnn1::~tl'l~~UJ~1Un11 

fl:;~1!JUfl::~1Un11fl:;fl1!J1U~'"l'lU~U;'l 

., ~ , ... I Q 
ffi]lJ~a.\Jim'n~ (Url~~1 /fl~lJ ~'lf'11 L~~ LtfmO~w'YIflli15flT'HL1fU'lI'l~\JQ . " , .j~ ..I r .J:' .J 

'!11'n 2 ' 'r11''(1 3"11'1''(1 1 rllL~~tJU~l'Y1jj fl (~'lA1L'!1'H.gm{) SID 

-40 0.479 0.482 0.483 0.481 0.002 

-30 0.493 0.506 0.51 0.0090.503I'W ~1 \J rn"l~::~ltJ 

-18 0.628 0.648 0.665 0.647 0.019 

-10 1.127 1.16 1.152 1.146 0.017 
.. 

n~ltJ 

-40 0.378 0.374 0.372 0.375 0.003 

-30 0.39mUfl1"l~::~ltJ 0.397 0.403 0.397 0.007 

-18 0.477 0.478 0.481 0.479 0.002 

-10 1.0161.009 1.025 1.017 0.008 

-40 0.377 0.482 0.445 0.435 0.053 

-30 0.423 0.498 0.435 0.452I'W m\Jrn"l~::~lr. 0.040 

-18 0.511 0.619 0.595 0.575 0.057 
I 

-10 1.015 1.113 1.204 1.111 0.095 

fl"l::il~'l 
I 

-40 0.4260.425 0.427 0.426 0.001 

-30 0.447 0.443 0.441mu fl1"l-a::~ltJ 0.444 0.003 

0.526-18 0.525 0.53 0.527 0.003 
I 

1.032 1.066 1.066 I 0.034-10 1.1 

http:lA1L'!1'H.gm
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~1'1'l~ ~.2 1'i1~1l1'YiU11"1':l11.Jffi'W~~'l1.J~1\-1rmn~':lUu~::1.J~1\-1~nn'::"~'l~~bJc.h'Wn1' 

~::~1Uu~::~1'Wn1'~::~1U1'W~':l'lu~U;'l 

., ~ ,, .. Q 

8W"Mli} amYfUlftlllJ18'W (i~~/llJ~'l 8'lAlLft-a1U)15nl'lLLtfU'll~'W'W5 u•• .. ,, .. ,.. , . ..~ .. , .I 
't11'Y1 2't11'Y1 1 'tiln 3 STD(8~All.'t1,niiE.latlmr1l1n "'lL~"U 

-40 1.524 1.5231.521 1.524 0.002 

-30 1.479 1.456 1.457 0.0221.435~~m U nl'l"~alt! 

-18 1.391 1.357 1.388 1.379 0.019 

-10 1.281 1.271 1.286 1.279 0.008 

.. 
naltJ 

-40 1.3971.396 1.392 1.395 0.003 

-30mUnl,.a~lU 1.306 1.314 1.325 1.315 0.010 

-18 1.254 1.244 1.229 1.242 0.013 

-10 1.161 1.155 1.152 1.156 0.005 

-40 1.582 1.576 0.0201.544 1.567 

-30 1.456 1.446 1.479 0.017~~ ~1'U n1,.a~lt 1.460 

-18 1.4031.406 1.407 1.405 0.002 

-10 1.303 1.314 1.315 1.311 0.007 

n'i~~&l 

-40 1.499 1.492 1.488 1.493 0.006 
, 

-30mUnl~:::~l£J 1.388 1.391 1.397 1.392 0.005 

-18 1.315 1.333 1.325 1.324 0.009 

-10 1.244 1.240 1.248 1.244 0.004 

http:8~All.'t1,niiE.la
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!Wl'n~~ 'Ii.3 fii'1~Jl'1""Hl.Yi'f'I'J'1~ffiu,~~tl~'1mjf1n~'JtJLL~~~'1mjf1n,:;~~~~~bJc.hun'1' 

~:;~n tJ LL~::~'1un'11~::~'1tJlu,h~ LL'riLL-D'l 

.. I 

tlYi 1 

OJ I 

l'fUt)• 

O'l::ilEN 

....... I c$ 


15f1l~Ll~mN 

bJr.ntJm'l~~ltl 

~tJf1l'l~~ltl 

(8~AlL"1l'~Ltfmt) 


