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'Yllm"i~m~n lwril\1L1l'llm"i'Y11LLi\lI'l!ilI'l\lt~LLTi LLUU~ll'l1l\lm:!J'Y1tl'l!f~nT'.iLL ~~ LLI'l:: LLUU~ll'l1l\l'lJ1l\l 

Ranz&Marshall t!il!.Jli'Y11'Ul!.Jmmru.ml:!J.;fi'ULm!.JULYi!.JunU~l'lm"i'Y1!ilI'l1l\l~~ml::~Lvun::~:lJl'Um"i 
'Y11LLi\l (1lru.'VIllii1l1n11'111l'U 193°C el'il"i1t'VI1'l1l1ml'l 35 m3/h nl'l::el!il"ilm"iU1l'UJ'1'U:!J'll11 738 ~l/h) 

• 'II 

i:IJU"i::~'Y1tn1"iLL~~U"i::mru.fiT;nmL~'UlJ1\1m:IJ'Y1tl'l!f~m"iLL~~3jfhL'Yhnu 3.36 X 10- 12 m2/s 

LLUU~11'l1l\l'Y1tl'l!f~m"iLL~~li~l'lm"i'Y11~l!.J~~nl1LLUU~11'l1l\l'lJ1l\l Ranz&Marshall LL~hf\ldm:IJlru. 
.J" .... "'" ~~ 0 0 .... I Q..o .... I ~ , 

ml:IJ"J!'U'lJ1l\l~I'l<illlru."V1'Y1m'Ul!.J'innL~UUilll'l1l\l'Y1tl'l!f!Jm"iLL~"i!.J\lf1\1:IJm<illml~l'lm"i'Y1!il1'l1l\l 45 % 

*""''''' Q.;AQ..I,d VI""Q.; ..... !-'1 d,","" ... 
"iU<il'Uo,UUL:lJ1l1'U'Y1 26 mn!Jlf1:!J 2547 LLI'l:: l!il"iUU'Y1ml:!Jo,UULLn l'lJL:lJ1l1'U'Y1 6 n'U!.J1!.J'U 2547 
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Abstract 
The objective of this research is to study on drying models of rice-milk powder produced 

by using a verticle spray dryer. Two mathematical models, diffusion theory and Ranz&Marshall 
models, were used to determine the moisture content of rice-milk powder in falling-rate drying period 
and to compare with experimental results. Rice-milk powder was produced by using the small spray 

dryer at process optimum condition i.e. drying air temperature of 193 °e, volumetric air flow rate of 

35 m3/h and rice-milk feed rate of 738 mllh. Effective diffusivity was estimated from diffusion theory 
based on a thin slab and its value was 3.36X 10,12 m2/s. The diffusion model showed better results 
than Ranz&Marshall model. However, product moisture content predicted from the diffusion model 
gave a lower value of 45 % when it was compared to the experimental result. 
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o 
'U'YI,"1 

LLlJ'I.Hi1&:1 a\lnJ1'111LLi\l (drying model) dj'U.nJ1a~'I.J1 [Jm3J1 rnml:lJof'U.'JJ a\l~~<il.n rn""~ 

LU~ [J'U.LLU &:I \I 1: 'W:ll \I nJ1'111 LL i\l L<il[Jalim'1tlH~nJ1Ch m 'Yl:lJ1&:1t;'I'i 'Vi~\I\ll'U.LL&:I: L:lJL:lJWll:lJ 

(momentum) LiI'U.~Wli1'U. l'U.nJ'i'l11LLi\la1'V111 m3J1rnml:lJof'U.Lij'U.iJ';)~[J~~ml:lJ~If1ru~aflrnfl1'Vi ... ~ . 
LLUU-;il &:I a\lnJ1'111 LL i\l~U1: L[J'll',r~ anJ1'V11t;'fl11:~ L 'VI3J1: t;':lJ L<il [J t;'1:lJl1rl LLU'i 

f11'Vil'iI3jL<ilaf~l\1 s:J ~~EHjl 'U.LLUU,jl&:1 a\l L Yla<ilf11m3J1 rnml:lJof'U.~'I11'U.l [Ji.~ Ltl1[J1JL'n [JunUf11~ 
~ ~ 

~a\lnJ1 ~\I';):"li1£1hml1ril'V1'U.<il"lJaUL"lJ<ill'U.nJ1a€lnLLUUnl1'Yl<il&:l€l\li.~ 'U.€lmlmX'U.l'U.nl'i€l€lnLLUU 

LfI~€l\l111 LL i\l EJ\I t;'13J1'irll 'lfLLUU,jl &:I €l\l"li1 £11 'U.nJ'iril'V1'U.<il"lJ'U.l<ili €l \I 111 LL i\l LL&:I:nJ'i"lJ £11 £1"lJ'U.l<il (scale 

up) ~1'V1~unJ'i~~<ill'U.L;a\la<ilt;'I'V1m'i:lJ • 
A'" .t "'.., U .. d '" • ." L ud U" r;: .r \ll'U.1,;)£1'U. :lJ1<ilrl 'i:t;'\lfIL'Vi €l fln HI LLUU,;)1&:I a\lnJ'i'Y11LL 'VI \I <ilmLt;'<il\lnJ'iL &:I£1'U.LL &:I\lu'i3J1rnml:lJ'll''U. • 

"lJ €l\l'VI [J<ilJl'U.ll'Jil1'i:wil\1nl'i'l11 LL i\ll 'U.LfI~€l\l'l11 LL i\l LLUUYl'U.~ €l £1 LL 'U. 1i\l"lJ'U.l<il L ~ n 

o 0 '" 
LL'U'U'il1GHh1 nT'i'YI1 LL Vi\) 

,j' 84'1aJ aJ@l\il"'"LL 111r;h ~ 8\1 . ... 
1. 'VI £1<il"lJ €l\lL 'VI &:I1LfI~ a'U. ~1 'U.Yi fl'Y11 \I LL&:I:mlllL~1L rhnu alnlfl~a'U. 
2. i.3.l~nJ'i'll''U.n'U.'i:W:ll\1'V1[J<il"lJa\l L 'VI&:I1'V11€l a'U.fl1f1 • 
3.Ld€lnJ1111LL i\lL'Jil~"li1\15<il'ilnJ'i'l11LLi\l&:l<il&:l\l "lJ'U.l<il"lJa\l €l'U.fl1f1~f11L rhnU"lJ'U.l<il €l'U.fl1f1 ,rn ';)<il cu . It ,. .. 

inCl<il 

() 4. 'VI£1<il"lJ€l\lL'VI&:I1LL&:I:€l'U.fl1f1~,;)I'irnILU'U.'Y1'i\ln&:l:lJ 
• 

l'U.nJ'i'l11LLi\lt;'I3J1'imLti\l·lh.JnJ'i'l11LLi\laani.~ 2 "li1\1 ~€l '1i1\15<il'ilnJ1'111LLi\lfl\l~ 
(constant rate drying period) LL&:I:'1i1\1elWl'ilnJ'i'l11LLi\l&:l<il&:l\l (falling rate drying period) LLUU,jl&:1€l\l~ 

LLt;'<il\lnJ'ich £1 L 'Ylmlllof'U.l 'U.LL~'1i1\1nJ'i111 LL i\liJ~\ld 

• Q.oO 0 g,; ~ 
ti1\18<;1'11nT':iYl1LLVi\lf>l\lYl 

d d d d, i." . ...., :'1 
Lll€l"lJ €l\lL 'VI &:I1'YlLfI&:I€l'U.'Yl~I'U.€l:W1€lll llL'l5a'i (atomizer) ';):Ln<ilnJ1LLWlnWl1 €l€ln n&:lI£1t;'1l1YHu'U. 