-40 


-30 


-18 


-10 

-40 

-30 

-18 

-10 

-40 

-30 

-18 

-10 

-40 

-30 

-18 

-10 

7.461 7.425 

6.207 6.234 

5.272 5.245 

2.761 2.761 

8.818 8.810 

7.866 7.862 

6.213 6.234 

2.838 2.833 

8.494 8.493 

7.726 7.730 

5.828 5.795 

2.884 2.891 

8.550 8.558 

7.736 7.729 

6.104 6.101 

2.891 2.910 

7.456 

6.219 

5.287 

2.761 

8.814 

7.861 

6.225 

2.828 

8.490 

7.719 

5.771 

2.898 

8.554 

7.722 

6.107 

2.902 

7.447 

6.220 

5.268 

2.761 

8.814 

7.863 

6.224 

2.833 

8.492 

7.725 

5.798 

2.891 

8.554 

7.729 

6.104 

2.901 

0.020 

0.014 

0.021 

0.000 

0.004 

0.003 

0.011 

0.005 

0.002 

0.006 

0.029 

0.007 

0.004 

0.007 

0.003 

0.010 
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.... 
air-blast freezing lL~:'Jfi dry-ice freezing 

~oa'1Jij rl11lJ1tl'U~lL.,.n::(LL~~tl~/ni'lJ ~AlL~aL~ml) 


, y 

n~
• 

I 

"'.J 
( tl~ffiL~aL~mt) ---1flY! 1 

rJ 
'!flY! 2 

rJ 
'!fl't1::t 

t .J
~lL~atJ STD 

I 
,AIR-BLAST FREEZING -30 0.468 0.489 0.423 0.460 0.034 

-18 0.665 0.673 0.646 0.661 0 .014 

-10 1.147 1.144 1.148 1.146 0.002 

nal~l• 
-30 0.456 0.46 0.433 0.450 0.015 

DRYICE FREEZING -18 0.659 0.656 0.648 0.654 0.006 

-10 1.147 1.144 1.145 1.145 0.002 

-30 0.523 0.519 0.516 0.519 0.004 

AIR-BLAST FREEZING -18 0.686 0.689 0.685 0.687 0.002 

-10 1.206 1.195 1.182 1.194 0.012 

. 

Lltf'tntJ 

-30 0.523 0.517 0.509 0.516 0.007 

DRYICE FREEZING -18 0.68 0.662 0.682 0.675 0.011 

-10 1.186 1.198 1.184 1.189 0.008 
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~'1~'N~ "I . 5 ~'1 \'111'1"('1\1'1 R,)'l~ffiu'll~'l ~'l fj ~'1 ~'1 LlfiZ~'l U.'llU'JtJ Ll'rill~'l ~~Ll'riLl;'l v\'')tJ~fi 

air-blast freeZing ~~:~fi dry-ice freeZing 

I 

I 

., ~ 

'WtJtl• 

., 
n'l• 

....... , Q 

1 tlnl'lUtfU'd'l Bru"t1J)ij. " 

( B'l~l L'tf~ Liiua) 

aJ)l'W'IllYnllJfau(i'~~ ILlJ ~'l tMA1Li")~itJ) 
-
_r .J 
tflTl1 

r .J 
'tflTl 2 

.. ,. ... 

'tflTl3 
, .l 
rllL\l~U STD 

AIR-BLAST FREEZING -30 1.288 1.276 1.269 1.278 0.010 

-18 1.198 1.200 1.222 1.207 0.013 

n~l~l• 

-10 1.109 1.067 1.065 1.080 0.025 

DRYlCE FREEZING 

-30 

-18 

-10 

1.291 

1.223 

1.101 

1.282 

1.216 

1.066 

1.278 

1.233 

.1.077 

1.284 

1.224 

1.081 

0 .007 

0.009 

0.018 

. 
Utftnu 

AIR - BLAST FREEZING 

-30 

-18 

-10 

1.290 

1.257 

1.117 

1.300 

1.251 

1.119 

1.304 

1.243 

1.116 

1.298 

1.250 

1.117 

0.007 

0.007 

0.002 

-30 1.310 1.313 1.307 1.310 0.003 

DRYlCE FREEZING -18 1.263 1.269 1.266 1.266 0.003 

\ 

-10 1.124 1.146 1.122 1.131 0.013 
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. -.j. . 

air-blast freezing U.~:;,,)fi dry-Ice freezing 

~---r----------------'----------'------------------'----------~ 

I 2 -7., 
I 'YfW5 

~ 

af11Y1UVdrrJllJiEl'U( ll.J~1 J1'1.nn)x 10• 

-30AIR-BLAST FREEZING 6.942 6.843 6.549 6.778 0.204 

-18 6.111 6.342 6.048 6.167 0.155 

-10 5.828 5.489 5.116 5.478 0.356 

mn~n, 

-30 7.851 7.444 6.989 7.428 0.431 

DRY1CE FREEZING -18 6.738 6.363 5.927 6.343 0.406 

-10 5.936 5.837 5.869 5.881 0.051 

-

-30 6.749 6.942 7.141 6.944 0.196 

AIR - BLAST FREEZING -18 6.119 6.608 6.219 6.315 0.258 

-10 5.999 6.076 5.908 5.994 0.084 
.. 

mnrw 

-30 7.490 7.800 7.112 7.467 0.345 

DRY1CE FREEZING -18 6.600 6.432 6.349 6.460 0.128 

-10 6.038 5.942 6.123 6.034 0.091 
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