'VI£1<il"lJ€l\lL 'VI&:I1~\I~"lJ'U.l<il~I\1 s:Jn'U. m:1Jd'U.nl'ichm'Yl:lJ1&:1 'Vi~\I\ll'U.LL&:I: LllLll'U.im:wh\l'VI£1<il"lJ€l\lL'VI&:I1 

LL&:I:€llnJfl ';):di<ilifwwf€lll ~n'U.i\lLLt;'<il\ll 'U. '1U~ 1 1 'U.t;'fl11:~mlllf€l'U.rh m min €llnJflf€l'U.L'Jil~ 
J ~ ~ 

'VI£1<il"lJ€l\lL 'VIi:l1~ll<ili:lnUnTHtl;[J'U.L V'l~"lJfJ\lJl1 'U.'VI £J<il"lJ E1\1L 'VIG'l1 ,;):""'1 't iLn~~m1~~3J~mbuu'W~1~~'U. • • 
nJ'irh m 'Ylll1&:1,;):LU'U. 'lUWllllt;'llnJ1 (1) ~\I€l~'I.J1 £J'l~11 elWl'ilnJ'ir11m 'YlJ1E1rJn,;)ln'VI £J<il"lJ€l\lL 'VIGl1 ';): 

if'U.nufhi3Ju'i:~'Yl~nJ'ir11m'Ylll1~"lJ€l\l'laJl1'U.alm\ll ~'U.~~1 LLt'l: ml:lJLL<iln(9)I\1"lJfJ\lml:lJL,):lJ-ll'U. 

"lJ a\l i.aJl~ ~1"lJ E1\1'V1 £J<il"lJ €l\l L'VI Lnnu €l1 n1fl 

(I) 
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bCfi£1 M A ~m)mlnTltilm'Yl:JJ1m~'Tl h'D ~1J~:IJ1J"l":;~'YltnTltilm'Yl:JJ1b'Hnl A ~1J~U~~1'lJ1J\I'VI£1Cfi 
'lJ1J\lb'VItn CAS ~1Jml3Jb,y3J,yU'lJ1J\I~l"l" A YiB3J<Jl1bbSl:; C A ~1Jml3Jb,y3J,yU'lJ1J\I~l"l" A 

MA = h'D PaA(Hw -H A) (2) 

H w ~1J1fl3Jlrnml3J:Bu1u1Jlm~~~1'V1£1Cfi'lJ1J\lb'VISl1 Pa ~1J1flmrnml3J:Bw~l1J:JJ1Sl1Jlm~bb'!X\I 
"oF- .r~ ., 

H A f11JlJ"l"3J1rnf1113J'1iUbUm:;bb~1Jlm~"l"1JU 

... 01 ~ J , ~ 6' h'nDp 
~3JlJ"l"::~'Yl1lm"l"rnm'Yl3J1Sl ~lm"l"mb~Cfi\lbUb'Yl1J3J'lJ1J\lbSl'lJb'1i1J"l"~Cfi (Sherwood number, Sh = ---) 

DAB 

bCfi£1 D p ~1J'lJU1Cfi'VI£1Cfi'lJ1J\lb'VISl1 bbSl:; DAB ~1J~3JU"l":;~'Yltm"l"bbv·d'lJ1J\l1m,b1u1Jlm~ Illnm"l"?imn bCfi£1 

m"l"ibml:;~b'Yl1J3JH'VI't.i,1£1 l~hubb1J1Jml3J~3JvruTIn1JbSl'lJb"l"muSlIlf (Reynold number, Re) bbSl:;bSl'lJ 
'IJ 

0:=. Q..oO .J' = 
'1i3JCfi (Schmid number, Se) Cfi\lU (~3J'1ilo/1, 2540) 

Sh == Sho + a Re lllo Se no 
(3) 

bo/1 £1 Sho ~ 1J~1'lJ 1J\lbSl'lJ b'1i1Jf1Cfi~ bnCfilllnm"l"rh £1 b 'Ylbb1J1Jm"l"bbVdm:;lll £1'lJ 1)\1 b3JbSlnSl1) til \I b~ £11 
'IJ , 

~l'V1f1Jm"l"tilm'Yl:JJ1Sl~l"l"'lJ1J\ll<ll~m\lnSl3J ~1 Sh 0 = 2 (Masters, 1991) 

III n,y 1) ~3J3J ~qjlU ~1 '!X'VI £1Cfi'lJ 1J\I b 'VI Sl1~ 1J 1J n III n 1J :;0/11J 3J 13J b '1l'1Jf~ml3J b 11 b'l'h n1Jml3J b 11'lJ 1J\I , .. 
" 1Jlm~bb~:;'lJU1UnU Yh1'!Xml3Jb11~3J~'YlfJJ1J\I'VItJCfi'lJ1J\lb'VISl1bYitJ1Jn1J1)lm~iJ,hdJu~wr <Jl\luu,h 

Re ~\liJ~lbiJU~u6 ,h~3Ju"l":;~'Yltm"l"tilm'Yl:JJ1Sl~l"l" (h'D) ~\I~f110/113J~3Jm"l" 

2DAB 
h'D == 

'IJ 

(4) 
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2 
A = 1Wp (5) 

Lb'Y1U~l~:lJm~ (4) LLG'lZ (5) G'I\l1U (2) LL~lLLY1U Pa ~lrJili:IJ1~~-;ijlLr'llZ'lJ€l\lEnmf'l:Bu (V) ~::: 

21W AS D p (H w - H A ) 
M = . 

A (6) 
V 

x = (7) 
ms 

1~rJ m . fi€l:lJlG'l'lJ€l\lJl1WVIrJ(WlJ€l\lb'V\G'llb~:IJ~U m fi€l:lJlG'l'lJ€l\l'lJ€l\lLLoV\lbbi\l1u'V\rJliI'lJ€l\lb'V\G'llLLG'lZ m s 
" , 

m A fi€l:lJlG'l'lJ€l\l't.hth:::b'V\rJ€l€ln~€llmf'l 

b~€l~~l~rul~lr'll~l~b~€lf~l'U,'lJll'lJ€l\l ~:lJm~ (6) ~:::r'l'lJl1 ~1:IJ1~t1~~1~ru11i~~1~\l~1~ 
rJnL1U D P ~\l~~lLU~rJuLbUG'l\ln'lJblG'll b'ct€l\l~lm-JG'I'lJ€l\lm~tilmY1Jl€l€lmln'V\rJ~'lJ€l\lb'V\G'll 

fh'V\u~ 1i D P ~~lb'Yhn'lJ~lbQ~rJ'lJ€l\lml:IJrJ11biU~lU~u6nG'll\l'lJ€l\l'V\rJ~'lJ€l\lb'V\Sllb~:IJ'1lULLG'I::: 

l1~~1nbl~ ~l:IJ~:lJm~ • 
(D; + Der;) 

D = D = (8) p P-avg 2 

1Ii1miu~lUf'lu6nG'll\l'lJ€l\l'V\rJ~'lJ€l\lb'V\G'll~~~1nbl~ (D.) dJU~1~1~~lnm~Y1~G'I€l\l ~~1 
CIJ II crt 

I Q..oI 'i.I, ~ Q Q..oI 6' 'l-' ""'" i.I lid 

b mn'lJ b~U~lUf'lUrJn G'll\l'lJ €l\l~G'I~Jl ru"Yl 1?l1:IJ'lJ €l~:IJ:lJI?l~lU'lJ€lY1 3 
" . '" 

~lW~''lJ'lJU1I?lbiu~lU~u6mm'lJ€l\l'V\rJliI'lJ€l\lb'V\G'llb~:IJ'1lU (D;) ~l:1J1~t1~lulru1'1ll?ll:IJ~:lJm~ 

(Master, 1991) 

_ (p It. (I + X cr; ) )-0.33 
D. - D . 

I en 
p,.(1 + X;) 

11?lrJ p" ~€lml:IJ'V\U1LL'\.i.U'lJ€l\l'V\rJ~'lJ€l\lL'V\G'll p, ~€lml:IJ'V\U1bb'\.i.U'lJ€l\l€l,*m~ 

ml:IJ:Bu~lUbbi\l1nbll?l bbG'l::: X, ~mJ~:IJ1ruml:IJ:Eu~lULLi\lL~:IJ'1lU 
LLY1U~l D p _

il1
'1( ~ln~:lJm~ (8) G'I\l1u~:lJm~ (6) ~:::1~ 

dm A 2nD AB D P-al'g (H w - H A ) 
--= M

A
= 

dt V 

'V\l€lU.wUTI~l X bl1rJ'lJn'lJblG'll (t) ~:::1~ • 

dX 

dt 

(
m .-mA) d \1'1 

/1j 
S 

dt 

(9) 

(10) 

(11) 
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(
m . J 
m':' 

dX d(mA fms) 
(12) 

dt dt 

dX (- J(d:
t
,) (13) 

dt 

dX 

dt mY 
.I' 

.yhmd8u.i1bm~~:JJnl'J (14) r11Viu.~b~€ml'lJb~:JJ<ilU.~bdG'l1 t = 0: X = X "il::l<ilbbuU~lG'le:h'l , 

2 7tD AB D p-{/l'g (H w - H A )t 
X = X. - -----"-------, 

mY 
.I' 

(15) 

"illn~:JJmd (15) ~Ull lWlh\l5~dlmd'Y11bb~\l~\l~ U1:JJ1rnml:JJ:Bu.'lJ€J\lViEJ~'lJ€J\lbViG'l1"il:: 
bU~ EJu.bbUG'l\lnU b 1 G'l11 U. dUbbl.iUb ~\lb~U. "ilu.m::~\lU1:JJ1 rnml:JJ:Bu.'lJ€l\lVi EJ~'lJ €l\l b Vi G'l1iifllb 'I'i1nufll 

'IJ 

In!l~ mdbi1EJb'Yl:JJ1G'l~ld"il::b'1l1t'hh\l5~dlmd'Y11bb~\lG'l~G'l\l 
'IJ 

I Q..I 0 '1; 

111"D(;I"nm';i'Y11UVhliiH?l6'hl 

~lVi1u'1i1\l5~dlmd'Y11bb~\lG'l~G'l\l1u.~tt'Y11md;:;n~lbbUU~1G'l€l\l 2 bbUU~lG'l€J\l~\ltt 
1. 'Yl!l~~mdbb~1 (diffusion theory) (~:JJ"1l'1~, 2540) 

n!J'lJ€l\lY-l~ (Fick) ~1:JJ1db1€lTI1J1EJm::1J1u.mdbb~1'lJ€l\lml:JJ:Bu.1W'r~~m\lnG'l:JJ1<il~\l~:JJmd 

aX(r,t) a2 
X(r,t) 

= Del! (16) 
at ar2 

t~EJ X ~€lm:JJ1rnml:JJ:Bu.~lU.bb~\l rn ~~1~ ")lu.l~~ r ~€lbbU.11f'1iibbG'l:: D e/I ~€li:JJUd::~'Ylt 

mdbb ~1b€lYh VJn'Yi'W'lJ €l\lJl (effective diffusivity) 

mdbh EJ b 'Ylml:JJ:Bu.l u.'1i1\l5~dlmd'Y11 bb ~\l G'l~ G'l\l dJu.bbuullJ~\l~1 (transient) t~ EJ~:ffu.nu1f'1ii 
bbG'l::bdG'll 

~:JJ:JJ~1~ €lu.m~bllu.m\lnG'l:JJ'lJu.l~m~bbG'ldj~m~bViii€lu.nu.'Ylni1f'1'Yl1\l (isotropic) "il::l<il Cit , , , 
• ~ oJ' 
~1~€lU'lJ€l\l~:JJnld(16)~\lU. 
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) X-X, 6 ~ 1 [ 2 7t2Detlt] 
=2 L-

2 
exp -n 2 (17) 

X 0 - X,I 7t n=1 n r 

hw X, ~fltJ1mrnml:IJ~Upu,bbi\l~~d ~lmdbl~:IJ~~li3J~ll'Yl1nlJmmrnml:IJ~U~:IJ~G'l Xo ~fl 
mm rnml:IJ~U~lUlli\ll~:IJ~U 1 i3J~ll 'Yl1nlJmm rnml:IJ~Ulntl~m~:: ro ~ fl1f'13J"lJ fl\l'Yld\In~:IJ 

"i:nn~:lJmd (17) y.jlJl1 y.jldlih~flf~lf1qJ~iit-J~~flmdltJ~tlUlltJG'l\lmmrnml:IJ~U ~fl 
i:IJtJd::~'Yl~mdbby.j·hm.JlVJnri'Y'lbbG'l::"lJU1~flU111f1 , 

lrtfl\l"i:nn'llfl~:IJ:IJ~'lll\1~U "lJU1~flU1nflL~ltJ~tlUlltJG'l\l~G'lfl~id\l5~dlmd'Yhbbi\l~~~\I ~\ltfW;):: 
q q 

lv\~fllVltl\li:IJtJd::~'Yl~mdbby.j1lfl'Y'llVJnri'Y'l~3Jt-JG'l~flmdihlli\l 
) 1~ tI~d LtJ i:IJtJd::~'Yl~mdbby.j1lfl'Y'll VJnri'Y'l"il::liJu~l~:ffUfl cinlJmm rnml:IJ~UllG'l::fl rnv\l1ij bb~ 

~ q ~ 

~1v\1lJl~~~3Jm:IJlrnml:IJ~UltJ~ tlUbbtJ~\I fl ci1 u'lid\l~1~nll\1"ilud1U LtJ ~lmdbl~:IJ:IJ~l i3J~lf1\1~L~ 
q ~ , 

(McCabe, 1993) ~1v\1lJ fl rnv\l1ij~\l3J~'YlTI'y.j G'l~ fli:IJtJd::~'Yl~mdbb y.j1lfl'Y'll VJnri'Y'l 1 UbblJlJ"lJfl\l~:lJmd 
q ~ 

m~l Uti ~ (Arrhenius) 1 U\llUl~tld"il::Yl"illdrnl Hflrn 'V\11ihu~ tIll'YlU 
q ~ 

.d '1 . I ,;I .. , .., • I .d 1.d oJ' 
lUfl\l"illn~:lJmd (17) fl~ UJlJ"lJfl\lflt;tm:IJ 'l5\1l'Ylfl:IJlldn "J"il:::lJmmmlG'l::"il::~~~\I blJldfltl"J U'YlU 

l~fln1iluy.jl:;l'Ylfl:IJlldn 1umdflTI'lJ1t1tJ~mrnml:IJ~u~ltJ~tlulltJG'l\llu'lid\l5mlmd'Yhlli\lG'l~G'l\l ~\I 
~:lJmd (18) 

6 [7t2Detlt] 
= -2 exp - 2 

Xo-X, 7t r 

X-X 
" (18) 

~:lJmd (18) d:Ju ~:lJmd~HflTI'lJ1t1mdltJ~tlUlltJ~\lmmrnml:IJ~U111t11u'lid\l5~dlmd'Yil 
Ui\lG'l~G'l\l "illn~:lJmdi\lln~1~11tJ~:lJlrnml:IJ~UG'l~G'l\llllJlJlfln'l51tJlUUl;atlG'l ~\I';l::~~G'l\lmn1u 
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,;)::~'lJil tUJnT'l" (21) dJUtnJm~LiuCjJ~~ fhi~1..h::~'Y1tm~LL~'fLEl~L'i~Jnri~tn~1~nf11Ulmt~ 
,;)ln~~m~ (22) 

2 
4L m 

Dell = 11: 2 
(22) 

hw m ~Elml3JiwlJEl~~~m~ (21) LLt'l:: L ~Elml~'V\Ul'lJEl~LL~U1J1~ 

lu~d';):: H~~m~ (21) LLt'l:: (22) 1..h::mmfh~~1..h::~'Y1tril~LL~'fLElyh YJnri~'lJEl~Jl1uu~'li'11 
(~1l11::'lJ El~ LLii~) 'V\ tr~,;)lmf U';)::tl,lfh~l<i1i:ul,n ULL'lJ'lJ'9'h t'l El~<ill~'Y1tl~~m~LL ~'f 
2. LL'lJ'lJ-;)lt'lEl~'lJEl~ Ranz&Marshall (1964) (Masters, 1991) 

~~'J11~ (2540) t~ElTI'lJlmml~<ild11il lwJi'1~5<i1~lm~'Y11LLVi'~t'lIilt'l~ 'V\£.JIilEll'V\l~,;)::LLVi'~t'l~tlil£.J 
~'lJU1Iilt~LU~£.JULLUt'l~mmrn lwJi'l~dElm'V\l1ii'lJEl~'V\£.JIilEll'V\l~,;)::L~~~UEl~l~~lIilL~l ,;)ln~~m~ 

, 'IJ 

(23) 

t<ilti h' ~El~~1..h::~'Y1tm~tilm'Y1ml~fElu T ~ElElm'V\l1ii'lJEl~Ellml'! e ~ElElm'V\l1ij'lJEl~ElU1l1f1 Vp 
Cj <:jJ q 'U q 

~m.Rm<il~'lJEl~ElU1l1f1 c ~Elml~fElu-;)lL~1::'lJEl~ElU1l1f1LLt'l:: A ~Elml~fElULL~~'lJEl~m~~::L'V\£.J ,p , 

" 'lJEl~tl,l 

Gi'~m~ (23) ElTI'lJl£.Jt~il 5CjJ~lm~tilm'Y1ml~fElutlil£.Jm~m,;)lnEllml'!m!T~j;.J~CjJ.nm~ ';):: 

L'Yhn'lJ5CjJ~lm'jLu~£.JuLLUt'l~'lJ€J~L€JU'I'lt'l1J'lJ€J~t:-J~CjJnrn~ 'l.Jdnn'lJ5o/l~lm~liml:lJf€Jubb~\!lum"i"i"::L'V\£.J 

d de ')[ dX] VI" LL!iiLU€J~,;)lnpsVpcp-«PsVpfl., -- ';)::blil 
dt dt 

dX h' A(T-e) 

dt p sV pI.. 
(24) 

., h'Dp , 
Gi'~~~lVi'{T-e) ~filf1~ritlil£.JHfilbQ~~ I1Tal'g LLt'l:: Nu=--=2 (,;)In'li'ElGi'~~~~luri 

k 

Re 

(25) 

tlil£.J Kd ~Elm~tl,lml~f€Ju'lJ€J~€Jlml'! LLt'l:: 

ElU111f1 , 
,;)::~'lJil LL'lJ'lJ-;)lt'lEl~'lJEl~ Ranz&Marshall CjJl~~~m~ (25) €JTIlJl£.Jm~LU~£.JULLUt'l~mmm 

ml~:Bu 1 ULL'lJ'lJ L :n~Liu~~ 5CjJ~lm~Lu~ £.JULLUt'l~"il::nnmlJf1~ t<il £.J L 'Y1 El~!iil~ "J~ €J ~1l1 £.J 1 Ul~ l~'lJ 
'IJ' 'IJ 
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mdl"hmrnl.l~mrnml~iubu~£J"lJeJ\lt:-J~rnilrn<rft:-J\llu\llUi~rJ'd' mJ\leJeJmuu 2 'ri1\l ~eJmd 
I"ilu1rnm~1ril.ml~iu1u'ri1\l5rndlmd'Yilbbi\lfl\l~rnl~~~md (15) 1~£Jb~u~,huflu6n~1\l"lJeJ\l~£J~ ... 
"lJ eJ\lb ~ ~1 b~~~U ~lfh':ijln~~md (9) ':ijlmtumm rnml~iu ~':ij~inq~':ij::blnT'h~u~ 1 iiifilb rhnD . ... 
ml~iub~~"lJeJ\ll"ilu1rnmmrnml~iulu'ri1\l5o/1dlmd'YilUi\l~~~\lrnl~~~md (21) ~~eJ ~~md 
(25) ~1~1DbbDD~h~eJ\lmdbbyd ~~eJ bbDD..ijl~eJ\l"lJeJ\l Ranz&Marshall o/Il~~lc;lD 

n1~TI~~B~~1~11~'~1nq~ 
mmrnml~iuinqrn"lJeJ\lU~'JJ11 ~eJ 1.l~mrnml~iu"lJrn::~5rndlmd'Yilbbi\lb~~~~~\l ~lmdbl 

~11c;l':ijlm~bl.l~£JuM\l"lJeJ\lmlvJmd'YilUi\l md~11.l1mrnml~iuinqrn"lJeJ\lU~'JJ11 'Yilmd'Y1~~eJ\l 
• 

1~£JmdeJmtlu~'JJ111.l~mrn 2 n1~lu':ijlUh~:: ~eJrn~lliJeJlmfl~eJeJmlnieJ\l'Yilbbi\l (110°C) '\.1.1 . ... 

c;l1eJ~1\leJeJn':ijlnc;leJD'Y1n ~ 30 iU1Yi UU'Yinfil'\.bw"n~bl.l~£JUbbl.l~\l m::'Yil'lh ':ijUm::~\lJl~,"n ... . 
bl.l~ml,bbl.l~\lllJdlu 2-3 iJ~~n1~ 1~ml~~Ul"lJeJ\lU~'JJ11~b~~eJ (t:-J~md'Y1~~eJ\lbb~~\l1udl.l~ 4) ... 

1~£J5o/1dlmd'Yilbbi\l (R
D

) ~lmdbll"ilmrnvl~c;l\ld 
Wt, -Wt'+1 

R = I I 
D (26) 

ti -t i+1 

1~t1 Wt ~eJJ1~,"n"l1eJ\lc;l1eJ~1\lbb~::':ijlUh'V\:: t ~m1~lbb~:: i ~eJdeJD"lJeJ\lmd1~m 
olA .r "X' '" .J' lJdmrnml~"JjW;jlUbb~\l ( ) mU1rn':ijln~~md (27) ~\lU 

'" 
Wt i - Wt dish - Wt drv-,l'Olid 

X= . (27) 

WI drv-,mlid 

n1~TI~~B~~1i~1.l~:aTIffn1~LL'Vd 
i~l.ld::~'Y1tmdbb'l·dbeJvJb~nYi'l"l l.ld::mrnfil':ijlnml~iu"lJeJ\lml'1"lb~Um\lo/ll~~~md (21) ~ 

[X-x] 'V'H~'€lm::w:il\lb'Y1eJ~ -In s bb~::b1~l 1~£JHbUYn:;'JJeJ~~1u'ri1\l5mlmd'Yilbbi\l~~~\) o/Il~ 
X -x o s 

'JJ€l~~mdTI~~€l\l1u'JJ€l 3, 1 1~£J~~~~1i x iJfilb'YhnDflU6 brteJ\l':ijln'Yilmd'Y1~~eJ\l~eJrn~lliJ 110°C 
cu ~ S cu q cu 

ml ~c;lUDdd£J1 mfl i~l.ld:;~'Y1tmdu y,dbeJ'I"l b ~ nYivJl.ld::m rnrh 1~ tI bb 'Y1Ufilml~iuu~::ml~~Ul"lJ €I\) 

U~'JJ11~61\l':ijln eJD bb i\)~\) 1 u~~md (22) 

i~l.ld::~'Y1tmdbbyd"lJeJ\)leJJ11ueJlmfl lmTI"lJeJ\l Hirschfelder-Bird-Spotz (1949) (Treybal, 

1981) 1~£J~eJrn~lliJi~mrnl.ld:;mrnrilo/11~n£JbflB~~\l~1U~1~ (one-third rule) (Hewitt, 1982) . ... ... 
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o ... 

n1'~i't1lP1 iii fl" m":i't11 LL'VI" 

n1":i't1~iiI El\liilbbVi'\lJ'lU:JJ"lhl H'Lf1~El\l'l'il LL Vi'\lbb1J1Jv1u~ El tI Buchi B-191 LLt1'~\ln11'1'il\11Wm:JJ'JU 
'II 

~ 2 t~t1'Yl~iilEl"~Elm'VIlliiElln1f1fElU 193°C 5<ild1lV1ii1Elln1f1fElU 35.0 m
3
/h LLiiI::5mlUElUt1'11 738 

• 'II 

ml/h ml:JJ~ULLiiI::5ml1'V1ii1Elln1f1~1'V1f1Jt1'fl\1ii1::ElEl\l (atomizing air) iiTil 6 1J11LLiiI:: 600± 20 I/h 

<ill:JJ~l~1J Elm'VIllii~uElUt1'11 30°C m tI 1 uVi' El\l'Yl~iiI El\l Elm 'VIll ii Ell n1 f'lm:: LU1:: LU t1nLLiiI::m:: LU1:: LL Vi'\I 
Ii cu q '\I 

NDlJ (4) ~'1frflfl'U (5) W~GI:JJ~~DlmPl (6) ,mi~DrnVl!liJDlmPlI'lh (7)'iJ~i~DrnVl!liJDlmPlfiD'UI'lh 
'U Of" 'U "" .J! 

~'1frflfl'U llGl~ (8) rmnlm~~nrn.n 

5<i1":iln111'V1ii1Elln1f1 'Yl~iilEl\lt~t1H'Y\Eltlt<il~ (pitot tube) <iiEl~~lUUiillt1'lJEl\lLf1~El\lEl1JbbVi'\I l~~iiI 
<iil\1ml:IJ~ut~t1H':JJ1hiiL<ilEl1~~<ilEliil Dwyer series 475 MARK III Lvlf)'VIlniill~f)Umflf)cihl.Lfl~f)\I 

, 'II 

Q.,I Q.,IA, A Q.,I " 

m":i1lP1i;UJ1JlPIilfl"~iillPIm\t..., 

~~<iI.nm.n~1~ nmll:JJ11Lf"ldl::lK'VIlm:JJ1mml:JJ:Bu t~t1n11El1J~Elm'VIllii 60 - 70°C ml:JJ 
'II , 'II 

~u1aJLnu 100 :JJ.:JJ.l.hEl'Yl (AOAC, 1984) 'lJm~ElUmfl 'l'iln11'Yl~iilEl\lt~t1H'Lfl~El\ll~'lJm~f)Umfl~\I , , 
Mulvern Mastersizer 2000 'VIu,'WUElUt1'11 Sci rocco 2000A(~iiln11'Yl~iilEl\lLLt1'~\l1u~u~ 3) ml:JJ 

I jQ, A.... 6" 0 Q.I.... ~ Q,; , 

'VIUl LL U W~H'lJ El\l~ iii <illl m"YI'Yll n111~~1 tI Lf"ldEl\ll~ ml:JJ'VI Ul LL U UEl'tmf1~\I Multi Pycnometer 

Quanta chrome 
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,nnm-al!il"lJ'U.1!ilEl'M'11~~.:I"lJEl.:l~~Iil.nnl..n vnr:h ij"lJ'U.1!ilElci-a::VI11.:1 1 - 15 i,3JmEl'U. ~.:ILLa'Iil.:l1'U. . , ~ 

lU~ 31!iltlij~h surface weighted mean diameter L'YhnlJ 8.67 i,3JmEl'U. 

Vi';l1-anl.1 Li'U.1fi.:l m-a'Yi1LL ~.:I"lJEl.:lJ1'U.3J'JJ1"'l1 'U. "fU~ 4 ('Y1!il~El.:l';l1nm-a'Y1!il ~ El.:l~ 3.1) 'WlJ11 
OJ 

mm nl.m13J:B'U.in'lIil"lJ El.:l'U.3J'JJTH 'YhnlJ 0.79 n.n.J1111 Eln. n ."lJEl.:lLL.:ri.:lLL~.:I 
';l1n~3Jm"f~ (8) LL~:: (9) fi1'U.1n1.'VI1"lJ'U.1!il"lJEl.:l'VItllil"lJEl.:lL'VI~1i,<Ii'~~1il13J "fU~ 5 LL~::fi1'U.1n1.m-a 

OJ , 
m::';l1t13J1~"lJEl.:l"lJEl.:lLL.:ri.:lLL~!il.:lm3J "fufi 6 

OJ 

20 

'\ 
\ 

~ 
10 15 20 

"fU~ 3 n1"~m::IJ111"11fJ.J"1I'U1f1fJ'U1l1f/'UJJ'1iTm.J trflIJ1nLf/1fJ.J-JfI"1I'U1f1fJ'U1l1f/f.J.J Mulvern Mastersizer 2000 .. . . 
!IIU'WUfJ'Uff11 Scirocco 2000A) 

I Q..I 0 "" ,ct 

~1"eJ(;I"f1n1"f't11LL'\II"f'l"'t1 

(;I1"f1"~ 1 LLa'!il.:lfi1'W1-a1ijLIilElft'U.~3Jm-a (15) 1!iltl~ ~~m-a'Yi1'U.1t1mmnl.m13J:B'U.~ 
LtJ~t1'U.LLtJ~.:InlJL1~1"lJEl.:l'VItl!il'U.3J'JJ11"lJ'U.1!il 3.86 LL~:: 26.69 i,3JmEl'U. 1'U.'1l1.:1ellil-a1m-a'Yi1LL~.:I~.:I~ 
LLa'!il.:l1'U. "fU~ 7 LL~:: "fU~ 8 m3J~1~lJ 'WlJ11 L1~1~Hh'1l1.:1ellil-a1m-a'Yi1LL~.:I~.:I~i'U.mn 

... OJ 

"fU~ 9 LL~!il.:lL 1~1~1,n 'U.m-a'Yi1LL ~.:I1 'U.'1l1.:1 el~mm-a'Yi1LL~.:I~.:I~"lJ El.:l'VI t1!il"lJ El.:lL 'VI ~lL~3JC?1'U. ~"lJ'U.11il ... 
1111.:1 ') 'WlJ11 L1~1~1,n 'U.m-a'Yi1LL~.:I1'U.'1l1.:1ellil-a1m-a'Yi1LL~.:I~.:I~ LL~::ijm13Ji3J~'U.tnlJ"lJ'U.1!il'VI t1!il 

"lJ El.:l L 'VI ~1 L~3J~'U.1 'U.LLlJlJn1 i.:l~El.:l ~.:I1 'U.lJ1.:1~f.:l L1t1nm13J i3J~'U.td 11 n{J"lJ El.:l Li'U.r,h'U.~'U.rrn ~1.:1n1 i.:l 
2 

~El.:l (0 law) (Lefebvre, 1989) 
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~ 

~~ 20 
''0 
;; 

'" <? 15 

'" '" '" ." 
~o;; 10 

'" '" ,~~ 
~ 
0: 
OJ 
S 

<;; 

X i (kg water I kg dry solid) 

2 
DAB(m/s) 

D P-al'g (micron) 

H w (kg water I kg dry air) 

H A (kg water I kg dry air) 

V (m
3
/kg dry air) 

m, (kg dry solid) 

r·mmd'Yl'iHH)~ 

'VI1m.h::mrnfh 

16.9 

3.5 X 10.5 

0.078 

0.02 

1.08 

d, A!'1 
(;l1"i113Yl 1 rnWTJl3J!<1I€JJlUff3JnI"J (15) 

20 
~ ;:,.. 
;:t 15 r 
F ." 
'" 10 " r.-: 
;:t ,., 

-0:: 

'" ~ 
0 

~ 

I 1\ 

\ 
J 

~ 
t---

o 10 15 20 25 
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tnJnT~ ";lllJi1.m1J'IJ"il1~eJ\lnTl'Yhbb~'I'd' tJ\l'l:IJV1"iJ1";lrn1i1\l'li1\lbY1lJ~rn'VI1J:iJ (heat-up period) 'l.JeJ\l 

'VI rJ<i1'l.J eJ\l b 'VI ~1 b -cteJ\l"iJ1nii'lil\lb 1~1~'!!eJ rJmn b~ ell Yi mJnlJ b 1~1~1 'll'1 Un1";lyhbb ~\l1 u'lil\leJ<?l'nn1";l'Yh bb~\l 
d 

~\l'Yl (Lefebvre, 1989) 

I a,.. 0 i.J 

s-
'''' 0:: 

I~ 
IT. 

0.8 +, ---t--r----j---+--+---,iL---

2- / 
~ 0.6 +--+--+--+--+-'-+V--+-+---, 
~~ . 

• ~ 0.4 / 

'" 0.2 +---+----+-----j---::: ____ ~--4---j--
~ ~---S +----+-~==F_-.- ---1-------1 ......... -.-......... j 

10 15 20 25 30 35 

1$1\1 U \PI ~1 nl'~'t11 LL VhHH'\ G'I\I 

"iJ1n~~n1";l'Yl<i1~ eJ\l'WlJ'h ~:!Jlh:;~'Yltn1";lbb 'W'hm~ b ~nYi'V'l'l.J eJ\lJ11 U U:!J"JJ11 b 'YhnlJ 3.36 x 10.
12 

m
2
!s btJ1rJlJbYirJlJnlJ~~\?1.nrnsyf"iJ1ni'b!!~'ll' 5.50x 10.

12 
m

2
!s (Tutuncu, 1996) bb~:;bbtJ\l 3.86x 10.

12 

m
2
!s (Heldman, 1992) 'WlJ':h ijfi1eJ~1ub~'l.JrJnr'htr\lb~rJlnU (same order of magnitude) 

" 

~ 

20 ~~ 
~ 

;:t 'i? 15 "if' ,. ~ 

~ "" r ;c 
10 0: <=: i2 c:: ,. "" , ... .,., 

-;::> ~ 

~o~ 

<=: 

a 0.0002 0.0004 0.0006 0.0008 0.001 
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~~ 
20 

;! 
'7 

15 ',if> ~~ 
;:! 

'" C"" 

"' <;: 10 a c 
c 5 '" IS -s: 

i<gS! 
C 
S a 

a 0.01 0.02 0.03 0.04 

,"i'2 
0.06 

.~ 
.......... ............. , 

-'" 0.05 a: 
~; 

0.04 ,.. 
a~ 

0.03 ~ 
.i!i 

0.02 (': 
-;p 
,.;: am .;p .-
·1I~ 

0 '" c 

/ 
: 

/ 
i / 

/ 

----V 

o 10 15 20 25 30 35 

~1'V11'IJL1 ~l~H'l Ubfl~El.JY1lbbi.Jiifil b rhnu 0.516 l'j..!,lYl b ~El.J~lmtJ'j..!,bfl~El.JY1lbb i.J'lJmCilb~n .. 
(~'IJ~~~, 2547) 

n1'n1"1~A11~~"1""~~11~~ 
~~m'n1"1~(;l1~Ll'JJ'JJ~h~eJ~'YIf)afim'bLrd 

(;.J~nT:iY1l'j..!,lmJhnrnml:IJ:ff'j..!,'lwril.Jd <?1l:IJ~~JnT:i (18) ~'lJ'j..!,lCil'VIt.JCil'j..!,:IJ'JJ11b~:IJ~'j..!, 3.86 bW:: 

26_69 b:IJmEl'j..!, bb~Cil.J'l'j..!, ,t1~ 10 ~'IJ11 El'j..!,111f1'j..!,:IJ'JJ11~ii'lJ'j..!,lCilb~mJ1:1J1rnml:IJ:ffm::~Cil~.JElcil.J .. , 
11~b~lbb~lfiElt.J 61b'JJ1~11!'j..!,6 ~'VI1'IJEl'j..!,111f1'lJ'j..!,lCill 'V\tum:lJ1rnml:IJ:ff'j..!,~::~Cil~.J 1 'j..!,5<?11l~ilnll Y1l 'li 

J cucu q (U' 

b~ElEl Elmlni El.JY1lbbi.JEl'j..!,111f1'lJmCil 'l 'VInh::iim:lJ1 rnml:IJ:ff'j..!,~.Jnll b ~El.J~ln~::El El.J'VI t.JCil'lJEl.J b 'VI ~1~ 'v '\J 

El Elml n El::<?1 El:IJ b:IJ b'll'Elfii'lJmCil bb<?1 n~h.Jn'j..!, mm rnml :IJ:ff'j..!,'lJ El.J El'j..!,111 f1'j..!,:IJ'JJ11'lJ'j..!, lCil~l.J 6J~ El Eln ~ln , 
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~ 

~~ 

~~ 

'" 0.8 

" r::: 

'" '" 0.6 -s: .,..;; 
.; 

0.4 5 
;l 

' . ., 
l' 0.2 

II \ 
\~ 

I 
'--\-' ---1-------

~·.:3~~i. • ! 

-26.691 

r 
0: 

i:! 0 
'" '-,,,. 

? 

o 0.1 0.2 0.3 0.4 0.5 0.6 

,.u~ 11 LL~'Il\lmaJ1n1.ml3J:BU"lJEl\lmMnVlU3J,Jl1~\I,;}lnnT'~·~l'\.nnl. 'VI;\lElElmlmVl~El\l'l'hLLi\l .. . , 
~lrh ElU.rnVlU3J,Jl1~\lilml3J:BUEl~'l::::W;\1\1 0 - 0.32 n.n.ti'lCiiEln.n."lJEl\luiJ\lLLi\l t'lltlt'1'lU1'V1njilfil ,,, .. 
~hn1l 0.1 n.n.ti'l'ilEln.n."lJEl\luiJ\lUi\l n1'l~lUln1.m3Jln1.ml3J:BU"lJEl\lU3J,Jl1~\I 'I1lt'll£Jnl'l'VIl 

filLU~tI"lJ€l\lmaJ1n1.ml3J:BU"lJEl\lElU.rnVlU3J,Jl1"lJU1'1lCiil\16) ~\I'I1l1'1l1'1ltl'VIlvru~1~nn\.J1u ,.U~ 11 , .. 

1~filL'YhnlJ 0.015 n.n.ti'lCiiEln.n."lJEl\luiJ\lLLi\l L~ElLtJ1t11JL .y;tllJnlJ~Gln1'l'Y1'1lGlEl\l~\lilfilL 'I'hnlJ 0.027 

n.n.J1CiiEln.n."lJEl\luiJ\lLLi\l (1~,;}lnn1'l'Y1'1lGlEl\l1u,JEl 3.3 ) ~lJ1l fil~1~,;}lmLlJlJ~lGlEl\ln1'l'l11LLi\lil 
fil'll'Eltln1l 44.65 % 

20 

. 

, 

.~ I 
"~ .. -. 

~ --- ! o 

o 0.1 0.2 0.3 0.4 

~l L 'VIWI~maJ1 nl.ml3J:BU"lJ El\l ~~W1n nI."l1~1~,;}ln n1'l'Y1'1l Gl El\lilfil3Jlnn1l Ell';} L iiEl \I aJ1,;}1 n L~ El , 
ElU.rnVlLVl~ElU~ El ElmlniEl\l'l11Ui\l~.hwriElCii El L ,Jlt'1'h' tVlGlU Elnl. 'VI[)3J Elln1~,;}::::Gl<tl~lGl\l ril 1 i~th 
'l' 'ij q \I 

~ ~ ~ ~ 
Elu.rnVlilml3J"lfU~3J<tI Gl L ~3J"lJU3Jlnml L'Il3J LLGl:::: L n'lln1'l'll'llml3J"lfUn ;lJ"lJ El\l ~ ~W1n nI.'Y11<t1 tI LU ~l:::: 

'l q cu' 

Ell'V1l'l~\I ~ilVlnl.~3JlJ'l'll'llml3J:Bu1~~ (Fennema, 1985; Masters, 1991) , " 
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h.j,'1id.Jell1l"ilm"i'l'ilLL~.J~~Gh'j u"iJiEJ'VI~n~ii~~~8mmrnml:IJ:B'U.'lJ8.J~~I1l.nrn.n L<A'LLn mmrn 

.¥ dl '" 
ml:IJ"lf'U.ff:IJ~~ n~TYl "lfLL~:::'lJ'U.ll1l'lJ8.J8'U.1l1Vl 

q - q 

• r.; .¥ ~ ""'.. :'1' d "', • r.; .¥ 
LJ"imrnVldl:IJ"lf'U.ff:IJ~~'lJ8.J~~l1lllrn6YJ LLJ'U.m'Yl"iJ:::LLffl1l.Jn.Jm'lJ8lJL'lJI1l'lJ8.JLJ"imrnml:IJ"lf'U. 

q 

~~I1l.n rn.n~fflm"imti'U. LtJL<A'~ff1l1d:::m"i'l'ilLL~.J~ 'U.") ~.J,r'U.8 ~nlJ 8 rn 'VIlliJ81mfm~:::Vl rn~n'l!frn:::'lJ 8.J 
'U . II 'U II 

ffl"i Lrt8.J"iJlnl'U.m"iiiEJd8rn'VIlliJ81mfl~m.J88niifilff.Jn-h 100 °c 'l'il1~m:IJlrnml:IJ:B'U.ff:IJl1l~ 
II 'U 'lI II 

LmnlJfI'U.EJ ~.J'l'il1~fflm"in~~mmrnml:IJ:B'U.'lJ8.J~~I1l.nrn6YJ'1~iifil~1 ")L<A' l~EJHb~lLYlEJ.JL~~ 
'IJ 

i'U.l,y; LL~l 'U.m"i~~1111 'U.L~.J'I"l1ru,"lfEJ~.J911Lti'U.~"iJ:::~8.J'l'ilm"i~~l1lmld~::::lJln") LVl~8.J'l'ilLL~.J~H"iJ:::ii 
'lJ'U.lI1l1 'VInJn-hlt'l'ilm"i'Yl~ ~ 8.J m"imlJVl:IJ 1 ~ 81mfl18'U. ~m.J 8 8nii8rn 'VIlliJ~.J 81"iJ'l'il L<A' EJ1n'VI18~ 8.J 

Q,I II II 'U 'U 

1'1f~'U.'Yl'U.~.J 8m.f.J!T.J81"iJ~.J~~L~EJ~8Vlrn1l1'1"l'lJ8.J~~I1l.nrn6YJ1I1lmU'l"l1:::~~I1l.nrn<t181'V11"i m"iL~:lJLd~l~ 
q 'U II t, 

8'U.1l1Vl8 ~1 'U.LVl~8.J'l'ilLL~.J 1 ~mn,r'U. 'VI18~11l'lJ'U.l~'VI EJ~'JJ 8.J LVI ~d~.J Lti'U.m.J L~8n~"iJ:::'l'il1 ~mm rn 
q 'IJ 

.¥ ~ ""'.. VI ..... '" ml:IJ"lf'U.'lJ8.J~~l1lllrn6YJ~I1l~.J bI1l8nm.J'VI'U..J 

~l'V1i'lJ LVl~8.J'l'il LL~.J LLlJlJ'V'l'U.~ 8 EJ"lfUI1l L 'VI ~ 111'1 :lJn'U. L d ~1~ 8'U.1l1Vl8 ~1 'U. ~ 8.J'l'il LL ~.J"iJ::: LLtJ"i~ n ir'U. 
q 'IJ 

nlJell1l"ilm"iL'VI~81mfl ~.J~'U.m"iL~:lJLd~1~8'U.1l1Vl8~1'U.~8.J'l'ilLL~.J ~.J'l'ilL~l~EJ~l1lell1l"ilm"iL'VI~ 
q 'IJ 

81mfl ~d'U.m"i~~'lJ'U.ll1l'VI EJ~'lJ8.JL 'VI ~d fflm"in'l'il L11l1~ EJm"iL ~:IJ'I"l~.J.Jl'U. ~Hl 'U.m"i~11.J~::: 8 8.J'VI EJ~ 
'lJ8.JL'VI~d'lJ8.J8:::11l8:IJL:iJL6jf8f LL~J'.Jd81"iJ~.J~~~8Vlrn~:lJlJ~'lJ8.J~~I1l.nrn6YJ1<A' 

q 

~~m"irh,"1tl'il1mLlJlJ')1GH)\lilfhl Ranz&Marshall 
I I I Q..I 3 0 q,.. 

"iJlnm"i'Yl11l~8.J'I"l1Jdl ml:IJ'VI'U.1LL'U.'U.8~1l1VlLmnlJ 680.6 kg 1m m"i'U.lml:IJ"i8'U.81mflLL~::: 

ml:IJ18'U.LL~.J1'U.m"in~lmti'U.L8'lJ8.JJltJ"i:::mrnfhL<A'LYhnlJ 0.031 W/m-K (Singh, 1993) LL~::: 
2,235.9 kJ/kg (Masters, 1991) 11l1:IJ~1<A'lJ ~~~1.J8rn'VIlliJLU~EJ~~LU'l"l1:::81mfl L<A'LyhnlJ 82.55°C 

q 'IJ 

Ld8'1'ilm"if'il'U.drntJ~mrnml:IJ:B'U.'lJ8.J8'U.1l1Vl'U.:IJ'JJld~.J11l1:IJff:IJm"i (25) 'I"llJ-h ~~~L<A'''iJln 
q 

LLlJlJ911~8.J'lJ8.J Ranze&Marshall 1~~~~'I"llfLti'U.fI'U.6 ~lm"in8TI1J1EJL<A'-h 11l1:IJLLm~l1ld ~"iJl"irnl1~ 
'IJ 

'I"l~.J.Jl'U.~ 8'U.1l1Vl L<A'i'lJnn 1 "lf1tJl 'U.m"iLtJ~ EJ'U.ffn1'U.:::'lJ 8.JJl 111l EJml:IJ18'U.LL~.J'lJ 8.Jm"im"iLti'U. L8~1 m 'U. 
q 'IJ 

LL1J1J911~ 8.Jiifil~ln11ml:IJLti'U."iJ~.J L rt8.J"iJlnJl1 'U.81'V11"i8 ~1 'U.~1l1'1"l~n-0''U. 'l'il1 ~~ 8.J 1 '1f'l"l~.J.Jl'U.l 'U. 
'IJ 'IJ 

m"iLtJ~EJ'U.~n1'U.:::mnn11Jl~ff"i::: <A'dm'VIl1ld~.J'l'i11~~~m"i'l'i1'U.1EJ"iJlnff:IJm"i (25) iiml:IJLLc,;Jn~l.J 
q 

LLlJ1J911~ 8.Jm"iyh LL Vi'.J11l1:IJ'Ylb)'l!flim"iLL 'I"l1 1 Vi'~ ~m"i'l'il'U.l EJ filtJ~m rnml:IJ:B'U.'lJ 8.J~~11l.n rn"l'i" 

'U.:IJ'JJld~.J,z8EJn11 "iJln~~m"i'Yl~~8\1 (0.027 n.n.Jl~8n.n.'lJEI.JLLojJ.JLL~.J) tl"i::::lJlrn 45% ~l'V1i'lJ 
LLlJlJ911~8.J'lJ8.J Ranz&Marshalll~~~m"i'l'il'U.1EJ~iifh~lmn ~lL'VIl1lm~-hLrt8.J"iJlnml:IJ18'U.Lb~.J1'U. 

q 

m"i"i:::L'VI EJ'lJ 8.JJ11 'U.LL1J1J911~ 8.Jiifil~lnll~1l1'1"l"iJ~.J 
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"lJEl"lJElU~ru 1l1~1'.l51L'Y1~tuh~"lJu,h£rr~~ ~muuL'Y1~tuh~'\Al'j:::"ilEl:lJLmhv'~'j:::umL'VIitEl ~1~ . . . 
m13JElULm1:::~ 1um'jH'L~~El~3jEl1~"lJU1~ElU1l1~t:J~ • • 

"lJEl"lJElU~ru 1l1~1'.l511mm'j3JL~i:i~ru:::1mm'j3Jf'l1~~f 3J'VI11mn~mn'l!l-~'jf'l1~~f ~1~m13J • 6'1 1" d '" ~ • ElULm1:::'VI um'j '.l5LmEl~3JEld~m13J'VIU1LLUUElU1l1~C-l~ • • 
"lJEl"lJElU~ru ~ruEl'j'.l5'il1 -nu~n~ ~1~f11LLu:::'\.b1um'j1Lm1:::~'VI1"lJU1~ElU1l1~C-l~"lJEl~C-l~~.nru"V1 

q q q II II 

A t,,( ... .: '" .1 
~3J'.l51~ ~llru'jruq'Y11i. 2540. m'jelULL'\Ii\lLClJ6'I@l~2l'LL6'I:::el1'\1i1'jU1\lu'j:::Lll'Y1. 
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